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(57) A composite sheet unit (6) in which a plurality
of sintered piezoelectric thin wires (33) are arranged in
a uniform direction on a surface of a resin layer (22) is
prepared, and a plurality of the same are laminated and
integrated so that the sintered piezoelectric thin wires
(33) are positioned between the resin layers (22). Here,
a curing resin may be impregnated therein so as to form
resin-impregnated-cured portions (23). Then, the lami-
nation is cut in a direction crossing a lengthwise direc-
tion of the sintered piezoelectric thin wires (33), so that
a piezocomposite is obtained. Cut surfaces may be
ground. By so doing, it is possible to provide a highly
reliable piezocomposite having a fine structure at low
cost, and to provide an ultrasonic probe for an ultrasonic
diagnostic equipment, as well as an ultrasonic diagnos-
tic equipment.
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Description

[0001] The present invention relates to a piezocomposite having a ceramic structure in a fine structure form, to an
ultrasonic probe for ultrasonic diagnostic equipment, to ultrasonic diagnostic equipment using the probe, and to a
method for producing the piezocomposite.
[0002] Conventionally, an attempt has been made to substitute a piezocomposite made of a piezoelectric ceramic
and an organic polymer for a piezoelectric ceramic as an ultrasonic transmitting/receiving part in an ultrasonic probe
for use in medical ultrasonic diagnostic equipment, with a view to providing a higher resolution and a broader bandwidth
for the ultrasonic probe. Among such piezocomposites, a piezoelectric material that has attracted attention (hereinafter
referred to as 1-3 piezocomposite) has a structure in which a multiplicity of piezoelectric ceramics 31 in cylindrical or
prismatic shapes (for instance, quadratic prism) are arranged in a matrix made of an organic polymer 41 as shown in
FIG. 24. This has been found to be useful theoretically, thereby resulting in that production of the same has been
attempted. The prior art concerning these 1-3 piezocomposites is disclosed in, for instance, "Cho-onpa Binran (Ultra-
sonic Wave Handbook)" edited by Cho-onpa Binran Editing Committee, Maruzen, and published on August 30, 1999,
pp. 129-133, etc.
[0003] Though the usefulness of the 1-3 piezocomposite has been recognized, there have been few commercially
available commodities of the 1-3 piezocomposite as actual ultrasonic probes for ultrasonic diagnostic equipments. Two
of the main reasons for the same are: (1) that an extremely fine structure is required, and its production is very difficult;
and (2) that, even if manufacture is possible, the production cost is very high.
[0004] It is considered that the piezocomposite for use in the ultrasonic diagnostic equipment ideally has a configu-
ration in which the piezoelectric ceramics have a diameter and an interval therebetween of approximately 10 to 200
µm each, which is derived from a frequency used and an acoustic impedance of the piezocomposite. On the other
hand, it is said that the best transmission/reception efficiency is obtained in the case where a ratio between a diameter
and a length (length/diameter, hereinafter referred to as "aspect ratio") of a prismatic piezoelectric ceramic is set to
approximately 5 to 6. In other words, the piezoelectric ceramic in the piezocomposite is required to have a length of
approximately 50 µm to 1200 µm.
[0005] Considering the foregoing together, the most desirable piezocomposite would have an extremely fine structure
in which a plurality of fine piezoelectric ceramics, each of which is in a thin line form with a diameter of several tens
µm and an aspect ratio of approximately 6, are provided in an organic polymer matrix, and it is demanded in the market.
[0006] As an example of the prior art techniques concerning the method for producing a piezocomposite, a method
for producing the 1-3 piezocomposite is proposed by JP 1789409 and JP 1590342 in which a plurality of cut grooves
are formed by machining in a piezoelectric ceramic block used as a material, and a resin is impregnated in the cut
grooves and cured.
[0007] Furthermore, a production method in which laser processing is carried out instead of the conventional cutting
technique such as dicing is proposed by JP 5(1993)-33836 B. In the foregoing known example, a laser beam is scanned
thereover so that parallel cuts in two directions that cross each other are formed in the piezoelectric ceramic. By so
doing, a piezoelectric ceramic structure having a fine structure is provided, and thereafter, a resin is impregnated in
void portions and cured.
[0008] However, in such methods in which cut grooves are formed directly in a relatively large piezoelectric ceramic
block by dicing or laser processing so as to provide an aggregate of fine sintered piezoelectric pieces, there is a
drawback in that it is difficult to form a desired shape, or even if it is possible, only a low manufacturing yield is obtained
and the production cost increases. With the present machining technique, considering a case where cut grooves with
a width of several tens µm are formed in a ceramic block, the yield more rapidly decreases as the aspect ratio increases,
or in other words, as the depth of the cut grooves increases. This is because the piezoelectric ceramic tends to be
broken more often as the piezoelectric ceramic obtained (remaining) after cutting the cut grooves is thinner. In the case
where even only a few of fine sintered piezoelectric pieces in a piezocomposite formed in an intended shape are
damaged, this may make the entire piezocomposite defective. Therefore, it is very difficult to produce a piezocomposite
having the aforementioned currently required shape by the conventional method in which cut grooves are formed by
machining.
[0009] Furthermore, since it is difficult to directly process a ceramic by machining such as cutting or laser processing,
a plurality of methods have been proposed in which a sintered piezoelectric ceramic having a required structure is
formed using a mold having a shape reverse to the required structure, and thereafter, a resin is impregnated in void
portions and cured.
[0010] For instance, the following method for obtaining a piezocomposite is proposed. Namely, the foregoing mold
is formed with a resin, and a ceramic slurry is filled in the resin mold, then, the resin mold is burned out so that a
structure made of only a ceramic powder is formed, and further, the ceramic powder is sintered. By so doing, a sintered
piezoelectric ceramic having a fine structure, and finally a resin is impregnated in void portions and cured, whereby a
piezocomposite is obtained.
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[0011] However, it is not easy to burn out the resin mold so as to leave only the ceramic powder before sintering.
Upon the burning out of the resin mold, the resin flows, thereby breaking the ceramic powder structure before sintering.
Furthermore, as the structure is made finer, the difficulty in burning out the resin mold increases.
[0012] Therefore, as a method for causing only the resin to disappear without damaging the ceramic powder structure
before sintering, JP 2924664 has proposed the heating in vacuum, the laser abrasion, the plasma etching, and the
use of a low-viscosity solvent.
[0013] Furthermore, as another method, JP 11(1999)-274592 A has proposed a method in which a mold is made of
a silicon material that is not burned out when the ceramic is sintered, and after sintering the ceramic structure, only
the mold is removed. More specifically, a plurality of fine holes are formed in a silicon material by ion etching, a slurry
made of a piezoelectric powder and a binder is applied to the holes and dried so that the binder is removed therefrom,
the obtained matter is covered with a protective ceramic powder and is sintered while pressurized, then, the protective
ceramic powder is removed after the sintering, and finally, the silicon material is removed by etching. In other words,
it is a method in which a mold having a shape reverse to a required structure is made of a material that is not burned
out at a temperature at which a ceramic is sintered, and after sintering the ceramic powder structure, the mold is
removed by etching.
[0014] These methods, however, are complexity, and need complex steps and a long time for making the mold
disappear, thereby unavoidably leading to an increase in the production cost. Furthermore, manufacturing devices
used therein are expensive. Moreover, in a method utilizing a resin mold having a shape reverse to a required structure,
that is, both of the method utilizing a resin mold and the method utilizing a silicon material, the mold has to be made
to disappear with certainty. The cost of manufacturing the mold and the cost of raw materials for the mold result in an
increase in the cost of manufacturing the piezocomposite as a final product.
[0015] Another method is a method in which a plurality of sintered piezoelectric ceramics, each of which is in a rod
shape, are prepared beforehand, and they are arranged and integrated, whereby a piezocomposite is produced, which
has been proposed by Wallace Arden Smith, in "The Role of Piezocomposites in Ultrasonic Transducers", Proceedings
of the 1989 IEEE Ultrasonic Symposium, pp. 755-766, 1989.
[0016] However, the method in which sintered piezoelectric ceramics, each in a rod shape, are prepared beforehand
and arranged later on has a drawback in that the handling of the sintered piezoelectric alone is more difficult as the
sintered piezoelectric in an object piezocomposite has a finer structure, thereby making the production difficult, or even
if the production is possible, decreasing the yield, which results in an increase in the production cost.
[0017] As another method, the following method has been disclosed in USP 4514347 and USP 4572981. Sintered
ceramic plates are laminated and integrated using another material so as to form a block, and a sheet obtained by
slicing the block is prepared as a first stratum. Then, the sheets are laminated and integrated again using another
material that forms a second stratum, and the lamination is sliced, so that a 1-3 piezocomposite is obtained.
[0018] The foregoing method, however, is not capable of avoiding the continuous cutting through a distance longer
than the length of sintered piezoelectric thin wires in a piezocomposite as a final object, when the lamination block is
cut to obtain the first stratum. Therefore, likewise, there is a drawback in that the production is difficult, or even if it is
possible, the yield is not sufficient, which causes the manufacturing cost to increase.
[0019] Thus, by the conventional methods that have been proposed or experimented so far, the production of pie-
zocomposite having a fine structure that is demanded currently is difficult, or even if it is possible, it requires a high
production cost.
[0020] Furthermore, there is another problem in that in the conventional techniques, a material that is impregnated
in void portions of a sintered piezoelectric is limited to one kind because of the production method, and consequently,
it is difficult to adjust physical properties of an obtained piezocomposite freely.
[0021] Considering the foregoing conventional techniques in detail, the inventors of the present invention concluded
that in order to obtain a piezocomposite having a shape required in the market currently, it is necessary to realize at
the same time the production of extremely fine sintered piezoelectric pieces with a high yield and the arrangement of
the produced fine sintered piezoelectric pieces with high precision.
[0022] Therefore, with the foregoing in mind, it is an object of the present invention to provide a piezocomposite
having a fine structure and desired physical properties at low cost, and to provide a high-performance and low-cost
ultrasonic diagnostic equipment and ultrasonic probe for use in the same, by utilizing the foregoing piezocomposite.
[0023] To achieve the foregoing object, a piezocomposite of the present invention is obtained by laminating and
integrating a plurality of composite sheet units, each of which includes a resin layer and a plurality of sintered piezoe-
lectric thin wires arranged in a uniform direction on a surface of the resin layer, so that the sintered piezoelectric thin
wires are positioned between the resin layers, and cutting the same in a direction perpendicular to a lengthwise direction
of the sintered piezoelectric thin wires.
An ultrasonic probe for use in an ultrasonic diagnostic equipment of the present invention includes:

the foregoing piezocomposite, with electrodes provided on both sides of the piezocomposite;
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an acoustic matching layer; and
a backing member,

wherein:

the piezocomposite is interposed between the acoustic matching layer and the backing member; and
one of the electrodes is grounded, while the other electrode is connected as a driving electrode with a transmitting/
receiving circuit.

[0024] An ultrasonic diagnostic equipment of the present invention is characterized in that the foregoing ultrasonic
probe for use in an ultrasonic diagnostic equipment is connected with an ultrasonic diagnostic equipment main body
that includes :

a transmitting section and a receiving section that are connected with lines lead from the electrodes on the both
sides;
a controlling section connected with the transmitting section and the receiving section;
an image forming section connected with the receiving section and the controlling section; and
an image display device connected with the image forming section.

A first piezocomposite production method of the present invention includes the steps of:

(a) preparing a molding substrate having a plurality of grooves;
(b) applying to the grooves a paste including a piezoelectric powder and a binder, drying the same, and heating
the same so as to remove the binder from a coating film made of the paste;
(c) applying a heat treatment at a higher temperature to sinter the piezoelectric powder, so as to form sintered
piezoelectric thin wires;
(d) bonding a resin layer on the sintered piezoelectric thin wires and separate the sintered piezoelectric thin wires
from the molding substrate, so as to form a composite sheet unit in which a plurality of the sintered piezoelectric
thin wires are arranged in a uniform direction on one surface of the resin layer;
(e) laminating a plurality of the composite sheet units so that the sintered piezoelectric thin wires are positioned
between the resin layers; and
(f) integrating the plurality of the composite sheet units thus laminated.

[0025] A second piezocomposite production method of the present invention includes the steps of:

(a) preparing a sintered piezoelectric plate having a thickness ranging from 10 µm to 500 µm;
(b) forming a resin layer on the sintered piezoelectric plate;
(c) forming a plurality of parallel cut grooves in the sintered piezoelectric plate provided with the resin layer, without
completely dividing the resin layer, so as to cut the sintered piezoelectric plate into a plurality of sintered piezoe-
lectric thin wires;
(d) repeating the steps (a) to (c) a plurality of times, so as to prepare a plurality of composite sheet units on a
surface of each of which a plurality of the sintered piezoelectric thin wires are arranged in a uniform direction;
(e) laminating a plurality of the composite sheet units so that the sintered piezoelectric thin wires are positioned
between the resin layers; and
(f) integrating the plurality of the composite sheet units thus laminated.

