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ABSTRACT

An ultrasound transducer in which a plurality of pMUT cells
are arranged. The pMUT cells have a plurality of resonance
frequencies. Each of the pMUT cells includes a piezoelectric
film that is polarized in a first direction that is a thickness
direction or a second direction that is opposite to the first
direction.
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ULTRASOUND TRANSDUCER AND
ULTRASOUND DIAGNOSTIC APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The entire disclosure of Japanese Patent Applica-
tion No. 2017-202923 filed on Oct. 19, 2017, is incorporated
herein by reference in its entirety.

BACKGROUND

Technological Field

[0002] The present invention relates to an ultrasound
transducer and an ultrasound diagnostic apparatus.

Description of Related Art

[0003] In recent years, a piezoelectric micromachined
ultrasound transducer (pMUT) and a capacitive microma-
chined ultrasonic transducer (¢cMUT) have been developed
by using a semiconductor microfabrication technique (micro
electro mechanical system: MEMS) as an ultrasound trans-
ducer (which may be referred to as an ultrasound probe or
an ultrasonic probe) of an ultrasound diagnostic apparatus.
[0004] A piezoelectric cell (vibrator) of an ultrasound
transducer using the MEMS, which is excellent in high-
frequency suitability and high sensitivity, has a problem of
a narrow-band characteristic. To solve the above problem,
the description of U.S. Pat. No. 5,870,351 discloses a
technique of achieving a wider band by allowing a cell
having a vibrating membrane of a high spring constant and
a cell having a vibrating membrane of a low spring constant
to coexist in a capacitive micromachined ultrasonic trans-
ducer (¢MUT). Japanese Unexamined Patent Application
Publication (Translation of PCT Application) No. 2015-
517752 discloses a technique that not only achieves a wider
band by allowing pMUTs having resonance frequencies
different from each other to coexist, but also reduces cross-
talk by shifting resonance frequencies of adjacent channel
cells from each other.

[0005] As described above, a technique of adjusting an
amplitude characteristic relating to a resonance frequency of
each piezoelectric cell has been developed. However, a
piezoelectric cell has a phase characteristic in addition to an
amplitude characteristic. When a plurality of piezoelectric
cells having different phase characteristics are driven at the
same time, sound pressures of the piezoelectric cells cancel
each other (are antibonded) when a phase is inverted. As a
result, an entire output sound pressure is lowered and a
narrow band is formed, causing an ultrasound transducer to
have lowered sensitivity. For this reason, there has been
demand for an ultrasound transducer that can obtain a
wide-band characteristic by matching phases of piezoelec-
tric cells.

SUMMARY

[0006] An object of the present invention is to provide an
ultrasound transducer and an ultrasound diagnostic appara-
tus including a plurality of piezoelectric cells having differ-
ent resonance frequencies that can obtain a wide-band
characteristic by matching phases of the piezoelectric cells.
[0007] In order to realize at least one of the above objects,
an ultrasound transducer reflecting an aspect of the present
invention is an ultrasound transducer in which a plurality of
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pMUT cells are arranged, in which the plurality of pMUT
cells have one of a plurality of resonance frequencies, and
each of the plurality of pMUT cells includes a piezoelectric
film that is polarized in a first direction that is a thickness
direction or a second direction that is opposite to the first
direction.

[0008] An ultrasound diagnostic apparatus reflecting an
aspect of the present invention includes the above ultrasound
transducer.

BRIEF DESCRIPTION OF DRAWINGS

[0009] The advantages and features provided by one or
more embodiments of the invention will become more fully
understood from the detailed description given hereinbelow
and the appended drawings which are given by way of
illustration only, and thus are not intended as a definition of
the limits of the present invention:

[0010] FIG. 1 is a diagram showing an appearance con-
figuration of an ultrasound diagnostic apparatus;

[0011] FIG. 2 is a block diagram showing an electric
configuration example of the ultrasound diagnostic appara-
tus;

[0012] FIG. 3 is a diagram for explaining a configuration
of an ultrasound probe;

[0013] FIG. 4 is a block diagram showing a configuration
example of a signal processing circuit of a first embodiment;
[0014] FIG. 5 is a diagram for explaining arrangement of
pMUT cells on a pMUT element;

[0015] FIG. 6A is a diagram showing a configuration in
which adjacent pMUT cells are connected in parallel;
[0016] FIG. 6B is a diagram showing a configuration in
which adjacent pMUT cells are connected in series;

[0017] FIG. 7 is a block diagram showing a configuration
example of the signal processing circuit of a second embodi-
ment; and

[0018] FIG. 8 is a diagram for explaining a cell polariza-
tion circuit constituting a polarization circuit.

