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Description
TECHNICAL FIELD

[0001] The present invention relates to an ultrasound
probe according to claim 1 and a method of producing
the same according to claim 13.

BACKGROUND ART

[0002] Conventionally, ultrasound diagnostic appara-
tuses using ultrasound images have been employed in
the medical field. Generally, an ultrasound diagnostic ap-
paratus of this type transmits an ultrasonic beam from
an ultrasound probe into a subject’s body, receives the
echo from the subject with the ultrasound probe, and
electrically processes the resulting reception signals to
produce an ultrasound image.

[0003] In recent years, it has been a mainstream to
utilize harmonic imaging where a harmonic component,
which is generated as the ultrasonic waveform deforms
due to non-linearity of the subject, is received and visu-
alized to give more accurate diagnosis. In addition, as a
new diagnostic method using ultrasonic waves, attention
has been paid to photoacoustic imaging in which a living
body is irradiated with a laser, whereby a weak broad-
band elastic wave is generated due to adiabatic expan-
sion to be received and visualized.

[0004] Ultrasound probes appropriate for use in har-
monic imaging or photoacoustic imaging have been pro-
posed, an example of which is disclosed by Patent Lit-
erature 1 and is formed of a plurality of inorganic piezo-
electric elements using inorganic piezoelectric bodies
made of lead zirconate titanate (Pb(Zr, Ti)053) or the like
and a plurality of organic piezoelectric elements using
organic piezoelectric bodies made of polyvinylidene flu-
oride (PVDF) or the like layered over each other.
[0005] Theinorganic piezoelectric elements can trans-
mit higher power ultrasonic beams, and the organic pie-
zoelectric elements can sensitively receive harmonic sig-
nals. In addition, the inorganic piezoelectric elements can
acquire areception signal of an ordinary ultrasonic wave,
and the organic piezoelectric elements can sensitively
receive a broadband signal in photoacoustic imaging.
[0006] Patent literature 2 discloses an ultrasound
probe according to the preamble of claim 1. In this prior
art ultrasound probe there are provided electrodes be-
tween parts of first piezoelectric elements, a buffer layer
and second piezoelectric elements. The electrodes have
a predetermined thickness.

[0007] Patent literature 3 discloses a method of pro-
ducing an ultrasound probe including a step of providing
a sound matching layer between arrays of inorganic and
organic piezoelectric elements.

[0008] Patent literature 4 discloses an ultrasound
probe comprising arrays of inorganic and organic piezo-
electric elements separated by an acoustic matching lay-
er.
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[0009] Patent literature 5 discloses an ultrasound
probe comprising arrays of inorganic and organic piezo-
electric elements separated by an acoustic matching lay-
er. The organic layer of the organic piezoelectric ele-
ments is in sheet form and a signal electrode layer is
below the organic layer and separated into a plurality of
pieces.

CITATION LIST
PATENT LITERATURE
[0010]

Patent Literature 1: WO 2008/010509
Patent Literature 2: EP 2 143 381 A1
Patent Literature 3: US 2010/244812 A1
Patent literature 4: EP 2 295 154 A1
Patent literature 5: US 2011/257532 A1

SUMMARY OF INVENTION
TECHNICAL PROBLEMS

[0011] Ultrasonic beams outputted from the inorganic
piezoelectric elements penetrate organic piezoelectric
bodies and thereafter are emitted from the ultrasound
probe into the subject’'s body. Hence, the thickness of
the organic piezoelectric bodies is designed so as to im-
prove the acoustic transmittance of the ultrasonicbeams.
In particular, the organic piezoelectric bodies are de-
signed to have a thickness which is near the value sat-
isfying the A/4 resonance condition when the fundamen-
tal waves from the inorganic piezoelectric elements have
a wavelength L. Accordingly, the organic piezoelectric
bodies cannot conventionally be freely designed to have
an arbitrary thickness but had to be designed to have a
certain thickness in order to satisfy the above-described
resonance condition. On the other hand, since the or-
ganic piezoelectric body has a small relative permittivity,
if the organic piezoelectric elements are formed to be
thick, the electrical capacitance thereof becomes small.
Hence, it has been difficult for a circuit to efficiently ac-
quire a reception signal generated by an ultrasonic wave
received with the organic piezoelectric elements. More-
over, since thermal noise becomes large if the electrical
capacitance is small, a signal-to-noise ratio with respect
to the obtained received signal tends to be disadvanta-
geous.

[0012] In a case where the organic piezoelectric ele-
mentis laminated on the inorganic piezoelectric element,
focus misalignment or decrease in reception efficiency
will occur unless the positions of their electrodes coincide
with each other with respect to the direction of beam
transmission. Accordingly, it is preferable that positions
of electrodes of the inorganic piezoelectric element and
of the organic piezoelectric element laminated on the in-
organic piezoelectric element coincide with each other



3 EP 2 813 184 B1 4

in the direction of beam transmission as much as possi-
ble. However, it has been difficult to achieve precise co-
incidence in a conventional configuration or a conven-
tional method of producing an ultrasound probe.

[0013] Furthermore, as the temperature of the organic
piezoelectric body increases, crystallinity thereof gradu-
ally decreases. Hence, the upper limit temperature for
use is considerably lower than the Curie point. As typical
examples, polyvinylidene fluoride (PVDF) has an upper
limit temperature for use of 80°C, and a polyvinylidene
fluoride trifluoroethylene copolymer (P(VDF-TrFE)) has
an upper limit temperature for use of 100°C. Accordingly,
if the materials are heated to a higher temperature than
such temperatures during processing, ferroelectricity de-
teriorates, and depolarization occurs. One effective
means for recovering the deteriorated ferroelectricity is
repolarization. However, the coercive electric field (Ec)
of the organic piezoelectric body is extremely high, such
as about 400 kV/cm to about 450 kV/cm. Therefore, ap-
plication of an extremely high voltage is required in order
to cause, on the device, repolarization of the organic pi-
ezoelectric body that has once undergone depolariza-
tion, but application of such a high voltage is difficult from
a standpoint of processing. Accordingly, when the organ-
ic piezoelectric body is laminated on the inorganic pie-
zoelectric body, they need to be processed at the lowest
possible temperature with the minimum possible heat
history. However, processing with almost no heat history
has been difficultin a conventional configuration or a con-
ventional method of producing an ultrasound probe.
[0014] The present invention is aimed at solving the
problem of the conventional art and has an object to pro-
vide an ultrasound probe which has an excellent acoustic
transmittance of ultrasonic beams transmitted from a plu-
rality of inorganic piezoelectric elements, while having
the improved conversion efficiency and signal-to-noise
ratio of the reception signal in a plurality of organic pie-
zoelectric elements, in which positions of electrodes pre-
cisely coincide with each other in the direction of beam
transmission between the inorganic piezoelectric ele-
ments for transmission and reception of ultrasonic waves
and the organic piezoelectric elements exclusively for
reception of ultrasonic waves, and which can maintain
excellent properties of the organic piezoelectric elements
even in a finished device, and another object to provide
a method of producing the ultrasound probe.

SOLUTION TO PROBLEMS

[0015] The ultrasound probe according to the present
invention comprises the features of claim 1.

[0016] Preferably, the upper organic layer is formed to
be thinner than the lower organic layer.

[0017] Preferably, the ultrasound probe further com-
prises sub-dicing grooves that extend in the layered di-
rection to further sever each of the plurality of inorganic
piezoelectric elements, each of pieces constituting the
plurality of inorganic piezoelectric elements and the first
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acoustic matching layer, or each of pieces constituting
the plurality of inorganic piezoelectric elements, the first
acoustic matching layer and the lower organic layer in
the second acoustic matching layer into a plurality of sub-
dices.

[0018] Preferably, the plurality of organic piezoelectric
elements are used as reception devices for receiving ul-
trasonic waves transmitted from the plurality of inorganic
piezoelectric elements, the upper organic layer is formed
to have a thickness capable of having a predetermined
electrical capacitance required to convert an ultrasonic
echo received into a reception signal, and the upper or-
ganic layer and the lower organic layer are formed such
that a sum of their thicknesses is a value with which de-
sired acoustic matching is performed on ultrasonic waves
transmitted from the plurality of inorganic piezoelectric
elements.

