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ULTRASONIC PROBE

TECHNICAL FIELD

|0001] The present invention relates to an ultrasonic probe
that is connected to an ultrasonic diagnostic apparatus, which
can emit ultrasonic waves into the body of an examinee and
display the picture of the inside of the body interior, from the
ultrasonic waves reflected by a boundary between respective
body elements.

BACKGROUND ART

[0002] The prior art of the present invention will be
described below by using the drawings. FIG. 8 is a view
showing the configuration of a conventional ultrasonic probe
(for example, see the following patent document 1). In the
explanation of this drawing, [UP] and [DOWN] are assumed
to indicate the upward direction and the downward direction
in the plane of the drawing paper, respectively. In FIG. 8, a
piezoelectric element 81 having electrodes on both surfaces is
an element for transmitting and receiving ultrasonic waves.
On the upper surface of the piezoelectric element 81, a ground
electrode layer 82 is formed as a first electrode layer, and on
the lower surface, a positive electrode layer 83 is formed as a
second electrode layer, respectively, in advance.

|0003] A conductive acoustic matching layer 85 is intended
to efficiently transmit and receive the ultrasonic waves to a
test subject (living body) and layered on the upper surface
(the side of the ground electrode layer 82) of the piezoelectric
element 81, via a compressively-cured insulating adhesive
layer 84. On the acoustic matching layer 85, a polymer film 87
made of polyimide and the like is layered via the compres-
sively-cured insulating adhesive layer 84. The polymer film
87 is composed of the two layers of a film body 88 as an
acoustic matching layer and a conductor layer (copper layer)
89 formed on the side of an adhesive layer 86 of this film body
88. Although not shown in FIG. 8, in order to further attain the
acoustic matching with the living body, there is a case that a
second acoustic matching layer made of a polymer material
and the like is layered via an adhesive layer, on the surface of
the film body 88. Moreover, an acoustic lens 90 is placed on
the surface of the second acoustic matching layer.

|0004] By the way, the plurality of acoustic matching lay-
ers, which are layered on the piezoelectric element 81 and the
piezoelectric element 81, are divided into a plurality of arrays,
which are electrically independent of each other, by dicing.
On the lower surface (the side of the positive electrode layer
83) of the piezoelectric element 81, an FPC 811 is layered via
a compressively-cured insulating adhesive layer 810. In this
FPC 811, a base unit 812 made of polyimide is formed, and a
conductive pattern 813 corresponding to the piezoelectric
element 81 is formed on the side of the piezoelectric element
81 on this base unit 812. Also, both sides of the FPC 811
protrude from the layered portion of the piezoelectric element
81, and electrode extracting units 811a are formed on both
ends ofthe protrusions. A backing material 814 is attached via
an adhesive layer 815 to the side of the base unit 812 of the
FPC 811 and mechanically supports the piezoelectric element
81 and acoustically brakes the piezoelectric element 81 and
consequently makes an ultrasonic pulse waveform short.
|0005] In the conventional ultrasonic probe, the ground
electrode layer 82 in the piezoelectric element 81 and the
conductive acoustic matching layer 85, and the acoustic
matching layer 85 and the polymer film 87 on which the
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conductive pattern is formed, and the positive electrode layer
83 in the piezoelectric element 81 and the conductive pattern
813 in the FPC 811 are electrically connected, respectively,
because insulating epoxy resins are pressed, heated and cured
and consequently adhered in very thin manners. Irrespec-
tively of the existence of the thin insulating layer, a tunnel
effect, a Schottky conduction, an impurity conduction, or the
like causes the charges from being shifted. When the insulat-
ing layer is uniformly thin, the conduction resistance is con-
stant. However, the thicknesses of the insulating adhesive
layers 84, 86 and 810 are not constant. Thus, with the surface
roughness of the opposite conductor member, a conduction
resistance exists under a certain probability.

[0006] Depending on a place, the thickness is very close to
0. In short, there are the portions where the ground electrode
layer 82 in the piezoelectric element 81 and the acoustic
matching layer 85, and the acoustic matching layer 85 and the
conductive layer 89 in the polymer film 87, and further the
positive electrode layer 83 in the piezoelectric element 81 and
the conductive pattern 813 in the FPC 811 are in contact,
respectively. Thus, the conduction resistances of those con-
tact portions are small. Hence, depending on the adhesion
state between the materials, namely, the total area of the
contact portions between the mutual materials, the conduc-
tion resistance is changed.

[0007] The piezoelectric element 81, the conductive acous-
tic matching layer 85, the polymer film 87 where the conduc-
tive pattern is formed, and the conductive pattern of the FPC
811, which are adhesively layered via the insulating epoxy
resins, are divided into the plurality of arrays, which are
electrically independent of each other, by dicing. However,
the conduction resistances of the electrode connectors are
irregular in the respective arrays. As a result, there was a
problem that the sensitivities were irregular between the
arrays. A higher frequency orientation makes its problem
severer, in recent years in which the width of the division
electrode is narrower.

[0008] Also, as a method of solving the foregoing prob-
lems, there is a method of using a conductive paste, or an
anisotropic conductive adhesive that has a conductivity only
in a thickness direction, instead of the adhesive of the insu-
lating epoxy resin.

[0009] Patent Document 1: Japanese Patent No. 3423788
(Pages 1 and 2, FIG. 2)

[0010] However, in the conductive paste that exhibits the
conductivity because a conductive path is generated by the
volume contraction caused by the thermal curing or by the
low temperature sintering between metal powder, or in the
anisotropic conductive adhesive in which micro conductive
particles are uniformly distributed in a one-component type
adhesive that is high in insulation, its curing temperature is
high such as 100 deg C. or more. When the polarization-
treated piezoelectric element is placed under the high tem-
perature environment such as 100 deg C. or more, the piezo-
electric property is lost, which causes the practical use of the
conductive paste or anisotropic conductive adhesive from
being prevented. Also, the conductive paste and the anisotro-
pic conductive adhesive have the problem that they are expen-
sive.