DETAILED DESCRIPTION OF EMBODIMENTS

[0019] Hereinafter, one or more embodiments of the pres-
ent invention will be described with reference to the draw-
ings. However, the scope of the invention is not limited to
the disclosed embodiments.

[0020] In the following, like numerals denote components
having like function and configuration, and the description
thereof will be omitted.

First Embodiment

[0021] Hereinafter, a first embodiment of the present
invention will be described.

[0022] [Configuration of Ultrasound Diagnostic Appara-
tus]
[0023] FIG. 1 is a diagram showing an appearance con-

figuration of an ultrasound diagnostic apparatus according to
the present embodiment. FIG. 2 is a block diagram showing
an electric configuration example of the ultrasound diagnos-
tic apparatus according to the present embodiment.

[0024] An ultrasound diagnostic apparatus 1 employs a
configuration that includes ultrasound diagnostic apparatus
main body 10, ultrasound probe 20, and cable 30.

[0025] Ultrasound probe 20 transmits an ultrasound signal
to a human body (not shown) as a test object, and receives
an ultrasound signal reflected by the human body.
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[0026] The ultrasound diagnostic apparatus main body 10,
which is connected to ultrasound probe 20 via cable 30,
transmits an electrical transmission signal to ultrasound
probe 20 via cable 30 to cause ultrasound probe 20 to
transmit an ultrasound signal. Ultrasound diagnostic appa-
ratus main body 10 also obtains an ultrasound image of an
internal state of a human body by using an electrical signal
generated by ultrasound probe 20 based on an ultrasound
signal received by ultrasound probe 20.

[0027] Specifically, ultrasound diagnostic apparatus main
body 10 employs a configuration that includes operation
input section 11, transmission section 12, receiving section
13, image processing section 14, display section 15, and
control section 16.

[0028] Operation input section 11 inputs, for example, a
command for instructing start of diagnosis and the like or
information relating to a test object. Operation input section
11 is, for example, an operation panel including a plurality
of input switches, or a keyboard.

[0029] Transmission section 12 transmits a control signal
(drive signal) received from control section 16 to ultrasound
probe 20 via cable 30.

[0030] Receiving section 13 receives a signal transmitted
from ultrasound probe 20 via cable 30. Receiving section 13
then outputs the received ultrasound signal to image pro-
cessing section 14.

[0031] Image processing section 14 generates an image
(ultrasound image) used for ultrasound diagnosis that shows
the internal state of a test object by using the ultrasound
signal received from receiving section 13 in accordance with
an instruction from control section 16.

[0032] Display section 15 displays the ultrasound image
generated by image processing section 14 in accordance
with an instruction from control section 16.

[0033] Control section 16 controls operation input section
11, transmission section 12, receiving section 13, image
processing section 14, and display section 15 in accordance
with their functions to control entire ultrasound diagnostic
apparatus 1. Control section 16 also controls ultrasound
probe 20 via transmission section 12 and receiving section
13.

[0034] [Configuration of Ultrasound Probe 20]

[0035] FIG. 3 is a diagram for explaining a configuration
of ultrasound probe 20. Ultrasound probe 20 includes pro-
tection layer 21, pMUT element 22, backing material 23,
and signal processing circuit 24 (signal processing circuit
24A in a second embodiment described later).

[0036] Protection layer 21 protects pMUT element 22.
Protection layer 21 is formed of comparatively soft silicone
rubber or the like that does not cause an uncomfortable
feeling when being in contact with a human body, and has
an acoustic impedance close to that of a human body.
[0037] pMUT element 22 is a pMUT array on which a
plurality of pMUT cells, that are manufactured by using the
micro electro mechanical systems (MEMS) technology, are
arranged. The plurality of pMUT cells constituting the
pMUT element has one resonance frequency among a plu-
rality of resonance frequencies (which will be described in
detail later). An electrode wire is pulled out from each
individual pMUT cell, and connected to signal processing
circuit 24 described later.