[0019] Preferably, the upper organiclayer and the low-
er organic layer have acousticimpedances within arange
of = 10% from each other. Preferably, the lower organic
layer has an acoustic impedance larger than that of the
upper organic layer and smaller than that of the first
acoustic matching layer.

[0020] Preferably, the plurality of inorganic piezoelec-
tric elements comprise: a plurality of inorganic piezoe-
lectric bodies separated from one another; and a signal
electrode layer arranged on one side of the plurality of
inorganic piezoelectric bodies and a ground electrode
layer arranged on another side of the plurality of inorganic
piezoelectric bodies.

[0021] The plurality of inorganic piezoelectric bodies
can be formed of a Pb-based perovskite structure oxide
such as lead zirconate titanate (Pb(Zr,Ti)O3) or a mag-
nesium niobate lead titanate solid solution (PMN-PT). In
addition, the upper organic layer can be formed of an
organic material alone, and the lower organic layer can
be formed of an organic material or a composite material
of an organic material and an inorganic material. Further,
the upper organic layer and the lower organic layer can
be formed of a vinylidene fluoride compound such as
polyvinylidene fluoride (PVDF) or polyvinylidene fluoride-
trifluoroethylene copolymer (P(VDF-TrFE)).

[0022] The ultrasound probe can further comprise an
acoustic lens disposed on the plurality of organic piezo-
electric elements. In addition, the ultrasound probe can
further comprise, between the plurality of organic piezo-
electric elements and the acoustic lens, a protection layer
for protecting the plurality of organic piezoelectric ele-
ments.

[0023] The ultrasound probe can further comprise am-
plifiers for organic piezoelectric element respectively
connected with the plurality of organic piezoelectric ele-
ments.

[0024] The ultrasound probe can further comprise a
light irradiation unit for emitting irradiation light beams
toward a subject, wherein ultrasonic waves from a sub-
jectinduced by irradiation of irradiation light beams emit-
ted from the light irradiation unit are received by the plu-
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rality of organic piezoelectric elements or the plurality of
inorganic piezoelectric elements.

[0025] The method of producing an ultrasound probe
according to the present invention comprises the steps
of claim 13.

[0026] Preferably, the upper organic layer and the low-
er organic layer constitute a second acoustic matching
layer and are formed such that the sum of their thick-
nesses is near a value satisfying the A/4 resonance con-
dition when the fundamental waves transmitted from the
inorganic piezoelectric elements have a wavelength .

ADVANTAGEOUS EFFECTS OF INVENTION

[0027] According to the present invention, a second
acoustic matching layer comprises an upper organic lay-
er, which constitutes a plurality of organic piezoelectric
elements, and a lower organic layer for, together with the
upper organic layer, performing acoustic matching for a
plurality of inorganic piezoelectric elements. Hence, ex-
cellent acoustic transmittance of ultrasonic beams trans-
mitted from the inorganic piezoelectric elements is se-
cured, while acquisition efficiency of reception signals
generated in the organic piezoelectric elements can be
improved, and the signal-to-noise ratio can also be im-
proved.

[0028] Inaddition, positions of electrodes can precisely
coincide with each other between the inorganic piezoe-
lectric elements for transmission and reception of ultra-
sonic waves and the organic piezoelectric elements ex-
clusively for reception of ultrasonic waves, and, in addi-
tion, excellent properties of the organic piezoelectric el-
ements can be maintained even in a finished device.

BRIEF DESCRIPTION OF DRAWINGS
[0029]

[FIG. 1]FIG. 1is a perspective view illustrating a part
of an ultrasound probe according to an embodiment
of the present invention.

[FIG. 2] FIG. 2 is a cross section illustrating a con-
stitution of the ultrasound probe according to the em-
bodiment.

[FIGS. 3] FIGS. 3 are cross sections illustrating a
method of producing the ultrasound probe according
to the embodiment in order of production steps.
[FIG. 4] FIG. 4 is a cross section illustrating a con-
stitution of an ultrasound probe according to a vari-
ation of the embodiment.

[FIG. 5] FIG. 5 is a view illustrating a constitution of
an ultrasound probe according to another variation
of the embodiment.

DESCRIPTION OF EMBODIMENTS

[0030] The embodiment of the present invention will
be described below based on the appended drawings.
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[0031] FIGS. 1 and 2 illustrate a configuration of an
ultrasound probe according to the embodiment of the in-
vention.

[0032] A plurality of inorganic piezoelectric elements 2
are arranged at a pitch of P on the top surface of a backing
material 1. The inorganic piezoelectric elements 2 com-
prise a plurality of inorganic piezoelectric bodies 21 sep-
arated from one another. Each of the inorganic piezoe-
lectric elements 2 has a signal electrode layer 22 joined
to one face of the inorganic piezoelectric bodies 21 and
a ground electrode layer 23 joined to the other face of
the inorganic piezoelectric bodies 21. Thus, each inor-
ganic piezoelectric element 2 comprises a dedicated in-
organic piezoelectric body 21, a dedicated signal elec-
trode layer 22, and adedicated ground electrode layer 23.
[0033] A first acoustic matching layer 3 is joined onto
the inorganic piezoelectric elements 2. The first acoustic
matching layer 3 is separated into a plurality of pieces
which are arranged at the same pitch of P as that of the
inorganic piezoelectric elements 2.

[0034] It is preferable that each of the pieces consti-
tuting the inorganic piezoelectric elements 2 be severed
into a plurality of sub-dices. For example, sub-dicing
grooves may be formed to extend in the layered direction
such that each piece of the inorganic piezoelectric bodies
21, each piece of the signal electrode layer 22 and each
piece of the ground electrode layer 23 (of the inorganic
piezoelectric elements 2), or each piece of the inorganic
piezoelectric bodies 21, each piece of the signal elec-
trode layer 22, each piece of the ground electrode layer
23 and each piece of the first acoustic matching layer 3
are further severed into a plurality of pieces. Alternatively,
sub-dicing grooves may be formed to extend in the lay-
ered direction such that each piece of the inorganic pie-
zoelectric bodies 21, each piece of the signal electrode
layer 22, each piece of the ground electrode layer 23,
each piece of the first acoustic matching layer 3 and each
piece of lower organic layer 42 are further severed into
a plurality of pieces.

[0035] In this case, one or two sub-dicing grooves are
preferably formed in each of the inorganic piezoelectric
elements 2 to thereby form two or three sub-dices. In this
manner, a plurality of sub-dices are formed, whereby the
piezoelectric constant of the inorganic piezoelectric ele-
ments 2 can be increased, and transmission and recep-
tion sensitivity of the ultrasound probe can be improved.
[0036] A second acoustic matching layer 4 is joined
onto the first acoustic matching layer 3. The second
acoustic matching layer 4 comprises an upper organic
layer 41 and the lower organic layer 42.

[0037] The lower organic layer 42 is separated into a
plurality of pieces that are arranged on the first acoustic
matching layer 3 at the same pitch of P as that of the
plurality of inorganic piezoelectric elements 2. The upper
organic layer 41, on the other hand, is sheet-shaped, not
separated into a plurality of pieces and extends over the
entire lower organic layer 42. The upper organic layer 41
and the lower organic layer 42 are formed such that the
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sum of their thicknesses becomes a value with which the
desired acoustic matching is performed on the ultrasonic
waves transmitted from the inorganic piezoelectric ele-
ments. For example, the upper organic layer 41 and the
lower organic layer 42 are formed such that the sum of
their thicknesses is in a vicinity of a value satisfying the
A4 resonance condition when the fundamental waves of
ultrasonic waves from the inorganic piezoelectric ele-
ments 2 (central frequency in a band of -6 dB from the
maximum sensitivity of the inorganic piezoelectric body
21) have a wavelength X, whereby the second acoustic
matching layer 4 including the upper organic layer 41 and
the lower organic layer 42 together has an excellent
acoustic transmittance of the ultrasonic waves transmit-
ted from the inorganic piezoelectric elements.