DISCLOSURE OF THE INVENTION

[0011] The present invention is proposed in order to solve
the above-mentioned conventional problems and intended to
provide an ultrasonic probe of a structure in which a quality is
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kept good, and the sensibility irregularity between arrays is
small, and the working property is good.

[0012] The ultrasonic probe according to the present inven-
tion comprises:

[0013] a piezoelectric element;

[0014] a first electrode layer formed on one side of said
piezoelectric element;

[0015] one or more conductive acoustic matching layers
layered via an adhesive layer on said first electrode
layer;

[0016] a first film which is layered via an adhesive layer
on said acoustic matching layer, an electrode pattern
being formed on said adhesive layer side thereof;

[0017] asecond electrode layer formed on the other side
of said piezoelectric element; and

[0018] a second film which is layered via an adhesive
layer on said second electrode layer, an electrode pattern
being formed on said adhesive layer side thereof,

[0019] wherein in at least one or more of said adhesive
layers, graphite powder is uniformly distributed in said
adhesive.

[0020] Also, a configuration in which a backing material is
contained on the other side of the second film and also the
adhesive layer is a thermosetting two-component type adhe-
sive is a preferable aspect of the present invention.

[0021] With this configuration, electrical gaps between sur-
faces of respective layers are filled with the graphite powder
so that the electrical connection can be reinforced, and the
irregularities of the conduction resistances of the piezoelec-
tric element, the conductive acoustic matching layer, the
polymer film on which the conductive pattern is formed, and
the electrical connector in the conductive pattern of the FPC,
which are adhesively layered, are small which can reduce the
sensibility irregularity between the arrays.

[0022] Also, the ultrasonic probe according to the present
invention has a configuration in which a 10-point average
roughness (Rz) on the surfaces of the electrode layers formed
on both surfaces of the piezoelectric element is in a range
from 3.5 um to 6.5 um and an average particle diameter of the
graphite powder is in a range from 3.5 um to 6.5 um.

[0023] With this configuration, the graphite powder
intrudes into the concave and convex portions on the surface
of the piezoelectric element, and the adhesive property
between the mutual materials, namely, the contact area
between the mutual materials is increased, thereby decreas-
ing the irregularity of the conduction resistance of the electric
connector. As aresult, the sensibility irregularity between the
arrays is reduced. Also, since the concave depth of the piezo-
electric element and the diameter of the graphite powder are
equal in size, the mutual materials can be adhered in the very
thinly manner. Thus, the absorption, reflection and dispersion
losses of the ultrasonic waves, which are caused by the adhe-
sive or the graphite powder inside the adhesive, are sup-
pressed, which results in the improvement of the sensibility of
the ultrasonic probe.

[0024] Moreover, the ultrasonic probe according to the
present invention has a configuration in which the graphite
powder is mixed in an adhesive layer 1 which is located
between the first electrode layer formed on one side of the
piezoelectric element and one or more conductive acoustic
matching layers, and an adhesive layer 2 which is located
between one or more conductive acoustic matching layers
and the first film on which the electrode pattern is formed, and
tungsten powder is mixed in an adhesive layer 3 which is
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located between the second electrode layer formed on the
other side of the piezoelectric element and the second film on
which the electrode pattern is formed.

[0025] With this configuration, the difference of the acous-
tic impedance between the adhesive layer 1, the adhesive
layer 2 and the conductive acoustic matching layer is
decreased, and the difference of the acoustic impedance
between the adhesive layer 3, the electrode of the second film,
and the backing material is decreased. Thus, the reflection
loss of the ultrasonic waves that are generated by the bound-
ary surface between acoustic media is suppressed, which
results in the improvement of the sensibility of the ultrasonic
probe.

[0026] Moreover, the ultrasonic probe according to the
present invention has a configuration that for the piezoelectric
element for generating the ultrasonic waves, a complex piezo-
electric body is used in which the piezoelectric element where
electrodes are formed on both surfaces is cut into an angular
shape, and resin is embedded.

[0027] With this configuration, the acoustic impedance of
the piezoelectric element is decreased, and the matching
property with the living body organization is made better. As
a result, the acoustic transmission loss is reduced, and the
sensibility of the ultrasonic probe is improved.

[0028] The present invention can provide the ultrasonic
waves in which, when the piezoelectric element, the conduc-
tive acoustic matching layer, the first film on which the elec-
trode pattern is formed, and the second film where the elec-
trode pattern is formed are layered and adhered, the
thermosetting two-component type adhesive in which the
graphite powder is uniformly distributed is used, thereby
reducing the irregularity of the conduction resistance of the
electric connector, and as a result, there is the effect of the
reduction in the sensibility irregularity between the arrays.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG.1is a schematic sectional view of an ultrasonic
probe in a first embodiment according to the present inven-
tion.

[0030] FIG. 2is a view explaining a surface roughness of a
piezoelectric element in a second embodiment according to
the present invention.

[0031] FIG. 3 is a sectional diagrammatic view of an adhe-
sion boundary layer in the second embodiment according to
the present invention.

[0032] FIG. 4is a schematic sectional view of an ultrasonic
probe in a third embodiment according to the present inven-
tion.

[0033] FIG. 5A is a perspective view of a complex piezo-
electric body in a fourth embodiment according to the present
invention.

[0034] FIG. 5B is a side sectional view of the complex
piezoelectric body in the fourth embodiment according to the
present invention.

[0035] FIG. 6is a schematic sectional view of an ultrasonic
probe in the fourth embodiment according to the present
invention.

[0036] FIG. 7A is a view showing an electrostatic capaci-
tance of the ultrasonic probe in the fourth embodiment
according to the present invention.