[0038] Backing material 23 attenuates unnecessary vibra-
tion generated on pMUT element 22. Signal processing
circuit 24 is a circuit that generates a pulse signal for
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ultrasound transmission, or performs processing of a
received pulse signal, and the like, and is connected to
ultrasound diagnostic apparatus main body 10 via cable 30.
[0039] Signal processing circuit 24 generates a drive sig-
nal for driving pMUT element 22 to transmit an ultrasound
wave based on control of ultrasound diagnostic apparatus
main body 10. Signal processing circuit 24 also applies
predetermined signal processing to a received signal gener-
ated based on an ultrasound wave received by pMUT
element 22 before transmitting the signal to ultrasound
diagnostic apparatus main body 10.

[0040] [Configuration of Signal Processing Circuit 24|
[0041] FIG. 4 is a block diagram showing a configuration
example of signal processing circuit 24 of the first embodi-
ment. As shown in FIG. 4, signal processing circuit 24
includes connecting section 241, transmitting and receiving
circuit 242, and drive circuit 243. Connecting section 241
connects transmitting and receiving circuit 242 and an
electrode wire pulled out from each pMUT cell 100 (refer to
FIG. 5) of pMUT element 22.

[0042] Transmitting and receiving circuit 242 applies
transmission control for transmitting an ultrasound wave via
connecting section 241 to pMUT element 22 based on
control of drive circuit 243. Transmitting and receiving
circuit 242 also performs receiving control for transmitting
a received signal generated based on an ultrasound wave
received by pMUT element 22 to ultrasound diagnostic
apparatus main body 10 via drive circuit 243.

[0043] Drive circuit 243 controls transmitting and receiv-
ing circuit 242 based on a control signal from ultrasound
diagnostic apparatus main body 10. Drive circuit 243 also
switches between transmission control and receiving control
of transmitting and receiving circuit 242 as appropriate
based on control of ultrasound diagnostic apparatus main
body 10.

[0044] [Configuration of pMUT Element 22]

[0045] FIG. 5 is a diagram for explaining arrangement of
pMUT cells 100 on pMUT element 22.

[0046] FIG. 5 exemplifies pMUT cells 100 that are
arranged three-by-three two-dimensionally. The pMUT cell
arrangement shown in FIG. 5 is part of pMUT element 22.
In actuality, pMUT element 22 is constituted by arrangement
of a larger number of pMUT cells 100. As shown in FIG. 5,
in the present embodiment, high-frequency cells 110 and
low-frequency cells 120 are arranged alternately in vertical
and horizontal directions. In the present embodiment, high-
frequency cell 110 has a comparatively high resonance
frequency with piezoelectric film 130 that constitutes the
cell and has a comparatively smaller diameter, and low-
frequency cell 120 has a comparatively low resonance
frequency with piezoelectric film 130 that constitutes the
cell and has a comparatively large diameter.

[0047] Piezoelectric film 130 of each of pMUT cells 100
is polarized in a predetermined direction in advance. In the
present embodiment, polarization directions of piezoelectric
films 130 are opposite to each other between high-frequency
cell 110 and low-frequency cell 120. That is, the polarization
direction is inverted from low-frequency cell 120 side to
high-frequency cell 110 side.

[0048] Piezoelectric film 130 is normally polarized in a
thickness direction. When high-frequency cell 110 is polar-
ized in a first direction (for example, a direction from a lower
side of piezoelectric film 130 to an upper side), low-
frequency cell 120 is polarized in a second direction (a
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direction from the upper side of piezoelectric film 130 to the
lower side) that is opposite to the first direction. In the
description hereinafier, the first direction will be described
as polarization direction “P” and the second direction will be
described as polarization direction “N”.

