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(57) ABSTRACT

An ultrasound diagnostic apparatus includes an ultrasound
transducer unit having inorganic piezoelectric elements
arranged in layer form and organic piezoelectric elements
arranged in layer form, the inorganic piezoelectric elements
and the organic piezoelectric elements being stacked on each
other with a first acoustic matching layer provided therebe-
tween, a transmission circuit for transmitting ultrasound from
the inorganic piezoelectric elements through the organic
piezoelectric elements serving as a second acoustic matching
layer, a reception circuit for using the organic piezoelectric
elements as non-resonant reception devices to receive an
ultrasonic echo and thereby obtain reception signals and pro-
cessing the reception signals so as to generate sample data,
and an image generating unit for generating an ultrasound
image based on the sample data generated by the reception
circuit.

9 Claims, 2 Drawing Sheets
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1
ULTRASOUND DIAGNOSTIC APPARATUS
AND ULTRASOUND IMAGE GENERATING
METHOD

BACKGROUND OF THE INVENTION

The present invention relates to an ultrasound diagnostic
apparatus and an ultrasound image generating method, and
particularly to an ultrasound diagnostic apparatus adapted to
perform ultrasound transmission and reception using an
arrayed organic piezoelectric elements.

In the medical field, ultrasound diagnostic apparatus
employing ultrasound images have already been put to prac-
tical use. A typical ultrasound diagnostic apparatus for medi-
cal use transmits an ultrasonic beam from ultrasound trans-
ducers toward the inside of a subject. receives an ultrasonic
echo from the subject on the ultrasound transducers, and
electrically processes a reception signal corresponding to the
received echo so as to generate an ultrasound image.

Recently, an increasing attention is captured by the har-
monic imaging technology in which a harmonic component
caused by the distortion in ultrasound waveform due to the
non-linearity of a subject is received for imaging in order to
conduct a more accurate diagnosis.

Such an ultrasound transducer unit as disclosed in JP
11-155863 A, for instance, is proposed as suitable for har-
monic imaging, in which a plurality of inorganic piezoelectric
elements having inorganic piezoelectric bodies of lead zir-
conate titanate (PZT) or the like and a plurality of organic
piezoelectric elements having organic piezoelectric bodies of
polyvinylidene fluoride (PVDF) or the like are stacked on
each other.

An ultrasonic beam can be transmitted by the inorganic
piezoelectric elements with high output and harmonic signals
can be received by the organic piezoelectric elements with
high sensitivity.

Between the inorganic piezoelectric elements and the
organic piezoelectric elements, an acoustic matching layer is
provided in order to efficiently deliver the ultrasound as emit-
ted from the inorganic piezoelectric elements. The acoustic
matching layer has a thickness meeting A/4 resonance condi-
tions with respect to the wavelength A of a fundamental wave
transmitted from the inorganic piezoelectric elements, which
prevents reflection from the surface of the acoustic matching
layer. In addition, the acoustic matching layer is formed of a
material having an acoustic impedance of a medium value
between the acoustic impedance values of the inorganic
piezoelectric elements and of a subject as the living body, so
as to carry out matching of acoustic impedances, thatis to say,
so as to cause ultrasound transmitted from the inorganic
piezoelectric elements to efficiently enter the inside of the
subject.

The inorganic piezoelectric elements and the subject, how-
ever, are quite different from each other in intrinsic acoustic
impedance and, consequently, one acoustic matching layer
may not be enough for an adequate matching effect.

Tt is possible indeed to use a plurality of acoustic matching
layers with different acoustic impedances as stacked on one
another in the order of acoustic impedance value, but the
structure of an ultrasound transducer unit will be compli-
cated.

SUMMARY OF THE INVENTION

The present invention was made in order to solve the above
problems with the prior art, aiming at providing an ultrasound
diagnostic apparatus and an ultrasound image generating
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2

method allowing an efficient delivery of ultrasound and gen-
eration of an ultrasound image of high quality with an ultra-
sound transducer unit having a simple structure.

An ultrasound diagnostic apparatus according to the
present invention comprises: an ultrasound transducer unit
having inorganic piezoelectric elements arranged in layer
form and organic piezoelectric elements arranged in layer
form, the inorganic piezoelectric elements and the organic
piezoelectric elements being stacked on each other with a first
acoustic matching layer provided therebetween; a transmis-
sion circuit for transmitting ultrasound from the inorganic
piezoelectric elements through the organic piezoelectric ele-
ments serving as a second acoustic matching layer; a recep-
tion circuit for using the organic piezoelectric elements as
non-resonant reception devices to receive an ultrasonic echo
and thereby obtain reception signals, and processing the
reception signals so as to generate sample data; and an image
generating unit for generating an ultrasound image based on
the sample data generated by the reception circuit.