[0037] FIG. 7B is a view showing a sensitivity irregularity
ofthe ultrasonic probe in the fourth embodiment according to
the present invention.
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[0038] FIG. 8 is a schematic sectional view of a conven-
tional ultrasonic probe.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0039] The ultrasonic probe according to the embodiment
of the present invention will be described below by using the
drawings.

[0040] FIG. 1 shows the ultrasonic probe in the first
embodiment according to the present invention. FIG. 1 is the
sectional view in the short axis direction of the ultrasonic
probe. By the way, in the explanation of this drawing, [UP]
and [DOWN] are assumed to indicate the upward direction
and the downward direction in the plane of the drawing paper,
respectively (similarly also in FIGS. 4 and 6). In FIG. 1, a
piezoelectric element 1 is a piezoelectric element in which a
piezoelectric ceramics such as a PZT group and the like, a
single crystal, and a polymer such as PVDF and the like are
used. On one surface of each of a plurality of piezoelectric
elements 1, a ground electrode layer 2 is formed as a first
electrode layer, and on the other side, a positive electrode
layer 3 is formed as a second electrode layer, respectively, in
advance.

[0041] In this embodiment, the ground electrode layer 2
and the positive electrode layer 3 are assumed to be the gold
sputter electrode layers whose thicknesses effective for the
attainment of a high frequency are about 1000 angstrom.
However, their materials are not limited. On the side of the
ground electrode layer 2 in the piezoelectric element 1, a
conductive acoustic matching layer 5 for efficiently transmit-
ting ultrasonic waves is layered via a thermosetting two-
component type adhesive layer 4 in which graphite powder is
uniformly distributed therein. For the conductive acoustic
matching layer 5, for example, graphite and the like are used.
Moreover, on the acoustic matching layer 5, a polymer film 7
as a first film is layered via a thermosetting two-component
type adhesive layer 6 in which the graphite powder is uni-
formly distributed therein.

[0042] Thepolymer film 7 is composed of the two layers of:
a film body 8 as an acoustic matching layer; and an electrode
pattern 9 which is formed on the side of the adhesive layer 6
in this film body 8, for example, made of a copper layer. Then,
the end of this polymer film 7 protrudes from the layered
portion in the piezoelectric element 1, and the tip of the
protrusion is electrically connected to a grounded electric
terminal (not shown). By the way, on the copper layer surface
of the electrode pattern 9, a gold or nickel layer or the like is
desired to be formed by depositing, plating or sputtering so
that the oxidation is protected. On the surface of the film body
7, a second acoustic matching layer 11 made of a polymer
material and the like for efficiently transmitting the ultrasonic
waves is layered via an adhesive layer 10 that does not include
the graphite powder (in order not to increase an acoustic
impedance because it is located closely to the living body).
[0043] On the side of the positive electrode layer 3 in the
piezoelectric element 1, an FPC 15 as a second film is layered
via a thermosetting two-component type adhesive layer 14 in
which the graphite powder is uniformly distributed therein.
This FPC 15 is composed of a base unit 16 made of polyim-
ide; and a conductive pattern 17 that is formed on the side of
the piezoelectric element 1 on this base unit 16, correspond-
ingly to the piezoelectric element 1, and for example, made of
a copper layer. Also, both sides of the FPC 15 protrude from
the layered portion in the piezoelectric element 1, and both
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ends of the protrusion are electrically connected to an electric
terminal (not shown) for a signal. By the way, on the copper
layer surface of the conductive pattern 17, the gold or nickel
layer or the like is desired to be formed by depositing, plating
or sputtering so that the oxidation is protected.

[0044] After the second acoustic matching layer 11, the
adhesive layer 10, the polymer film 7, the adhesive layer 6, the
firstacoustic matching layer 5, the adhesive layer 4, the piezo-
electric element 1, the adhesive layer 14, the FPC 15 and the
like are layered, a high pressure is applied, and they are heated
and pressure welled and firmly fixed.

[0045] Here, the high pressure (that is changed in accor-
dance with the material and thickness of the piezoelectric
element 1) indicates the pressure at which the piezoelectric
element 1 is not broken (damaged) by the pressurization and
also in the respective materials, the surfaces opposite to each
other are sufficiently close to each other (as for the thickness
of'the adhesive layer between the surfaces, the surface is very
close to 0, depending on the place).

[0046] Moreover, on the surface of the second acoustic
matching layer 11, an acoustic lens 13 is layered via the
adhesive layer 12. This is intended to converge the ultrasonic
waves, and the upper side (the subject side) has the shape of a
convex curve.

[0047] A backing material 18 is attached via an adhesive
layer 19 to the side of the base unit 16 in the FPC 15 and
mechanically supports the piezoelectric element 1 and acous-
tically damps the piezoelectric element 1 and consequently
makes an ultrasonic pulse waveform short.

[0048] The operations of the ultrasonic probe having the
foregoing configuration will be described below. A plurality
of electrical signals, which are transmitted by a transmitter in
the main body of the ultrasonic diagnostic apparatus (not
shown), are applied via cables (not shown) and the FPC 15 to
the plurality of piezoelectric elements 1 that are array-ar-
ranged. The piezoelectric element 1 excites (transmits) the
ultrasonic waves (the mechanical vibration), correspondingly
to the applied electrical signal. The excited ultrasonic waves
are acoustically matched with the living body by the first
acoustic matching layer 5, the second acoustic matching layer
11 and the acoustic lens 13, and converged by the acoustic
lens 13 and then transmitted into the living body. Also, the
piezoelectric element 1 generates (receives) an electrical sig-
nal, correspondingly to the ultrasonic waves returned from
the living body, by the piezoelectric effect.

[0049] After the conversion into the electrical signal, it is
transmitted via the cable to a receiver in the main body of the
ultrasonic diagnostic apparatus. The signal received by the
receiver is processed, and the picture of the received signal is
displayed on a display in the main body of the ultrasonic
diagnostic apparatus. Consequently, the picture of the body
interior of a patient can be checked on a monitor. Those
operation is similar to that of the conventional ultrasonic
probe. However, the ultrasonic probe according to the present
invention is not limited to the transmission/reception method
of the main body as mentioned above.