[0049] A polarization direction of piezoelectric film 130 of
each of pMUT cells 100 is preferably determined by, for
example, polarization processing performed in a manufac-
turing process of pMUT element 22. In the polarization
processing in a manufacturing process of pMUT element 22,
each of pMUT cells 100 is polarized in polarization direction
P or N by, for example, applying a predetermined voltage
between an upper electrode and a lower electrode arranged
to sandwich piezoelectric film 130.

Advantageous Effect of First Embodiment

[0050] As described above, in the first embodiment,
pMUT element 22 has high-frequency cells 110 and low-
frequency cells 120 arranged alternately in vertical and
horizontal directions, and polarization directions of piezo-
electric films 130 are opposite to each other between high-
frequency cell 110 and low-frequency cell 120. By the above
configuration, phases are matched between two adjacent
ones of pMUT cells 100, and a situation where a frequency
band, in which sensitivity is lowered due to phase mismatch-
ing, is generated can be avoided.

[0051] Conventionally, there have been methods of adjust-
ing a viscosity coeflicient by differentiating structures of
pMUT cells depending on a resonance frequency as a
method of matching phases of pMUT cells of a pMUT
element. The above methods include a method of providing
a hole on a support structure of a diaphragm constituted by
a piezoelectric film, a method of sealing an opening section
provided on a back surface of a diaphragm with resin or the
like as appropriate, and a method of covering a diaphragm
structure with resin or the like. However, when phases are
matched by a method such as those described above, a
structure needs to be changed for each cell, and manufac-
turing cost is increased.

[0052] There has also conventionally been a method of
differentiating a transmission waveform between each
pMUT cell as a method of matching phases of pMUT cells
of a pMUT element. However, this method requires different
transmission control for each of pMUT cells having different
frequency characteristics, which leads to a complicated
drive circuit and an increase in manufacturing cost.

[0053] In the first embodiment, the structure of pMUT
element 22 is similar to a conventional one as described
above, and phases can be controlled by polarization pro-
cessing for each of pMUT cells 100 performed in a manu-
facturing process. Accordingly, phase matching can be pref-
erably performed at low cost as compared with a
conventional method.

Second Embodiment

[0054] Hereinafter, a second embodiment of the present
invention will be described. In the first embodiment, a
polarization direction is determined for each of pMUT cells
100 at the time of manufacture of pMUT element 22. The
second embodiment is different from the first embodiment
with respect to the point that a polarization direction of each
of pMUT cells 100 can be controlled optionally. In the
description of the second embodiment, configurations simi-
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lar to those of the first embodiment will be attached with the
same reference signs, and duplicate description will be
omitted.

[0055] [Connection System of pMUT Cells 100]

[0056] First, a connection system of pMUT cells 100 will
be described.

[0057] FIGS. 6A and 6B are diagrams for explaining a

connection system of adjacent ones of pMUT cells 100. FIG.
6A shows a configuration in which pMUT cells 100_1 and
100_2 adjacent to each other are connected in parallel. FIG.
6B shows a configuration in which pMUT cells 100_1 and
100_2 adjacent to each other are connected in series.
Although omitted from illustration, pMUT cells 100_1 and
100_2 are connected to other pMUT cells (not shown) in a
similar manner.

[0058] When pMUT cells 100_1 and 100_2 are connected
in parallel as shown in FIG. 6A, upper electrode 101_1 of
pMUT cell 100_1 and upper electrode 101_2 of pMUT cell
100_2 are connected, and lower electrode 102_1 of pMUT
cell 100_1 and lower electrode 102_2 of pMUT cell 100_2
are connected. Piezoelectric film 130_1 of pMUT cell 100_1
is provided below and above upper electrode 101_1 and
lower electrode 102_1, and piezoelectric film 130_2 of
pMUT cell 100_2 is provided below and above upper
electrode 101_2 and lower electrode 102 2.

[0059] On the other hand, when pMUT cells 100_1 and
100_2 are connected in series as shown in FIG. 6B, upper
electrode 101_1 of pMUT cell 100_1 and lower electrode
102_2 of pMUT cell 100_2 are connected, and lower
electrode 102_1 of pMUT cell 100_1 and upper electrode
101_2 of pMUT cell 100_2 are connected.

