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EP 1 227 525 B1
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 (Ultrasonic
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] Itis considered thatthe piezocomposite for use in the ultrasonic diagnostic equipmentideally has a configuration
in which the piezoelectric ceramics have a diameter and an interval therebetween of approximately 10 to 200 wm 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
pm to 1200 pm.

[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 pm
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 pm 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.

[0011] However, it is not easy to burn out the resin mold so as to leave only the ceramic powder before sintering.
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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] The document EP-A 0 137 529 relates to a simplified method for making a composite transducer by stacking
alternate layers of a passive material (resin) and a piezoelectric material in a sandwich-like manner. Subsequently, the
stack is sliced in the thickness direction, and the slices are re-stacked and integrated.

[0020] Thus, by the conventional methods that have been proposed or experimented so far, the production of piezo-
composite having afine structure thatis demanded currently is difficult, or even if it is possible, it requires a high production
cost.

[0021] 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.

[0022] 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.

[0023] 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.

[0024] To achieve the foregoing object, the present invention provides a piezocomposite comprising a plurality of
composite sheet units, each of which includes a resin layer and a plurality of sintered piezoelectric thin wires, the sintered
piezoelectric thin wires being

- alone arranged in a uniform direction;
- fixed on a surface of the resin layer; and
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- positioned between the resin layers;

wherein said piezocomposite comprises void portions. Between adjacent wiresin the same plane parallel to the resin
layer. 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;
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.

[0025] 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.

[0026] 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.

[0027] 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 pm to 500 pm;

(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 piezoelectric
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.

[0028] 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 pm to 500 pum;

(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;
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(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.

[0029] A Fourth 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.

FIG. 1Ais 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.

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.

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.

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.

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.

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.
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.

FIG. 8 is a schematic cross-sectional view illustrating a substrate used according to a second embodiment of the
present invention.

FIG. 9 is a schematic cross-sectional view illustrating a substrate used according to a third embodiment of the
present invention.

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.

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.

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.

FIG. 13 is a schematic perspective and cross-sectional view illustrating a piezocomposite according to the fourth
embodiment of the present invention.

FIGS. 14A and 14B are schematic perspective views illustrating piezocomposites in which a resin layer is composed
of a plurality of resin layers, according to a fifth embodiment of the present invention.

FIGS 15A to 15D are schematic perspective views illustrating a production method according to a sixth embodiment
of the present invention.

FIGS. 16A and 16B are schematic perspective views illustrating a production method according to a seventh em-
bodiment of the present invention.
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FIG. 17 is a schematic perspective and cross-sectional view illustrating a piezo-composite according to the seventh
embodiment of the present invention.

FIG. 18A is a schematic cross-sectional view illustrating a method for producing a composite sheet unit according
to an eighth embodiment of the present invention, and FIG 18B is a schematic cross-sectional view illustrating the
composite sheet unit.

FIG 19 is a view illustrating a configuration of an ultrasonic probe for an ultrasonic diagnostic equipment according
to Example 7 of the present invention.

FIG. 20 is a view illustrating a configuration of an ultrasonic diagnostic equipment according to Example 13 of the
present invention.

FIG. 21 is a schematic perspective view illustrating a conventional 1-3 piezocomposite.

[0030] 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 um to 500 wm 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 piezoelectric
thin wires in the piezocomposite are determined according to the frequency and the acoustic impedance of the piezo-
composite. 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 wm to 200 wm 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 X the aspect ratio of 5) to 3.0 mm (0.5 mm X the aspect ratio of 6).

[0031] 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.
[0032] 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.

[0033] On the other hand, considering the preferable size of the foregoing sintered piezoelectric thin wires, a sintered
piezoelectric plate having a thickness ranging 10 pm to 500 pm, or more preferably, 10 um to 200 p.m, 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 wm to 500 pm, or more preferably, 10 um to 200 uwm, 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 wm to 500 w.m, or more preferably, 10 um to 200 wm, 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.

[0034] 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.

[0035] It should be noted that the number may exceed the foregoing provisionally set range, considering the size of
an available sintered piezoelectric plate and a required size of a sintered piezoelectric thin wire.

[0036] 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,
thatis, a composite sheet unit) is approximately 30 mm square, considering the size of the available sintered piezoelectric
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 pm to 1000 pm.
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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.

[0037] Furthermore, the number of the sintered piezoelectric thin wires arranged in a uniform direction in one piezo-
composite 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 arange of 200 to 4500000.
[0038] 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.

[0039] Furthermore, a cut surface preferably is ground. The thickness of the piezocomposite to be obtained finally,
that s, alength between cut surfaces thereof that is perpendicular to the lengthwise direction of the sintered piezoelectric
thin wires, should be adjusted according to the frequency used. By grinding the cut surfaces of the piezocomposite, the
thickness of the piezocomposite can be controlled finely.

[0040] 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.

[0041] 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.

[0042] 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 length-
wise 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.

[0043] 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 in-
creased.

[0044] 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.

[0045] 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.

[0046] 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.

[0047] 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
direction to produce a plurality of piezocomposites, the production is facilitated by thickening only the resin layers of a
portion to be cut.

[0048] 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.