An ultrasound image generating method according to the
present invention comprises the steps of: using an ultrasound
transducer unit having inorganic piezoelectric elements
arranged in layer form and organic piezoelectric elements
arranged in layer form, the inorganic piezoelectric elements
and the organic piezoelectric elements being stacked on each
other with a first acoustic matching layer provided therebe-
tween, to transmit ultrasound from the inorganic piezoelectric
elements through the organic piezoelectric elements serving
as a second acoustic matching layer; using the organic piezo-
electric elements as non-resonant reception devices to receive
an ultrasonic echo; and generating an ultrasound image based
on reception signals obtained by the organic piezoelectric
elements.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is ablock diagram illustrating a configuration of an
ultrasound diagnostic apparatus according to an embodiment
of the present invention;

FIG. 2 is a cross-sectional view showing a structure of an
ultrasound transducer unit as used in the embodiment; and

FIG. 3 is a diagram illustrating the connection between the
ultrasound transducer unit and a reception circuit in the
embodiment.

DETAILED DESCRIPTION OF THE INVENTION

In the following, an embodiment of the present invention is
described in reference to the accompanying drawings.

FIG. 1 illustrates a configuration of an ultrasound diagnos-
tic apparatus according to the embodiment. The ultrasound
diagnostic apparatus comprises an ultrasound probe 1, and a
diagnostic apparatus body 2 connected with the ultrasound
probe 1.

The ultrasound probe 1 includes an ultrasound transducer
unit 3, a transmission circuit 4 and a reception circuit 5
connected with the ultrasound transducer unit 3, as well as a
probe controller 6 connected to the transmission circuit 4 and
the reception circuit 5.

The diagnostic apparatus body 2 includes a signal proces-
sor 11 connected with the reception circuit 5 of the ultrasound
probe 1, and with the signal processor 11, a digital scan
converter (DSC) 12, an image processor 13, a display con-
troller 14, and a monitor 15 are sequentially connected. The
image processor 13 is also connected to an image memory 16,
with the signal processor 11, the DSC 12, the image processor
13 and the image memory 16 constituting an image generat-
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ing unit 17. An apparatus body controller 18 is connected to
the signal processor 11, the DSC 12 and the display controller
14, while an operating unit 19 and a storage unit 20 are each
connected to the apparatus body controller 18.

The probe controller 6 of the ultrasound probe 1 and the
apparatus body controller 18 of the apparatus body 2 are
connected with each other.

The ultrasound transducer unit 3 of the ultrasound probe 1
has a plurality of ultrasound transducers arrayed.

The transmission circuit 4 includes, for instance, a plurality
of pulse generators, and is adapted to modify, based on the
transmission delay pattern as selected in response to a control
signal from the probe controller 6, the delay amounts of
individual driving signals so that ultrasound waves transmit-
ted from the ultrasound transducers of the ultrasound trans-
ducer unit 3 may form an ultrasonic beam, and then feed the
driving signals to the ultrasound transducers, respectively.

The reception circuit 5 amplifies the reception signals as
obtained by the individual ultrasound transducers of the ultra-
sound transducer unit 3 and subjects them to analog/digital
conversion, then performs reception focusing on the signals.
In the reception focusing process, the reception signals are
provided with their respective delays in accordance with the
sound speed or the sound speed distribution which is deter-
mined based on the reception delay pattern as selected in
response to a control signal from the probe controller 6, then
added together. The reception focusing allows sample data
(sound ray signal) to be generated as data on a well-focused
ultrasonic echo.

The probe controller 6 controls individual components of
the ultrasound probe 1 based on various control signals trans-
mitted from the apparatus body controller 18 of the diagnostic
apparatus body 2.

The signal processor 11 of the diagnostic apparatus body 2
corrects the sample data as generated by the reception circuit
5 of the ultrasound probe 1 for attenuation due to distance in
accordance with the depth of the position where ultrasound
was reflected, then performs envelope demodulation on the
data to generate the B-mode image signal which is tomo-
graphic image information on a tissue in the subject.