[0026] A third piezocomposite production method of the present invention includes the steps of:

(a) preparing a sintered piezoelectric plate having a thickness ranging from 10 µm to 500 µm;
(b) provisionally fixing the sintered piezoelectric plate on a substrate, by using an adhesive sheet;
(c) forming a plurality of parallel cut grooves in the sintered piezoelectric plate so as to cut the sintered piezoelectric
plate into pieces, to obtain a plurality of sintered piezoelectric thin wires;
(d) transferring the plurality of the sintered piezoelectric thin wires provisionally fixed on the substrate;
(e) repeating the steps (a) to (d) a plurality of times, so as to prepare a plurality of composite sheet units on a
surface of each of which a plurality of the sintered piezoelectric thin wires are arranged in a uniform direction;
(f) laminating a plurality of the composite sheet units so that the sintered piezoelectric thin wires are positioned
between the resin layers; and
(g) integrating the plurality of the composite sheet units thus laminated.
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A fourth piezocomposite production method of the present invention includes the steps of:

(a) arranging a plurality of sintered piezoelectric thin wires in a uniform direction on a surface of a resin layer, and
providing a resin sheet on the sintered piezoelectric thin wires;
(b) integrating the resin layer, the sintered piezoelectric thin wires, and the resin sheet by a process comprising
compressing, so that the sintered piezoelectric thin wires are sandwiched between the resin layer and the resin
sheet, and that a resin of the resin sheet is deformed so as to fill grooves between the sintered piezoelectric thin
wires, thereby forming a composite sheet unit;
(c) repeating the steps (a) and (b) a plurality of times, so as to form a plurality of composite sheet units, each of
which is composed of the resin layer, the resin sheet, and the plurality of the sintered piezoelectric thin wires
arranged in a uniform direction between the resin layer and the resin sheet;
(d) laminating the plurality of the composite sheet units so that the sintered piezoelectric thin wires are provided
in parallel; and
(e) integrating the plurality of the composite sheet units thus laminated. A fifth piezocomposite production method
of the present invention includes the steps of:

(a) preparing two pieces of resin layers on each of which a plurality of sintered piezoelectric thin wires are arranged
in a uniform direction;
(b) laminating the two resin layers so that the sintered piezoelectric thin wires provided on a surface of one of the
resin layers are positioned between the sintered piezoelectric thin wires provided on a surface of the other resin
layer, and integrating the same, so as to form a composite sheet unit;
(c) repeating the steps (a) and (b) a plurality of times, so as to form a plurality of composite sheet units, each of
which includes the resin layer, the resin sheet, and the plurality of the sintered piezoelectric thin wires arranged
in a uniform direction between the resin layer and the resin sheet;
(d) laminating the plurality of the composite sheet units so that the sintered piezoelectric thin wires are provided
in parallel; and
(e) integrating the plurality of the composite sheet units thus laminated.

[0027] FIG. 1A is a schematic perspective view illustrating a step of preparing a substrate provided with a plurality
of grooves according to a first embodiment of the present invention, and FIG. 1B is a schematic cross-sectional view
illustrating the same.
[0028] FIG. 2A is a schematic perspective view illustrating a step of applying a paste containing a piezoelectric
powder and a binder to the plurality of grooves according to the first embodiment of the present invention, and FIG.
2B is a schematic cross-sectional view illustrating the same.
[0029] FIG. 3A is a schematic perspective view illustrating a step of applying a heat treatment so that the piezoelectric
powder is sintered, so as to obtain sintered piezoelectric thin wires according to the first embodiment of the present
invention, and FIG. 3B is a schematic cross-sectional view illustrating the same.
[0030] FIG. 4A is a schematic perspective view illustrating a step of bonding a resin layer on the sintered piezoelectric
thin wires carried on the substrate according to the first embodiment of the present invention, and FIG. 4B is a schematic
cross-sectional view illustrating the same.
[0031] FIG. 5A is a schematic perspective view illustrating a step of obtaining a composite sheet unit carrying the
sintered piezoelectric thin wires according to the first embodiment of the present invention, and FIG. 5B is a schematic
cross-sectional view illustrating the same.
[0032] FIG. 6A is a schematic perspective view illustrating a step of laminating the composite sheet units according
to the first embodiment of the present invention, and FIG. 6B is a schematic cross-sectional view illustrating the same.
[0033] FIG. 7A is a schematic perspective view illustrating a step of integrating the plurality of the composite sheet
units thus laminated according to the first embodiment of the present invention, and FIG. 7B is a schematic cross-
sectional view illustrating the same.
[0034] FIG. 8 is a schematic cross-sectional view illustrating a substrate used according to a second embodiment
of the present invention.
[0035] FIG. 9 is a schematic cross-sectional view illustrating a substrate used according to a third embodiment of
the present invention.
[0036] FIG. 10 is a schematic perspective view illustrating a step of forming resin layers on the sintered piezoelectric
plate according to a fourth embodiment of the present invention.
[0037] FIG. 11 is a schematic perspective view illustrating a step of cutting the sintered piezoelectric plate into a
plurality of sintered piezoelectric thin wires according to the fourth embodiment of the present invention.
[0038] FIG. 12 is a schematic perspective view illustrating a step of laminating and integrating composite sheet units
according to the fourth embodiment of the present invention.
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[0039] FIG. 13 is a schematic perspective and cross-sectional view illustrating a piezocomposite according to the
fourth embodiment of the present invention.
[0040] FIG. 14 is a schematic perspective view illustrating a step of impregnating a resin in void portions after lam-
ination and integration and curing the same according to a fifth embodiment of the present invention.
[0041] FIG. 15 is a schematic perspective and cross-sectional view illustrating a piezocomposite according to the
fifth embodiment of the present invention.
[0042] FIGS. 16A and 16B are schematic perspective views illustrating piezocomposites in which a resin layer is
composed of a plurality of resin layers, according to a sixth embodiment of the present invention.
[0043] FIGS 17A to 17D are schematic perspective views illustrating a production method according to a seventh
embodiment of the present invention.
[0044] FIGS. 18A to 18C are schematic perspective views illustrating a production method according to an eighth
embodiment of the present invention.
[0045] FIGS. 19A and 19B are schematic perspective views illustrating a production method according to a ninth
embodiment of the present invention.
[0046] FIG. 20 is a schematic perspective and cross-sectional view illustrating a piezocomposite according to the
ninth embodiment of the present invention.
[0047] FIG. 21A is a schematic cross-sectional view illustrating a method for producing a composite sheet unit ac-
cording to an eleventh embodiment of the present invention, and FIG. 21B is a schematic cross-sectional view illus-
trating the composite sheet unit.
[0048] FIG. 22 is a view illustrating a configuration of an ultrasonic probe for an ultrasonic diagnostic equipment
according to Example 12 of the present invention.
[0049] FIG. 23 is a view illustrating a configuration of an ultrasonic diagnostic equipment according to Example 13
of the present invention.
[0050] FIG. 24 is a schematic perspective view illustrating a conventional 1-3 piezocomposite.
[0051] In the piezocomposite of the present invention, each of the sintered piezoelectric thin wires preferably is in a
prismatic shape having a polygonal cross section with an average edge length of 10 µm to 500 µm and having a length
of 0.05 mm to 3 mm. Among prismatic shapes, a prismatic shape having a quadrangular cross section, particularly, a
trapezoidal cross section, is produced most easily. The size of the piezocomposite and the size of the sintered piezo-
electric thin wires in the piezocomposite are determined according to the frequency and the acoustic impedance of the
piezocomposite. Though not particularly limited, taking it into consideration that the used frequency generally will be
in a range of approximately 1 MHz to 20 MHz since the piezocomposite of the present invention is used in an ultrasonic
probe for medical-use ultrasonic diagnostic equipment, each of the sintered piezoelectric thin wire preferably has a
cross section with each edge ranging from 10 µm to 200 µm in average. Besides, since the best transmission/reception
efficiency is obtained when the aspect ratio is set to 5 to 6, each of the sintered piezoelectric thin wires preferably has
a length in a range of 0.05 mm (0.01 mm 3 the aspect ratio of 5) to 3.0 mm (0.5 mm 3 the aspect ratio of 6).
[0052] It should be noted that a piezocomposite may be produced even if sintered piezoelectric thin wires have sizes
that are not in the foregoing preferable ranges. The foregoing ranges merely are preferred considering the intended use.
[0053] Furthermore, the number of the sintered piezoelectric thin wires arranged on one surface of the resin layer
preferably is in a range of 10 to 3000. Some of the production methods of the present invention are characterized in
that a sintered piezoelectric plate having a thickness equal to a length of one edge of the sintered piezoelectric thin
wire is divided on a resin layer, or alternatively, a sintered piezoelectric plate that has been divided while provisionally
fixed is transferred onto a resin, so that a composite sheet unit in which a plurality of sintered piezoelectric thin wires
are carried on a resin layer is obtained, and a plurality of the same are laminated. Furthermore, some are characterized
in that two of the foregoing composite sheet units are integrated to form a laminated composite sheet unit, and the
laminated composite sheet units are laminated and integrated.
[0054] On the other hand, considering the preferable size of the foregoing sintered piezoelectric thin wires, a sintered
piezoelectric plate having a thickness ranging 10 µm to 500 µm, or more preferably, 10 µm to 200 µm, is required.
Since such a thin sintered piezoelectric plate tends to warp or crack in the producing process, generally it is difficult to
produce the same in a large size. A producible size of a sintered piezoelectric plate having the foregoing thickness
ranging 10 µm to 500 µm, or more preferably, 10 µm to 200 µm, has an edge of, or a diameter of, at most approximately
30 mm. In the case where a 30 mm square sintered piezoelectric plate is used and divided into sintered piezoelectric
thin wires with an edge in a range of 10 µm to 500 µm, or more preferably, 10 µm to 200 µm, the number of the sintered
piezoelectric thin wires arranged on one surface of the resin layer, that is, the number of the sintered piezoelectric thin
wires in one composite sheet unit, is approximately 10 to 1500.
[0055] Furthermore, considering also a case where laminated composite sheet units, each of which is obtained by
laminating two composite sheet units, are used, the number of the sintered piezoelectric thin wires that can be arranged
on one surface of a resin layer is approximately 10 to 3000.
[0056] It should be noted that the number may exceed the foregoing provisionally set range, considering the size of
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an available sintered piezoelectric plate and a required size of a sintered piezoelectric thin wire.
[0057] Furthermore, the number of the laminated resin layers preferably is in a range of 20 to 1500. The number of
laminated resin layers basically is determined according to the intended size of a piezocomposite, but if the resin layers
are laminated to a height greater than a length of an edge of the resin layer (width), they tend to be displaced when
laminated and integrated, which makes it difficult to dispose the sintered piezoelectric thin wires at desired positions.
A maximum size of the resin layer to be laminated (a resin layer carrying a plurality of sintered piezoelectric thin wires,
that is, a composite sheet unit) is approximately 30 mm square, considering the size of the available sintered piezoe-
lectric plate, as described above. On the other hand, the height of the lamination in which a plurality of the composite
sheet units are integrated is determined by a maximum thickness of the used composite sheet unit and the number of
the sheets laminated. The maximum thickness of the composite sheet unit is determined according to a sum of a length
of an edge of the sintered piezoelectric thin wire in the composite sheet unit and the thickness of the used resin layer.
Though depending on the length of the sintered piezoelectric thin wire according to the use of purpose, and the thickness
of the resin layer, the thickness of the composite sheet unit is considered to be approximately 20 µm to 1000 µm.
Therefore, from the viewpoint of the accuracy and the facilitation upon the lamination and integration, the number of
the layers to be laminated preferably is in a range of 20 to 1500. The number, however, is not limited to the foregoing,
as long as the desired size of the piezocomposite is obtained with accuracy.
[0058] Furthermore, the number of the sintered piezoelectric thin wires arranged in a uniform direction in one pie-
zocomposite preferably is in a range of 200 to 4500000. Considering the number of the sintered piezoelectric thin wires
in a preferable composite sheet unit and the number of the composite sheet units to be laminated, it is preferable that
the number of the sintered piezoelectric thin wires in a piezocomposite to be obtained finally is in a range of 200 to
4500000.
[0059] The size and number of the sintered piezoelectric thin wires and the number of resin layers to be laminated
in one piezocomposite of the present invention are determined according to the purpose of the piezocomposite and
the available materials.
[0060] Furthermore, a cut surface preferably is ground. The thickness of the piezocomposite to be obtained finally,
that is, a length between cut surfaces thereof that is perpendicular to the lengthwise direction of the sintered piezoe-
lectric thin wires, should be adjusted according to the frequency used. By grinding the cut surfaces of the piezocom-
posite, the thickness of the piezocomposite can be controlled finely.
[0061] Furthermore, it is necessary to form electrodes on the cut surfaces of the piezocomposite in a certain manner.
Though not particularly limited, electrodes may be formed by applying and drying a conductive coating material or by
plating. In the case where such a method is used, the cut surfaces (electrode-provided surfaces) are roughened by
grinding, which provides an effect of improving the adhesion strength of the electrodes.
[0062] Furthermore, the sintered piezoelectric thin wires have cut surfaces in the lengthwise direction. This allows
the size of the piezocomposite to be controlled desirably according to the purpose.
[0063] Furthermore, the piezocomposite may have a configuration obtained by preparing two composite sheet units,
laminating the two composite sheet units so that the sintered piezoelectric thin wires provided on a surface of one of
the composite sheet units are positioned between the sintered piezoelectric thin wires provided on a surface of the
other composite sheet unit, and integrating the two composite sheet units to form a laminated composite sheet unit,
then laminating and integrating the laminated composite sheet unites, and cutting the same in a direction crossing the
lengthwise direction of the sintered piezoelectric thin wires. This configuration allows the sintered piezoelectric thin
wires to be at a smaller pitch, that is, at smaller intervals.
[0064] Furthermore, resin-impregnated-cured portions preferably are provided between the sintered piezoelectric
thin wires. By providing the resin-impregnated-cured portions, the mechanical strength of the piezocomposite can be
increased.
[0065] Furthermore, by impregnating and curing a resin in void portions, it is possible to obtain piezocomposites
having a variety of physical properties, particularly acoustic impedances. By selecting a resin to be used for forming
the resin-impregnated-cured portions from resins having various physical properties according to the intended purpose,
as to the density, the sonic velocity, the Poisson's ratio, the Young's modulus, etc., it is possible to control the physical
properties of the obtained piezocomposite.
[0066] Furthermore, the resin layer preferably is composed of a plurality of resin layers. By composing the resin layer
of a plurality of resin layers, an effect of facilitating the control the distance between the laminated sintered piezoelectric
thin wires can be achieved. By bonding the same with a second resin layer having a different thickness, it is possible
to facilitate the control of the distance between the laminated sintered piezoelectric thin wires.
[0067] Furthermore, piezocomposites having different distances between the sintered piezoelectric thin wires in the
lamination direction can be produced using the same composite sheet units, by using second resin sheets having
different thicknesses. This allows the manufacturing cost to be decreased.
[0068] Furthermore, in one piezocomposite, the distance between the sintered piezoelectric thin wires can be varied
as to each layer. Though not particularly limited, when one lamination is cut in a direction perpendicular to the lamination
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direction to produce a plurality of piezocomposites, the production is facilitated by thickening only the resin layers of
a portion to be cut.
[0069] Furthermore, by using a plurality of resin layers having different physical properties as to the density, the sonic
velocity, the Poisson's ratio, the Young's modulus, it is possible to produce piezocomposites having various physical
properties. Though not particularly limited, an epoxy resin that is relatively hard may be used for the composite sheet
unit so as to fix the sintered piezoelectric thin wires surely, while resin layers made of a silicone resin or a polyurethane
resin that are relatively soft may be used for bonding and laminating the composite sheet units. By doing so, a piezo-
composite that is mechanically flexible in the lamination direction can be obtained. This is effective particularly in the
case where an ultrasonic probe whose tip has a curved surface is produced. Furthermore, this configuration improves
the mechanical isolation between the sintered piezoelectric thin wires in the lamination direction. With this effect, in
the case where a plurality of oscillators are formed in one piezocomposite by forming a plurality of electrodes, the
oscillators can be actuated arbitrarily and individually.
[0070] Furthermore, the production method of the present invention preferably further includes the step of impreg-
nating a resin in void portions after the lamination and integration of a plurality of the composite sheet units and curing
the same. By impregnating and curing a resin in void portions before cutting, the mechanical strength of the lamination
before cutting is increased, thereby reducing damages to the sintered piezoelectric thin wires inside. Consequently,
the manufacturing yield is increased, and the manufacturing cost can be reduced.
[0071] Furthermore, upon the lamination of a plurality of composite sheet units, adhesive resin sheets preferably are
provided between the composite sheet units. Though not particularly limited, the composite sheet units may be those
in which a resin layer firmly fixes the sintered piezoelectric plate and is cured sufficiently, and the adhesive resin sheets
may be used for bonding a plurality of the composite sheet units. By sufficiently curing the resin layer in the composite
sheet unit, the damage to the sintered piezoelectric thin wires is prevented from occurring when the sintered piezoe-
lectric plate is cut into a plurality of the sintered piezoelectric thin wires, and the manufacturing yield of the composite
sheet units is improved. Furthermore, even if the resin layer that is cured sufficiently and thereby loses the adhesivity
is used in the composite sheet unit, such composite sheet units can be laminated, bonded, and integrated without
failure by using second adhesive resin sheets.
[0072] Upon lamination of the composite sheet units, an adhesive layer preferably is formed by coating on at least
a part of the resin layer in each composite sheet unit. An adhesive layer may be formed by applying an adhesive
material with fluidity on a surface of the composite sheet unit where the sintered piezoelectric thin wires are provided.
This configuration allows an adhesive material to be filled in cut grooves in the composite sheet unit, whereby a pie-
zocomposite having no void can be obtained without impregnating another resin in void portions at a later step. In other
words, without the step of impregnating a resin in void portions and curing the same, a piezocomposite equivalent to
the piezocomposite having the resin-impregnated-cured portions can be obtained. Thus, the production process can
be simplified. Further, the production method in which the adhesive layer is formed by coating is easier and allows
reduction of the material cost, as compared with the case where the adhesive resin sheets are used.
[0073] As described above, according to the present invention, a piezocomposite can be obtained by laminating and
integrating a desired number of composite sheet unit units, in each of which a desired number of sintered piezoelectric
thin wires in a desired size are arranged at desired positions, on a resin layer. Furthermore, according to the production
method of the present invention, a desired number of the sintered piezoelectric thin wires in a desired shape are carried
fixedly at desired positions by the resin layer, and the positions are constrained. Therefore, the positions thereof do
not change in the later process of lamination and integration. By controlling the thickness of the resin layer, it is possible
to control the distances between the sintered piezoelectric thin wires in the vertical directions.
[0074] Furthermore, as compared with the conventional production method utilizing the etching technique, it is pos-
sible to carry out the production within a shorter period of time, and expensive equipment is not needed.
[0075] Furthermore, among the production methods of the present invention, the method in which fine sintered pieces
are formed on a substrate utilizes a substrate that is used repeatedly, thereby causing no waste of materials, unlike
the conventional technique in which a mold is vanished.
[0076] As to the method of mechanically processing a sintered piezoelectric plate among the production methods
of the present invention, the cut grooves formed in the present invention have a depth only equal to a thickness of the
sintered piezoelectric plate, that is, a diameter of the sintered piezoelectric thin wires in the piezocomposite to be
obtained, whereas in the conventional method of directly processing a piezoelectric material, the processing is carried
out through a distance equal to the length of the sintered piezoelectric thin wires. Therefore, the processing is extremely
easy as compared with the conventional processing.
[0077] Furthermore, by applying the method of forming a laminated composite sheet unit by integrating composite
sheet units, a piezocomposite having a further finer structure can be obtained.
[0078] Furthermore, by applying the method of laminating and integrating the composite sheet units or the laminated
composite sheet units, it is possible to select good-quality composite sheet units for lamination and integration, thereby
improving the manufacturing yield of the piezocomposite.
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[0079] Furthermore, by dividing the obtained piezocomposite along planes crossing the lengthwise direction of the
sintered piezoelectric thin wires, it is possible to improve the productivity and to produce piezocomposites at lower cost.
[0080] Furthermore, by providing the resin-impregnated-cured portions, it is possible to control the physical properties
of the piezocomposite freely.
[0081] As described above, according to the present invention, it is possible to provide a piezocomposite having a
desired fine structure, desired physical properties, and high reliability at low cost.
[0082] Furthermore, it is possible to provide a high-performance and low-cost ultrasonic probe for use in ultrasonic
diagnostic equipment, and high-performance and low-cost ultrasonic diagnostic equipment, in each of which the fore-
going piezocomposite is used.
The following description will depict embodiments of the present invention in detail.
[0083] First through third embodiments described below relate to a piezocomposite produced by the first production
method of the present invention.