[0049] Furthermore, the production method of the presentinvention preferably further includes the step of impregnating
a resin in void portions after the lamination and integration of a plurality of the composite sheet units and curing the



10

15

20

25

30

35

40

45

50

55

EP 1 227 525 B1

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.

[0050] 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 piezoelectric
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.

[0051] 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 befilled in cut grooves in the composite sheet unit, whereby a piezocomposite
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.

[0052] 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.

[0053] Furthermore, as compared with the conventional production method utilizing the etching technique, itis possible
to carry out the production within a shorter period of time, and expensive equipment is not needed.

[0054] 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.

[0055] 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.

[0056] 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.

[0057] 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.

[0058] 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.
[0059] Furthermore, by providing the resin-impregnated-cured portions, it is possible to control the physical properties
of the piezocomposite freely.

[0060] 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.

[0061] 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 foregoing
piezocomposite is used. The following description will depict embodiments of the present invention in detail.

[0062] First through third embodiments described below relate to a piezocomposite produced by the first production
method of the present invention.
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First Embodiment

[0063] 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. 1to 7.

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

[0064] 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.

[0065] 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

[0066] 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 o- 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 unnecessary
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 applying
the paste in the grooves 11.

(3) Step of drying the coating films

[0067] As a step of drying the coating films, the solvent component was dried and removed from the paste 2 provided
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.

[0068] 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.

[0069] 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.
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(4) Step of heating the substrate carrying the coating films after drying so as to remove the binder from the coating films

[0070] 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
objectis 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

[0071] 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

[0072] 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/cm? 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

[0073] 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) X 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 approx-
imately 0.07 mm. Each thin-line-form sinter piece 3 had a thickness of 0.065 mm in average, a width of its portion exposed
to the air of 0.065 mm in average, and a length of 30 mm.

[0074] 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

[0075] 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.
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(9) Step of integrating the plurality of composite sheet units thus laminated

[0076] 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 integrating
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/cm?2 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.

[0077] 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 X 27 mm in vertical length X 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.

[0078] 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.
[0079] 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.

[0080] 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.

[0081] 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.

[0082] 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.

[0083] 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.
[0084] 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.
[0085] Furthermore, since a repeatedly usable substrate is used in forming fine sinters, wasteful usage of materials
as in the conventional techniques is eliminated.

[0086] By applyingthe production method of the present invention, with the aforementioned configurations and effects,
it is possible to provide a piezocomposite having a fine configuration at low cost.
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Second Embodiment

[0087] 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.

[0088] 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 piezocomposite
as a whole.

[0089] 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, silicones, 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.

[0090] 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

[0091] A production method according to a third embodiment of the presentinvention is the above-described production
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.

[0092] 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 manufacturing
yield to be improved. Consequently, it is possible to further reduce the production cost of the piezocomposite as a whole.
[0093] 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.

[0094] 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.

[0095] 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.

[0096] Fourththrough sixthembodiments described below relate to a piezocomposite produced by the above-described
second production method of the present invention.

Fourth Embodiment

[0097] 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.

[0098] First of all, as steps of (a) preparing a sintered piezoelectric plate having a thickness ranging from 10 um to
500 wm and (b) forming a resin layer on the sintered piezoelectric plate, an epoxy resin layer in a size of 17 mm in
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vertical length X 17 mm in horizontal length X 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 X 17
mm in horizontal length X 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, manufactured by Hitachi
Chemical Co., Ltd.), each in a size of 17 mm in vertical length X 17 mm in horizontal length X 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/cm? 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.
[0099] 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 X 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.

[0100] 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.
[0101] Then, the steps (a) to (c) were repeated a plurality of times, whereby 170 identical composite sheet units were
obtained.

[0102] 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 piezo-
composite 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 X 17 mm in
horizontal length X 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/cm? in a vacuum atmosphere (not more than 13.32 Pa (0.1 Torr)), so as to be integrated.
[0103] 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 X 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.
[0104] 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 piezocom-
posite pieces 9 with desired thicknesses, as shown in the schematic perspective view of FIG. 13.

[0105] According tothe production method of the presentinvention, the piezocomposite 6 can be obtained by integrating
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.

[0106] 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.

[0107] Furthermore, the length of the sintered piezoelectric thin wires 33 is determined according to the size of the
sintered piezoelectric plate 32.

[0108] 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 on
the resin layer 22.

[0109] 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 integrating
process.

[0110] Furthermore, the interval in the vertical direction between the sintered piezoelectric thin wires 33 in the piezo-
composite 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.

[0111] By using the present invention thus arranged, the extremely fine sintered piezoelectric thin wires that conven-
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tionally 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.

[0112] 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 extremely readily,
as compared with the conventional processing. Furthermore, the conventional techniques such as machining can be
applied for production.

[0113] 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.

[0114] 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.

[0115] Furthermore, by grinding the same, the thickness of the piezocomposite 9 can be controlled desirably.
[0116] 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.

[0117] 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

[0118] The following description will depict a fifth embodiment of the present invention in detail, while referring to FIGS.
14A and 14B

[0119] A piezocomposite according to the Fifth 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.