[0050] By the way, between the ground electrode layer 2 in
the piezoelectric element 1 and the conductive acoustic
matching layer 5, between the conductive acoustic matching
layer 5 and the polymer film 7 on which the conductive
pattern 9 is formed, and between the positive electrode layer
3 in the piezoelectric element 1 and the conductive pattern 17
in the FPC 15, there are the thermosetting two-component
type adhesive layers 4, 6 and 14, in which the graphite powder
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is uniformly distributed, respectively. The thermosetting two-
component type adhesive layers 4, 6 and 14 in which the
graphite powder is uniformly distributed will be described
below.

[0051] As the graphite powder, is used one made into a
ball-shaped particle. Also, a two-component type epoxy-
based adhesive is used as the thermosetting two-component
type adhesive. At first, a certain quantity of the graphite pow-
der is mixed into a base material of the thermosetting two-
component type adhesive. Here, as the ratio of the graphite
powder is high, the conductivity is improved (the conduction
resistance is decreased). However, the adhesive strength is
decreased. Thus, itis necessary to determine the mixture ratio
between the main component and the graphite powder, so as
to exhibit the value under which the conductivity and the
adhesive strength can be allowed, respectively, depending on
the kinds and material qualities of the thermosetting two-
component type adhesive, the graphite powder and the adher-
end. In the embodiment according to the present invention,
the mixture ratio between the main component and the graph-
ite powder is defined as 100:5, with respect to the weight
ratio.

[0052] Themain component of the thermosetting two-com-
ponent type adhesive in which the graphite powder is mixed is
agitated such that the graphite powder inside the main com-
ponent is uniformly distributed. Also, in order to remove the
air that is mixed into the main component by the agitation, a
vacuum de-aeration is carried out.

[0053] Moreover, when the thermosetting two-component
type adhesive in which the graphite powder is mixed is used,
a curing agent is mixed into the main component of the
thermosetting two-component type adhesive in which the
graphite powder is mixed. Again, they are agitated, and the
vacuum de-aeration is carried out. On the other hand, as
mentioned above, the polymer film 7, the conductive acoustic
matching layer 5, the piezoelectric element 1 and the FPC 15
are heated, cured and integrated in the situations in which the
thermosetting two-component type adhesives where the
graphite powder is uniformly distributed are used, respec-
tively, and the high pressures are applied.

[0054] Thus, the thicknesses of the thermosetting two-
component type adhesives in which those graphite powder is
uniformly distributed are thin, and the respective conductive
members are in the situation in which they are sufficiently
close to each other. Thus, the tunnel effect, the Schottky
conduction, the impurity conduction or the like causes the
charges to be shifted. Also, the thicknesses of the adhesive
layers are not constant. They exist at a certain probability,
depending on the surface roughness of the opposite conduc-
tive member. Depending on the place, the thickness is very
close to 0. In short, there are the positions at which the ground
electrode layer 2 in the piezoelectric element 1 and the con-
ductive acoustic matching layer 5, and also the positive elec-
trode layer 3 in the piezoelectric element 1 and the conductive
pattern 17 in the FPC 15, and further the conductive acoustic
matching layer 5 and the conductive pattern 9 in the polymer
film 7 are in contact, respectively. At those contact positions,
the conduction resistances are small.

[0055] Also, with the surface roughness of the opposite
conductive member, there is a geometric irregularity (convex
and concave portions) on its surface. Thus, depending on the
place, as mentioned above, there is the position at which the
thickness is very close to 0, and reversely, there is the position
at which the thickness is very thick. At the thick position, the
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effect of the tunnel effect, the Schottky conduction, the impu-
rity conduction or the like is weak, which results in the
increase in the conduction resistance. Here, since the thermo-
setting two-component type adhesive in which the graphite
powder is uniformly distributed is used, the conductive
graphite powder intruded into the convex and concave por-
tions of the respective conductive members, and the conduc-
tors of the mutual materials are electrically connected. That
is, the contact area between the conductor portions of the
mutual materials is made larger, which reduces the irregular-
ity in the conduction resistance of the electrical connector
(refer to FIG. 3). As a result, the sensibility irregularity
between the arrays can be reduced, and the generation of
noise and the like can be prevented.

[0056] Here, the reason why the two-component type
epoxy-based adhesive in which the graphite powder is mixed
will be described below.

[0057] (1) Since the two-component type adhesive is
selected, the curing temperature of the adhesive is decreased.
For example, in a two-component type epoxy-based adhesive
353ND of US Epoxy Technology Company, its standard cur-
ing temperature and time are 60 deg C. and 90 minutes.
Typically, for the conductive paste and the anisotropic con-
ductive adhesive in which the curing temperatures are 100
deg C. or more, the piezoelectric element is not required to be
exposed in a high temperature environment. Thus, the ultra-
sonic probe that can be easily manufactured can be provided
without any deterioration in the performance of the piezo-
electric element.

[0058] (2) Since the glass transition temperature is high
such as 100 deg C. or more, this is superior in heat resistance.
For example, the glass transition temperature of the two-
component type epoxy-based adhesive 353ND of US Epoxy
Technology Company is 124 deg C. Thus, this is superior in
heat resistance and also confirms USP (the standard with
regard to the safety tests of drugs and medicines for a medical
service.

[0059] (3) Since the adhesive can be placed at a room tem-
perature, this is superior in storage property. Typically, for the
conductive paste and the anisotropic conductive adhesive that
are required to be stored in a refrigerated state, the storage
period of the two-component type epoxy-based adhesive
353ND of US Epoxy Technology Company is, for example,
about one year in the room temperature storage.