First Embodiment

[0084] The following description will depict in detail a first embodiment of the present invention as to each of the
steps thereof, while referring to FIGS. 1 to 7.

(1) Step of preparing a substrate provided with a plurality of grooves

[0085] As a step of preparing a substrate provided with a plurality of grooves, a substrate 1 provided with a plurality
of grooves 11 by machining was prepared, as shown in the schematic perspective view of FIG 1A and the schematic
cross-sectional view of FIG. 1B. Though not particularly limited, the material forming the substrate 1 preferably has a
heat resistance up to approximately 1300 °C and does not have a significantly high reactivity with a piezoelectric
material to be sintered, since the piezoelectric material is to be sintered on the substrate in a later step. This is because,
in the case where the material has significantly high reactivity with the piezoelectric material, the material is diffused
in the substrate upon the sintering, thereby making it impossible to obtain a thin-line-form sinter piece. Preferable
examples of the material include ceramic materials such as magnesium oxide, zirconia, and alumina, and silicones.
In the present embodiment, a 30 mm square, 7 mm thick magnesium oxide plate with a purity of not less than 99 %
(Product No.: MG-13, manufactured by Nikkato Corporation) was used.
[0086] Further, FIGS. 1A and 1B schematically illustrate the step, and the number of grooves, the shape of the cross
section, and the length of the same arbitrarily can be adjusted according to a shape of a piezocomposite to be obtained.
For instance, 200 grooves, having shapes as shown in FIG. 1B, a width of 0.085 mm and a depth of 0.085 mm, were
formed in parallel at intervals of 0.050 mm by dicing on a surface on one side of the magnesium oxide plate. In forming
the grooves 11, any conventional method such as dicing or laser processing may be used, and an appropriate method
can be selected according to the required shape of the groove 11. A plurality of groove-provided magnesium oxide
substrates were prepared as the foregoing substrate 1.

(2) Step of applying a paste containing a piezoelectric powder and a binder to the grooves

[0087] As a step of applying a paste containing a piezoelectric powder and a binder to the grooves 11, a paste
composed of a piezoelectric powder, a binder, and a solvent was applied over the grooves 11 on the substrate 1 so
as to fill the grooves 11, then, unnecessary paste portions outside the grooves 11 were removed. As a result, the
substrate 1 in which the paste was applied to only the inside of each groove 11 was obtained, as shown in the schematic
perspective view of FIG. 2A and the schematic cross-sectional view of FIG. 2B. Though not particularly limited, a
conventional technique of a thick film material can be applied for forming the paste. For instance, a paste obtained by
adding 10 cc of an α- terpineol (reagent manufactured by Wako Pure Chemical Industries, Ltd.) solution containing 6
wt% of ethyl cellulose 45 cP (manufactured by Kanto Kagaku) as a binder to 40 g of a piezoelectric powder of lead
titanate zirconate (PZT) or the like and kneading the same using a three roll mill can be used. Subsequently, on the
groove-provided surface of the groove-provided magnesium oxide plate as the substrate 1, the PZT paste as the paste
was applied and squeezed by a rubber squeegee so as to fill the grooves with the PZT paste while removing unnec-
essary portions of the PZT paste from outside the grooves. Alternatively, to fill the grooves 11 with the paste sufficiently,
air bubbles contained therein preferably were removed by depressurizing or vibrating with ultrasonic waves after ap-
plying the paste in the grooves 11.

(3) Step of drying the coating films

[0088] As a step of drying the coating films, the solvent component was dried and removed from the paste 2 provided
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in the grooves 11 of the substrate 1. As a method for drying the solvent, any method may be applied, such as natural
drying, hot air drying, etc. Besides, according to a quantity to be treated, the batch manner or the continuous manner
may be selected. In the present embodiment, the solvent component in the PZT paste was removed by drying the
same at 100°C in a hot air circulating batch-type dryer for 5 minutes.
[0089] The step (2) of providing the PZT paste in the grooves and the step (3) of drying the coating films were
repeated five times, so that coating films 21 made of the piezoelectric powder and the binder were formed in not less
than 90 vol% of the groove portions.
[0090] Through the foregoing operation, the groove-provided magnesium oxide plate as the substrate 1 carrying the
coating films 21 made of the piezoelectric powder and the binder in the grooves was obtained, as shown in the schematic
view of FIGS. 2A and 2B.

(4) Step of heating the substrate carrying the coating films after drying so as to remove the binder from the coating films

[0091] As a step of heating the substrate carrying the coating films after drying so as to remove the binder from the
coating films, the coating films 21 that had been dried so that the solvent had been removed were further heated so
that the binder was removed from the coating films 21. It should be noted that the step of removing the binder is a step
of removing an organic binder contained in the coating films 21 by burning or thermal decomposition, and as long as
this object is achieved, it may be carried out under any conditions as to the temperature, the duration, and the gas
atmosphere, etc., for the step. The groove-provided magnesium oxide plate as the substrate 1 having the coating films
21 in its grooves was subjected to a heat treatment at 400°C in an ambient atmosphere for two hours, so that the
binder was burned and removed from the coating films 21.

(5) Step of heating the piezoelectric powder to sinter the same, so as to obtain thin-line-form sinter pieces

[0092] Subsequently, the heat treatment was continued so that the temperature was raised to 1250°C during 12.5
hours and thereafter it was maintained at 1250°C for two hours, so that the piezoelectric powder was sintered. By so
doing, thin-line-form sinter pieces 3 were obtained on the substrate 1. The paste 2 that had been dried and from which
the binder had been removed was sintered in the grooves 11 of the substrate 1, thereby forming the thin-line-form
sinter pieces 3. The thin-line-form sinter pieces 3 thus obtained were sintered in the state of being constrained and
arranged in the grooves 11 formed in the substrate 1. Consequently, as shown in the schematic perspective view of
FIG. 3A and the schematic cross-sectional view of FIG. 3B, a plurality of thin-line-form sinter pieces 3 were obtained
on the substrate 1, arranged at intervals according to the intervals between the grooves 11 formed in the substrate 1.
In the present embodiment, 200 thin-line-form sinter pieces, each having a width and a height of 0.065 mm each and
a length of 30 mm, were obtained on the substrate 1. Furthermore, the thin-line-form sinter pieces 3 had a volume
reduced to 65 % in average as compared with the volume in the material paste state. It should be noted that the steps
(1) to (5) may be carried out at the same time.

(6) Step of bonding a resin layer onto the thin-line-form sinter pieces carried on the substrate

[0093] Furthermore, as shown in the schematic perspective view of FIG. 4A and the schematic cross-sectional view
of FIG. 4B, a resin layer 4 was bonded onto the plurality of the thin-line-form sinter pieces 3 carried on the substrate
1 at intervals identical to the intervals between the grooves 11 formed in the substrate 1. More specifically, an epoxy
resin sheet with a size of 30 mm square and a thickness of 0.12 mm in a half-cured state (B stage) as a resin layer 4
was provided over the 200 thin-line-form sinter pieces 3 carried on the substrate 1 at intervals corresponding to the
intervals between the grooves 11 formed in the substrate 1, and was compressed with a pressure of 10 kg/cm2 for 10
minutes while heated at 120°C, whereby the epoxy resin sheet as the resin layer was bonded to the thin-line-form
sinter pieces.

(7) Step of separating the resin layer from the substrate so as to obtain a composite sheet unit carrying the thin-line-
form sinter pieces

[0094] By separating the resin layer 4 from the substrate 1, the thin-line-form sinter pieces 3 were transferred onto
the surface of the resin layer 4. Consequently, a composite sheet unit 5 having the plurality of thin-line-form sinter
pieces 3 provided on the resin layer 4 at intervals corresponding to the intervals between the grooves formed in the
substrate 1 was obtained. The composite sheet unit 5 thus obtained had a size of 30 mm in horizontal length (in a
direction in which the thin-line-form sinter pieces 3 are arranged) 3 30 mm in vertical length. In a range of approximately
27 mm in the horizontal length of 30 mm, 200 thin-line-form sinter pieces 3 were transferred and arranged at intervals
of approximately 0.07 mm. Each thin-line-form sinter piece 3 had a thickness of 0.065 mm in average, a width of its
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portion exposed to the air of 0.065 mm in average, and a length of 30 mm.
[0095] Through the foregoing step, the composite sheet unit 5 having the plurality of thin-line-form sinter pieces 3
provided on the resin layer 4 at intervals identical to the intervals between the grooves 11 formed in the substrate 1
was obtained, as shown in the schematic perspective view of FIG. 5A and the schematic cross-sectional view of FIG. 5B.