[0120] As steps of (a) preparing a sintered piezoelectric plate having a thickness ranging from 10 pum to 500 pm and
(b) forming a resin layer on the sintered piezoelectric plate, a resin layer 22 in a size of 17 mm in vertical length X 17
mm in horizontal length X 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 X 17 mm in horizontal length
X 0.05 mm in thickness as a sintered piezoelectric plate 1. More specifically, one epoxy-base-resin adhesive sheet in
asize of 17 mmin vertical length X 17 mm in horizontal length X 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/cm?2 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.

[0121] 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 aforementioned
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 X 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. 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.

(d) Then, as aresult of repeating the steps (a) to (¢) a plurality of times, 170 identical composite sheet units were obtained.

[0122] 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 X 17 mm in horizontal
length X 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-
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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.

[0123] 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/cm? in a vacuum atmosphere (not more than 13.32 Pa (0.1 Torr)), so that the
lamination was integrated.

[0124] 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 x 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] (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. 14A

[0126] According to the fifth 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 arrangement
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 reduced adhesivity. In
the fifth 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. Conse-
quently, the manufacturing yield is improved, whereby the production cost of the piezocomposite 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.

[0127] 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.

[0128] It should be noted that the second resin layer may be formed by applying an adhesive.

[0129] 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.

Sixth Embodiment

[0130] The present embodiment relates to a piezocomposite produced by the third production method of the present
invention

[0131] The following description will depict a sixth embodiment of the present invention, while referring to FIGS. 15A
to 15D

[0132] First of all, as steps of (a) preparing a sintered piezoelectric plate having a thickness ranging from 10 um to
500 pm and (b) provisionally fixing the sintered piezoelectric plate on the substrate with an adhesive sheets, as shown
in the schematic perspective view of FIG. 15A a sintered piezoelectric plate containing PZT (lead zirconate titanate) as
the principal component and having a size of 17 mm in vertical length X 17 mm in horizontal length X 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.

[0133] 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. 15B, 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.

[0134] 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.

15



10

15

20

25

30

35

40

45

50

55

EP 1 227 525 B1

[0135] (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. 15C, 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 X 17 mm in horizontal length X 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.

[0136] Consequently, a composite sheet unit 50 as shown in the schematic perspective view of FIG 15D was obtained.
[0137] 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.

[0138] Then, the steps (a) to (d) were repeated a plurality of times, whereby 170 identical composite sheet units were
obtained.

[0139] 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 X 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.

[0140] 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.

[0141] 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.

[0142] 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 Fifth embodiment using another adhesive resin sheets so as to form a piezocomposite,
whereby the same effect as that described with regard to the Fifth embodiment can be achieved.

Fourth Embodiment

[0143] Asastep (a) of preparing two composite sheet units, composite sheet units were produced by the same method
as that of the sixth embodiment except for the size.

[0144] 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 X 17 mm in horizontal length X 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 X 17 mm
in horizontal length X 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/cm?,
for thermal transfer of the sintered piezoelectric thin wires. Consequently, a composite sheet unit 50 as shown in the
schematic perspective view of FIG 16A was obtained.

[0145] (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/cm?2 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. 16B was obtained. The obtained laminated composite sheet unit
approximately was in a size of 17 mm in vertical length X 17 mm in horizontal length X 0.100 mm in thickness, and
contained 284 (= 142 X 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.

[0146] (c) Then, the steps (a) and (b) were carried out repeatedly a plurality of times, so as to obtain 170 of the
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foregoing laminated composite sheet units.

[0147] 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/cm?2 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.

[0148] 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 x 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. 17.

[0149] 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.

[0150] While achieving the same effects as those in the fourth through sixth embodiments, the present embodiment
further allows the intervals between the sintered piezoelectric thin wires to be further decreased.

[0151] 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 approx-
imately 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 sixth 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.

[0152] 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.

[0153] It should be noted the composite sheet unit used in the present embodiment is not limited to that of the sixth
embodiment, but any composite sheet unit produced according to the other embodiments may be used.

[0154] 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
fifth embodiment. By so doing, the same effects as those described with regard to the fifth embodiment can be achieved.

Eighth Embodiment

[0155] The following description will depict an eighth embodiment in detail, while referring to FIGS. 18A and 18B.
[0156] The eighth embodiment basically is identical to the above-described fourth through seventh 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.

[0157] First of all, as steps of (a) preparing a sintered piezoelectric plate having a thickness ranging from 10 um to
500 wm and (b) forming a resin layer on the sintered piezoelectric plate, an epoxy resin layer in a size of 17 mm in
vertical length X 17 mm in horizontal length X 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 X 17
mm in horizontal length X 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, manufactured by Hitachi
Chemical Co., Ltd.), each in a size of 17 mm in vertical length X 17 mm in horizontal length X 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/cm?2 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.
[0158] 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.

[0159] 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 18A. More specifically,
approximately 170 of the resist layers 10, each in a size of 0.05 mm in width X 17 mm in length, were provided in parallel
at intervals of 0.05 mm on a 17 mm square sintered piezoelectric plate.

[0160] 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.

[0161] 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-
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imately 0.065 mm, and a height of 0.05 mm, and the resin layer in a size of 17 mm in vertical length X 17 mm in horizontal
length X 0.05 mm in thickness, as shown in FIG. 18B. 11 denotes a cut groove.

[0162] As aresult 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,
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.

[0163] 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.