[0060] (4) After the graphite powder is uniformly distrib-
uted in the main component of the adhesive, when the adhe-
sive is used, the adhesive work can be immediately started by
adding the curing agent. Thus, this is superior in working
property.

[0061] (5) Both of the graphite powder and the two-com-
ponent type epoxy-based adhesive 353ND are low in cost.

[0062] According to the ultrasonic probe in the first
embodiment according to the present invention as mentioned
above, when the first film in which the piezoelectric element,
the conductive acoustic matching layer and the electrode
pattern are formed and the second film in which the electrode
pattern is formed are adhesively layered, the thermosetting
two-component type adhesive in which the graphite powder
is uniformly distributed is used, which can reduce the irregu-
larity of the conduction resistance of the electrical connector.
As aresult, the sensibility irregularity between the arrays can
be reduced. Also, the quality and the working property are
excellent, and the cost is low.
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[0063] By the way, the thermosetting two-component type
adhesive is used as the first embodiment. However, instead of
this, if a one-component type adhesive whose curing tem-
perature is 100 deg C. or less can be used, it is naturally
possible to further improve the working property.

[0064] The ultrasonic probe of the second embodiment
according to the present invention will be described below.
[0065] Inthe ultrasonic probe in the second embodiment, a
10-point average roughness (Rz) on the surfaces of the elec-
trode layers formed on both the surfaces of the piezoelectric
element 1 in the ultrasonic probe in the first embodiment is set
to a range from 3.5 um to 6.5 um. Moreover, an average
particle diameter between the graphite powder of the thermo-
setting two-component type adhesive layers 4, 6 and 14 in
which the graphite powder is uniformly distributed to adhere
the polymer film 7, the conductive acoustic matching layer 5,
the piezoelectric element 1 and the FPC 15, respectively, is set
to a range from 3.5 um to 6.5 um.

[0066] FIG. 2 shows the shape (the roughness) of the sur-
face on the section of a piezoelectric element 21.

[0067] A ground electrode layer 22 is a layer that is formed
on the surface of the piezoelectric element 21 by the gold
sputtering (the positive electrode layer 3 is similarly formed
by the gold sputtering).

[0068] In the portion after only a standard length 24 is cut
away from a sectional curve 23, the value (the 10-point aver-
age roughness) of a difference between: an average value of
the heights of summits from the highest to the fifth that are
measured in a longitudinal magnification direction 26 from a
straight line which is parallel to an average line 25 and does
not intersect the sectional curve; and an average value of the
heights of valley floor from the deepest to the fifth is calcu-
lated from equation (1).

Rz={(R2+R4+R6+R8+R10)-(R1+R3+R5+RT+R9)}/5 )

[0069] Since the 10-point average roughness (Rz) on the
surface of the electrode layers (the ground electrode layer 22
and the positive electrode layer 3) formed on both the surfaces
of'the piezoelectric element 21 is set to the range from 3.5 um
to 6.5 um, the difference between the high and low portions,
for example, in a mountain 27 and a valley floor 28 that are
located on the sectional curve 23 is averagely located in the
range from 3.5 pm to 6.5 pm. Thus, in the thermosetting
two-component type adhesive in which the graphite powder
is uniformly distributed, the average particle diameter of the
graphite powder is set to the range from 3.5 pm to 6.5 pm.
Hence, the particle of the graphite powder can easily intrude
into the recess on the surface of the piezoelectric element 21.
[0070] FIG. 3 shows the sectional diagrammatic view of the
adhesive boundary layer in the thermosetting two-component
type adhesive in which the graphite powder is uniformly
distributed, in the ultrasonic probe in the second embodiment
according to the present invention. The other configurations
do not differ from those of the first embodiment (FIG. 1).

[0071] A thermosetting two-component type adhesive 36
where graphite powder 34 having an average particle diam-
eter in the range from 3.5 pm to 6.5 um is uniformly distrib-
uted is coated on the surface of a ground electrode layer 32
formed on the surface of a piezoelectric element 31, and a
conductive acoustic matching layer 33 is layered. When those
materials are pressed and fixedly adhered to each other, in
order to apply the high pressure, the graphite powder flied out
from the recess on the surface of the piezoelectric element 31
is smashed, and its cut piece 35 intrudes into the other recess.
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The thermosetting two-component type adhesive 36 in which
the graphite powder is uniformly distributed are heated. Con-
sequently, they are fixedly adhered. Here, at a portion 37, the
thickness of the adhesive is very close to 0. In short, this is the
position at which the ground electrode layer 32 in the piezo-
electric element 31 and the conductive acoustic matching
layer 33 are in contact, and in this contact position, the con-
duction resistance is small. Also, as mentioned above, with
the surface roughness of the opposite conductive material,
there is the geographic irregularity (convex and concave) on
the surface. Hence, depending on the place, as mentioned
above, there is also the position at which the thickness of the
adhesive is very close to 0, and reversely, there is the position
at which the thickness is very thick.

[0072] Asindicated ata portion 38, at the thick position, the
graphite powder is filled. Thus, the conductors of the mutual
materials are electrically connected. Even ifthe conductors of
the mutual materials are not electrically connected, as shown
at a portion 39, the graphite powder is filled in the recess.
Thus, the respective conductive members are sufficiently
close to each other. Hence, the tunnel effect, the Schottky
conduction, the impurity conduction or the like causes the
charges to be shifted.

[0073] As aresult, the contact area between the conductors
of the mutual materials is increased, thereby decreasing the
irregularity of the conduction resistance of the electrical con-
nector. Also, since the 10-point average roughness (Rz) on the
surfaces of the electrode layers formed on both the surfaces of
the piezoelectric element 31 is set to the range from 3.5 um to
6.5 um, the thermosetting two-component type adhesive 36 is
immersed and cured in the gap on the surface of the piezo-
electric element 31, the adhesive strength is increased by an
anchor effect in which it carries out an action such as a pin or
an wedge.