(8) Step of laminating a plurality of the composite sheet units

[0096] As shown in the schematic perspective view of FIG. 6A and the schematic cross-sectional view of FIG. 6B,
200 of the foregoing composite sheet units 5 in total were laminated.

(9) Step of integrating the plurality of composite sheet units thus laminated

[0097] The 200 composite sheet units 5 laminated were integrated, so as to obtain a piezocomposite 6 as shown in
the schematic perspective view of FIG. 7A and the schematic cross-sectional view of FIG. 7B. As a method for inte-
grating the same, any method can be selected, such as pressing, hot pressing, bonding, etc., which are conventional
techniques. In the present embodiment, they are integrated by hot pressing. More specifically, the lamination composed
of 200 composite sheet units was heated at 120°C for 10 minutes while subjected to a pressure of 10 kg/cm2 in the
lamination direction. Thereafter, the temperature was raised to 150°C during 10 minutes, then, the lamination was
maintained at 150°C for 60 minutes.
[0098] The piezocomposite 6 thus obtained has a size of 32 mm in horizontal length (in the direction in which the
thin-line-form sinter pieces 3 were arranged), 27 mm in vertical length (in the lamination direction), and 30 mm in
thickness (in a lengthwise direction of the thin-line-form sinter pieces). In other words, in a portion of the plate at the
center of the piezocomposite 6 (27 mm in horizontal length 3 27 mm in vertical length 3 30 mm in thickness), 40000
thin-line-form sinter pieces 3, each having a cross section of approximately 0.065 mm square, were arranged uniformly
with the epoxy resin interposed therebetween. It is possible to adjust the thickness of the piezocomposite 6 desirably.
Besides, it is possible to slice the piezocomposite 6 in the thickness direction, so as to divide the same into a plurality
of pieces of a piezocomposite with desired thicknesses.
[0099] The production method of the present invention makes it possible to obtain the piezocomposite 6 by providing
a desired number of composite sheet units 5, each in a desired shape, at desired positions and integrating the same.
[0100] The diameter and length of the thin-line-form sinter pieces 3 to be sintered are determined according to the
shape of the grooves 11 formed in the substrate 1 as well. By providing on the substrate 1 a desired number of the
grooves 11, each with a desired depth and a desired length according to the required number, diameter, and length of
the thin-line-form sinter pieces, it is possible to obtain a desired number of thin-line-form sinter pieces 3, each in a
desired shape.
[0101] Furthermore, by the production method of the present invention, the intervals between the grooves 11 are set
according to the required intervals between the thin-line-form sinter pieces 3 in the object piezocomposite 6, as shown
in FIGS. 7A and 7B. By forming the grooves 11 in this manner, it is possible to form thin-line-form sinter pieces 3 in
desired shapes at a desired pitch on the substrate 1. In forming the substrate 1 and the grooves 11 in desired shapes
on the substrate 1, a substrate material can be selected from a wider range as compared with the conventional methods
in which piezoelectric materials are directly processed, and conventional machining techniques can be applied, while
micro-machining is carried out readily. Furthermore, in the conventional method in which a piezoelectric material is
processed directly, it is necessary to carry out the processing for the lengthwise distance of the thin-line-form sinter
pieces. In contrast, the grooves 11 formed in the present invention may have a relatively small depth according to the
diameter of the thin-line-form sinter pieces, and the processing is carried out readily.
[0102] Furthermore, according to the production method of the present invention, a plurality of the thin-line-form
sinter pieces 3 are bonded and transferred onto the surface of the resin layer 4, so that the composite sheet unit 5 is
obtained. The present invention therefore allows a desired number of thin-line-form sinter pieces 3 in a desired shape
at desired positions to be formed on the resin layer 4 readily. Since the positions of the thin-line-form sinter pieces 3
on the composite sheet unit 5 are fixed by the resin layer 4, the arranged positions do not change upon the subsequent
integration of the lamination. Furthermore, the intervals in the vertical direction of the thin-line-form sinter pieces 3 in
the piezocomposite 6 in FIGS. 7A and 7B are determined according to the thickness of the resin layer 4 in the composite
sheet unit 5. In other words, by controlling the thickness of the resin layer 4, it is possible to desirably control the
intervals between the thin-line-form sinter pieces 3 in the vertical direction.
[0103] Furthermore, a piezocomposite is obtained by laminating and integrating a required number of composite
sheet units 5 each carrying the thin-line-form sinter pieces 3.
[0104] With the present invention thus arranged, extremely fine thin-line-form sinter pieces that conventionally have
been difficult to form can be produced readily, and the thin-line-form sinter pieces that have been difficult to handle
because of the fineness can be arranged readily at any desired positions in the piezocomposite 6 as a final product.
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[0105] Furthermore, conventional techniques such as machining and thick-film sintering can be used in production,
thereby making the production method easy. Besides, as compared with the production method utilizing etching tech-
niques, the production can be completed within a shorter period of time, and does not require any expensive equipment.
[0106] Furthermore, since a repeatedly usable substrate is used in forming fine sinters, wasteful usage of materials
as in the conventional techniques is eliminated.
[0107] By applying the production method of the present invention, with the aforementioned configurations and ef-
fects, it is possible to provide a piezocomposite having a fine configuration at low cost.

Second Embodiment

[0108] A production method according to a second embodiment of the present invention is the above-described
production method according to the first embodiment further modified so that a step of forming protective layers 7 on
at least parts of surfaces of the grooves 11 formed on the surface of the substrate 1 as shown in the schematic cross-
sectional view of FIG. 8, is carried out after the step (a) of preparing the substrate provided with a plurality of grooves,
and thereafter, the same steps as those in the first embodiment are carried out sequentially.
[0109] With the production method according to the second embodiment of the present invention, the following effect
can be achieved in addition to the configuration and effects described concerning the first embodiment, because of
the provision of the protective layers 7. Namely, the piezoelectric material is prevented from significantly diffusing in
the substrate 1 when the thin-line-form sinter pieces are obtained through a heat treatment, thereby resulting in that
the manufacturing yield is improved. Consequently, it is possible to further reduce the production cost of the piezo-
composite as a whole.
[0110] Appropriate as the protective layer 7 is a protective layer that is stable against heat applied in the sintering
step that is to be carried out later, and that is hardly diffused in the later-obtained thin-line-form sinter pieces made of
the piezoelectric material. Furthermore, by selecting a protective layer that has slight reactivity with the thin-line-form
sinter pieces, the fixing of the thin-line-form sinter pieces 3 by the grooves 11 on the substrate 1 is increased, whereby
an effect of facilitating the transport that is intended for the later-performed steps is achieved. Though not particularly
limited, an inorganic coating film or an inorganic oxide film is appropriate as the protective layer 7. More specifically,
preferable examples of the material include ceramic materials such as magnesium oxide, zirconia, and alumina, sili-
cones, and composite materials of these. Further, conventional techniques such as a method utilizing powder sintering,
chemical vapor deposition (CVD), vapor deposition utilizing an electronic beam, etc., may be used as the method for
forming the protective layers.
[0111] It should be noted that the substrate 1 having the grooves 11 on whose surfaces the protective layers 7 are
formed by the present production method can be used repeatedly when piezocomposites are produced, thereby making
it possible to avoid an increase in the production cost.

Third Embodiment

[0112] A production method according to a third embodiment of the present invention is the above-described pro-
duction method according to the first embodiment further modified as follows. Namely, a step of forming releasing
layers 8 on at least parts of the surface of the substrate 1 except for the surfaces of the grooves 11 as shown in the
schematic cross-sectional view of FIG. 9, is carried out after the step (a) of preparing the substrate provided with a
plurality of grooves, and thereafter, the same steps as those in the first embodiment are carried out sequentially.
[0113] By the production method according to the third embodiment of the present invention, the following effect can
be achieved in addition to the configuration and effects described concerning the first embodiment, because of the
provision of the releasing layers 8 on at least parts of the surface of the substrate 1 other than the grooves 11. Namely,
the separation of the thin-line-form sinter pieces 3 is facilitated in the later-performed step of obtaining a composite
sheet unit carrying thin-line-form sinter pieces by separating the resin layer from the substrate. This allows the manu-
facturing yield to be improved. Consequently, it is possible to further reduce the production cost of the piezocomposite
as a whole.
[0114] To form the releasing layer 8, physical states of the surface may be changed as shown in FIG. 9, for instance,
so that it serves as the releasing layer. More specifically, the surface may be roughened so that physical contact areas
thereof with the resin layer are decreased. By so doing, the separation of the resin layer from the substrate can be
improved.
[0115] Though not particularly limited, the method for roughing the surface preferably is a method of physically rough-
ening the surface, such as sand-blasting or abrasion, or a chemical technique such as etching.
[0116] It should be noted that the substrate 1 provided with the releasing layers 8 on its surface by the present
production method can be used repeatedly when piezocomposites are produced, thereby making it possible to avoid
an increase in the production cost.
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[0117] Fourth through sixth embodiments described below relate to a piezocomposite produced by the above-de-
scribed second production method of the present invention.

Fourth Embodiment

[0118] The following description will depict in detail a fourth embodiment of the present invention as to each of the
steps thereof, while referring to FIGS. 10 to 13.
[0119] First of all, as steps of (a) preparing a sintered piezoelectric plate having a thickness ranging from 10 µm to
500 µm and (b) forming a resin layer on the sintered piezoelectric plate, an epoxy resin layer in a size of 17 mm in
vertical length 3 17 mm in horizontal length 3 0.05 mm in thickness was formed on a sintered piezoelectric plate
containing PZT (lead zirconate titanate) as the principal component and having a size of 17 mm in vertical length 3

17 mm in horizontal length 3 0.05 mm in thickness as a sintered piezoelectric plate 32, as shown in the schematic
perspective view of FIG. 10. More specifically, two epoxy-base-resin adhesive sheets (Product No.: T2000, manufac-
tured by Hitachi Chemical Co., Ltd.), each in a size of 17 mm in vertical length 3 17 mm in horizontal length 3 0.025
mm in thickness, were laminated on one side of the aforementioned sintered piezoelectric plate, and were heated at
120°C for one hour while subjected to a pressure of 10 kg/cm2 in a vacuum atmosphere (not more than 13.32 Pa (0.1
Torr)). By so doing, the foregoing resin adhesive sheets were bonded on the sintered piezoelectric plate, so as to form
a resin layer.
[0120] Then, a step (c), applied to the sintered piezoelectric plate provided with the resin layer, formed a plurality of
parallel cut grooves without completely dividing the resin layer so as to cut the sintered piezoelectric plate into a plurality
of sintered piezoelectric thin wires. 170 cut grooves, each having a width of 0.05 mm and a depth of 0.05 mm to 0.06
mm, were formed at intervals of 0.1 mm on the sintered piezoelectric plate having the foregoing resin layer, using a
dicing machine. As a result, as shown in the schematic perspective view of FIG. 11, a composite sheet unit 50 was
obtained that was composed of a resin layer 22 having a size of 17 mm in vertical length 3 17 mm in horizontal length
x 0.05 mm in thickness and 170 sintered piezoelectric thin wires, each having a width of 0.05 mm, a thickness of 0.05
mm, and a length of 17 mm. 11 denotes a cut groove.
[0121] It should be noted that as a result of the foregoing machining, 170 sintered piezoelectric thin wires 33 were
arranged in parallel at uniform intervals of 0.05 mm, with their lower surfaces being bonded with the resin layer 22.
[0122] Then, the steps (a) to (c) were repeated a plurality of times, whereby 170 identical composite sheet units were
obtained.
[0123] Next, as steps of (e) laminating a plurality of the composite sheet units so that the sintered piezoelectric thin
wires were interposed between the resin layers and (f) integrating a plurality of the composite sheet units that were
laminated, 170 of the above-described composite sheet units were laminated so that the thin-line-form sintered pie-
zocomposite pieces were arranged in parallel, and on top of the same, two epoxy-base-resin adhesive sheets (Product
No.: T2000 manufactured by Hitachi Chemical Co., Ltd.), each having a size of 17 mm in vertical length 3 17 mm in
horizontal length 3 0.025 mm in thickness, were laminated. The lamination was heated at 170°C for one hour while
subjected to a pressure of 10 kg/cm2 in a vacuum atmosphere (not more than 13.32 Pa (0.1 Torr)), so as to be integrated.
[0124] It should be noted that the integrated lamination was a piezocomposite 6 in a cubic shape with each edge of
17 mm in length, in which 28900 (170 3 170) sintered piezoelectric thin wires, each having a width of 0.05 mm, a
thickness of 0.05 mm, and a length of 17 mm, were carried fixedly at uniform intervals in parallel by the resin layers 22.
[0125] Next, as a step (g) of cutting the obtained lamination in a direction crossing the lengthwise direction of the
sintered piezoelectric thin wires, the lamination obtained through the aforementioned steps was divided into a plurality
of pieces along planes crossing the lengthwise direction of the sintered piezoelectric thin wires in the lamination. More
specifically, by cutting the same with a wire saw, the thickness of the piezocomposite 6 can be controlled desirably. By
slicing the piezocomposite 6 in the thickness direction, the piezocomposite 6 can be divided into a plurality of piezo-
composite pieces 9 with desired thicknesses, as shown in the schematic perspective view of FIG. 13.
[0126] According to the production method of the present invention, the piezocomposite 6 can be obtained by inte-
grating a desired number of the composite sheet units 50, each of which is obtained by providing a desired number of
the sintered piezoelectric thin wires 33, each in a desired size, at desired positions on the resin layer 22.
[0127] The diameter, thickness, and width of the sintered piezoelectric thin wires 33 in the composite sheet unit 50
are determined by the thickness of the sintered piezoelectric plate 32 and the depth and width of the cut grooves 11
formed in the sintered piezoelectric plate 32.
[0128] Furthermore, the length of the sintered piezoelectric thin wires 33 is determined according to the size of the
sintered piezoelectric plate 32.
[0129] According to the required shape and number of the sintered piezoelectric thin wires 33 in the piezocomposite
6, the thickness and size of the sintered piezoelectric plate 32 used therein, the depth and width of the cut grooves 11,
and the number of the cut grooves may be controlled desirably, so that the composite sheet unit 50 is obtained in which
a desired number of the sintered piezoelectric thin wires 33 each in a desired shape are carried at desired positions
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on the resin layer 22.
[0130] Furthermore, in the production method of the present invention, thus, the desired number of the sintered
piezoelectric thin wires in the desired shape are carried and fixed at the positions by the resin layer 22. Therefore, the
positions thereof are constrained, and the positions thus arranged do not change in the subsequent lamination inte-
grating process.
[0131] Furthermore, the interval in the vertical direction between the sintered piezoelectric thin wires 33 in the pie-
zocomposite 6 shown in FIG. 12 is determined by the thickness of the resin layer 22 in the composite sheet unit 50.
In other words, by controlling the thickness of the resin layer 22, it is possible to desirably control the interval in the
vertical direction between the sintered piezoelectric thin wires 33.
[0132] By using the present invention thus arranged, the extremely fine sintered piezoelectric thin wires that con-
ventionally have been difficult to form can be produced readily, and the sintered piezoelectric thin wires that have been
difficult to handle because of the fineness can be arranged readily at any desired positions in the piezocomposite 6 as
a final product.
[0133] Furthermore, as compared with the conventional method of directly processing a piezoelectric material, in
which it is necessary to carry out the processing for the lengthwise distance of the sintered piezoelectric thin wires,
the grooves 11 formed in the present invention may have a relatively small depth according to the diameter of the
sintered piezoelectric thin wires, that is, the processing is carried out only to a depth corresponding to the required
diameter of the sintered piezoelectric thin wires in the piezocomposite. Therefore, the processing is carried out ex-
tremely readily, as compared with the conventional processing. Furthermore, the conventional techniques such as
machining can be applied for production.
[0134] By applying the method of laminating and integrating the composite sheet units 50, only the composite sheet
units 50 with good quality can be selected so as to be laminated and integrated, whereby the manufacturing yield of
the piezocomposite can be improved.
[0135] Furthermore, only by dividing the obtained piezocomposite into pieces along planes crossing the lengthwise
direction of the sintered piezoelectric thin wires, a plurality of piezocomposite pieces as shown in the schematic per-
spective view of FIG. 13 can be obtained. Therefore, the productivity can be improved, and the piezocomposite pieces
can be produced at lower cost.
[0136] Furthermore, by grinding the same, the thickness of the piezocomposite 9 can be controlled desirably.
[0137] By applying the production method of the present invention, the configuration, functions, and effects of the
same as described above allow a piezocomposite having a desired fine structure to be produced at low cost.
[0138] It should be noted that the method applied in the formation of the cut grooves 11 is not limited to the dicing
method, but the conventional methods such as the laser processing or the sand-blasting may be applied.