[0164] Next, as steps of (e) laminating a plurality of the foregoing composite sheet units so that the sintered piezoelectric
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 X 17 mm in horizontal length X 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/cm?2
under vacuum (not more than 13.32 Pa (0.1 Torr)), so that the lamination was integrated.

[0165] 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 X 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 ap-
proximately 0.065 mm where the space therebetween was wider).

[0166] (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 piezocomposite pieces
9 with desired thicknesses, as shown in the schematic perspective view of FIG. 13.

[0167] According tothe production method of the presentinvention, the piezocomposite 6 can be obtained by integrating
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.

[0168] 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 fifth embodiment can be achieved.

[0169] According to the present embodiment, in addition to the effects achieved by the fourth and fifth 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.

EXAMPLES

Example 1

[0170] By cutting and grinding a piezocomposite obtained by the production method of the first embodiment, a piezo-
composite in a size of 15 mm in vertical length X 15 mm in horizontal length X 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 approximately
0.065 mm square X 0.3 mm in length, were arranged at uniform intervals of 0.07 mm in a resin.

Example 2

[0171] 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 X 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 approximately
0.05 mm square X 0.3 mm in length, were arranged at uniform intervals of 0.05 mm in a resin and which contained void
portions.
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Example 3

[0172] By cutting and grinding a piezocomposite obtained by the production method of the fifth embodiment, a piezo-
composite in a size of 15 mm in vertical length X 15 mm in horizontal length X 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 piezo-
composite 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 X 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 4

[0173] 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 X 15 mm in horizontal length X 0.3 mm in thickness (in the lengthwise
direction of sintered piezoelectric thin wires) was obtained. This piezocomposite of Example 4 was the same 1-3 piezo-
composite as that of Example 2 except that upon producing composite sheet units, the sintered piezoelectric 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 approx-
imately 0.05 mm square X 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 5

[0174] 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 X 15 mm in horizontal length X 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 X 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 6

[0175] 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 X 15 mm in horizontal length X 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 X 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.

Comparative Example

[0176] Physical properties of PZT (lead zirconate titanate) that was used as the sintered piezoelectric plate in Examples
2 to 6 are shown.

[0177] Six kinds of the above-described piezocomposites thus obtained had the same outer size (15 mm in vertical
length X 15 mm in horizontal length X 0.3 mm in thickness).

[0178] Respective densities of the obtained piezocomposites were derived from the sizes and weights of the piezo-
composites.

[0179] 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 um by using a sputtering
device, so as to form electrodes.

[0180] 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.

[0181] Frequency characteristics of the foregoing obtained measurement-use elements were measured and evaluated,
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so that their physical properties such as densities and electromechanical coupling factors (Kt) were calculated.

[0182] 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.

[0183] The physical properties of the piezocomposites of Examples 1 to 6 and Comparative Example are shown in
Table 1 below.

Table 1
Density (g/cm2) | Electromechanical Coupling Factorkt(-) | PZT Volume Occupancy (-)

EX. 1 2.25 | 0.62 0.23
EX. 2 250 | 0.70 0.25
EX. 3 248 | 0.66 0.25
EX. 4 2.50 | 0.68 0.25
EX. 5 3.68 | 0.65 0.42
EX. 6 2.71 | 0.69 0.29
COM. EX. (PZT) 7.7 | 0.50 -

[0184] 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 7

[0185] Inpiezocomposites having electromechanical coupling factors kt of 0.69, among the piezocomposites 9 obtained
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. 19 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.

[0186] 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 8

[0187] The present example was an ultrasonic diagnostic equipment utilizing the piezocomposite of the present in-
vention described with regard to Example 12.

[0188] As shown in FIG. 20 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.

Claims

1. A piezocomposite (6) comprising 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), the sintered piezoelectric thin wires (3, 33) being

- alone arranged in a uniform direction;

- fixed on a surface of each of the resin layers (4, 22, 2); and

- positioned between the resin layers (4, 22, 2), characterized in that

- said piezocomposite (6) comprises void portions between adjacent wires in the same plane parallel to the
resin layers.
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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).

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

The piezocomposite (6) according to any one of claims 1 to 3, 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 pm to 500 pm
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.

The piezocomposite (6) according to any one of claims 1 to 4, wherein the number of the sintered piezoelectric thin
wires (3, 33) arranged on one surface of a 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.

A method for producing the piezocomposite according to any one of claims 1 to 5, 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.

The method according to claim 6, 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).
A method for producing the piezocomposite (6) according to any one of claims 1 to 5, comprising the steps of:

(a) preparing a sintered piezoelectric plate (32) having a thickness ranging from 10 pm to 500 pm;

(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.

9. The method according to claim 8 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.

10. A method for producing the piezocomposite (6) according to any one of claims 1 to 5, comprising the steps of:

(a) preparing a sintered piezoelectric plate (32) having a thickness ranging from 10 um to 500 pum;
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(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.

11. A method for producing the piezocomposite (6) according to any one of claims 1 to 5, 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.

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

- the piezocomposite (9) according to any one of claims 1 to 5,

- 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).

13. 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 12 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;

- 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).