[0074] Also, in order to reserve the sensibility of the ultra-
sonic probe, in the piezoelectric element 31 and the conduc-
tive acoustic matching layer 33, the mutual materials are
required to be very thinly adhered, thereby suppressing the
absorption, reflection and dispersion losses of the ultrasonic
waves, which are caused by the adhesive and the graphite
powder inside the adhesive. Thus, the gap (the maximum
adhesive layer thickness) between the mutual materials is
desired to be 10 um or less. On the other hand, as for the
graphite powder that is made into the ball-shaped particle by
the work for smashing to the shape of the ball, at present, in
even in the smallest state, it can be set to the micro range from
3.5 um to 6.5 pm with respect to the longitudinal axis of the
ball-shaped particle.

[0075] As mentioned above, the 10-point average rough-
ness (Rz) on the surfaces of the electrode layers formed on
both the surfaces of the piezoelectric element 31 is required to
be set to the range from 3.5 pm to 6.5 pm. Moreover, the
average particle diameter (the length of the longitudinal axis)
of the graphite powder in the thermosetting two-component
type adhesive in which the graphite powder is uniformly
distributed to adhere the piezoelectric element 31 and the
conductive acoustic matching layer 33 is required to be set to
the range from 3.5 pm to 6.5 pm.

[0076] By the way, the manufacturing method and the oper-
ating method of the second embodiment are similar to those
of'the first embodiment. Thus, their explanations are omitted.
[0077] As mentioned above, according to the ultrasonic
probe in the second embodiment according to the present
invention, the 10-point average roughness (Rz) on the sur-
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faces of the electrode layers formed on both the surfaces of
the piezoelectric element is set to the range from 3.5 umto 6.5
wm, and the average particle diameter of the graphite powder
in the thermosetting two-component type adhesive in which
the graphite powder is uniformly distributed is set to the range
from 3.5 pm to 6.5 um. Thus, the graphite powder intrudes
into the concave and convex portions on the piezoelectric
element surface, and the adhesive property between the
mutual materials, namely, the contact area between the
mutual materials is increased, thereby decreasing the irregu-
larity of the conduction resistance of the electric connector.
This results in the reduction in the sensibility irregularity
between the arrays. Also, the concave depth of the piezoelec-
tric element and the diameter of the graphite powder are equal
in size. Thus, since the mutual materials can be very thinly
adhered, the absorption, reflection and dispersion losses of
the ultrasonic waves that are caused by the adhesive and the
graphite powder inside the adhesive can be suppressed, which
results in the improvement of the sensibility of the ultrasonic
probe.

[0078] Next, FIG. 4 shows the ultrasonic probe in the third
embodiment according to the present invention. The differ-
ence between the third embodiment according to the present
invention and the first embodiment lies in a configuration in
which the FPC 15 is layered on the side of the positive
electrode layer 3 in the piezoelectric element 1, via a thermo-
setting two-component type adhesive layer 44 where tungsten
powder is uniformly distributed therein. On the side of the
ground electrode layer 2 in the piezoelectric element 1, the
conductive acoustic matching layer 5 for efficiently transmit-
ting the ultrasonic waves is layered via a thermosetting two-
component type adhesive layer 4 in which the graphite pow-
der is uniformly distributed therein. Moreover, on the
acoustic matching layer 5, the polymer film 7 as the first film
is layered via a thermosetting two-component type adhesive
layer 6 in which the graphite powder is uniformly distributed
therein. For example, graphite and the like are used for the
conductive acoustic matching layer 5.

[0079] Thus, as compared with the conventional ultrasonic
probe that uses the thermosetting two-component type adhe-
sive to which the graphite powder is not added, the differences
of the acoustic impedances between the adhesive layer 4 and
the conductive acoustic matching layer 5 and between the
conductive acoustic matching layer 5 and the adhesive layer 6
are reduced, thereby suppressing the reflection loss of the
ultrasonic waves that are generated on the boundary surface
between acoustic media. On the other hand, on the side of the
positive electrode layer 3 in the piezoelectric element 1, the
FPC 15 is layered via the thermosetting two-component type
adhesive layer 44 in which the tungsten powder is uniformly
distributed therein. This FPC 15 is composed of: the base unit
16 made of polyimide; and the conductive pattern 17 that is
formed on the side of the piezoelectric element 1 on this base
unit 16, correspondingly to the piezoelectric element 1, and
for example, made of a copper layer. Also, on the side of the
base unit 16 in the FPC 15, a backing material 18 is attached
via an adhesive layer 19.

[0080] The ultrasonic waves transmitted from the piezo-
electric element 1 are also transmitted to the backing material
18. Since the ultrasonic waves transmitted to the backing
material 18 are unnecessary, they must be attenuated inside
the backing material 18 so as not to be again returned to the
piezoelectric element 1. To do so, the unnecessary ultrasonic
waves emitted to the rear of the piezoelectric element 1 must
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be efficiently transmitted to the backing material 18. On the
side of the positive electrode layer 3 in the piezoelectric
element 1, the FPC 15 is layered via the thermosetting two-
component type adhesive layer 44 in which the tungsten
powder is uniformly distributed therein. Thus, the difference
of'the acoustic impedance between the adhesive layer 44, and
the conductive pattern 17 made of the copper layer located on
the FPC 15, and the backing material 18 is reduced, thereby
suppressing the reflection loss of the ultrasonic waves that are
generated on the boundary surface between the acoustic
media. As a result, the unnecessary ultrasonic waves emitted
to the rear of the piezoelectric element 1 are not again
returned to the piezoelectric element 1.