[0060] [Configuration of Signal Processing Circuit 24A]

[0061] Next, signal processing circuit 24A in the second
embodiment will be described. FIG. 7 is a block diagram
showing a configuration example of signal processing circuit
24A. As shown in FIG. 7, signal processing circuit 24A in
the second embodiment includes polarization circuit 244 in
addition to the configuration of signal processing circuit 24
in the first embodiment. Polarization circuit 244 is an
example of the polarization section of the present invention.
[0062] Connecting section 241 connects transmitting and
receiving circuit 242 and polarization circuit 244 and an
electrode wire pulled out from each of pMUT cells 100 of
pMUT element 22 in the second embodiment.

[0063] Transmitting and receiving circuit 242 applies
transmission control for transmitting an ultrasound wave via
connecting section 241 to pMUT element 22 based on
control of drive circuit 243. Transmitting and receiving
circuit 242 also performs receiving control for transmitting
a received signal generated based on an ultrasound wave
received by pMUT element 22 to ultrasound diagnostic
apparatus main body 10 via drive circuit 243.

[0064] Drive circuit 243 controls transmitting and receiv-
ing circuit 242 and polarization circuit 244 based on a
control signal from ultrasound diagnostic apparatus main
body 10. Drive circuit 243 that controls polarization circuit
244 is an example of the controller of the present invention.
[0065] Polarization circuit 244 performs polarization pro-
cessing by applying a predetermined voltage to piezoelectric
film 130 of each of pMUT cells 100 of pMUT element 22
under the control of drive circuit 243. By the polarization
processing, two adjacent ones of pMUT cells 100 are
inversely polarized, so that phases of adjacent ones of
pMUT cells 100 are matched.
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[0066] [Configuration of Polarization Circuit 244]

[0067] FIG. 8 is a diagram for explaining a cell polariza-
tion circuit constituting polarization circuit 244. FIG. 8 is a
diagram that exemplifies two adjacent ones of pMUT cells
100_1 and 100_2, and cell polarization circuits 244_1 and
244 2 corresponding to them, respectively. In actuality,
polarization circuit 244 includes cell polarization circuits as
many as pMUT cells 100 of pMUT element 22.

[0068] As shown in FIG. 8, cell polarization circuit 244_1
includes four switching elements S11 to S14. Similarly, cell
polarization circuit 244_2 includes four switching elements
S21 to S24. Each of the switching elements is, for example,
a metal-oxide-semiconductor field-effect transistor (MOS-
FET). The gate of switching elements S11 to S14 is con-
nected to drive circuit 243 shown in FIG. 7, and is switched
on and off under the control of drive circuit 243.

[0069] As shown in FIG. 8, upper electrode 101_1 of
pMUT cell 100_1 is connected to the drain of switching
element S11 and the drain of switching element S12, and
lower electrode 102_1 is connected to the drain of switching
element S13 and the drain of switching element S14. Simi-
larly, upper electrode 101_2 of pMUT cell 100_2 is con-
nected to the drain of switching element S21 and the drain
of switching element S22, and lower electrode 102_2 is
connected to the drain of switching element S23 and the
drain of switching element S24. By the above configuration,
polarization control described below is performed.

[0070] [Polarization Control by Drive Circuit 243]
[0071] Drive circuit 243 performs polarization control of
polarization circuit 244 based on control by ultrasound
diagnostic apparatus main body 10. Hereinafter, the polar-
ization control performed by drive circuit 243 will be
described. The polarization control performed by drive
circuit 243 is varied depending on connection systems of
pMUT cells 100. Accordingly, a case of each of the con-
nection systems will be described.

[0072] When the pMUT Cells are Connected in Parallel
[0073] Table 1 described below shows switching on and
off control of switching elements S11 to S14 and S21 to S24
of polarization circuit 244 performed by drive circuit 243
when adjacent pMUT cells 100_1 and 100_2 are connected
in parallel (FIG. 6A).