[0038] Moreover, the upper organic layer 41 consti-
tutes a plurality of organic piezoelectric elements 5. That
is, the upper organic layer 41 is provided with a ground
electrode layer 43 joined onto and extending over the top
surface thereof, and with a signal electrode layer 44 that
is separated into a plurality of pieces at the same pitch
of P as that of the inorganic piezoelectric elements 2 and
are joined onto the rear surface thereof facing the lower
organic layer 42. Accordingly, the upper organic layer 41
serves as organic piezoelectric bodies of the organic pi-
ezoelectric elements 5. Each of the organic piezoelectric
elements 5 thus formed and arranged comprises a ded-
icated piece of the signal electrode layer 44 and the com-
mon upper organic layer 41 and the common ground
electrode layer 43. Therefore, the pitch at which the or-
ganic piezoelectric elements 5 are arranged is deter-
mined only by the pitch at which the pieces of the signal
electrode layer 44 joined onto the rear surface of the up-
per organic layer 41 are arranged, and the organic pie-
zoelectric elements 5 are arranged at the same pitch of
P as that of the inorganic piezoelectric elements 2.
[0039] A plurality of pieces of the inorganic piezoelec-
tric elements 2, of the first acoustic matching layer 3, of
the lower organic layer 42 of the second acoustic match-
ing layer 4, and of the signal electrode layer 44 separated
atthe same pitch of P are arrayed in the layered direction
with their positions being aligned with one another, and
afiller isfilled between the columns of the layers to there-
by form separating parts 6 which separate the stacked
pieces constituting the layers including the inorganic pi-
ezoelectric elements 2 through the signal electrode layer
44 from one another. That is, the separating parts 6 ex-
tend in parallel at the same pitch of P in the layered di-
rection so as to penetrate through the layers including
the top surface of the signal electrode layer 44 to the top
surface of the backing material 1.

[0040] Further, an acoustic lens 8 is joined onto the
organic piezoelectric elements 5 through the intermedi-
ary of a protection layer 7.

[0041] The inorganic piezoelectric body 21 of the inor-
ganic piezoelectric element 2 is formed of an inorganic
piezoelectric body forming material such as a lead-based
perovskite structure oxide. For example, the inorganic
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piezoelectric body 21 can be formed of a lead-based pi-
ezoelectric ceramic typified by lead zirconate titanate
(Pb(Zr,Ti)O5) orarelaxor-based piezoelectric monocrys-
tal typified by a magnesium niobate-lead titanate solid
solution (PMN-PT) and a zinc niobate-lead titanate solid
solution (PZN-PT). On the other hand, the upper organic
layer 41 of the organic piezoelectric element 5 is formed
of an organic piezoelectric body forming material such
as a vinylidene fluoride (VDF) material. For example, the
upper organic layer 41 can be made of a polymer piezo-
electric element such as polyvinylidene fluoride (PVDF)
or a polyvinylidene fluoride trifluoroethylene copolymer
(P(VDF-TrFE)).

[0042] The backing material 1 supports the inorganic
piezoelectric elements 2 and absorbs the ultrasonic
waves discharged backwards. The backing material 1
may be made of a rubber material such as ferrite rubber.
[0043] The first acoustic matching layer 3 is provided
to allow ultrasonic beams emitted from the inorganic pi-
ezoelectric elements 2 to efficiently enter a subject and
is formed of a material having an acoustic impedance
between that of the inorganic piezoelectric elements 2
and that of a living body.

[0044] The second acoustic matching layer 4 is pro-
vided to allow an ultrasonic beam emitted from the inor-
ganic piezoelectric elements 2 to efficiently enter a sub-
ject,and the lowerorganiclayer 42 is formed of an organic
material or a composite material of an organic material
and aninorganic material. Forexample, the lower organic
layer 42 can be formed of an organic material including
a vinylidene fluoride (VDF) material such as polyvinyli-
dene fluoride (PVDF) or polyvinylidene fluoride-trifluor-
oethylene copolymer (P(VDF-TrFE)) used to form the up-
per organic layer 41. In addition, the lower organic layer
42 can also be formed of a composite material of an or-
ganic material and an inorganic material in which zirconia
particles are dispersed in an epoxy resin, for example.
[0045] The upper organic layer 41 and the lower or-
ganic layer 42 are preferably formed of materials having
the same acoustic impedance or close acoustic imped-
ances to each other. As an example, if the acoustic im-
pedances of the two layers fall within the range of =10%
from each other, the second acoustic matching layer 4
can be constituted with noinfluence on acoustic matching
of ultrasonic waves. Furthermore, the lower organic layer
42 can also be formed of a material having an acoustic
impedance higher than that of the upper organic layer 41
and, atthe same time, smaller than that of the first acous-
tic matching layer 3.

[0046] The filler to form the separating parts 6 is used
to secure the positions and postures of the adjacent piec-
es and is made of, for example, an epoxy resin.

[0047] The protection layer 7 protects the ground elec-
trode layer 43 of the organic piezoelectric elements 5 and
is made of, for example, polyvinylidene fluoride (PVDF).
Unless protection of the ground electrode layer 43 is im-
paired, the acoustic lens 8 can be directly joined onto the
organic piezoelectric elements 5 without forming the pro-
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tection layer 7.

[0048] The acoustic lens 8 uses refraction to focus an
ultrasonic beam in order to improve the resolution in the
elevation direction. The acoustic lens 8 is formed of, for
example, silicon rubber.

[0049] Next, the operation of this embodiment will be
described.

[0050] In the operation, the inorganic piezoelectric el-
ements 2 are used as vibrators provided exclusively for
transmission of ultrasonic waves, while the organic pie-
zoelectric elements 5 are used as vibrators provided ex-
clusively for reception of ultrasonic waves.

[0051] Application of a voltage in the form of pulses or
a continuous wave between the signal electrode layer 22
and the ground electrode layer 23 of the inorganic pie-
zoelectric elements 2 causes the inorganic piezoelectric
bodies 21 of the inorganic piezoelectric elements 2 to
expand and contract, generating ultrasonic waves in the
form of pulses or a continuous wave. The ultrasonic
waves pass through the first acoustic matching layer 3,
the second acoustic matching layer 4, the protection layer
7, and the acoustic lens 8 to enter a subject, where the
ultrasonic waves are combined to form an ultrasonic
beam, which propagates inside the subject.

[0052] Subsequently, as ultrasonic echoes that prop-
agated inside and reflected from the subject enter the
individual organic piezoelectric elements 5 through the
acoustic lens 8 and the protection layer 7, the upper or-
ganic layer 41 sensitively responds to the harmonic com-
ponents of the ultrasonic waves by expansion and con-
traction, generating electric signals between the signal
electrode layer 44 and the ground electrode layer 43,
which electric signals are outputted as reception signals.
[0053] Accordingly, based on the reception signals
outputted from the organic piezoelectric elements 5, a
harmonic image can be produced. Since the inorganic
piezoelectric elements 2 and the organic piezoelectric
elements 5 are arranged at the same pitch of P with their
respective positions being aligned to each other in the
layered direction, an ultrasonic echo from the subject can
be received at the same position as the transmission po-
sition of the ultrasonic beam, whereby a harmonic image
can be produced with a high accuracy.

[0054] The inorganic piezoelectric elements 2 may be
used as vibrators for both transmission and reception of
the ultrasonic waves. In that case, ultrasonic echoes re-
ceived by the organic piezoelectric elements 5 through
the acoustic lens 8 and the protection layer 7 further travel
through the second acoustic matching layer 4 and the
first acoustic matching layer 3 to enter the individual in-
organic piezoelectric elements 2, whereupon the inor-
ganic piezoelectric bodies 21 respond mainly to the fun-
damental wave components of the ultrasonic waves by
expansion and contraction, generating electric signals
between the signal electrode layer 22 and the ground
electrode layer 23.

[0055] Thus, a compound image of fundamental wave
components and harmonic components can be produced

10

15

20

25

30

35

40

50

55

based on the reception signals corresponding to the fun-
damental wave components obtained from the inorganic
piezoelectric elements 2 and the reception signals cor-
responding to the harmonic components obtained from
the organic piezoelectric elements 5.

[0056] Also in this case, since the inorganic piezoelec-
tric elements 2 and the organic piezoelectric elements 5
are arranged at the same pitch of P with their respective
positions being aligned to each other in the layered di-
rection, the fundamental wave components and the har-
monic components of the ultrasonic echoes can be re-
ceived at the same arrangement positions, and a com-
pound image in which fundamental wave components
and harmonic components are precisely combined can
be produced.