The DSC 12 subjects the B-mode image signal as genet-
ated by the signal processor 11 to the conversion (raster
conversion) into an image signal compatible with the conven-
tional television signal scanning method.

The image processor 13 performs various kinds of image
processing, grayscaling and the like, as required on the
B-mode image signal inputted from the DSC 12, and outputs
the processed B-mode image signal to the display controller
14 or stores the signal in the image memory 16.

The display controller 14 controls the monitor 15 based on
the B-mode image signal as subjected to image processing by
the image processor 13 to display an ultrasound diagnostic
image.

The monitor 15 includes a display device such as an LCD,
and is adapted to display an ultrasound diagnostic image
under the control of the display controller 14.

The operating unit 19 is used by an operator to perform
input operations, and may be comprised of a keyboard, a
mouse, a trackball, a touch panel, and the like.

The storage unit 20 is adapted to store operational pro-
grams and so forth, and a recording medium such as a hard
disk, a flexible disk, MO, MT, RAM, CD-ROM, DVD-ROM,
an SD card, a CF card and a USB memory, or a server is
available for the unit 20.
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The apparatus body controller 18 controls individual com-
ponents of the diagnostic apparatus body 2 based on various
instruction signals and the like inputted by an operator from
the operating unit 19.

The signal processor 11, the DSC 12, the imaged processor
13, and the display controller 14 are implemented by a CPU
associated with operational programs for giving the CPU
instructions on various kinds of processing, while the above
components may also be implemented by a digital circuitry.

FIG. 2 shows the structure of the ultrasound transducer unit
3.

A plurality of inorganic piezoelectric elements 32 are
formed on the surface of a backing material 31 in an arrayed
manner. The inorganic piezoelectric elements 32 have a plu-
rality of inorganic piezoelectric bodies 32a separated from
one another, with each inorganic piezoelectric body 32a hav-
ing a signal line electrode layer 324 joined to one face thereof
and a ground electrode layer 32¢ joined to another face. In
other words, each inorganic piezoelectric element 32 has the
inorganic piezoelectric body 32a of its own which is provided
with the signal line electrode layer 325 and the ground elec-
trode layer 32¢.

On the inorganic piezoelectric elements 32 as such, an
acoustic matching layer 33 is joined. The acoustic matching
layer 33 is an integral layer extending over all the inorganic
piezoelectric elements 32.

On the acoustic matching layer 33, a plurality of organic
piezoelectric elements 34 are formed in an arrayed manner.
The organic piezoelectric elements 34 have in common an
organic piezoelectric body 34a extending over all the organic
piezoelectric elements 34. On the surface of the organic
piezoelectric body 34a that faces the acoustic matching layer
33, a plurality of signal line electrode layers 344 correspond-
ing to the organic piezoelectric elements 34 are joined such
that they are separated from one another, while a ground
electrode layer 34c common to the organic piezoelectric ele-
ments 34, that is to say, extending over all the elements 34 is
joined on the entire surface of the organic piezoelectric body
34a on the side opposite to the acoustic matching layer 33.

In other words, each organic piezoelectric element 34 is
constructed of the signal line electrode layer 345 of its own as
well as the organic piezoelectric body 34a and the ground
electrode layer 34¢ both common to the organic piezoelectric
elements 34. In consequence, the arraying pitch ofthe organic
piezoelectric elements 34 solely depends on the arraying
pitch of the signal line electrode layers 34b joined on the
surface of the organic piezoelectric body 34a. In this embodi-
ment, the signal line electrode layers 345 are arrayed at a pitch
smaller than the arraying pitch of the inorganic piezoelectric
elements 32, so that the organic piezoelectric elements 34 are
formed in a manner that they are arrayed at a smaller pitch
than the inorganic piezoelectric elements 32.

On the organic piezoelectric elements 34, an acoustic lens
36 is joined through a protective layer 35.

The inorganic piezoelectric bodies 32a of the inorganic
piezoelectric elements 32 are formed of a piezoelectric
ceramic typified by lead zirconate titanate (PZT) or a piezo-
electric single crystal typified by lead magnesium niobate-
lead titanate solid solution (PMN-PT). On the other hand, the
organic piezoelectric body 34a of the organic piezoelectric
elements 34 is formed of a polymeric piezoelectric material
such as polyvinylidene fluoride (PVDF) or a polyvinylidene
fluoride-trifluoroethylene copolymer.