Fifth Embodiment

[0139] The following description will depict a fifth embodiment of the present invention in detail, while referring to
FIGS. 14 and 15.
[0140] A piezocomposite according to the fifth embodiment of the present invention further includes resin-impreg-
nated-cured portions in the aforementioned configuration according to the fourth embodiment.
[0141] In addition to the production method as shown in the fourth embodiment, after the lamination and integration,
a resin is impregnated in void portions and cured. More specifically, the steps (a) to (f) according to the fourth embod-
iment were carried out sequentially, and an epoxy resin (Araldite Standard: Ciba-Geigy Co., Ltd.) was impregnated
into void portions in the obtained composite lamination under vacuum (not more than 13.32 Pa (0.1 Torr)). Then, it was
left to stand at normal temperature for 12 hours so that the resin was cured and formed resin-impregnated-cured
portions 23. Thus, the piezocomposite 6 as shown in the schematic perspective view of FIG. 14 was obtained.
[0142] Furthermore, as is in the fourth embodiment, by grinding or cutting the same, the thickness of the piezocom-
posite 6 can be controlled desirably.
[0143] Furthermore, by the same method as that shown with regard to the step (g) in the fourth embodiment, the
piezocomposite 6 can be sliced in the thickness direction so as to be divided into a plurality of piezocomposite pieces
9 with desired thicknesses (FIG. 15).
[0144] According to the fifth embodiment of the present invention, in addition to the effects achieved by the fourth
embodiment, the following effects can be achieved by impregnating a resin in void portions in the lamination and curing
the same so as to provide resin-impregnated-cured portions. Namely, the falling off of the sintered piezoelectric thin
wires 33, which tends to occur upon the grinding or the cutting and dividing, is suppressed, thereby allowing the man-
ufacturing yield to be improved.
[0145] Furthermore, the provision of the resin-impregnated-cured portions allows desirable control of physical prop-
erties of the piezocomposite. It should be noted that the resin to be impregnated and cured is not limited to an epoxy
resin, but it may be a silicone resin or an urethane resin. It may be selected desirably according to the intended physical
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properties of the piezocomposite, such as the density and acoustic velocity.

Sixth Embodiment

[0146] The following description will depict a sixth embodiment of the present invention in detail, while referring to
FIGS. 16A and 16B.
[0147] A piezocomposite according to the sixth embodiment of the present invention has the same configuration as
that according to the fourth embodiment that is further modified so that the foregoing resin layer is composed of a
plurality of resin layers.
[0148] As steps of (a) preparing a sintered piezoelectric plate having a thickness ranging from 10 µm to 500 µm and
(b) forming a resin layer on the sintered piezoelectric plate, a resin layer 22 in a size of 17 mm in vertical length 3 17
mm in horizontal length 3 0.05 mm in thickness was formed on a sintered piezoelectric plate containing PZT (lead
zirconate titanate) as the principal component and having a size of 17 mm in vertical length 3 17 mm in horizontal
length 3 0.05 mm in thickness as a sintered piezoelectric plate 1. More specifically, one epoxy-base-resin adhesive
sheet in a size of 17 mm in vertical length 3 17 mm in horizontal length 3 0.025 mm in thickness (Product No.: T2000
manufactured by Hitachi Chemical Co., Ltd.) was laminated on one side of the aforementioned sintered piezoelectric
plate, and was heated at 170°C for one hour while subjected to a pressure of 10 kg/cm2 under vacuum (not more than
13.32 Pa (0.1 Torr)). By so doing, the foregoing resin adhesive sheet was bonded on the sintered piezoelectric plate,
so as to form a resin layer. Thus, these steps are the same as those in the fourth embodiment except that the resin
layer had a thickness of 0.025 mm and that the temperature of the heat treatment was set to 170°C.
[0149] Then, as a step (c), applied to the sintered piezoelectric plate provided with the resin layer, of forming a
plurality of parallel cut grooves without completely dividing the resin layer so as to cut the sintered piezoelectric plate
into a plurality of sintered piezoelectric thin wires, cut grooves are formed in the same manner as that in the aforemen-
tioned embodiments. As a result, a composite sheet unit was obtained that was composed of a resin layer 22 having
a size of 17 mm in vertical length 3 17 mm in horizontal length 3 0.05 mm in thickness and 170 sintered piezoelectric
thin wires, each having a width of 0.05 mm, a thickness of 0.05 mm, and a length of 17 mm. It should be noted that as
a result of the foregoing machining, 170 sintered piezoelectric thin wires 33 were arranged in parallel at uniform intervals
of 0.05 mm, carried by the resin layer 22.
[0150] (d) Then, as a result of repeating the steps (a) to (c) a plurality of times, 170 identical composite sheet units
were obtained.
[0151] Next, as steps of (e) laminating a plurality of the composite sheet units with adhesive resin sheets being
interposed between the composite sheet units, 170 of the above-described composite sheet units were laminated so
that the sintered piezoelectric thin wires were arranged in parallel, with epoxy-base-resin adhesive sheets (Product
No.: HAFP4 manufactured by Hitachi Chemical Co., Ltd.), each in a size of 17 mm in vertical length 3 17 mm in
horizontal length 3 0.025 mm in thickness, being interposed between the composite sheet units, respectively (therefore,
169 of the epoxy-base-resin adhesive sheets in total were interposed therebetween). Furthermore, one of the same
epoxy-base-resin adhesive sheet (Product No.: HAFP4 manufactured by Hitachi Chemical Co., Ltd.) was provided at
the bottom of the foregoing lamination, while two pieces of the same were provided on top of the lamination.
[0152] As a step (f) of integrating a plurality of the composite sheet units thus laminated, the lamination was heated
at 80°C for one minute, heated to 170°C during 30 minutes, and maintained at the same temperature for 30 minutes
while subjected to a pressure of 10 kg/cm2 in a vacuum atmosphere (not more than 13.32 Pa (0.1 Torr)), so that the
lamination was integrated.
[0153] It should be noted that, as in the fourth embodiment, the integrated lamination was a piezocomposite in a
cubic shape with each edge of 17 mm in length, in which 28900 (170 3 170) sintered piezoelectric thin wires, each
having a width of 0.05 mm, a thickness of 0.05 mm, and a length of 17 mm, were carried fixedly at uniform intervals
in parallel by the resin layers 22.
[0154] (g) Next, as a step of cutting the lamination in a direction crossing the lengthwise direction of the sintered
piezoelectric thin wires, as in the fourth embodiment, the lamination obtained through the aforementioned steps was
divided into a plurality of pieces along planes crossing the lengthwise direction of the sintered piezoelectric thin wires
in the lamination. More specifically, by cutting the same with a wire saw, the thickness of the piezocomposite can be
controlled desirably. By slicing the integrated piezocomposite in the thickness direction, the piezocomposite can be
divided into a plurality of piezocomposite pieces 9 with desired thicknesses, as shown in the schematic perspective
view of FIG. 16A.
[0155] According to the sixth embodiment of the present invention in which a plurality of resin layers are provided,
the following effects can be achieved in addition to the effects achieved by the fourth embodiment. Namely, the ar-
rangement precision of the sintered piezoelectric thin wires is improved, and the yield in the integration of the lamination
is improved. A generally available epoxy resin sheet aimed for achieving adhesion is a product manufactured in a
transient state of a curing reaction. After completely curing the resin, the resin loses the adhesivity, or has a much
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reduced adhesivity. In the sixth embodiment, first of all, a first resin layer is used, and by completely curing the resin
layer, the resin is made to be bonded with the sintered piezoelectric plate. Then, other resin adhesive sheets are used
as second resin layers for laminating, bonding, and integrating the composite sheet units. The foregoing configuration
makes the fixed arrangement of the sintered piezoelectric thin wires 33 more complete in the composite sheet unit by
completely curing the first resin layer, and sufficiently carries out the subsequent lamination and integration by utilizing
the second resin layers. Consequently, the manufacturing yield is improved, whereby the production cost of the pie-
zocomposite can be reduced. Furthermore, since the resin layer can be composed of a plurality of layers, the present
invention provides more freedom in the control of physical properties of the piezocomposite, as compared with the
conventional cases.
[0156] It should be noted that, though not particularly limited, a resin adhesive sheet that exhibits adhesivity at a low
temperature as compared with the first resin layer preferably is selected as the second resin layer.
[0157] It should be noted that the second resin layer may be formed by applying an adhesive.
[0158] It should be noted that the resin layer is not limited to that composed of two layers, but it may be composed
of not less than two layers.
[0159] It should be noted that, following the foregoing step (f) in the present sixth embodiment, the resin-impregnated-
cured portions may be provided between the sintered piezoelectric thin wires through the operations identical to those
in the fifth embodiment described above, whereby a piezocomposite 9 as shown in the schematic perspective view of
FIG. 16B can be obtained. This configuration allows the effects achieved in the fifth embodiment to be achieved, in
addition to the effects described above.