TABLE 1
Cell polarization Cell polarization
Polarization circuit 244 1 circuit 244 2
state S11  S12 S13 S14  S21 S22 823 S24
PP ON OFF OFF ON ON OFF OFF ON
PN ON OFF OFF ON OFF ON ON OFF
NP OFF ON ON OFF ON OFF OFF ON

NN OFF ON ON OFF OFF ON ON OFF

[0074] In Table 1, “P” and “N” in a polarization section
show polarization directions of piezoelectric film 130 of
pMUT cells 100_1 and 100_2 like the first embodiment, and
“P” and “N” are in directions opposite to each other.
Polarization direction “P” is a direction (first direction) from
a lower side to an upper side, and polarization direction “N”
is a direction (second direction) from the upper side to the
lower side.

[0075] InTable 1, “PP” shows a state in which both pMUT
cells 100_1 and 100_2 are in polarization direction “P”, and
“NN” shows a state in which both pMUT cells 100_1 and
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100_2 are in polarization direction “N”. Further, in Table 1,
“PN” shows that pMUT cell 100_1 is in polarization direc-
tion “P”, and pMUT cell 100_2 is in polarization direction
“N”, and “NP” shows that pMUT cell 100_1 is in polariza-
tion direction “N”, and pMUT cell 100_2 is in polarization
direction “P”.

[0076] Drive circuit 243 controls switching elements S11
to S14 and S21 to S24 of polarization circuit 244 as shown
in Table 1, so that transition is made between a state
(non-inverted polarization) in which polarization directions
of two adjacent pMUT cells 100_1 and 100_2 match with
each other and a state (inverted polarization) in which the
polarization directions are inverted from each other. In this
manner, phase matching (at the time of inverted polariza-
tion) and phase mismatching (at the time of non-inverted
polarization) of two adjacent pMUT cells 100_1 and 100_2
are achieved.

[0077] Two pMUT cells 100_1 and 100_2 connected in
parallel can be deemed to be apparently connected in series
at the time of inverted polarization (“PN” and “NP” in Table
1). This is because charges at upper and lower electrodes of
pMUT cells 100_1 and 100_2 have opposite signs between
polarization directions P and N. For example, in polarization
state PN, upper electrode 101_1 with a positive charge and
upper electrode 101_2 with a negative charge are connected,
and lower electrode 102_1 with a negative charge and lower
electrode 102_2 with a positive charge are connected.
[0078] When the pMUT cells are connected in series Table
2 described below shows switching on and off control of
switching elements S11 to S14 and S21 to S24 of polariza-
tion circuit 244 performed by drive circuit 243 when adja-
cent pMUT cells 100_1 and 100_2 are connected in series
(FIG. 6B).

TABLE 2
Cell polarization Cell polarization
Polarization circuit 2441 circuit 244 2
state S11  S12 813 S14 821 S22 823 S24
PP ON OFF OFF ON OFF ON ON OFF
PN ON OFF OFF ON ON OFF OFF ON
NP OFF ON ON OFF OFF ON ON OFF

NN OFF ON ON OFF ON OFF OFF ON

[0079] Drive circuit 243 controls switching elements S11
to S14 and S21 to S24 of polarization circuit 244 as shown
in Table 2, so that transition is made between a state
(non-inverted polarization) in which polarization directions
of two adjacent pMUT cells 100_1 and 100_2 match with
each other and a state (inverted polarization) in which the
polarization directions are inverted from each other. In this
manner, like the case where the pMUT cells are connected
in parallel, phase matching (at the time of inverted polar-
ization) and phase mismatching (at the time of non-inverted
polarization) of two adjacent pMUT cells 100_1 and 100_2
are achieved.

[0080] Two pMUT cells 100_1 and 100_2 connected in
series can be deemed to be apparently connected in parallel
at the time of inverted polarization (“PN” and “NP” in Table
2). This is because, for example, in polarization state PN,
upper electrode 101_1 with a positive charge and lower
electrode 102_2 with a positive charge are connected, and
lower electrode 102_1 with a negative charge and upper
electrode 101_2 with a negative charge are connected.
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Advantageous Effect of Second Embodiment