Patentanspriiche

1. Piezo-Verbundstoff (6), umfassend eine Mehrzahl von Verbundstoff Platten-Einheiten (5, 50, 51), von denen jede
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eine Harz-Schicht (4, 22, 2) und eine Mehrzahl gesinterter piezoelektrischer diinner Drahte (3, 33) einschlief3t, wobei
die gesinterten piezoelektrischen diinnen Drahte (3, 33)

- allein in einer einheitlichen Richtung angeordnet sind;
- auf einer Oberflache jeder der Harz-Schichten (4, 22, 2) befestigt sind; und
- zwischen den Harz-Schichten (4, 22, 2) positioniert sind;

dadurch gekennzeichnet, dass

- der Piezo-Verbundstoff (6) Lickenteilbereiche zwischen benachbarten Drahten in derselben Ebene parallel
zu den Harz-Schichten umfasst.

Piezo-Verbundstoff (6) gemal Anspruch 1, worin die Verbundstoffplatten-Einheit (5, 50, 51) zwei Harz-Schichten
(4, 22, 2) und eine Mehrzahl gesinterter piezoelektrischer diinner Drahte (3, 33), die in einer einheitlichen Richtung
zwischen den beiden Harz-Schichten (4, 22, 2) angeordnet sind, einschlief3t.

Piezo-Verbundstoff (6) gemal irgendeinem der Anspriiche 1 und 2, worin jede Harz-Schicht (4, 22, 2) aus einer
Mehrzahl von Komponenten-Harz-Schichten aufgebaut ist.

Piezo-Verbundstoff (6) gemaf irgendeinem der Anspriiche 1 bis 3, worin jeder der gesinterten piezoelektrischen
dinnen Drahte (3, 33) in einer Prisma-Form vorliegt, die einen vieleckigen Querschnitt mit einer mittleren Kanten-
lange von 10 wm bis 500 wm und eine Lange von 0,05 mm bis 3 mm aufweist, vorzugsweise worin die Prisma-Form
mit einem vieleckigen Querschnitt eine Prisma-Form mit einem trapezoidférmigen Querschnitt ist.

Piezo-Verbundstoff (6) gemaf irgendeinem der Anspriiche 1 bis 4, worin die Zahl der gesinterten piezoelektrischen
dinnen Drahte (3, 33), die auf einer Oberflache einer Harz-Schicht (4, 22, 2) angeordnet sind, im Bereich von 10
bis 3.000 liegt, und/oder worin die Zahl der gesinterten piezoelektrischen diinnen Drahte (3, 33), die in einer ein-
heitlichen Richtung in einem Piezo-Verbundstoff (6) angeordnet sind, in einem Bereich von 200 bis 4.500.000 liegt,
und/oder worin die Zahl der laminierten Harz-Schichten (4, 22, 2) in einem Bereich von 20 bis 1.500 liegt.

Verfahren zur Produktion des Piezo-Verbundstoffs gemaf irgendeinem der Anspriiche 1 bis 5, umfassend die
Schritte:

a) Herstellen eines Form-Substrats (1), das eine Mehrzahl von Rillen (11) aufweist;

b) Aufbringen einer Paste auf die Rillen (11), die ein piezoelektrisches Pulver und ein Bindemittel einschlieft,
Trocknen derselben und Erhitzen derselben unter Entfernen des Bindemittels von einem Uberzugsfilm (21),
der aus der Paste hergestellt ist;

c) Anwenden einer Hitze-Behandlung bei einer h6heren Temperatur unter Sintern des piezoelektrischen Pulvers
unter Bildung gesinterter piezoelektrischer diinner Drahte (3);

d) Bonden einer Harz-Schicht (4) auf die gesinterten piezoelektrischen diinnen Dréhte (3) und Trennen der
gesinterten piezoelektrischen diinnen Dréhte (3) von dem Form-Substrat (1) unter Bildung einer Verbundstoff-
platten-Einheit (5), in der eine Vielzahl der gesinterten piezoelektrischen diinnen Drahte (3) in einer einheitlichen
Richtung auf einer Oberflache der Harz-Schicht (4) angeordnet ist;

e) Laminieren einer Mehrzahl der Verbundstoffplatten-Einheiten (5), so dass die gesinterten piezoelektrischen
dinnen Drahte (3) zwischen den Harz-Schichten (4) angeordnet sind; und

f) Zusammenfassen der Mehrzahl der so laminierten Verbundstoffplatten-Einheiten (5).

Verfahren gemal Anspruch 6, worin Schutzschichten (7) auf Oberflachen der Rillen (11) des Form-Substrats (1)
gebildet werden, und/oder worin Loslése-Schichten (8) auf der Oberflache des Form-Substrats (1), die von den
Rillen (11) verschieden ist, gebildet werden.