The acoustic matching layer 33 has a thickness meeting A/4
resonance conditions with respect to the wavelength A of a
fundamental wave transmitted from the inorganic piezoelec-
tric elements 32, and is formed of a material having an acous-
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tic impedance of a medium value between the acoustic
impedance values of the inorganic piezoelectric elements 32
and of the organic piezoelectric elements 34 so that it may
allow ultrasound transmitted from the inorganic piezoelectric
elements 32 to efficiently enter the inside of a subject.

As seen from FIG. 3, the reception circuit 5 includes an
analog/digital converter 51 connected to the signal line elec-
trode layer 325 of each inorganic piezoelectric element 32,
and an amplifier 52 and an analog/digital converter 53 con-
nected to the signal line electrode layer 346 of each organic
piezoelectric element 34 in this order through a transmission
cable 54. The ground electrode layer 32¢ of each inorganic
piezoelectric element 32 and the ground electrode layer 34¢
of each organic piezoelectric element 34 are both grounded.

Although not shown in FIG. 3, the transmission circuit 4 is
connected to the signal line electrode layer 325 of each inor-
ganic piezoelectric element 32.

The organic piezoelectric elements 34 as a whole are used
as a second acoustic matching layer next to the acoustic
matching layer 33 during the transmission of ultrasound by
the inorganic piezoelectric elements 32. For this reason, the
organic piezoelectric body 34a of each organic piezoelectric
element 34 has a thickness D meeting /4 resonance condi-
tions with respect to the wavelength A of a fundamental wave
transmitted from the inorganic piezoelectric elements 32, and
an acoustic impedance of a medium value between the acous-
tic impedance values of the acoustic matching layer 33 and of
a subject as the living body.

As an example: The intrinsic acoustic impedance is about
35x10° (kg/m?s) for lead zirconate titanate (PZT) constitut-
ing the inorganic piezoelectric bodies 32a, about 4x10° (kg/
m?s) for polyvinylidene fluoride (PVDF) constituting the
organic piezoelectric body 34a, and about 1x10° to 2x10°
(kg/m?s) for biological substances except for bones. If the
acoustic impedance of the acoustic matching layer 33 is set at
amedium value between the acoustic impedance values of the
inorganic piezoelectric bodies 324 and of the organic piezo-
electric body 34a, the inorganic piezoelectric elements 32, the
acoustic matching layer 33, the organic piezoelectric ele-
ments 34, and the subject will align in descending order of
acoustic impedance, with an adequate matching effect being
thus achieved.

During the reception of an ultrasonic echo, the organic
piezoelectric elements 34 are used as non-resonant reception
devices. In general, a polymeric piezoelectric material con-
stituting the organic piezoelectric body 34a, such as polyvi-
nylidene fluoride (PVDF) or a polyvinylidene fluoride-trif-
luoroethylene copolymer, is very low in mechanical quality
factor Qm as compared with a piezoelectric ceramic such as
lead zirconate titanate (PZT), and almost free of resonance
during the reception of an ultrasonic echo in ultrasonography.
Use of the organic piezoelectric elements 34 as non-resonant
reception devices allows ultrasound in a wide wavelength
range to be received, and reception signals to be made into
images at a specified frequency.

The organic piezoelectric elements 34 as arrayed have such
a very low capacitance of several to 10 pF, so that the trans-
mission cable 54 connecting between the signal line electrode
layer 34b of each organic piezoelectric element 34 and the
corresponding amplifier 52 in the reception circuit 5 is limited
in capacitance to being 0.1 to 5 times as high as the capaci-
tance of the relevant organic piezoelectric element 34 in order
to prevent attenuation of the reception signals as obtained by
the organic piezoelectric elements 34. It is desirable, if pos-
sible, to connect the amplifier 52 with the signal line electrode
layer 345 of the organic piezoelectric element 34 directly.
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Operations of the apparatus of this embodiment are
detailed below.

As an example, the inorganic piezoelectric elements 32 are
used as transducers dedicated to ultrasound transmission, and
the organic piezoelectric elements 34 are used as transducers
dedicated to ultrasound reception.