[0057] An ultrasound probe as described above can
be produced as follows.

[0058] First, as illustrated in FIG. 3(A), an inorganic
piezoelectric element layer 91a extending over the whole
area of the backing material 1 is joined onto the surface
of the backing material 1 with, for example, an adhesive.
The inorganic piezoelectric element layer 91a is formed
of aninorganic piezoelectric body layer 91 which extends
over the whole area of the backing material 1 and is pro-
vided over the whole surface thereof on respective sides
with conductive layers 92 and 93.

[0059] Next, as illustrated in FIG. 3(B), an acoustic
matching layer 94 extending over the whole area of the
inorganic piezoelectric element layer 91a is joined onto
the conductive layer 93 at a temperature of 80°C to
100°C, for example. In the case where sub-dices of the
inorganic piezoelectric bodies 21 are formed at this time,
the inorganic piezoelectric element layer 91a or the re-
spective layers including the inorganic piezoelectric ele-
ment layer 91a through the acoustic matching layer 94
are diced in the layered direction, thereby forming sub-
dicing grooves.

[0060] Then, asillustratedin FIG. 3(C), an organic lay-
er 95 is joined onto the acoustic matching layer 94. The
organic layer 95 is large enough to extend over the whole
surface of the acoustic matching layer 94 and previously
provided with a conductive layer 96 on the whole surface
thereof opposite from the surface facing the acoustic
matching layer 94.

[0061] Subsequently, as illustrated in FIG. 3(D), the
conductive layer 96, the organic layer 95, the acoustic
matching layer 94 and the inorganic piezoelectric ele-
ment layer 91a are each subjected to dicing at the pitch
of P to be thereby severed into a plurality of pieces. Since
dicing is performed such that the respective layers in-
cluding the conductive layer 96 through the inorganic pi-
ezoelectric element layer 91a are each completely sev-
ered into pieces, the thus severed pieces of the respec-
tive layers are arranged with their positions being aligned
in the layered direction. Accordingly, the inorganic pie-
zoelectric elements 2 are arranged at the arrangement
pitch of P on the surface of the backing material 1, and
each piece of the first acoustic matching layer 3, each
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piece of the lower organic layer 42 and each piece of the
signal electrode layer 44 are formed to be aligned and
sequentially superposed on one another on each inor-
ganic piezoelectric element 2. In addition, resulting from
dicing, a plurality of grooves 97 in a flat plate shape pen-
etrating through the respective layers in the layered di-
rection are formed at the pitch of P between columns of
pieces of the respective layers stacked in the layered
direction.

[0062] As described above, by dicing the respective
layers including the conductive layer 96 through the in-
organic piezoelectric element layer 91a at the pitch of P,
each of the layers can be readily severed into a plurality
of pieces and, at the same time, the pieces of the respec-
tive layers can be aligned in the layered direction. The
signal electrode layer 44 of the organic piezoelectric el-
ements 5, the signal electrode layer 22 of the inorganic
piezoelectric elements 2 and the ground electrode layer
23 of the inorganic piezoelectric elements 2 can be pre-
cisely aligned to one another.

[0063] Then, the grooves 97 formed by dicing are filled
with a filler, and as illustrated in FIG. 3(E), the separating
parts 6 for fixing the positions and postures of the pieces
of the respective layers are formed, and thereafter the
upper organic layer 41 is pressure-bonded onto the sig-
nal electrode layer 44 at a temperature of 80°C, for ex-
ample. The upper organic layer 41 is large enough to
extend over the whole signal electrode layer 44 and pre-
liminarily provided with the ground electrode layer 43 on
the whole surface thereof opposite from the surface fac-
ing the signal electrode layer 44.

[0064] The upperorganic layer 41 constitutes a part of
the second acoustic matching layer 4 for acoustic match-
ing of ultrasonic waves transmitted from the inorganic
piezoelectric elements 2, and the upper organic layer 41
and the lower organic layer 42 only need to be formed
such that their total thickness has a value with which the
desired acoustic matching of ultrasonic waves transmit-
ted from the inorganic piezoelectric elements 2 is per-
formed. Taking up the upper organic layer 41 alone, the
upper organic layer 41 can be thin in order to improve
the electrical capacitance of the organic piezoelectric el-
ements 5 with no restriction for acoustic matching. That
is, the upper organic layer 41 is formed to have a desired
thickness capable of having an electrical capacitance
which allows the ultrasonic echoes received by the or-
ganic piezoelectric elements 5 to be efficiently converted
into reception signals, and the thickness of the upper
organic layer 41 is added with the thickness of the lower
organic layer 42. Accordingly, the upper organic layer 41
and the lower organic layer 42 are formed such that their
total thickness falls within a range in which acoustic
matching of ultrasonic waves transmitted from the inor-
ganic piezoelectric elements 2 is performed. In this man-
ner, the upper organic layer 41 is formed to be thinner
than the lower organic layer 42, whereby the second
acoustic matching layer 4 can be formed to be capable
of performing acoustic matching of ultrasonic waves
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transmitted from the inorganic piezoelectric elements 2,
while the organic piezoelectric elements 5 can be formed
thinly. It is preferable that the upper organic layer 41 and
the lower organic layer 42 be formed such that the sum
of their thicknesses is near a value satisfying the 1/4 res-
onance condition when the fundamental waves transmit-
ted from the inorganic piezoelectric elements 2 have a
wavelength A.

[0065] Further, asthe temperature of the upper organic
layer 41 increases, crystallinity thereof gradually de-
creases. Hence, the upper limit temperature of the upper
organic layer 41 for use is considerably lower than the
Curie point. Although application of a high temperature
of 80°C to 100°C used for laminating the layers such as
the acoustic matching layer 94 easily causes depolari-
zation, the upper organic layer 41 is laminated after the
otherlayers except the protection layer 7 and the acoustic
lens 8 are laminated. Hence, the upper organic layer 41
is not exposed to high temperature when the other layers
are laminated or the grooves 97 are filled with a filler,
whereby depolarization can be suppressed.

[0066] In addition, since the upper organic layer 41 is
not present until the layers underneath the upper organic
layer 41, i.e., the signal electrode layer 22, the inorganic
piezoelectric bodies 21, the ground electrode layer 23,
the firstacoustic matching layer 3, the lower organic layer
42 and the signal electrode layer 44 are adhered sequen-
tially, these layers can be adhered at a high temperature
and laminated with a high adhesive force.

[0067] After the upper organic layer 41 is laminated
onto the signal electrode layer 44 in this manner, the
acoustic lens 8 is joined onto the ground electrode layer
43 of the organic piezoelectric elements 5 through the
intermediary of the protection layer 7 to produce the ul-
trasound probe as illustrated in FIGS. 1 and 2.

[0068] In an example of producing a linear probe in
which ultrasonic waves transmitted from the inorganic
piezoelectric elements 2 have a frequency of about 7
MHz, the first acoustic matching layer 3 has an acoustic
impedance of about 8.9 Mrayl (kg/m2s), and the second
acoustic matching layer 4 has an acoustic impedance of
about 4.0 Mrayl, the inorganic piezoelectric body 21 is
formed using lead zirconate titanate (Pb(Zr,Ti)O53) to
have a thickness of about 190 um, whereby the first
acoustic matching layes 3 having a thickness of about
80 wm can be formed. Then, using PVDF, the lower or-
ganic layer 42 and the upper organic layer 41 are formed
to have a thickness of about 60 um and a thickness of
about 20 um, respectively, whereby the second acoustic
matching layer 4 as a whole has a thickness of about 80
pm. Accordingly, the organic piezoelectric elements 5
having a desired thickness can be formed, while the sec-
ond acoustic matching layer 4 satisfies the resonance
condition for the inorganic piezoelectric elements 2.
[0069] When using a composite material of an organic
material and an inorganic material to form the lower or-
ganic layer 42 of the second acoustic matching layer 4,
the upper organic layer 41 is formed of polyvinylidene
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fluoride-trifluoroethylene copolymer (P(VDF-TrFE)) to
have a thickness of about 10 um, and the lower organic
layer 42 is formed of an epoxy resin, in which zirconia
particles are dispersed to achieve an acousticimpedance
of about 5 to 6 Mrayl, to have a thickness of about 70
pm, for example. The first acoustic matching layer 3 is
formed of an epoxy resin, in which zirconia particles are
dispersed to achieve an acoustic impedance of about 8
Mrayl, to have a thickness of about 100 pum. By forming
the first acoustic matching layer 3 and the second acous-
tic layer 4 in this manner, the organic piezoelectric ele-
ments 5 can be formed to have a desired thickness, while
the second acoustic matching layer 4 satisfies the reso-
nance condition for the inorganic piezoelectric elements
2.