Verfahren zur Herstellung des Piezo-Verbundstoffs (6) gemaR irgendeinem der Anspriiche 1 bis 5, umfassend die
Schritte:

a) Herstellen einer gesinterten piezoelektrischen Platte (32), die eine Dicke aufweist, die im Bereich von 10 um
bis 500 pwm liegt;

b) Bilden einer Harz-Schicht (22) auf der gesinterten piezoelektrischen Platte (32);

c) Bilden einer Vielzahl von parallel geschnittenen Rillen in der gesinterten piezoelektrischen Platte (32), die
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mit der Harz-Schicht (22) versehen ist, ohne vollstédndig die Harz-Schicht (22) zu teilen und so die gesinterte
piezoelektrische Platte (32) in eine Vielzahl gesinterter piezoelektrischer diinner Drahte (33) zu schneiden:

d) Wiederholen der Schritte a) bis ¢) eine Vielzahl von Malen unter Herstellen einer Vielzahl von Verbundstoff-
platten-Einheiten (50), wobei auf jeder von deren Oberflachen eine Vielzahl der gesinterten piezoelektrischen
diinnen Drahte (33) in einer einheitlichen Richtung angeordnet ist;

e) Laminieren einer Vielzahl der Verbundstoffplatten-Einheiten (50), so dass die gesinterten piezoelektrischen
diinnen Dréahte (33) zwischen den Harz-Schichten (22) positioniert sind; und

f) Zusammenfassen der Vielzahl der so laminierten Verbundstoffplatten-Einheiten (50).

9. Verfahrengemal Anspruch 8, worin das Bilden der Vielzahl von parallel geschnittenen Rillen in Schritt c) durchgefiihrt
wird durch wenigstens eine Verfahrensweise, die gewahlt ist aus der Sandstrahl-Technik und der Chipschneide-

Technik.

10. Verfahren zur Herstellung eines Piezo-Verbundstoffs (6) gemaR irgendeinem der Anspriiche 1 bis 5, umfassend
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die Schritte:

a) Herstellen einer gesinterten piezoelektrischen Platte (32), die eine Dicke im Bereich von 10 um bis 500 pm
aufweist;

b) provisorisches Fixieren der gesinterten piezoelektrischen Platte (32) auf einem Substrat (1) unter Verwendung
einer Klebeplatte (42);

c) Bilden einer Vielzahl von parallelen geschnittenen Rillen in der gesinterten piezoelektrischen Platte (32) unter
Schneiden der gesinterten piezoelektrischen Platte (32) in Stlicke unter Erhalt einer Vielzahl von gesinterten
piezoelektrischen diinnen Drahten (33);

d) Uberfiihren der Vielzahl der gesinterten piezoelektrischen diinnen Drahte (33), die provisorisch auf dem
Substrat (1) fixiert sind, auf eine Harz-Platte (22);

e) Wiederholen der Schritte a) bis d) eine Vielzahl von Malen unter Herstellen einer Vielzahl von Verbundstoff-
platten-Einheiten (50), wobei auf jeder von deren Oberflachen eine Vielzahl der gesinterten piezoelektrischen
Drahte (33) in einer einheitlichen Richtung angeordnet ist;

f) Laminieren einer Vielzahl der Verbundstoffplatten-Einheiten (50), so dass die gesinterten piezoelektrischen
diinnen Drahte (33) zwischen den Harz-Schichten (22) positioniert sind; und

g) Zusammenfassen der Vielzahl der so laminierten Verbundstoffplatten-Einheiten (50).

11. Verfahren zur Herstellung des Piezo-Verbundstoffs (6) gemaf irgendeinem der Anspriiche 1 bis 5, umfassend die
Schritte:

a) Herstellen von zwei Stiicken von Harz-Schichten (22, 22), wobei auf jeder von diesen eine Vielzahl gesinterter
piezoelektrischer dinner Drahte (33) in einer einheitlichen Richtung angeordnet ist;

b) Laminieren der beiden Harz-Schichten (22, 22), so dass die gesinterten piezoelektrischen diinnen Drahte
(33), die auf einer Oberflache einer der Harz-Schichten (22) vorgesehen sind, zwischen den gesinterten pie-
zoelektrischen diinnen Drahten (33) positioniert sind, die auf einer Oberflache der anderen Harz-Schicht (22)
vorgesehen sind, und Zusammenfassen derselben unter Bildung einer Verbundstoffplatten-Einheit (51);

c) Wiederholen der Schritte a) und b) eine Vielzahl von Malen unter Bildung einer Vielzahl von Verbundstoff-
platten-Einheiten (51), von denen jede die beiden Harz-Schichten (22, 22) und die Vielzahl der gesinterten
piezoelektrischen diinnen Drahte (33) einschlieRt, die einer einheitlichen Richtung zwischen den beiden Harz-
Schichten (22, 22) angeordnet sind;

d) Laminieren der Vielzahl der Verbundstoffplatten-Einheiten (51), so dass die gesinterten piezoelektrischen
diinnen Drahte (33) in paralleler Anordnung vorgesehen sind; und

e) Zusammenfassen der Vielzahl der so laminierten Verbundstoffplatten-Einheiten (51).

12. Ultraschall-Sonde (100) fir eine Ultraschall-Diagnose-Apparatur, umfassend:

- den Piezo-Verbundstoff (9) gemaR irgendeinem der Anspriiche 1 bis 5;

- Elektroden (92), die auf beiden Seiten des Piezo-Verbundstoffs (9) vorgesehen sind;
- eine akustische Abgleich-Schicht (90); und

- ein Stitz-Element (91);

worin:
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- der Piezo-Verbundstoff (9) zwischen der akustischen Abgleich-Schicht (90) und dem Stitz-Element (91)
angeordnet ist; und

- eine der Elektroden (92) geerdet ist, wahrend die andere Elektrode (92) als Antriebselektrode mit einem
Ubermittelungs-/Empfangs-Schaltkreis (93) verbunden ist.