[0081] As mentioned above, according to the ultrasonic
probe in the third embodiment according to the present inven-
tion, the graphite powder is uniformly distributed in: the
adhesive layer 1 that is located between the first electrode
layer formed on one side of the piezoelectric element and one
or more conductive acoustic matching layers; and the adhe-
sive layer 2 that is located between one or more conductive
acoustic matching layers and the first film on which the elec-
trode pattern is formed, and the tungsten powder is uniformly
distributed in the adhesive layer 3 that is located between the
second electrode layer formed on the other side of the piezo-
electric element and the second film on which the electrode
pattern is formed. Thus, the reflection loss of the ultrasonic
waves generated on the boundary surface between the acous-
tic media is reduced, which results in the improvement of the
sensibility of the ultrasonic probe.

[0082] The ultrasonic probe in the fourth embodiment
according to the present invention will be described below. In
recent years, a fact that the sensibility can be made high and
the frequency band can be made wide, because the piezoelec-
tric element is made of the complex piezoelectric body in
which the pole of the piezoelectric element is embedded in a
resin sheet.

[0083] Conventionally, as the method of manufacturing the
complex piezoelectric body, a dicing and filling method is
used in which a piezoelectric element plate is cut into an
angular shape by a dicing-cut, and resin is embedded therein.
FIGS. 5A and 5B are the perspective view and the side view
that show the complex piezoelectric body, respectively. A
piezoelectric element pole column 51 is such that the piezo-
electric element plate is cut into the angular shape by the
dicing-cut, and an epoxy resin 52 is vacuum-immersed into
the gap of the piezoelectric element pole column 51, and the
top and bottom surfaces are removed by polishing, and after
it is made into a predetermined thickness, sputter-film-for-
mation of chrome and gold is performed, and electrodes 53,
54 are formed. The complex piezoelectric body manufactured
as mentioned above is assembled into the ultrasonic probe
and diced at a predetermined pitch. Consequently, the com-
plex piezoelectric body is divided into a plurality of arrays 55
that are electrically independent of each other.

[0084] Inthe conventional manufacturing method, the fore-
going polishing work requires that the surface on which the
piezoelectric element made of the epoxy resin, the ceramic
and the like, and the different material are alternately
arranged is flatly polished. However, it was difficult to flatten
the boundary between the different materials whose hard-
nesses are different.

[0085] Also, the foregoing sputter-film-formation step has
a problem that the difference of a thermal expansion coeffi-
cient causes a crack to be generated on the boundary between
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the different materials. Thus, the complex piezoelectric body
has a problem that the difficulty in its manufacturing process
(its quality reservation) causes its cost to be expensive.
[0086] FIG. 6 shows the ultrasonic probe in the fourth
embodiment according to the present invention. In the ultra-
sonic probe in the fourth embodiment according to the
present invention, the piezoelectric element plate on which
the sputter-film-formation of chrome and gold is already per-
formed is used, and the pole column work of the piezoelectric
element plate is carried out in the manufacturing process for
the ultrasonic probe, and the epoxy resin is immersed into the
gap of the piezoelectric element pole column. Consequently,
the complex piezoelectric body is assembled into the ultra-
sonic probe. As a result, the polishing work and the electrode
forming work through the sputter-film-formation, which are
conventionally required after the epoxy resin is vacuum-im-
mersed into the gap of the piezoelectric element pole column,
can be omitted, which makes the quality high.

[0087] The difference between the fourth embodiment
according to the present invention and the first embodiment
lies in a configuration that the piezoelectric element for gen-
erating the ultrasonic waves uses a complex piezoelectric
body 56 where the piezoelectric element in which the elec-
trodes are formed on both surfaces is cut into the angular
shape, and resin is embedded. Thus, the configurations and
the functions are omitted here. The manufacturing method of
the ultrasonic probe in the fourth embodiment according to
the present invention is substantially equal to the manufac-
turing method of the ultrasonic probe in the first embodiment,
with regard to the basic flow. However, the difference lies in
the following mechanism. That is, because of the relation of
the timing of the dicing, after on both sides of a piezoelectric
element 61 that contains a ground electrode layer 62 and a
positive electrode layer 63 which are formed on both the
surfaces by the gold sputtering, the polymer film 7, the FPC
15 and the like are layered via the thermosetting two-compo-
nent type adhesive layer 14 in which the graphite powder is
uniformly distributed, the high pressure is not applied, in
short, after both the sides are layered on the piezoelectric
element, the high pressure is not applied, and then, the high
pressure is applied from the layered portion for each one side,
and the heating is carried out, and the dicing is carried out as
described below.

[0088] With regard to the dicing, from the side of the poly-
mer film 7 and from the front of the piezoelectric element 61
to the longitudinal axis direction, the dicing is carried out at a
predetermined pitch, and the piezoelectric element pole col-
umn is manufactured.

[0089] Here, the cutting is not executed up to the positive
electrode layer 63 in the piezoelectric element 61, or up to the
conductive pattern 17 in the FPC 15. That is, the positive
electrode layer 63 in the piezoelectric element 61, or the
conductive pattern 17 in the FPC 15 is not divided.

[0090] A thermosetting two-component type adhesive 64
in which the graphite powder is uniformly distributed in the
gap of the piezoelectric element pole column 61 is sent into a
notch groove. Moreover, the conductive acoustic matching
layer 5 is layered on the ground electrode layer 62 on the
piezoelectric element 61. The thermosetting two-component
type adhesive layer 6 in which the graphite powder is uni-
formly distributed is used to layer the polymer film 7 on the
conductive acoustic matching layer 5. By the way, the elec-
trode pattern 9 formed on the polymer film 7 is made opposite
to the side of the conductive acoustic matching layer 5.
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[0091] Onthepolymer film 7, the second acoustic matching
layer 11 is layered by using the adhesive layer 10. The high
pressure is applied, and they are heated. Consequently, they
are pressed and fixedly adhered. From the side of the FPC 15,
the dicing is executed at a predetermined pitch, and the piezo-
electric element 61 is divided into a plurality of arrays that are
electrically independent of each other. Next, both the sides of
the FPC 15 and both the sides of the polymer film 7 are bent
and made into the shape shown in FIG. 6. The acoustic lens 13
is attached by using the silicon-based adhesive layer 12.