Seventh Embodiment

[0160] The present embodiment relates to a piezocomposite produced by the third production method of the present
invention.
[0161] The following description will depict a seventh embodiment of the present invention, while referring to FIGS.
17A to 17D.
[0162] First of all, as steps of (a) preparing a sintered piezoelectric plate having a thickness ranging from 10 µm to
500 µm and (b) provisionally fixing the sintered piezoelectric plate on the substrate with an adhesive sheets, as shown
in the schematic perspective view of FIG. 17A, a sintered piezoelectric plate containing PZT (lead zirconate titanate)
as the principal component and having a size of 17 mm in vertical length 3 17 mm in horizontal length 3 0.05 mm in
thickness as a sintered piezoelectric plate 32 was fixed provisionally on a glass plate (5 mm thick) as the substrate 1
with a thermal release sheet (Product No.: Rivalpha 3195M, manufactured by Nitto Denko Corporation) as an adhesive
sheet 42.
[0163] Then, as a step (c) applied to the sintered piezoelectric plate provided with the resin layer for forming a plurality
of parallel cut grooves without completely dividing the resin layer so as to cut the sintered piezoelectric plate into a
plurality of sintered piezoelectric thin wires, 170 cut grooves, each having a width of 0.05 mm and a depth of 0.05 mm
to 0.06 mm, were formed at intervals of 0.1 mm on the sintered piezoelectric plate provisionally fixed on the glass plate,
using a dicing machine. As a result, as shown in the schematic perspective view of FIG. 17B, a glass plate is obtained
on which 170 sintered piezoelectric thin wires, each having a width of 0.05 mm, a thickness of 0.05 mm, and a length
of 17 mm, were carried on the thermal release sheet. 11 denotes a cut groove.
[0164] It should be noted that as a result of the foregoing machining, 170 sintered piezoelectric thin wires 33 were
arranged in parallel at uniform intervals of 0.05 mm.
[0165] (d) Next, as a step of transferring the plurality of sintered piezoelectric thin wires provisionally fixed on the
substrate onto a resin sheet as a resin layer, as shown in the schematic perspective view of FIG. 17C, two pieces of
epoxy-base-resin adhesive sheets (Product No.: T2000 manufactured by Hitachi Chemical Co., Ltd.), each in a size
of 17 mm in vertical length 3 17 mm in horizontal length 3 0.025 mm in thickness, were laminated over upper surfaces
of the sintered piezoelectric thin wires 33 arranged and carried on the foregoing glass plate. Then, the lamination was
heated at 120°C for one hour while subjected to a pressure of 3 kg/cm2. As a result of the heat treatment, a synergistic
effect between the adhesion of the epoxy-base-resin adhesive sheet with the thin-line-form sintered piezocomposite
pieces and a separation of the glass plate from the sintered piezoelectric thin wires due to the foaming of the thermal
release sheet caused the sintered piezoelectric thin wires to be transferred onto the epoxy-base-resin adhesive sheet
as the resin layer 22.
[0166] Consequently, a composite sheet unit 50 as shown in the schematic perspective view of FIG. 17D was ob-
tained.
[0167] Furthermore, as a result of the foregoing operations, 170 sintered piezoelectric thin wires 33 are arranged in
parallel at uniform intervals of 0.05 mm, bonded onto the resin layer 22.
[0168] Then, the steps (a) to (d) were repeated a plurality of times, whereby 170 identical composite sheet units
were obtained.
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[0169] By integrating the 170 composite sheet units in the same manner as that in the fourth embodiment, a piezo-
composite identical to that of the fourth embodiment was obtained; namely, a piezocomposite 6 was obtained in a cubic
shape with each edge of 17 mm in length, in which 28900 (170 3 170) sintered piezoelectric thin wires, each having
a width of 0.05 mm, a thickness of 0.05 mm, and a length of 17 mm, were carried fixedly at uniform intervals in parallel
by the resin layers 22, as shown in the schematic perspective view of FIG. 12.
[0170] Then, by dividing the obtained lamination in the same manner as that in the fourth embodiment, a plurality of
piezocomposite pieces identical to those of the fourth embodiment were obtained.
[0171] According to the present embodiment, it is possible to achieve an effect that the step of forming resin layers
on sintered piezoelectric plate pieces beforehand can be omitted in the process of producing the composite sheet
units, in addition to the effects achieved by the fourth to sixth embodiments described above. Furthermore, it is possible
to prevent the damage that occurs to the sintered piezoelectric plate when a resin layer is formed thereon, thereby
improving the manufacturing yield.
[0172] It should be noted that it is possible to form impregnated-cured-resin portions by the same method as that
described with regard to the fifth embodiment, so as to achieve the same effect as that achieved in the fifth embodiment.
[0173] It should be noted that the composite sheet units obtained by the present embodiment may be laminated in
the same manner as that in the sixth embodiment using another adhesive resin sheets so as to form a piezocomposite,
whereby the same effect as that described with regard to the sixth embodiment can be achieved.

Eighth Embodiment

[0174] The present embodiment relates to a piezocomposite produced by the fourth production method of the present
invention.
[0175] The following description will depict an eighth embodiment of the present invention, while referring to FIGS.
18A to 18C.
[0176] (a) First of all, composite sheet units 50 were obtained by the same method as that described with regard to
the fourth embodiment. Namely, each composite sheet unit prepared was a composite sheet unit 50 in which 170
sintered piezoelectric thin wires, each having a width of 0.05 mm, a thickness of 0.05 mm, and a length of 17 mm,
were arranged on a resin layer 2 in a size of 17 mm in vertical length 3 17 mm in horizontal length 3 0.05 mm in
thickness. Then, as shown in the schematic perspective view of FIG. 18A, an epoxy resin layer in a size of 17 mm in
vertical length 3 17 mm in horizontal length 3 0.025 mm in thickness as a resin layer 22, or more specifically, an
epoxy-base-resin adhesive sheet (Product No.: T2000 manufactured by Hitachi Chemical Co., Ltd.), in a size of 17
mm in vertical length 3 17 mm in horizontal length 3 0.025 mm in thickness, was laminated over the sintered piezo-
electric thin wires 33 arranged on the composite sheet unit 50.
[0177] As a step (b) of integrating the composite sheet unit and the resin layer so that the sintered piezoelectric thin
wires of the composite sheet unit are interposed between the resin layer and the resin sheet so as to form a laminated
composite sheet unit, the lamination was heated at 120°C for one hour while a pressure of 10 kg/cm2 was applied
thereto from upper and lower surfaces thereof under vacuum (not more than 13.32 Pa (0.1 Torr)). As a result a laminated
composite sheet unit 51 as shown in the schematic perspective view of FIG. 18B was obtained. The obtained laminated
composite sheet unit approximately was in a size of 17 mm in vertical length 3 17 mm in horizontal length 3 0.100
mm in thickness, and contained, inside the resin layer 22, 170 sintered piezoelectric thin wires, each having a width
of 0.05 mm, a thickness of 0.05 mm, and a length of 17 mm, arranged at uniform intervals of 0.05 mm.
[0178] (c) Then, the steps (a) and (b) were carried out a plurality of times, so as to obtain 170 of the foregoing
laminated composite sheet units.
[0179] Next, as steps of (d) laminating the 170 laminated composite sheet units so that the sintered piezoelectric
thin wires were arranged in parallel and (e) integrating the laminated composite sheet units, the lamination was heated
at 170°C for one hour while a pressure of 10 kg/cm2 was applied thereto from upper and lower surfaces thereof under
vacuum (not more than 13.32 Pa (0.1 Torr)), so that the lamination was integrated.
[0180] It should be noted that the integrated lamination was a piezocomposite 6 in a cubic shape with each edge of
17 mm in length, in which 28900 (170 3 170) sintered piezoelectric thin wires, each having a width of 0.05 mm, a
thickness of 0.05 mm, and a length of 17 mm, were carried fixedly at uniform intervals in parallel by the resin layers
22, as shown in the schematic perspective view of FIG. 18C.
[0181] A piezocomposite obtained by laminating and integrating the laminated composite sheet units of the present
invention basically does not contain void portions. Therefore, without impregnating and curing a resin after the inte-
gration of the lamination as in the method described with regard to the fifth embodiment, a piezocomposite that contains
few void portions and thereby hardly is damaged upon cutting can be obtained readily. Therefore, it is possible to
reduce the manufacturing cost.
[0182] It should be noted that by the method according to the present embodiment, any one of the composite sheet
units obtained by the aforementioned methods can be used. In the description of the present embodiment, though a
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case of using the composite sheet unit obtained by the method according to the fourth method is described, a composite
sheet unit having the thin-line-form sinter pieces 3 produced by the sintering on the substrate as described with regard
to the first embodiment, or a composite sheet unit produced by the method described with regard to the seventh em-
bodiment can be utilized.
[0183] Ninth and tenth embodiments described below relate to a piezocomposite produced by the fifth production
method of the present invention.

Ninth Embodiment

[0184] As a step (a) of preparing two composite sheet units, composite sheet units were produced by the same
method as that of the seventh embodiment except for the size.
[0185] More specifically, a sintered piezoelectric plate containing PZT (lead zirconate titanate) as the principal com-
ponent and having a size of 17 mm in vertical length 3 17 mm in horizontal length 3 0.05 mm in thickness as a sintered
piezoelectric plate 32 was fixed provisionally on a glass plate (5 mm thick) as the substrate 1 with a thermal release
sheet (Product No.: Rivalpha 3195M, manufactured by Nitto Denko Corporation) as an adhesive sheet 42. Then, cut
grooves, each having a width of 0.07 mm and a depth of 0.05 mm to 0.06 mm, were formed at intervals of 0.12 mm
on the sintered piezoelectric plate provisionally fixed on the glass plate, using a dicing machine. Consequently, the
sintered piezoelectric plate is divided into 142 sintered piezoelectric thin wires with a width of 0.05 mm, which were
arranged at uniform intervals of 0.07 mm (= 0.12-0.05 mm) in parallel. Over the 142 sintered piezoelectric thin wires
provisionally fixed in the substrate, a resin sheet (an epoxy-base-resin adhesive sheet in a size of 17 mm in vertical
length 3 17 mm in horizontal length 3 0.025 mm in thickness, Product No.: T2000, manufactured by Hitachi Chemical
Co., Ltd.) as a resin layer was provided, and the lamination was heated at 120°C for one hour while subjected to a
pressure of 3 kg/cm2, for thermal transfer of the sintered piezoelectric thin wires. Consequently, a composite sheet
unit 50 as shown in the schematic perspective view of FIG. 19A was obtained.
[0186] (b) Two of the foregoing composite sheet units 50 were provided so that the sintered piezoelectric thin wires
arranged on a surface of one of the same were positioned between the sintered piezoelectric thin wires arranged on
a surface of the other of the same, and in this state they were integrated, so that a laminated composite sheet unit was
formed. More specifically, it was heated at 120°C for one hour while a pressure of 10 kg/cm2 was applied to the same
from the upper and lower surfaces, so that they were integrated. As a result, a laminated composite sheet unit 51 as
shown in the schematic perspective view of FIG. 19B was obtained. The obtained laminated composite sheet unit
approximately was in a size of 17 mm in vertical length 3 17 mm in horizontal length x 0.100 mm in thickness, and
contained 284 (= 142 3 2) sintered piezoelectric thin wires, each having a width of 0.05 mm, a thickness of 0.05 mm,
and a length of 17 mm, arranged at uniform intervals of 0.01 mm inside the resin layer 22.
[0187] (c) Then, the steps (a) and (b) were carried out repeatedly a plurality of times, so as to obtain 170 of the
foregoing laminated composite sheet units.
[0188] Next, as steps of (d) laminating the 170 laminated composite sheet units so that the sintered piezoelectric
thin wires were arranged in parallel and (e) integrating the laminated composite sheet units, the lamination was heated
at 170°C for one hour while a pressure of 10 kg/cm2 was applied thereto from upper and lower surfaces under vacuum
(not more than 13.32 Pa (0.1 Torr)), so that the lamination was integrated.
[0189] The lamination obtained as a result was a piezocomposite 6 in a cubic shape with each edge of 17 mm in
length, in which 48280 (284 3 170) sintered piezoelectric thin wires, each having a width of 0.05 mm, a thickness of
0.05 mm, and a length of 17 mm, were carried fixedly at uniform intervals in parallel by the resin layers 22, as shown
in the schematic perspective view of FIG. 20.
[0190] Further, by dividing the obtained lamination by the same method as that in the fourth embodiment, a plurality
of piezocomposite pieces identical to those in the fourth embodiment were obtained.
[0191] While achieving the same effects as those in the fourth through seventh embodiments, the present embodi-
ment further allows the intervals between the sintered piezoelectric thin wires to be further decreased.
[0192] Considering the processing for providing the cut grooves 11 with a smaller width in the very thin sintered
piezoelectric as described above by the current machining technology, the width of the cut groove has a limit of ap-
proximately 0.04 mm, or if it possibly has a smaller width, a significant decrease in the yield is presumed. Therefore,
by the methods of the fourth to seventh embodiments, it necessarily is difficult to decrease the intervals between the
sintered piezoelectric thin wires in the piezocomposite to not more than the foregoing limit of 0.04 mm.
[0193] However, by the method of the present embodiment in which two composite sheet units having cut grooves
with relatively greater widths (0.07 mm in the present embodiment) are provided to face each other and are integrated
so that sintered piezoelectric thin wires of one of the composite sheet unit can be located between the cut grooves in
the other composite sheet unit. Therefore, consequently, a piezocomposite in which the sintered piezoelectric thin
wires are arranged at narrower intervals (approximately 0.01 mm in the present embodiment) can be produced.
[0194] It should be noted the composite sheet unit used in the present embodiment is not limited to that of the seventh
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embodiment, but any composite sheet unit produced according to the other embodiments may be used.
[0195] It should be noted that, to form a piezocomposite, a plurality of the laminated composite sheet units obtained
in the present embodiment may be laminated using another adhesive resin sheets in the same manner as that in the
sixth embodiment. By so doing, the same effects as those described with regard to the sixth embodiment can be
achieved.

Tenth Embodiment

[0196] With respect to a piezocomposite that was obtained using the same materials and by the same method as
those in the ninth embodiment and that was in a state before cutting, resin-impregnated-cured portions were formed
using the materials and method as those described with regard to the fifth embodiment. More specifically, an epoxy
resin (Araldite Standard: Ciba-Geigy Co., Ltd.) was impregnated into void portions in the composite lamination 5 ob-
tained in the same manner as that in the fifth embodiment, under vacuum (not more than 13.32 Pa (0.1 Torr)). Then,
it was left to stand at normal temperature for 12 hours so that the resin was cured to form resin-impregnated-cured
portions.
[0197] Achieving the effects described with regard to the ninth embodiment, the present embodiment further achieves
the effects described with regard to the fifth embodiment.
[0198] It should be noted that in any one of the foregoing embodiments, the method of integrating a plurality of the
aforementioned composite sheet units or a plurality of the aforementioned laminated composite sheet units may be
the method of impregnating a resin in between the respective composite sheet units or the respective laminated com-
posite sheet units and curing the same. Furthermore, with a view to further securing the integration, the piezocomposite
obtained in any one of the aforementioned embodiments may be subjected further to a step of impregnating a resin in
between the respective composite sheet units or the respective laminated composite sheet units and curing the same.