13. Ultraschall-Diagnose-Anlage, umfassend:

- einen Ultraschall-Diagnose-Anlage-Hauptkdrper (101); und
- die Ultraschall-Sonde (100) fir eine Ultraschall-Diagnose-Einrichtung gemaR Anspruch 12, die mit dem Ul-
traschall-Diagnose-Anlage-Hauptkdrper (101) verbunden ist,

worin der Ultraschall-Diagnose-Anlage-Hauptkorper (101) einschlief3t:

- einen Ubermittlungs-Abschnitt (94) und einen Empfangs-Abschnitt (95), die mit Leitungen verbunden sind,
die von den Elektroden auf beiden Seiten ableiten;

- einen Steuerungs-Abschnitt (96), der mit dem Ubermittlungs-Abschnitt (94) und dem Empfangs-Abschnitt (95)
verbunden ist;

- einen Bildformungs-Abschnitt (97), der mit dem Empfangs-Abschnitt (95) und dem Steuerungs-Abschnitt (96)
verbunden ist; und

- eine Bildanzeige-Vorrichtung (98), die mit dem Bildformungs-Abschnitt (97) verbunden ist.

Revendications

Piézocomposite (6) comprenant une pluralité d’unités de feuilles composites (5, 50, 51), chacune desquelles inclut
une couche de résine (4, 22, 2) et une pluralité de fils minces piézoélectriques frittés (3, 33), les fils minces piézoé-
lectriques frittés (3, 33) étant

- seuls agencés dans une direction uniforme ;
- fixés sur une surface de chacune des couches de résine (4, 22, 2) ; et
- positionnés entre les couches de résine (4, 22, 2) ;

caractérisé en ce que
ledit piézocomposite (6) comprend des parties de vide entre fils adjacents dans le méme plan paralléle aux couches
de résine.

Piézocomposite (6) selon la revendication 1, dans lequel I'unité de feuille composite (5, 50, 51) inclut deux couches
derésine (4, 22, 2) et une pluralité de fils minces piézoélectriques frittés (3, 33) agencés dans une direction uniforme
entre les deux couches de résine (4, 22, 2).

Piézocomposite (6) selon I'une quelconque des revendications 1 et 2, dans lequel chaque couche de résine (4, 22,
2) est composée d’une pluralité de couches de résine constituantes.

Piézocomposite (6) selon I'une quelconque des revendications 1 a 3, dans lequel chacun des fils minces piézoé-
lectriques frittés (3, 33) est sous une forme prismatique ayant une section transversale polygonale avec une longueur
moyenne de bords de 10 pm a 500 pm et ayant une longueur de 0, 05 mm a 3 mm, préférablement dans lequel la
forme prismatique avec une section transversale polygonale est une forme prismatique ayant une section transver-
sale trapézoidale.

Piézocomposite (6) selon I'une quelconque des revendications 1 a 4, dans lequel le nombre des fils minces pié-
zoélectriques frittés (3, 33) agencés sur une surface d’'une couche de résine (4, 22, 2) est dans une plage de 10 a
3 000, et/ou dans lequel le nombre des fils minces piézoélectriques frittés (3, 33) agencés dans une direction
uniforme dans un piézocomposite (6) est dans une plage de 200 a 4 500 000, et/ou dans lequel le nombre des
couches de résine (4, 22, 2) stratifiées est dans une plage de 20 a 1 500.

Procédé de production du piézocomposite selon I'une quelconque des revendications 1 a 5, comprenant les étapes
de:
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(a) préparation d’'un substrat de moulage (1) ayant une pluralité de rainures (11) ;

(b) application aux rainures (11) d’une pate incluant une poudre piézoélectrique et un liant, séchage de celle-
ci, et chauffage de celle-ci de fagon a éliminer le liant d’un film de revétement (21) constitué de la pate ;

(c) application d’un traitement thermique a une température plus élevée pour fritter la poudre piézoélectrique,
de fagon a former des fils minces piézoélectriques frittés (3) ;

(d) collage d’une couche de résine (4) sur les fils minces piézoélectriques frittés (3) et séparation des fils minces
piézoélectriques frittés (3) du substrat de moulage (1) de fagon a former une unité de feuille composite (5) dans
laquelle une pluralité des fils minces piézoélectriques frittés (3) sont agencés dans une direction uniforme sur
une surface de la couche de résine (4) ;

(e) stratification d’'une pluralité des unités de feuilles composites (5) de fagon a ce que les fils minces piézoé-
lectriques frittés (3) soient positionnés entre les couches de résine (4) ; et

(f) intégration de la pluralité des unités de feuilles composites (5) ainsi stratifiées.

Procédé selon la revendication 6, dans lequel des couches de protection (7) sont formées sur des surfaces des
rainures (11) du substrat de moulage (1), et/ou dans lequel des couches antiadhésives (8) sont formées sur la
surface du substrat de moulage (1) autre que les rainures (11).