[0070] As described above, the second acoustic
matching layer 4 has a two-layered structure having the
upper organic layer 41 and the lower organic layer 42,
the upper organic layer 41 used for constituting the or-
ganic piezoelectric elements 5 is formed to have a de-
sired thickness, while the second acoustic matching layer
4 is formed such that the total thickness of the upper
organic layer 41 and the lower organic layer 42 satisfies
the resonance condition. As a result, the organic piezo-
electric elements 5 can have an improved efficiency of
acquiring reception signals, while excellent acoustic
transmittance of ultrasonic beams transmitted from the
inorganic piezoelectric elements is maintained.

[0071] In addition, since the inorganic piezoelectric el-
ements 2 and the organic piezoelectric elements 5 are
arranged with their positions being aligned to each other,
a high-precision harmonic image and a high-precision
compound image can be produced.

[0072] Moreover, since the upper organic layer 41 that
works as the organic piezoelectric body of the organic
piezoelectric elements 5 is hardly exposed to high tem-
perature during production of an ultrasound probe, de-
polarization of the upper organic layer 41 can be sup-
pressed.

[0073] AsillustratedinFIG.4, the signal electrode layer
22 in each of the inorganic piezoelectric elements 2 can
be connected with an A/D converter 9 for inorganic pie-
zoelectric element, whereas the signal electrode layer
44 in each of the organic piezoelectric elements 5 can
be connected with an amplifier 10 for organic piezoelec-
tric element and an A/D converter 11 for organic piezo-
electric element.

[0074] An electrical capacitance of the organic piezo-
electric elements 5 can be improved by designing the
organic piezoelectric body to have a thin thickness as
described above. However, it is still difficult to acquire a
reception signal having sufficientintensity merely by such
design, and it is necessary to amplify the reception signal
with the amplifier 10 for organic piezoelectric element.
At this time, in order to prevent the reception signal from
attenuatingin the course of transmission from the organic
piezoelectric elements 5 to the amplifier 10 for organic
piezoelectric element, the amplifier 10 for organic piezo-
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electric element is preferably connected in the vicinity of
or directly with the signal electrode layer 44 in the organic
piezoelectric elements 5.

[0075] In addition, by providing a multiplexer in the ul-
trasound probe, the number of signal lines led out from
the ultrasound probe can be decreased. For example, a
multiplexer is arranged downstream of the A/D converter
9 for inorganic piezoelectric element and the A/D con-
verter 11 for organic piezoelectric element, whereby two
signal lines led out from the A/D converter 9 for inorganic
piezoelectric element and the A/D converter 11 for or-
ganic piezoelectric element can be unified into a single
signal line.

[0076] While it has been described that the lower or-
ganic layer 95 previously provided on the surface thereof
with the conductive layer 96 is joined onto the first acous-
tic matching layer 94, the invention is not limited thereto;
the lower organic layer 95 may be first joined onto the
first acoustic matching layer 94, with the conductive layer
96 thereafter formed on the surface of the lower organic
layer 95.

[0077] While the upperorganiclayer 41 previously pro-
vided onthe top surface thereof with the ground electrode
layer 43 is joined onto the signal electrode layer 44, the
upper organic layer 41 may be first joined onto the signal
electrode layer 42, followed by formation of the ground
electrode layer 43 on the top surface of the upper organic
layer 41.

[0078] Ultrasonic waves generated by the inorganic pi-
ezoelectric elements 2 are transmitted toward the sub-
ject, and ultrasonic echoes reflected in the subject are
received by the inorganic piezoelectric elements 2 or the
organic piezoelectric elements 5. However, by providing
a light irradiation unit 31 for irradiating the subject with
an irradiation light beam L as illustrated in FIG. 5, the
irradiation light beam L can be emitted toward the subject
by the light irradiation unit 31, and also a photoacoustic
wave U (ultrasonic wave) from the subject induced by
irradiation of the irradiation light beam L can be received,
for example, by the organic piezoelectric elements 5. In
this manner, the inside of the subject can be imaged using
the photoacoustic effect; so-called photoacoustic imag-
ing (PAI) can be performed.

[0079] The light irradiation unit 31 sequentially emits
the pluralirradiation light beams L having different wave-
lengths from one another toward the subject and com-
prises a semiconductor laser (LD), a light emitting diode
(LED), a solid laser, a gas laser or the like. The light
irradiation unit 31 uses, for example, pulsed laser light
beams asirradiation lightbeams L and emits pulsed laser
light beams toward the subject, as sequentially changing
the wavelength for each pulse.

[0080] During photoacoustic imaging, the light irradia-
tion unit 31 emits irradiation light beams L toward the
subject, and once a predetermined living tissue V inside
the subject is irradiated with the irradiation light beams
L, the living tissue V absorbs light energy of the irradiation
light beams L to thereby release photoacoustic waves U
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(ultrasonic waves) that are elastic waves.

[0081] Forexample, theirradiation lightbeam L having
a wavelength of about 750 nm and the irradiation light
beam L having a wavelength of about 800 nm are emitted
from the light irradiation unit 31 sequentially toward the
subject. In the meantime, oxygenated hemoglobin (he-
moglobin combined with oxygen; oxy-Hb) included in
plenty in a human artery has a higher coefficient of mo-
lecular absorption for the irradiation light beam L with a
wavelength of 750 nm than for the irradiation light beam
L with a wavelength of 800 nm. On the other hand, de-
oxygenated hemoglobin (hemoglobin not combined with
oxygen; deoxy-Hb) included in plenty in a human vein
has a lower coefficient of molecular absorption for the
irradiation light beam L with a wavelength of 750 nm than
for the irradiation light beam L with a wavelength of 800
nm. Accordingly, if an artery and a vein are irradiated
with the irradiation light beams L having wavelengths of
800 nm and 750 nm respectively, photoacoustic waves
U having intensities corresponding to the respective co-
efficients of molecular absorption of the artery and the
vein will be released.

[0082] The photoacoustic waves U released from an
artery or avein are received with the organic piezoelectric
elements 5 of the ultrasound probe similarly to the em-
bodiment described above.

[0083] Accordingly, the ultrasound probe can be used
not only for an ultrasound image but also for a photoa-
coustic image. Hence, a variety of ultrasound examina-
tions can be performed by using a single ultrasound
probe.

[0084] The photoacoustic waves U from the subject
induced by irradiation of irradiation light beams L can be
received also by the inorganic piezoelectric elements 2.

REFERENCE SIGNS LIST
[0085]

1 backing material

2 inorganic piezoelectric element

3 first acoustic matching layer

4 second acoustic matching layer

5 organic piezoelectric element

6 separating part

7 protection layer

8 acoustic lens

9 A/D converter for inorganic piezoelectric element
10 amplifier for organic piezoelectric element

11 A/D converter for organic piezoelectric element
21 inorganic piezoelectric body

22, 44 signal electrode layer

23, 43 ground electrode layer

41 upper organic layer

42 lower organic layer

91 inorganic piezoelectric body layer

91a inorganic piezoelectric element layer

92, 93, 96 conductive layer
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94 acoustic matching layer
95 organic layer

97 groove

31 light irradiation unit

P arrangement pitch

L irradiation light beam

U photoacoustic wave

Claims

1.