Inresponse to driving signals from the transmission circuit
4 of the ultrasound probe 1, a pulsed voltage or a continuous
wave voltage is applied between the signal line electrode
layer 325 and the ground electrode layer 32¢ of each inor-
ganic piezoelectric element 32, and then the inorganic piezo-
electric body 32a of each inorganic piezoelectric element 32
expands and contracts, leading to the generation of ultrasound
in pulse or continuous wave form. The generated ultrasound
waves enter the inside of a subject via the acoustic matching
layer 33, the organic piezoelectric elements 34, the protective
layer 35, and the acoustic lens 36. Since the organic piezo-
electric elements 34 function as a second acoustic matching
layer next to the acoustic matching layer 33, an adequate
matching effect is achieved and the ultrasound waves enter
into the subject efficiently.

The ultrasound waves having entered the inside of the
subject are synthesized into an ultrasonic beam propagating
in the subject.

If an ultrasonic echo from the subject enters the individual
organic piezoelectric elements 34 via the acoustic lens 36 and
the protective layer 35, the organic piezoelectric body 34a
expands and contracts in response to a harmonic component
of ultrasound with high sensitivity, so that an electric signal is
generated between the signal line electrode layer 345 and the
ground electrode layer 34¢ of each organic piezoelectric ele-
ment 34, then outputted as a reception signal. Since the
organic piezoelectric elements 34 are used as non-resonant
reception devices, ultrasound in a wide wavelength range can
be received, that is to say, even the nth harmonic of a funda-
mental wave transmitted form the inorganic piezoelectric
elements 32, for instance, can be received.

The reception signal as outputted from the signal line elec-
trode layer 345 of each organic piezoelectric element 34 is
amplified by the corresponding amplifier 52 and subjected to
analog/digital conversion by the corresponding analog/digi-
tal converter 53 in the reception circuit 5, and further sub-
jected to reception focusing so as to generate sample data. In
this regard, the reception signal is transmitted from the signal
line electrode layer 345 of the relevant organic piezoelectric
element 34 to the corresponding amplifier 52 in the reception
circuit 5 via the transmission cable 54 which has a capaci-
tance 0.1 to 5 times as high as that of the organic piezoelectric
element 34, which allows the reception signal to be reduced in
attenuation upon transmission.

Based on the sample data as generated by the reception
circuit 5 according to the reception signals from the organic
piezoelectric elements 34, an image signal for a harmonic
image is generated by the image generating unit 17 of the
diagnostic apparatus body 2, and the harmonic image is dis-
played on the monitor 15 by the display controller 14 based on
the generated image signal.

It is thus possible to generate an ultrasound image by
making the reception signals as obtained by the organic
piezoelectric elements 34 into images at a specified fre-
quency, the frequency of the nth harmonic of a fundamental
wave transmitted from the inorganic piezoelectric elements
32, for instance.

The inorganic piezoelectric elements 32 may also be used
as transducers adapted for both transmission and reception of
ultrasound.
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In that case, the ultrasonic echo as received by the organic
piezoelectric elements 34 through the acoustic lens 36 and the
protective layer 35 further enters the individual inorganic
piezoelectric elements 32 through the organic piezoelectric
elements 34 and the acoustic matching layer 33. The inor-
ganic piezoelectric body 32a of each element 32 expands and
contracts chiefly in response to the fundamental wave com-
ponent of ultrasound, with an electric signal being generated
between the signal line electrode layer 325 and the ground
electrode layer 32¢. The generated electric signal is outputted
as a reception signal, and subjected to analog/digital conver-
sion by the corresponding analog/digital converter 51 in the
reception circuit 5.

Based on both the reception signals as obtained from the
inorganic piezoelectric elements 32 and subjected to analog/
digital conversion that correspond to the fundamental wave
component and the reception signals as obtained from the
organic piezoelectric elements 34 that correspond to the har-
monic component, sample data is generated by the reception
circuit 5, an image signal is generated by the image generat-
ing unit 17 of the diagnostic apparatus body 2, and an ultra-
sound image is displayed on the monitor 15 by the display
controller 14 based on the generated image signal.

Itis thus possible to generate the compound image in which
the fundamental wave component and the harmonic compo-
nent are compounded with each other.

In the embodiment as described above, the wavelength of
ultrasound transmitted from the inorganic piezoelectric ele-
ments 32 can be specified at will because the organic piezo-
electric elements 34 are used as non-resonant reception
devices during the reception of an ultrasonic echo. In addi-
tion, a fundamental wave transmitted from the inorganic
piezoelectric elements 32, as being of a broadband type,
rarely involves so-called ringing, which allows an ultrasound
image of high quality to be generated.