Procédé de production du piézocomposite (6) selon I'une quelconque des revendications 1 a 5, comprenant les
étapes de :

(a) préparation d’une plaque piézoélectrique frittée (32) ayant une épaisseur dans la plage de 10 pum a 500 pm ;
(b) formation d’'une couche de résine (22) sur la plaque piézoélectrique frittée (32) ;

(c) formation d’'une pluralité de rainures découpées parallélement dans la plaque piézoélectrique frittée (32)
dotée de la couche de résine (22), sans diviser complétement la couche de résine (22), de fagon a couper la
plaque piézoélectrique frittée (32) en une pluralité de fils minces piézoélectriques frittés (33) ;

(d) répétition des étapes (a) a (c) une pluralité de fois, de fagon a préparer une pluralité d’unités de feuilles
composites (50) sur une surface de chacune desquelles une pluralité des fils minces piézoélectriques frittés
(33) sont agencés dans une direction uniforme ;

(e) stratification d’une pluralité des unités de feuilles composites (50) de fagon a ce que les fils minces piézoé-
lectriques frittés (33) soient positionnés entre les couches de résine (22) ; et

(f) intégration de la pluralité des unités de feuilles composites (50) ainsi stratifiées.

Procédé selon la revendication 8, dans lequel la formation de la pluralité de rainures découpées parallélement a
I'étape (c) est réalisée par au moins une technique choisie parmi la technique de décapage au sable et la technique
de découpage en dés.

Procédé de production du piézocomposite (6) selon I'une quelconque des revendications 1 a 5, comprenant les
étapes de :

(a) préparation d’une plaque piézoélectrique frittée (32) ayant une épaisseur dans la plage de 10 pm a 500 pm ;
(b) fixation provisoire de la plaque piézoélectrique frittée (32) sur un substrat (1) en utilisant une feuille adhésive
(42) ;

(c) formation d’une pluralité de rainures découpées parallelement dans la plaque piézoélectrique frittée (32) de
fagon a couper la plaque piézoélectrique frittée (32) en morceaux, de fagon a obtenir une pluralité de fils minces
piézoélectriques frittés (33) ;

(d) transfert de la pluralité des fils minces piézoélectriques frittés (33) provisoirement fixés sur le substrat (1)
sur une feuille de résine (22) ;

(e) répétition des étapes (a) a (d) une pluralité de fois, de fagon a préparer une pluralité d'unités de feuilles
composites (50) sur une surface de chacune desquelles une pluralité des fils minces piézoélectriques frittés
(33) sont agencés dans une direction uniforme ;

(f) stratification d’'une pluralité des unités de feuilles composites (50) de fagon a ce que les fils minces piézoé-
lectriques frittés (33) soient positionnés entre les couches de résine (22) ; et

(g) intégration de la pluralité des unités de feuilles composites (50) ainsi stratifiées.

11. Procédé de production du piézocomposite (6) selon I'une quelconque des revendications 1 a 5, comprenant les

étapes de :

(a) préparation de deux piéces de couches de résine (22, 22) sur chacune desquelles une pluralité de fils minces
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piézoélectriques frittés (33) sont agencés dans une direction uniforme ;

(b) stratification des deux couches de résine (22, 22) de fagon a ce que les fils minces piézoélectriques frittés
(33) disposés sur une surface d’une des couches de résine (22) soient positionnés entre les fils minces pié-
zoélectriques frittés (33) disposés sur une surface de I'autre couche de résine (22), et intégration de celles-ci,
de fagon a former une unité de feuille composite (51) ;

(c) répétition des étapes (a) et (b) une pluralité de fois, de fagon a former une pluralité d’unités de feuilles
composites (51), chacune desquelles inclut les deux couches de résine (22, 22) et la pluralité des fils minces
piézoélectriques frittés (33) agencés dans une direction uniforme entre les deux couches de résine (22, 22 ) ;
(d) stratification de la pluralité des unités de feuilles composites (51) de fagon a ce que les fils minces piézoé-
lectriques frittés (33) soient disposés en parallele ; et

(e) intégration de la pluralité des unités de feuilles composites (51) ainsi stratifiées.

12. Sonde a ultrasons (100) pour un équipement de diagnostic par ultrasons, comprenant :

- le piézocomposite (9) selon I'une quelconque des revendications 1a 5 ;
- des électrodes (92) disposées sur les deux cotés du piézocomposite (9) ;
- une couche d’adaptation acoustique (90) ; et

- un élément de dos (91) ;

dans laquelle :

- le piézocomposite (9) est interposé entre la couche d’adaptation acoustique (90) et I'élément de dos (91) ; et
- 'une des électrodes (92) est reliée a la terre, tandis que l'autre électrode (92) est connectée comme une
électrode d’excitation avec un circuit d’émission/réception (93).

13. Equipement de diagnostic par ultrasons, comprenant :

un corps principal d’équipement de diagnostic par ultrasons (101) ; et
la sonde a ultrasons (100) pour un équipement de diagnostic par ultrasons selon la revendication 12, connectée
au corps principal d’équipement de diagnostic par ultrasons (101),

dans lequel le corps principal d’équipement de diagnostic par ultrasons (101) inclut :

- une section d’émission (94) et une section de réception (95) qui sont connectées avec des conducteurs partant
des électrodes sur les deux cotés ;

- une section de commande (96) connectée avec la section d’émission (94) et la section de réception (95) ;

- une section de formation d’images (97) connectée avec la section de réception (95) et la section de commande
(96) ; et

- un dispositif d’affichage d’images (98) connecté avec la section de formation d’images (97).
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FIG. 2A
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FIG. 4B
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