An ultrasound probe comprising:

a backing material (1);

a plurality of inorganic piezoelectric elements (2)
having a pitch (P) arranged on a top surface of
the backing material (1);

a first acoustic matching layer (3) disposed on
the plurality of inorganic piezoelectric elements
(2), wherein the first acoustic matching layer (3)
is separated into a plurality of pieces having the
pitch (P); and

a second acoustic matching layer (4) disposed
on the first acoustic matching layer (3), the sec-
ond acoustic matching layer (4) comprising an
upper organic layer (41) constituting a plurality
of organic piezoelectric elements (5), the sec-
ond acoustic matching layer further comprising
a lower organic layer (42) separated into a plu-
rality of pieces having the pitch (P) for perform-
ing, together with the upper organic layer (41),
acoustic matching for the plurality of inorganic
piezoelectric elements (2), wherein the plurality
of organic piezoelectric elements (5) comprise:

the upper organic layer (41) in a sheet form;
a ground electrode layer (43) extending
over a top surface of the upper organic layer
(41); and

a signal electrode layer (44) separated into
a plurality of pieces having the pitch (P) ar-
ranged on a rear surface of the upper or-
ganic layer (41) so as to face the lower or-
ganic layer (42),

wherein the ultrasound probe further comprises
a plurality of separating parts (6) extending in a
layered direction in parallel at the constant pitch
(P) such that each layer from the signal elec-
trode layer (44) through the plurality of inorganic
piezoelectric elements (2) is separated into a
plurality of pieces, whereby the plurality of or-
ganic piezoelectric elements (5) and the plurality
of inorganic piezoelectric elements (2) are ar-
ranged at the pitch (P).

2. The ultrasound probe according to claim 1, wherein

the upper organic layer (41) is thinner than the lower
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organic layer (42).

The ultrasound probe according to claim 1, further
comprising sub-dicing grooves that extend in the lay-
ered direction to further sever each of the plurality
of inorganic piezoelectric elements (2), each of piec-
es constituting the plurality of inorganic piezoelectric
elements (2) and the first acoustic matching layer
(3), or each of pieces constituting the plurality of in-
organic piezoelectric elements (2), the first acoustic
matching layer (3) and the lower organic layer (42)
in the second acoustic matching layer (4) into a plu-
rality of sub-dices.

The ultrasound probe according to any one of claims
1 to 3, wherein

the plurality of organic piezoelectric elements (5) are
reception devices adapted to receive ultrasonic
waves transmitted from the plurality of inorganic pi-
ezoelectricelements (2), the upper organiclayer (41)
has a thickness capable of having a predetermined
electrical capacitance required to convert an ultra-
sonic echo received into a reception signal.

The ultrasound probe according to any one of claims
1 to 4, wherein the upper organic layer (41) and the
lower organic layer (42) have acoustic impedances
within a range of = 10% from each other.

The ultrasound probe according to any one of claims
1 to 4, wherein the lower organic layer (42) has an
acoustic impedance larger than that of the upper or-
ganic layer (41) and smaller than that of the first
acoustic matching layer (3).

The ultrasound probe according to any one of claims
1to 6, wherein the plurality of inorganic piezoelectric
elements (2) comprise:

a plurality of inorganic piezoelectric bodies (21)
separated from one another; and

a signal electrode (22) separated into a plurality
of pieces arranged on one side of the plurality
of inorganic piezoelectric bodies (21) and a
ground electrode layer (23) separated into a plu-
rality of pieces arranged on another side of the
plurality of inorganic piezoelectric bodies (21).

The ultrasound probe according to any one of claims
1to 7, wherein

the upper organic layer (41) is formed of an organic
material alone, and the lower organic layer (42) is
formed of an organic material or a composite mate-
rial of an organic material and an inorganic material.

The ultrasound probe according to any one of claims
1 to 8, further comprising an acoustic lens (8) dis-
posed on the plurality of organic piezoelectric ele-
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10

10.

1.

12.

13.

ments (5).

The ultrasound probe according to claim 9, further
comprising, between the plurality of organic piezoe-
lectric elements (5) and the acoustic lens (8), a pro-
tection layer (7) for protecting the plurality of organic
piezoelectric elements (5).

The ultrasound probe according to any one of claims
1to 10, further comprising amplifiers (10) for organic
piezoelectric element respectively connected with
the plurality of organic piezoelectric elements (5).

The ultrasound probe according to any one of claims
1 to 11, further comprising a light irradiation unit (31)
adapted to emit irradiation light beams (L) toward a
subject, wherein the plurality of organic piezoelectric
elements (5) and the plurality of inorganic piezoelec-
tric elements (2) are adapted to receive ultrasonic
waves (U) from a subject induced by irradiation of
irradiation light beams (L) emitted from the light irra-
diation unit (31).

A method of producing an ultrasound probe compris-
ing the steps of:

joining an inorganic piezoelectric element layer
(91a) onto a top surface of a backing material
(1), the inorganic piezoelectric element layer
(91a) extending over the backing material (1);
joining an acoustic matching layer (94) onto the
inorganic piezoelectric element layer (91a), the
acoustic matching layer (94) extending over the
inorganic piezoelectric element layer (91);
joining an organic layer (95) onto the acoustic
matching layer (94), the organic layer (95) ex-
tending over the acoustic matching layer (94),
and forming a conductive layer (96) over an en-
tire surface of the organic layer (95);

dicing layers including the conductive layer (96)
through the inorganic piezoelectric element lay-
er (91a) in a layered direction at a given pitch
(P) to form and arrange a plurality of inorganic
piezoelectric elements (2) and to form, on the
plurality of inorganic piezoelectric elements (2),
pieces of a first acoustic matching layer (3), piec-
es of a lower organic layer (42) and pieces of a
signal electrode layer (44) sequentially super-
posed with their positions aligned; and joining
an upper organic layer (41) in a sheet form onto
the pieces of the signal electrode layer (44), the
upper organic layer (41) extending over the sig-
nal electrode layer (44), and forming a ground
electrode layer (43) on an entire surface of the
upper organic layer (41), thereby forming and
arranging a plurality of organic piezoelectric el-
ements (5) each made of the signal electrode
layer (44), the upper organic layer (41) and the
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ground electrode layer (43).

14. The method of producing an ultrasound probe ac-

cording to claim 13, wherein the upper organic layer
(41) and the lower organic layer (42) constitute a
second acoustic matching layer (4), and the upper
organic layer (41) and the lower organic layer (42)
are formed such that a sum of their thicknesses is a
value with which a desired acoustic matching can be
performed on ultrasonic waves transmitted from the
plurality of inorganic piezoelectric elements.

Patentanspriiche

Ultraschallsonde, umfassend:

ein Stitzmaterial (1);

mehrere anorganische piezoelektrische Ele-
mente (2), die mit einem Mittenabstand (P) auf
einer Oberseite des Stiitzmaterials (1) angeord-
net sind;

eine erste akustische Anpassschicht (3), die auf
den mehreren anorganischen piezoelektrischen
Elementen (2) angeordnet ist, wobei die erste
akustische Anpassschicht (3) in mehrere Stlicke
mit dem Mittenabstand (P) aufgetrennt ist; und
eine zweite akustische Anpassschicht (4), die
auf der ersten akustischen Anpassschicht (3)
angeordnet ist,

wobei die zweite akustische Anpassschicht (4)
aufweist:

eine obere organische Schicht (41), die mehrere
organische piezoelektrische Elemente (5) bil-
det, die zweite akustische Anpassschicht wei-
terhin aufweist:

eine untere organische Schicht (42), die in
mehrere Stlicke mit dem Mittenabstand (P)
aufgetrennt ist, um zusammen mit der obe-
ren organischen Schicht (41) eine akusti-
sche Anpassung fur die mehreren anorga-
nischen piezoelektrischen Elemente (2) zu
schaffen, wobei die mehreren organischen
piezoelektrischen Elemente (5) aufweisen:

eine obere organische Schicht (41) in
Form eines Flachstlicks;

eine Masseelektrodenschicht (43), die
sich Uber eine Oberseite der oberen or-
ganischen Schicht (41) hinweg er-
streckt; und

eine Signalelektrodenschicht (44), die
in mehrere Sticke mit dem Mittenab-
stand (P) getrennt ist und auf einer
Rickseite der oberen organischen
Schicht (41) angeordnet ist, um der un-
teren organischen Schicht (42) gegen-
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1"

Uber zu liegen,

wobei die Ultraschallsonde weiterhin meh-
rere Trennteile (6) aufweist, die sich in einer
Schichtungsrichtung parallel mit dem kon-
stanten Mittenabstand (P) derart erstre-
cken, dass jede Schicht von der Signalelek-
trodenschicht (44) Gber die mehreren anor-
ganischen piezoelektrischen Elemente ge-
trenntistin eine Mehrzahl von Stlicken, wo-
bei die mehreren organischen piezoelektri-
schen Elemente (5) und die mehreren an-
organischen piezoelektrischen Elemente
(2) mit dem Mittenabstand (P) angeordnet
sind.