[0092] In the foregoing manufacturing process, the forma-
tion of the complex piezoelectric body 56 results in the drastic
reduction in the size of the division electrode of the ground
electrode layer 62. Thus, in the conventional adhering
method, the irregularity of the conduction resistance of the
electric connector is further increased. Depending on the
condition, there is a case that the electrode in which the
conduction cannot be reserved is formed. However, accord-
ing to the ultrasonic probe in the fourth embodiment accord-
ing to the present invention, the thermosetting two-compo-
nent type adhesive layers 6, 64 and 14 in which the graphite
powder is uniformly distributed to adhere the polymer film 7,
the conductive acoustic matching layer 5, the piezoelectric
element 61 and the FPC 15 are used. Thus, even if the size of
the division electrode of the ground electrode layer 62
becomes very small when the complex piezoelectric body 56
is formed, the conductions of the respective electric connec-
tors can be reserved, and the irregularities of the conduction
resistances of the electric connectors can be suppressed to
small values. As a result, the sensibility irregularity between
the arrays becomes small.

[0093] FIGS.7A and 7B show their effects. FIG. 7A shows
the irregularities of the electrostatic capacitances between the
respective channels, in the ultrasonic probe in the fourth
embodiment according to the present invention to which the
complex piezoelectric body manufactured by the foregoing
manufacturing process is applied and the ultrasonic probe to
which the complex piezoelectric body manufactured by the
foregoing manufacturing process is applied and in which the
thermosetting two-component type adhesive without any
graphite powder is used. FIG. 7B similarly shows the sensi-
bility irregularity between the respective channels. When the
graphite powder is not included in the adhesive for adhering
the polymer film 7, the conductive acoustic matching layer 5,
the piezoelectric element 61 and the FPC 15, the conduction
reservation of the electric connector between the respective
channels is not perfect, and the irregularity of the conduction
resistance is great, thereby increasing the electrostatic capaci-
tance and the sensibility irregularity. In the ultrasonic probe in
the fourth embodiment according to the present invention, it
is evident that the electrostatic capacitance and the sensibility
irregularity are small.

[0094] As mentioned above, according to the ultrasonic
probe in the fourth embodiment according to the present
invention, in the manufacturing process for the ultrasonic
probe, the pole column work of the piezoelectric element pole
column is carried out, and the epoxy resin is immersed into
the gap of the piezoelectric element pole column. The poly-
mer film, the conductive acoustic matching layer, the com-
plex piezoelectric element, and the electric connector of the
FPC are pressed and fixedly adhered by the thermosetting
two-component type adhesive in which the graphite powder
is uniformly distributed. As a result, the ultrasonic probe to
which the complex piezoelectric body 56 is applied can be
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manufactured at the low cost. Also, with the complex piezo-
electric body 56, the acoustic impedance of the piezoelectric
element is decreased, and the matching property with the
living body organization is made better. Thus, the acoustic
transmission loss is reduced, and the sensibility of the ultra-
sonic probe is improved.

[0095] By the way, the foregoing explanations are carried
out by using the ultrasonic probe of a linear type. However,
this can be similarly embodied even in the other ultrasonic
probes of a convex type and a matrix array type.

INDUSTRIAL APPLICABILITY

[0096] As mentioned above, in the ultrasonic probe accord-
ing to the present invention, when the first film in which the
piezoelectric element, the conductive acoustic matching layer
and the electrode pattern are formed and the second film in
which the electrode pattern is formed are layered and
adhered, the thermosetting two-component type adhesive in
which the graphite powder is uniformly distributed is used,
thereby reducing the irregularity of the conduction resistance
ofthe electric connector. As a result, this has the effect that the
sensibility irregularity between the arrays is reduced, and this
is effective as the ultrasonic probe that is connected to the
ultrasonic diagnostic apparatus, in which the ultrasonic
waves are emitted to the body interior of the examinee, and
the picture of the body interior can be displayed from the
ultrasonic waves reflected by the boundary between the
respective body interior elements.
1. An ultrasonic probe comprising:
a piezoelectric element;
a first electrode layer formed on one side of said piezoelec-
tric element;
one or more conductive acoustic matching layers layered
via an adhesive layer on said first electrode layer;
a first film which is layered via an adhesive layer on said
acoustic matching layer, an electrode pattern being
formed on said adhesive layer side thereof;
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a second electrode layer formed on the other side of said
piezoelectric element; and

a second film which is layered via an adhesive layer on said
second electrode layer, an electrode pattern being
formed on said adhesive layer side thereof, wherein in at
least one or more of said adhesive layers, graphite pow-
der is uniformly distributed in said adhesive.

2. The ultrasonic probe according to claim 1, wherein a
backing material is provided on the other side of said second
film, and said adhesive layer is a thermosetting two-compo-
nent type adhesive.

3. The ultrasonic probe according to claim 1, wherein a
10-point average roughness (Rz) on the surfaces of the elec-
trode layers formed on both surfaces of said piezoelectric
element is in a range from 3.5 um to 6.5 um and an average
particle diameter of said graphite powder is in a range from
3.5 umanto 6.5 um.

4. The ultrasonic probe according to claim 1, wherein the
graphite powder is uniformly distributed in an adhesive layer
1 which is located between the first electrode layer formed on
one side of said piezoelectric element and one or more con-
ductive acoustic matching layers, and an adhesive layer 2
which is located between one or more conductive acoustic
matching layers and the first film on which the electrode
pattern is formed, and tungsten powder is uniformly distrib-
uted in an adhesive layer 3 which is located between the
second electrode layer formed on the other side of said piezo-
electric element and the second film on which the electrode
pattern is formed.

5. The ultrasonic probe according to claim 1, characterized
in that said piezoelectric element is a complex piezoelectric
body in which said piezoelectric element where electrodes
are formed on both surfaces is cut into an angular shape, and
resin is embedded.