Since ultrasound in a wide wavelength range can be
received by the organic piezoelectric elements 34, the depth
resolution is improved, and the detection frequency/filter fre-
quency can be set at any two or more values so as to improve
the degree of freedom for image design.

The organic piezoelectric elements 34 are not necessarily
formed at an arraying pitch smaller than the arraying pitch of
the inorganic piezoelectric elements 32 but may be formed at
an arraying pitch equal to or larger than that of the elements
32. If, however, the organic piezoelectric elements 34 are
arrayed at a pitch smaller than the arraying pitch of the inor-
ganic piezoelectric elements 32 as shown in FIG. 2, grating
lobes will hardly occur even if a higher harmonic component
is received by the organic piezoelectric elements 34, which
also makes it possible to generate an ultrasound image of high
quality.

The ultrasound probe 1 and the diagnostic apparatus body
2 may be connected with each other by wired connection or
through wireless communication.

What is claimed is:

1. An ultrasound diagnostic apparatus comprising:

inorganic piezoelectric elements arranged on a surface of a

backing material in an arrayed manner at a first pitch;

a first acoustic matching layer arranged on the inorganic

piezoelectric elements extending over all the inorganic
piezoelectric elements:

organic piezoelectric elements arranged on the first acous-

ticmatching layer in an arrayed manner at a second pitch
smaller than the first pitch, each of the organic piezo-
electric elements having a thickness meeting 2/4 reso-
nance conditions with respect to a wavelength A of a
fundamental wave transmitted from the inorganic piezo-
electric elements
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a transmission circuit for transmitting ultrasound from the
inorganic piezoelectric elements through the organic
piezoelectric elements serving as a second acoustic
matching layer;

a reception circuit for using the organic piezoelectric ele-
ments as non-resonant reception devices to receive an
ultrasonic echo and thereby obtain reception signals,
transmitting the reception signals to amplifiers via trans-
mission cables each having a capacitance 0.1 to 5 times
as high as a capacitance of a corresponding organic
piezoelectric element to amplify the reception signals,
and performing reception focusing to generate sample
data after analog/digital converting the reception sig-
nals; and

an image generating unit for generating an ultrasound
image based on the sample data generated by the recep-
tion circuit.

2. The ultrasound diagnostic apparatus according to claim

1, wherein the image generating unit generates an ultrasound
image by making the reception signals as obtained by the
organic piezoelectric elements into images at a specified fre-
quency.

3. The ultrasound diagnostic apparatus according to claim

2, wherein the image generating unit generates an ultrasound
image by making the reception signals as obtained by the
organic piezoelectric elements into images at a frequency of
an n-th harmonic of a fundamental wave transmitted from the
inorganic piezoelectric elements.

4. The ultrasound diagnostic apparatus according to claim

1, wherein the reception circuit generates the sample data
based both on reception signals obtained by the inorganic
piezoelectric elements and on the reception signals obtained
by the organic piezoelectric elements.

5. The ultrasound diagnostic apparatus according to claim

3, wherein the reception circuit generates the sample data
based both on reception signals obtained by the inorganic
piezoelectric elements and on the reception signals obtained
by the organic piezoelectric elements.

6. The ultrasound diagnostic apparatus according to claim

1, wherein the organic piezoelectric elements have a capaci-
tance of up to 10 pF.

7. The ultrasound diagnostic apparatus according to claim

1, wherein the organic piezoelectric elements are constructed
of first signal line electrode layers corresponding to the
organic piezoelectric elements, an organic piezoelectric body
common to the organic piezoelectric elements, and a first
ground electrode layer common to the organic piezoelectric
elements.

8. The ultrasound diagnostic apparatus according to claim

7, wherein the first signal line electrode layers corresponding
to the organic piezoelectric elements are separated from one
another and joined on the surface of the organic piezoelectric
body that faces the first acoustic matching layer.

9. The ultrasound diagnostic apparatus according to claim

8 wherein the inorganic piezoelectric elements are con-
structed of inorganic piezoelectric bodies, second signal line
electrode layers and second ground electrode layers, each
corresponding to the inorganic piezoelectric elements,

the backing material, the second signal line electrode lay-
ers, the inorganic piezoelectric bodies, the second
ground electrode layers, the first acoustic matching
layer, the first signal line electrode layers, the organic
piezoelectric body and the first ground electrode layer
are stacked in the above order.
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