Ultraschallsonde nach Anspruch 1, bei der die obere
organische Schicht (41) diinner ist als die untere or-
ganische Schicht (42).

Ultraschallsonde nach Anspruch 1, weiterhin umfas-
send:

Unter-Trennnuten, die sich in der Schichtungsrich-
tung erstrecken, um jede der mehreren anorgani-
schen piezoelektrischen Elemente (2) abzutrennen,
wobei jedes der die mehreren anorganischen piezo-
elektrischen Elemente (2) bildenden Stiicke und die
erste akustische Anpassschicht (3), oder jedes der
die mehreren organischen piezoelektrischen Ele-
mente (2), die erste akustische Anpassschicht (3)
und die untere organische Schicht (42) bildenden
Stlicke in der zweiten akustischen Anpassschicht (4)
in mehrere abtrennt.

Ultraschallsonde in einem der Anspriiche 1 bis 3, bei
der die mehreren organischen piezoelektrischen
Elemente (5) einzelne Bauelemente sind, ausgebil-
det zum Empfangen von Ultraschallwellen, die von
den mehreren anorganischen piezoelektrischen
Elementen (2) gesendet werden, wobei die obere
organische Schicht (41) eine Dicke aufweist, die in
der Lage ist, eine vorbestimmte elektrische Kapazi-
tatanzunehmen, die erforderlich istzum Umwandeln
eines empfangenen Ultraschallechos in einem Emp-
fangssignal.

Ultraschallsonde nach einem der Anspriiche1 bis 4,
bei der die obere organische Schicht (41) und die
untere organische Schicht (42) akustische Impedan-
zen in einem Bereich von +/- 10% zueinander auf-
weisen.

Ultraschallsonde nach einem der Anspriiche 1 bis
4, bei der die untere organische Schicht (42) eine
akustische Impedanz aufweist, die gréRer ist als die
der oberen organischen Schicht (41) und kleiner ist
als die der ersten akustischen Anpassschicht (3).
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Ultraschallsonde nach einem der Anspriiche 1 bis
6, bei der die mehreren anorganischen piezoelekt-
rischen Elemente (2) aufweisen:

mehrere anorganische piezoelektrische Kérper
(41), die voneinander getrennt sind, und

eine Signalelektrode (22), die in mehrere Stlicke
aufgetrennt ist, angeordnet auf einer Seite der
mehreren anorganischen piezoelektrischen
Korper (21) und eine Massenelektrodenschicht
(23), die in mehrere Stiicke getrennt ist, ange-
ordnet auf der anderen Seite der mehreren an-
organischen piezoelektrischen Kérper (21).

Ultraschallsonde nach einem der Anspriiche 1 bis
7, bei der

die obere organische Schicht (41) nur aus einem or-
ganischen Werkstoff gebildet ist, und

die untere organische Schicht (42) aus einem orga-
nischen Werkstoff oder einem Kompositmaterial aus
einem organischen Werkstoff und einem anorgani-
schen Werkstoff gebildet ist.

Ultraschallsonde nach einem der Anspriiche 1 bis
8, weiterhin umfassend eine Akustiklinse (8), die an
den mehreren organischen piezoelektrischen Ele-
menten (5) angeordnet ist.

Ultraschallsonde nach Anspruch 9, weiterhin umfas-
send eine zwischen den mehreren organischen pi-
ezoelektrischen Elementen (5) und der Akustiklinse
(8) befindliche Schutzschicht (7) zum Schitzen der
mehreren organischen piezoelektrischen Elemente

(5).

Ultraschallsonde nach einem der Anspriiche 1 bis
10, weiterhin umfassend:

Verstarker (10) fir organische piezoelektrische Ele-
mente, die jeweils mit den mehreren organischen
piezoelektrischen Elementen (5) verbunden sind.

Ultraschallsonde nach einem der Anspriiche 1 bis
11, weiterhin umfassend eine Lichtbestrahlungsein-
heit (31), ausgebildet zum Emittieren von Belich-
tungslichtstrahlen (L) auf ein Subjekt, wobei die meh-
reren organischen piezoelektrischen Elemente (5)
und die mehreren anorganischen piezoelektrischen
Elemente (2) dazu ausgebildet sind, Ultraschallwel-
len (U) von einem Subjekt zu empfangen, induziert
durch Bestrahlung mit den Bestrahlungslichtstrah-
len (L), die von der Lichtbestrahlungseinheit (31)
emittiert werden.

Verfahren zum Fertigen einer Ultraschallsonde (U),
umfassend die folgenden Schritte:

Anbringen einer anorganischen piezoelektri-
schen Elementenschicht (91a) an einer Ober-
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seite eines Stltzmaterials (1), wobei die anor-
ganische piezoelektrische Elementenschicht
(91a) sich tber das Stitzmaterial (1) erstreckt;
Vereinen einer akustischen Anpassschicht (94)
mit der anorganischen piezoelektrischen Ele-
mentenschicht (91a), wobei die akustische An-
passschicht (94) sich Uber die anorganische pi-
ezoelektrische Elementenschicht (91) erstreckt;
Anbringen einer organischen Schicht (95) an
der akustischen Anpassschicht (94), wobei die
organische Schicht (95) sich tiber die akustische
Anpassschicht (94) hinweg erstreckt, und Aus-
bilden einer leitenden Schicht (96) tber der ge-
samten Oberflaiche der organischen Schicht
(95);

Auftrennen von Schichten einschlieBlich der lei-
tenden Schicht (96) bis hindurch zu der anorga-
nischen piezoelektrischen Elementenschicht
(91a) in einer Schichtungsrichtung bei einem
gegebenen Mittenabstand (P), um mehrere an-
organische piezoelektrische Elemente (2) zu bil-
den und anzuordnen, und um an den mehreren
anorganischen piezoelektrischen Elementen
(2) Stucke einer ersten akustischen Anpass-
schicht (3), Stlicke einer unteren organischen
Schicht (42) und Stiicke einer Signalelektroden-
schicht (44) zu bilden, die sequentiell Gberein-
ander mit ihren ausgerichteten Positionen an-
geordnet sind; und

Anbringen einer oberen organischen Schicht
(41) in Flachstiickform an den Stiicken der Sig-
nalelektrodenschicht (44), wobei die obere or-
ganische Schicht (41) sich Uber die Signalelek-
trodenschicht (44) hinweg erstreckt, und Bilden
einer Masseelektrodenschicht (43) auf der ge-
samten Oberflache der oberen organischen
Schicht (41), um dadurch mehrere organische
piezoelektrische Elemente (5) zu bilden und an-
zuordnen, jeweils bestehend aus der Signale-
lektrodenschicht (44), der oberen organischen
Schicht (41) und der Masseelektrodenschicht
(43).

14. Verfahren nach Anspruch 13, bei dem die obere or-

ganische Schicht (41) und die untere organische
Schicht (42) eine zweite akustische Anpassschicht
(4) bilden, und die obere organische Schicht (41)
und die untere organische Schicht (42) derart aus-
gebildet sind, dass eine Summe ihrer Dicken ein
Wert ist, mit dem eine gewlinschte akustische An-
passung bezlglich Ultraschallwellen erfolgen kann,
die von den mehreren anorganischen piezoelektri-
schen Elementen gesendet werden.

Revendications

1.