Eleventh Embodiment

[0199] The following description will depict an eleventh embodiment in detail, while referring to FIGS. 21A and 21B.
[0200] The eleventh embodiment basically is identical to the above-described fourth through tenth embodiments
except that the sand-blasting is applied for forming the cut grooves in the step (c) of forming a plurality of cut grooves
parallel with each other in the sintered piezoelectric plate so as to cut the sintered piezoelectric plate into a plurality of
sintered piezoelectric thin wires.
[0201] First of all, as steps of (a) preparing a sintered piezoelectric plate having a thickness ranging from 10 µm to
500 µm and (b) forming a resin layer on the sintered piezoelectric plate, an epoxy resin layer in a size of 17 mm in
vertical length 3 17 mm in horizontal length 3 0.05 mm in thickness was formed on a sintered piezoelectric plate
containing PZT (lead zirconate titanate) as the principal component and having a size of 17 mm in vertical length 3

17 mm in horizontal length 3 0.05 mm in thickness as a sintered piezoelectric plate 32, as shown in the schematic
perspective view of FIG. 10. More specifically, two epoxy-base-resin adhesive sheets (Product No.: T2000, manufac-
tured by Hitachi Chemical Co., Ltd.), each in a size of 17 mm in vertical length 3 17 mm in horizontal length 3 0.025
mm in thickness, were laminated on one side of the aforementioned sintered piezoelectric plate, and the lamination
was heated at 120°C for one hour while subjected to a pressure of 10 kg/cm2 under vacuum (not more than 13.32 Pa
(0.1 Torr)). By so doing, the foregoing resin adhesive sheets were bonded on the sintered piezoelectric plate, so as to
form a resin layer.
[0202] Then, as a step (c), applied to the sintered piezoelectric plate provided with the resin layer, of forming a
plurality of parallel cut grooves without completely dividing the resin layer so as to cut the sintered piezoelectric plate
into a plurality of sintered piezoelectric thin wires, the sand-blasting technique was used to form the cut grooves 11.
[0203] More specifically, 0.050 mm wide resist layers 10 were provided at intervals of 0.050 mm (i.e., pitch: 0.10
mm) on a surface of the sintered piezoelectric plate 32 having a resin layer 22, as shown in FIG. 21A. More specifically,
approximately 170 of the resist layers 10, each in a size of 0.05 mm in width 3 17 mm in length, were provided in
parallel at intervals of 0.05 mm on a 17 mm square sintered piezoelectric plate.
[0204] Subsequently, by blowing a fine ceramic powder thereto through openings between the resist layers 10 (from
the upper side viewed in the drawing), cut grooves 11 were formed in the sintered piezoelectric, at positions where the
resist layers 10 were not provided.
[0205] As a result of the sand-blasting, a composite sheet unit was obtained, composed of 170 sintered piezoelectric
thin wires, each having a trapezoidal cross section with a top side of approximately 0.05 mm, a bottom side of approx-
imately 0.065 mm, and a height of 0.05 mm, and the resin layer in a size of 17 mm in vertical length 3 17 mm in
horizontal length 3 0.05 mm in thickness, as shown in FIG. 21B. 11 denotes a cut groove.
[0206] As a result of the sand blasting, the 170 sintered piezoelectric thin wires 33 were arranged in parallel at uniform
intervals of approximately 0.05 mm in average (approximately 0.035 mm where the space therebetween was narrower,
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and approximately 0.065 mm where the space therebetween was wider), with their lower surfaces being bonded onto
and carried by the resin layer 22.
[0207] Subsequently, the steps (a) to (c) were carried out repeatedly a plurality of times, so as to obtain 170 of the
foregoing composite sheet units.
[0208] Next, as steps of (e) laminating a plurality of the foregoing composite sheet units so that the sintered piezo-
electric thin wires were positioned between the resin layers and (e) integrating the laminated plural composite sheet
units, 170 of the foregoing composite sheet units were laminated so that the sintered piezoelectric thin wires were
directed in parallel, and on top of the same, two epoxy-base-resin adhesive sheets (Product No.: T2000, manufactured
by Hitachi Chemical Co., Ltd.), each in a size of 17 mm in vertical length 3 17 mm in horizontal length 3 0.025 mm in
thickness, were laminated. Then, the lamination was heated at 170°C for one hour while subjected to a pressure of
10 kg/cm2 under vacuum (not more than 13.32 Pa (0.1 Torr)), so that the lamination was integrated.
[0209] It should be noted that the lamination thus integrated was a piezocomposite in a cubic shape with each edge
of 17 mm in length, in which 28900 (170 3 170) sintered piezoelectric thin wires, each of which had a trapezoidal cross
section with a top side of approximately 0.05 mm, a bottom side of approximately 0.065 mm, and a height of 0.05 mm,
and had a length of approximately 17 mm, were carried fixedly by the resin layers 22, in parallel at uniform intervals
of approximately 0.05 mm in average (approximately 0.035 mm where the space therebetween was narrower, and
approximately 0.065 mm where the space therebetween was wider).
[0210] (g) Next, as a step of cutting the lamination in a direction crossing the lengthwise direction of the sintered
piezoelectric thin wires, the lamination obtained through the aforementioned steps was divided into a plurality of pieces
along planes crossing the lengthwise direction of the sintered piezoelectric thin wires in the lamination. More specifically,
by cutting the same with a wire saw, the thickness of the piezocomposite was controlled desirably. By slicing the
integrated piezocomposite 6 in the thickness direction, the piezocomposite was divided into a plurality of piezocom-
posite pieces 9 with desired thicknesses, as shown in the schematic perspective view of FIG. 13.
[0211] According to the production method of the present invention, the piezocomposite 6 can be obtained by inte-
grating a desired number of the composite sheet units in each of which a desired number of the sintered piezoelectric
thin wires 33 in a desired size are provided at desired positions on the resin layer 22.
[0212] It should be noted that resin-impregnated-cured portions may be formed by the same method as that described
with regard to the fifth embodiment in the piezocomposite obtained in the present embodiment before cutting and
dividing, so that the same effects as those in the fifth embodiment can be achieved.
[0213] It should be noted that the composite sheet units obtained in the present embodiment may be laminated using
other adhesive resin sheets so as to form a piezocomposite by the same method as that in the sixth embodiment. By
so doing, the same effects as those described with regard to the sixth embodiment can be achieved.
[0214] According to the present embodiment, in addition to the effects achieved by the fourth to sixth embodiments,
the following effect can be achieved. Namely, the processing is carried out more efficiently by using the sand-blasting,
thereby allowing the manufacturing cost to be reduced.

Twelfth Embodiment

[0215] Having the configuration of the eleventh embodiment, a piezocomposite according to a twelfth embodiment
of the present invention further contains resin-impregnated-cured portions between the sintered piezoelectric thin wires.
[0216] The production method shown in the eleventh embodiment further includes a step of impregnating a resin
into void portions and curing the same, after the laminating and integrating steps. More specifically, the steps (a) to (f)
in the fourth embodiment were carried out sequentially, and an epoxy resin (Araldite Standard: Ciba-Geigy Co., Ltd.)
was impregnated into void portions in the obtained composite lamination, under vacuum (not more than 13.32 Pa (0.1
Torr)). Then, it was left to stand at normal temperature for 12 hours so that the resin was cured to form resin-impreg-
nated-cured portions.
[0217] Furthermore, by the same method as that in the other embodiments, the thickness of the piezocomposite
may be controlled desirably, by grinding or cutting the same.
[0218] Furthermore, by the same method as that in the other embodiments, the piezocomposite may be sliced in
the thickness direction, so as to be divided into a plurality of piezocomposite pieces with desired thicknesses.
[0219] According to the twelfth embodiment of the present invention, in addition to the effects obtained by the eleventh
embodiment, the following effects can be achieved. Namely, as a result of the impregnation and curing of a resin in
void portions in the lamination so as to provide the resin-impregnated-cured portions, the falling off of the sintered
piezoelectric thin wires, which tends to occur upon the grinding or the cutting and dividing, is suppressed, thereby
allowing the manufacturing yield to be improved.
[0220] Furthermore, the provision of the resin-impregnated-cured portions allows desirable control of physical prop-
erties of the piezocomposite. It should be noted that the resin to be impregnated and cured is not limited to an epoxy
resin, but it may be a silicon resin or an urethane resin. It may be selected desirably according to the density and
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acoustic velocity of the object piezocomposite.

EXAMPLES

Example 1

[0221] By cutting and grinding a piezocomposite obtained by the production method of the first embodiment, a pie-
zocomposite in a size of 15 mm in vertical length 3 15 mm in horizontal length 3 0.3 mm in thickness (in the lengthwise
direction of sintered piezoelectric thin wires) was obtained. More specifically, a 1-3 piezocomposite was obtained in
the foregoing size in which approximately 12300 sintered piezoelectric thin wires, each in an average size of approx-
imately 0.065 mm square 3 0.3 mm in length, were arranged at uniform intervals of 0.07 mm in a resin.

Example 2

[0222] By cutting and grinding a piezocomposite obtained by the production method of the fourth embodiment, a
piezocomposite in a size of 15 mm in vertical length x 15 mm in horizontal length 3 0.3 mm in thickness (in the lengthwise
direction of sintered piezoelectric thin wires) was obtained. More specifically, a 1-3 piezocomposite was obtained in
the foregoing size in which approximately 22500 sintered piezoelectric thin wires, each in an average size of approx-
imately 0.05 mm square 3 0.3 mm in length, were arranged at uniform intervals of 0.05 mm in a resin and which
contained void portions.

Example 3

[0223] By cutting and grinding a piezocomposite obtained by the production method of the fifth embodiment, a pie-
zocomposite in a size of 15 mm in vertical length 3 15 mm in horizontal length 3 0.3 mm in thickness (in the lengthwise
direction of sintered piezoelectric thin wires) was obtained. Therefore, this piezocomposite of Example 3 was the same
1-3 piezocomposite as that of Example 2 except that an epoxy resin was impregnated into the void portions and cured.

Example 4

[0224] The same production method as that in the fifth embodiment was used basically except that, in place of the
epoxy resin, a silicone resin (CY52-227A/B manufactured by Dow Corning Toray Silicone Co., Ltd.) was impregnated
into the void portions under vacuum (not more than 13.32 Pa (0.1 Torr)) and cured through a heat treatment at 150°C
for one hour, thereby forming the resin-impregnated-cured portions. In other words, this piezocomposite of Example
4 was the same as the 1-3 piezocomposite of Example 2 except that the silicone resin was impregnated into the void
portions.

Example 5

[0225] By cutting and grinding a piezocomposite obtained by the production method of the sixth embodiment, a
piezocomposite in a size of 15 mm in vertical length 3 15 mm in horizontal length 3 0.3 mm in thickness (in the
lengthwise direction of sintered piezoelectric thin wires) was obtained. This piezocomposite of Example 5 was the
same 1-3 piezocomposite as that of Example 2 except that adhesive resin sheets different from those of the resin
layers in the composite sheet units were used before the lamination and integration of the composite sheet units. More
specifically, it was a 1-3 piezocomposite in the foregoing size in which approximately 22500 sintered piezoelectric thin
wires, each in an average size of approximately 0.05 mm square 3 0.3 mm in length, were arranged at uniform intervals
of 0.05 mm in a resin and which contained void portions. Namely, it was identical in the form to that of Example 2.

Example 6

[0226] By cutting and grinding a piezocomposite obtained by the production method of the seventh embodiment, a
piezocomposite in a size of 15 mm in vertical length 3 15 mm in horizontal length 3 0.3 mm in thickness (in the
lengthwise direction of sintered piezoelectric thin wires) was obtained. This piezocomposite of Example 6 was the
same 1-3 piezocomposite as that of Example 2 except that upon producing composite sheet units, the sintered piezo-
electric thin wires provisionally fixed on the substrate were transferred onto resin sheets. More specifically, it was a
1-3 piezocomposite in the foregoing size in which approximately 22500 sintered piezoelectric thin wires, each in an
average size of approximately 0.05 mm square 3 0.3 mm in length, were arranged at uniform intervals of 0.05 mm in
a resin and which contained void portions. Namely, it was identical in the form to that of Example 2.
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Example 7

[0227] By cutting and grinding a piezocomposite obtained by the production method of the eighth embodiment, a
piezocomposite in a size of 15 mm in vertical length 3 15 mm in horizontal length 3 0.3 mm in thickness (in the
lengthwise direction of sintered piezoelectric thin wires) was obtained. This piezocomposite of Example 7 was char-
acterized in that a plurality of laminated composite sheet units, each integrally provided, were laminated and integrated.
It had an internal structure (the number and arrangement of sintered piezoelectric thin wires) identical to that of Example
2, but instead of containing void portions, it was filled with an epoxy resin used as the resin layers.

Example 8

[0228] By cutting and grinding a piezocomposite obtained by the production method of the ninth embodiment, a
piezocomposite in a size of 15 mm in vertical length 3 15 mm in horizontal length 3 0.3 mm in thickness (in the
lengthwise direction of sintered piezoelectric thin wires) was obtained. More specifically, a 1-3 piezocomposite was
obtained in the foregoing size in which approximately 37500 sintered piezoelectric thin wires, each in an average size
of approximately 0.05 mm square 3 0.3 mm in length, were arranged at uniform intervals in a horizontal direction
(direction in which the sintered piezoelectric thin wires were arranged in the composite sheet unit) of 0.01 mm in average
and at uniform intervals in a vertical direction (direction in which the composite sheet units were laminated) of 0.05
mm in a resin and which contained void portions.

Example 9

[0229] By cutting and grinding a piezocomposite obtained by the production method of the tenth embodiment, a
piezocomposite in a size of 15 mm in vertical length 3 15 mm in horizontal length 3 0.3 mm in thickness (in the
lengthwise direction of sintered piezoelectric thin wires) was obtained. Therefore, this piezocomposite of Example 9
was the same 1-3 piezocomposite as that of Example 8 except that an epoxy resin was impregnated into the void
portions and cured.

Example 10

[0230] By cutting and grinding a piezocomposite obtained by the production method of the eleventh embodiment, a
piezocomposite in a size of 15 mm in vertical length 3 15 mm in horizontal length 3 0.3 mm in thickness (in the
lengthwise direction of sintered piezoelectric thin wires) was obtained. In other words, it was a 1-3 piezocomposite in
the foregoing size in which 28900 (170 3 170) sintered piezoelectric thin wires, each of which had a trapezoidal cross
section with a top side of approximately 0.05 mm, a bottom side of approximately 0.065 mm, and a height of 0.05 mm,
and had a length of approximately 17 mm, were carried fixedly in a resin at uniform intervals of approximately 0.05
mm in average (approximately 0.035 mm where the space therebetween was narrower, and approximately 0.065 mm
where the space therebetween was wider). Furthermore, the 1-3 piezocomposite had void portions.

Example 11

[0231] By cutting and grinding a piezocomposite obtained by the production method of the twelfth embodiment, a
piezocomposite in a size of 15 mm in vertical length 3 15 mm in horizontal length 3 0.3 mm in thickness (in the
lengthwise direction of sintered piezoelectric thin wires) was obtained. Therefore, this piezocomposite of Example 11
was the same 1-3 piezocomposite as that of Example 10 except that an epoxy resin was impregnated into the void
portions and cured.