Sonde ultrasonore, comprenant :
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une matiéere de support (1) ;

une pluralité d’éléments piézoélectriques inor-
ganiques (2) présentant un pas (P) et agencés
sur une surface de dessus de la matiére de sup-
port (1) ;

une premiére couche d’adaptation acoustique
(3) disposée sur la pluralité d’éléments piézoé-
lectriques inorganiques (2), dans laquelle la pre-
miére couche d’adaptation acoustique (3) est
séparée en une pluralité de morceaux présen-
tant le pas (P), et

une seconde couche d’adaptation acoustique
(4) disposée sur la premiére couche d’adapta-
tion acoustique (3), la seconde couche d’adap-
tation acoustique (4) comprenant une couche
organique supérieure (41) constituant une plu-
ralité d’éléments piézoélectriques organiques
(5), la seconde couche d’adaptation acoustique
comprenant en outre une couche organique in-
férieure (42) séparée en une pluralité de mor-
ceaux présentant le pas (P) pour exécuter, con-
jointementavecla couche organique supérieure
(41), une adaptation acoustique pour la pluralité
d’éléments piézoélectriques inorganiques (2) ;
dans laquelle la pluralité d’éléments piézoélec-
triques organiques (5) comprend :

la couche organique supérieure (41) sous
forme de feuille ;

une couche d’électrode de masse (43)
s’étendant par-dessus une surface de des-
sus de lacouche organique supérieure (41),
et

une couche d’électrode de signal (44) sé-
parée en une pluralité de morceaux présen-
tant le pas (P) agencés sur une surface ar-
riere de la couche organique supérieure
(41) de maniere a faire face a la couche
organique inférieure (42) ; dans laquelle la
sonde ultrasonore comprend en outre une
pluralité de piéces de séparation (6) s’éten-
dant dans une direction de couche parallé-
lementavecle pas constant (P), de telle sor-
te que chaque couche a partir de la couche
d’électrode de signal (44) a travers la plu-
ralité d’éléments piézoélectriques inorgani-
ques (2) est séparée en une pluralité de
morceaux, en sachant que la pluralité d’élé-
ments piézoélectriques organiques (5) et la
pluralité d’éléments piézoélectriques inor-
ganiques (2) sont agencées avec le pas (P).

Sonde ultrasonore selon la revendication 1, dans la-
quelle la couche organique supérieure (41) est plus
mince que la couche organique inférieure (42).

Sonde ultrasonore selon la revendication 1, compre-
nant en outre des sillons de découpage en sous-dés
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qui s’étendent dans la direction de couche pour di-
viser encore davantage chacun de la pluralité d’élé-
ments piézoélectriques inorganiques (2), chacun
des morceaux constituant la pluralité d’éléments pié-
zoélectriques inorganiques (2) et la premiére couche
d’adaptation acoustique (3), ou chacun des mor-
ceaux constituant la pluralité d’éléments piézoélec-
triques inorganiques (2), la premiére couche d’adap-
tation acoustique (3) et la couche organique inférieu-
re (42) dans la seconde couche d’adaptation acous-
tique (4) en une pluralité de sous-dés.

Sonde ultrasonore selon I'une quelconque des re-
vendications 1 a 3, dans laquelle la pluralité d’élé-
ments piézoélectriques organiques (5) sont des dis-
positifs de réception aptes a recevoir des ondes ul-
trasonores transmises a partir de la pluralité d’élé-
ments piézoélectriques inorganiques (2), et la cou-
che organique supérieure (41) présente une épais-
seur capable de présenter une capacité électrique
prédéterminée requise pour convertir un écho ultra-
sonore regu en un signal de réception.

Sonde ultrasonore selon I'une quelconque des re-
vendications 1 a 4, dans laquelle la couche organi-
que supérieure (41) et la couche organique inférieu-
re (42) présentent des impédances acoustiques
dans les limites d’un intervalle de =10% entre elles.

Sonde ultrasonore selon I'une quelconque des re-
vendications 1 a 4, dans laquelle la couche organi-
que inférieure (42) présente une impédance acous-
tique plus grande que celle de la couche organique
supérieure (41) et plus petite que celle de la premiére
couche d’adaptation acoustique (3).

Sonde ultrasonore selon I'une quelconque des re-
vendications 1 a 6, dans laquelle la pluralité d’élé-
ments piézoélectriques inorganiques (2) comprend :

une pluralité de corps piézoélectriques inorga-
niques (21) séparés les uns des autres, et

une électrode de signal (22) séparée en une plu-
ralité de morceaux agencés sur un coté de la
pluralité de corps piézoélectriques inorganiques
(21) et une couche d’électrode de masse (23)
séparée en une pluralité de morceaux agencés
sur un autre c6té de la pluralité de corps piézoé-
lectriques inorganiques (21).

Sonde ultrasonore selon I'une quelconque des re-
vendications 1 a 7, dans laquelle la couche organi-
que supérieure (41) est formée d’une matiére orga-
nique seule, et la couche organique inférieure (42)
estformée d’une matiére organique ou d’'une matiére
composite avec une matiére organique et une ma-
tiere inorganique.



10.

11.

12.

13.
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Sonde ultrasonore selon 'une quelconque des re-
vendications 1 a 8, comprenant en outre une lentille
acoustique (8) disposée sur la pluralité d’éléments
piézoélectriques organiques (5).

Sonde ultrasonore selon la revendication 9, compre-
nant en outre, entre la pluralité d’éléments piézoé-
lectriques organiques (5) et la lentille acoustique (8),
une couche de protection (7) destinée a protéger la
pluralité d’éléments piézoélectriques organiques

(5).

Sonde ultrasonore selon 'une quelconque des re-
vendications 1 a 10, comprenant en outre des am-
plificateurs (10) pour élément piézoélectrique orga-
nique connectés respectivement a la pluralité d’élé-
ments piézoélectriques organiques (5).

Sonde ultrasonore selon 'une quelconque des re-
vendications 1 a 11, comprenant en outre une unité
d’irradiation de lumiére (31) apte a émettre des fais-
ceaux de lumiére d’irradiation (L) vers un sujet, dans
laquelle la pluralité d’éléments piézoélectriques or-
ganiques (5) et la pluralité d’éléments piézoélectri-
ques inorganiques (2) sont aptes a recevoir des on-
des ultrasonores (U) provenant d’'un sujet induites
par irradiation de faisceaux de lumiéere d'’irradiation
(L) émis a partir de l'unité d’irradiation de lumiere
(31).

Procédé destiné a produire une sonde ultrasonore,
comprenant les étapes consistant a :

joindre une couche d’éléments piézoélectriques
inorganiques (91a) sur une surface de dessus
d’'une matiére de support (1), la couche d’élé-
ments piézoélectriques inorganiques (91a)
s’étendant par-dessus la matiére de support
1;

joindre une couche d’adaptation acoustique (94)
sur la couche d’éléments piézoélectriques inor-
ganiques (91a), la couche d’adaptation acous-
tique (94) s’étendant par-dessus la couche
d’éléments piézoélectriques inorganiques (91) ;
joindre une couche organique (95) surla couche
d’adaptation acoustique (94), la couche organi-
que (95) s'étendant par-dessus la couche
d’adaptation acoustique (94), et former une cou-
che conductrice (96) par-dessus toute la surface
de la couche organique (95) ;
découperendésdes couchesincluantlacouche
conductrice (96) a travers la couche d’éléments
piézoélectriques inorganiques (91a) dans une
direction de couche avec un pas donné (P) pour
former et agencer une pluralité d’éléments pié-
zoélectriques inorganiques (2), et pour former,
sur la pluralité d’éléments piézoélectriques inor-
ganiques (2), des morceaux d’'une premiere
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couche d’adaptation acoustique (3), des mor-
ceaux d’'une couche organique inférieure (42),
et des morceaux d’'une couche d’électrode de
signal (44) superposés de maniére séquentielle,
leurs positions étant alignées, et

joindre une couche organique supérieure (41)
sous forme de feuille sur les morceaux de la
couche d’électrode de signal (44), la couche or-
ganique supérieure (41) s’étendant par-dessus
la couche d’électrode de signal (44), et former
une couche d’électrode de masse (43) sur toute
la surface de la couche organique supérieure
(41), pour ainsi former et agencer une pluralité
d’éléments piézoélectriques organiques (5),
chacun constitué de la couche d’électrode de
signal (44), de la couche organique supérieure
(41), etde la couche d’électrode de masse (43).

14. Procédé destiné a produire une sonde ultrasonore

selon la revendication 13, dans lequel la couche or-
ganique supérieure (41) et la couche organique in-
férieure (42) constituent une seconde couche
d’adaptation acoustique (4), et la couche organique
supérieure (41) et la couche organique inférieure
(42) sont formées de telle sorte qu'une somme de
leurs épaisseurs est une valeur avec laquelle une
adaptation acoustique souhaitée peut étre exécutée
sur des ondes ultrasonores transmises a partir de la
pluralité d’éléments piézoélectriques inorganiques.
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