Comparative Example

[0232] Physical properties of PZT (lead zirconate titanate) that was used as the sintered piezoelectric plate in Ex-
amples 2 to 11 are shown.
[0233] Eleven kinds of the above-described piezocomposites thus obtained had the same outer size (15 mm in
vertical length 3 15 mm in horizontal length 3 0.3 mm in thickness).
[0234] Respective densities of the obtained piezocomposites were derived from the sizes and weights of the piezo-
composites.
[0235] Gold was deposited on both sides (on surfaces perpendicular to the lengthwise direction of the sintered pie-
zoelectric thin wires) of each of the foregoing eleven piezocomposites to a thickness of 0.2 µm by using a sputtering
device, so as to form electrodes.
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[0236] Then, a voltage of 250 V was applied across the electrodes on the both sides in an ambient atmosphere at
170°C for 30 minutes for polarization, so that elements for measurement were obtained.
[0237] Frequency characteristics of the foregoing obtained measurement-use elements were measured and evalu-
ated, so that their physical properties such as densities and electromechanical coupling factors (Kt) were calculated.
[0238] Furthermore, a PZT volume occupancy in each piezocomposite (a percentage of the volume of PZT in the
entire volume of the piezocomposite) is shown as well.
[0239] The physical properties of the piezocomposites of Examples 1 to 11 and Comparative Example are shown in
Table 1 below.

[0240] As seen in Table 1, the piezocomposites of the present invention had improved electromechanical coupling
factors, as compared with the Comparative Example. Further, as seen in Table 1, according to the production method
of the present invention, the density of the piezocomposite can be controlled in a wide range, since the PZT volume
occupancy in the piezocomposite can be controlled freely in a wide range.

Example 12

[0241] In piezocomposites having electromechanical coupling factors kt of 0.69, among the piezocomposites 9 ob-
tained according to the present invention, an acoustic matching layer 90 made of a silicone resin and a ceramic filler
was provided on an ultrasonic radiation surface, while a backing member 91 made of an iron powder and a rubber was
provided on the other surface, as shown in FIG. 22. Further, among the electrodes 92 provided on both surfaces of
the piezocomposite, one electrode on the ultrasonic radiation surface of the piezocomposite 9 was grounded, while
the other electrode was connected with a transmitting/receiving circuit 93, as a driving electrode.
[0242] An ultrasonic probe 100 thus configured provided an approximately 50 % wider band, as compared with an
ultrasonic probe with a similar configuration except that a piezoelectric ceramic having an electromechanical coupling
factor kt of 0.50 was used in place of the piezocomposite 9.

Example 13

[0243] The present example was an ultrasonic diagnostic equipment utilizing the piezocomposite of the present
invention described with regard to Example 12.
[0244] As shown in FIG. 23, the ultrasonic probe 100 of Example 12 was connected with an ultrasonic diagnostic
equipment main body 101 composed of a transmitting section 94, a receiving section 95, a controlling section 96, an
image forming section 97, and an image display device 98. An ultrasonic diagnostic equipment was obtained that was
capable of providing higher resolution because of the effect of the ultrasonic probe that provided approximately 50 %
wider band as compared with the conventional cases.

Table 1

Density (g/cm2) Electromechanical Coupling Factor kt(-) PZT Volume Occupancy (-)

EX. 1 2.25 0.62 0.23

EX. 2 2.50 0.70 0.25

EX. 3 2.78 0.65 0.25

EX. 4 2.81 0.68 0.25

EX. 5 2.48 0.66 0.25

EX. 6 2.50 0.68 0.25

EX. 7 2.75 0.66 0.25

EX. 8 3.68 0.65 0.42

EX. 9 3.71 0.64 0.42

EX. 10 2.71 0.69 0.29

EX. 11 2.93 0.69 0.29

COM. EX. (PZT) 7.7 0.50 -
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Claims

1. A piezocomposite (6), obtained by laminating and integrating a plurality of composite sheet units (5, 50, 51), each
of which includes a resin layer (4, 22, 2) and a plurality of sintered piezoelectric thin wires (3, 33) arranged in a
uniform direction on a surface of the resin layer (4, 22, 2), so that the sintered piezoelectric thin wires (3, 33) are
positioned between the resin layers (4, 22, 2), and cutting the same in a direction perpendicular to a lengthwise
direction of the sintered piezoelectric thin wires (3, 33).

2. The piezocomposite (6) according to claim 1, wherein the composite sheet unit (5, 50, 51) includes two resin layers
(4, 22, 2) and a plurality of sintered piezoelectric thin wires (3, 33) arranged in a uniform direction between the two
resin layers (4, 22, 2).

3. The piezocomposite (6) according to claim 1 or 2, wherein resin-impregnated-cured portions are present between
the sintered piezoelectric thin wires (3, 33).

4. The piezocomposite (6) according to any one of claims 1 to 3, wherein each resin layer (4, 22, 2) is composed of
a plurality of constituent resin layers.

5. The piezocomposite (6) according to any one of claims 1 to 4, wherein each of the sintered piezoelectric thin wires
(3, 33) is in a prismatic shape having a polygonal cross section with an average edge length of 10 µm to 500 µm
and having a length of 0.05 mm to 3 mm, preferably wherein the prismatic shape with a polygonal cross section
is a prismatic shape having a trapezoidal cross section.

6. The piezocomposite (6) according to any one of claims 1 to 5, wherein the number of the sintered piezoelectric
thin wires (3, 33) arranged on one surface of the resin layer (4, 22, 2) is in a range of 10 to 3000, and/or wherein
the number of the sintered piezoelectric thin wires (3, 33) arranged in a uniform direction in one piezocomposite
(6) is in a range of 200 to 4500000, and/or wherein the number of the laminated resin layers (4, 22, 2) is in a range
of 20 to 1500.

7. The piezocomposite (6) according to any one of claims 1 to 6, wherein a cut surface is ground.

8. The piezocomposite (6) according to any one of claims 1 to 7, wherein the sintered piezoelectric thin wires (3, 33)
have cut surfaces in the lengthwise direction.

9. An ultrasonic probe (100) for an ultrasonic diagnostic equipment, comprising:

the piezocomposite (9) according to any one of claims 1 to 8;
electrodes (92) provided on both sides of the piezocomposite (9);
an acoustic matching layer (90); and
a backing member (91);

wherein:

the piezocomposite (9) is interposed between the acoustic matching layer (90) and the backing member (91);
and
one of the electrodes (92) is grounded, while the other electrode (92) is connected as a driving electrode with
a transmitting/receiving circuit (93).

10. An ultrasonic diagnostic equipment, comprising:

an ultrasonic diagnostic equipment main body (101); and
the ultrasonic probe (100) for an ultrasonic diagnostic equipment according to claim 9, connected with the
ultrasonic diagnostic equipment main body (101),

wherein the ultrasonic diagnostic equipment main body (101) includes:

a transmitting section (94) and a receiving section (95) that are connected with lines lead from the electrodes
on the both sides;
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a controlling section (96) connected with the transmitting section (94) and the receiving section (95);
an image forming section (97) connected with the receiving section (95) and the controlling section (96); and
an image display device (98) connected with the image forming section (97).

11. A method for producing the piezocomposite according to any one of claims 1 to 8, comprising the steps of:

(a) preparing a molding substrate (1) having a plurality of grooves (11);
(b) applying to the grooves (11) a paste including a piezoelectric powder and a binder, drying the same, and
heating the same so as to remove the binder from a coating film (21) made of the paste;
(c) applying a heat treatment at a higher temperature to sinter the piezoelectric powder, so as to form sintered
piezoelectric thin wires (3);
(d) bonding a resin layer (4) on the sintered piezoelectric thin wires (3) and separating the sintered piezoelectric
thin wires (3) from the molding substrate (1) so as to form a composite sheet unit (5) in which a plurality of the
sintered piezoelectric thin wires (3) are arranged in a uniform direction on one surface of the resin layer (4);
(e) laminating a plurality of the composite sheet units (5) so that the sintered piezoelectric thin wires (3) are
positioned between the resin layers (4); and
(f) integrating the plurality of the composite sheet units (5) thus laminated.

12. The method according to claim 11, wherein protective layers (7) are formed on surfaces of the grooves (11) of the
molding substrate (1), and/or wherein release layers (8) are formed on the surface of the molding substrate (1)
other than the grooves (11).

13. A method for producing the piezocomposite (6) according to any one of claims 1 to 8, comprising the steps of:

(a) preparing a sintered piezoelectric plate (32) having a thickness ranging from 10 µm to 500 µm;
(b) forming a resin layer (22) on the sintered piezoelectric plate (32);
(c) forming a plurality of parallel cut grooves in the sintered piezoelectric plate (32) provided with the resin
layer (22), without completely dividing the resin layer (22), so as to cut the sintered piezoelectric plate (32)
into a plurality of sintered piezoelectric thin wires (33);
(d) repeating the steps (a) to (c) a plurality of times, so as to prepare a plurality of composite sheet units (50)
on a surface of each of which a plurality of the sintered piezoelectric thin wires (33) are arranged in a uniform
direction;
(e) laminating a plurality of the composite sheet units (50) so that the sintered piezoelectric thin wires (33) are
positioned between the resin layers (22); and
(f) integrating the plurality of the composite sheet units (50) thus laminated.

14. The method according to claim 13, wherein the forming of the plurality of the parallel cut grooves in the step (c) is
carried out by at least one technique selected from the sand-blasting technique and the dicing technique.

15. A method for producing the piezocomposite (6) according to any one of claims 1 to 8, comprising the steps of:

(a) preparing a sintered piezoelectric plate (32) having a thickness ranging from 10 µm to 500 µm;
(b) provisionally fixing the sintered piezoelectric plate (32) on a substrate (1) by using an adhesive sheet (42);
(c) forming a plurality of parallel cut grooves in the sintered piezoelectric plate (32) so as to cut the sintered
piezoelectric plate (32) into pieces, to obtain a plurality of sintered piezoelectric thin wires (33);
(d) transferring the plurality of the sintered piezoelectric thin wires (33) provisionally fixed on the substrate (1)
onto a resin sheet (22);
(e) repeating the steps (a) to (d) a plurality of times, so as to prepare a plurality of composite sheet units (50)
on a surface of each of which a plurality of the sintered piezoelectric thin wires (33) are arranged in a uniform
direction;
(f) laminating a plurality of the composite sheet units (50) so that the sintered piezoelectric thin wires (33) are
positioned between the resin layers (22); and
(g) integrating the plurality of the composite sheet units (50) thus laminated.

16. A method for producing the piezocomposite (6) according to any one of claims 1 to 8, comprising the steps of:

(a) arranging a plurality of sintered piezoelectric thin wires (33) arranged in a uniform direction on a surface
of a resin layer (2), and laminating a resin sheet (22) on the sintered piezoelectric thin wires (33);



EP 1 227 525 A2

5

10

15

20

25

30

35

40

45

50

55

26

(b) integrating the resin layer (2), the sintered piezoelectric thin wires (33), and the resin sheet (22) by a process
comprising compressing so that the sintered piezoelectric thin wires (33) are sandwiched between the resin
layer (2) and the resin sheet (22), and that a resin of the resin sheet (22) is deformed so as to fill grooves (11)
between the sintered piezoelectric thin wires (33), so as to form a composite sheet unit (51);
(c) repeating the steps (a) and (b) a plurality of times, so as to form a plurality of composite sheet units (51),
each of which is composed of the resin layer (2), the resin sheet (22), and the plurality of the sintered piezo-
electric thin wires (33) arranged in a uniform direction between the resin layer (2) and the resin sheet (22);
(d) laminating the plurality of the composite sheet units (51) so that the sintered piezoelectric thin wires (33)
are provided in parallel; and
(e) integrating the plurality of the composite sheet units (51) thus laminated.

17. A method for producing the piezocomposite (6) according to any one of claims 1 to 8, comprising the steps of:

(a) preparing two pieces of resin layers (22, 22) on each of which a plurality of sintered piezoelectric thin wires
(33) are arranged in a uniform direction;
(b) laminating the two resin layers (22, 22) so that the sintered piezoelectric thin wires (33) provided on a
surface of one of the resin layers (22) are positioned between the sintered piezoelectric thin wires (33) provided
on a surface of the other resin layer (22), and integrating the same, so as to form a composite sheet unit (51);
(c) repeating the steps (a) and (b) a plurality of times, so as to form a plurality of composite sheet units (51),
each of which includes the two resin layers (22, 22) and the plurality of the sintered piezoelectric thin wires
(33) arranged in a uniform direction between the two resin layers (22, 22);
(d) laminating the plurality of the composite sheet units (51) so that the sintered piezoelectric thin wires (33)
are provided in parallel; and
(e) integrating the plurality of the composite sheet units (51) thus laminated.

18. The method according to any one of claims 11 to 17, further comprising a step of impregnating a resin in void
portions after the lamination and integration of a plurality of the composite sheet units (5, 50, 51) and curing the
same, and/or further comprising a step of cutting the integrated lamination of the composite sheet units (5, 50, 51)
in a direction perpendicular to the lengthwise direction of the sintered piezoelectric thin wires (3, 33), so as to
obtain a plurality of piezocomposite pieces, and/or further comprising a step of grinding the piezocomposite (6)
along a plane crossing the lengthwise direction of the sintered piezoelectric thin wires (3, 33) in the piezocomposite
(6).

19. The method according to any one of claims 11 to 18, wherein the step of laminating the composite sheet units (5,
50, 51) includes a sub-step of providing adhesive resin sheets between the composite sheet units (5, 50, 51), and/
or wherein the step of laminating the composite sheet units (5, 50, 51) includes a sub-step of forming an adhesive
layer by coating on at least a part of the resin layer (4, 22, 2) in each composite sheet unit (5, 50, 51).

20. The method according to any one of claims 11 to 19, wherein a technique used for integrating the plurality of the
composite sheet units (5, 50, 51) is a technique of impregnating a resin between the composite sheet units (5, 50,
51) and curing the same.
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