[0081] As described above, in the second embodiment,
ultrasound probe 20 includes pMUT element 22 that has an
arrangement of a plurality of pMUT cells 100 including a
high-frequency cell and a low-frequency cell, in which two
adjacent ones of pMUT cells 100 are connected in parallel
or in series, and polarization circuit 244 and drive circuit 243
that control a polarization direction of piezoelectric film 130
of pMUT cell 100. When polarization circuit 244 and drive
circuit 243 control polarization directions of two adjacent
pMUT cells 100_1 and 100_2 to be in opposite directions
(inverted polarization), phases of two of pMUT cells 100
having different resonance frequencies are matched. In the
inverted polarization state, a connection system (parallel or
series) of pMUT cells 100 is apparently switched. In this
manner, a characteristic of pMUT element 22 can be appro-
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the control of drive circuit 243 as described above, so that
a connection system (parallel or series) of pMUT cells 100
can be apparently switched. For this reason, even when
pMUT cells 100 are connected in parallel, sufficient receiv-
ing sensitivity can be obtained without lowering transmis-
sion sensitivity by, for example, drive circuit 243 controlling
pMUT cells 100 to have non-inverted polarization at the
time of transmission and inverted polarization at the time of
receiving. The above similarly applies even when pMUT
cells 100 are connected in series.

[0086]
can be obtained by polarization states and connection sys-
tems of adjacent two cells of pMUT element 22 on which
pMUT cells 100 having two types of resonance frequencies
coexist as described in the second embodiment.

Table 3 described below shows characteristics that

TABLE 3

Polarization state

Connection system

Parallel connection Series connection

Non-inverted polarization (PP, NN)

Inverted polarization (PN, NP)

Narrow band (high sensitivity)
High capacity (low impedance) Low capacity (high impedance)
Wide band (high resolution) Narrow band (high sensitivity)
Low capacity (high impedance) High capacity (low impedance)

Wide band (high resolution)

priately controlled in accordance with a purpose of use of
ultrasound diagnostic apparatus 1.

[0082] Hereinafter, an advantageous effect that may be
obtained by ultrasound diagnostic apparatus 1 according to
the second embodiment will be described with a specific
example. First, as described above, by inverted polarization
of two adjacent ones of pMUT cells 100, phases of pMUT
cells 100 can be matched. In this manner, like the first
embodiment, lowering in sensitivity caused by phase mis-
matching can be prevented in pMUT element 22 as a whole.
[0083] Inthe second embodiment, polarization circuit 244
controls a polarization direction of pMUT cell 100, so that
connection systems of adjacent ones of pMUT cells 100 can
be apparently controlled.

[0084] In an ultrasound diagnostic apparatus in general, a
high field intensity can be applied with a low voltage in a
configuration where electrodes are disposed on both surfaces
in a thick direction of a piezoelectric film having a thickness
of several microns included in a pMUT cell, and a large
sound pressure can be obtained. However, at the time of
receiving, an obtained voltage is small as compared to stress
due to a small interval between electrodes. Intensity of an
ultrasound wave emitted to the inside of the body is specified
for safety reasons in ultrasound diagnosis, and receiving
sensitivity cannot be compensated for by transmission sound
pressure. Accordingly, a predetermined receiving sensitivity
needs to be ensured in order to obtain an image of high
quality. As a method of compensating receiving sensitivity
without increasing intensity of transmission sound pressure,
there has conventionally been a method of obtaining a
voltage sensitivity that is several times higher by connecting
a plurality of pMUT cells in series. However, series con-
nection generates a disadvantage that transmission sensitiv-
ity (a sound pressure value per unit voltage) is lowered.
[0085] In ultrasound diagnostic apparatus 1 according to
the second embodiment, polarization directions of adjacent
ones of pMUT cells 100 are inverted from each other under

[0087] Parallel connection in Table 3 includes apparent
parallel connection, that is, pMUT cells 100, which are
connected in series in actuality, are apparently connected in
parallel at the time of inverted polarization. Similarly, series
connection in Table 3 includes apparent series connection,
that is, pMUT cells 100, which are connected in parallel in
actuality, are apparently connected in series at the time of
inverted polarization.

[0088] As shown in Table 3, a characteristic of pMUT
element 22 can be changed depending on a combination of
a polarization state and a connection system. That is, while
a wide-band characteristic can be obtained by a combination
in which phases are matched, a narrow-band characteristic
can be obtained by intentionally mismatching phases, so that
a band of high sensitivity can be used.

Effects and Advantageous Effects

[0089] The ultrasound transducer (ultrasound probe 20) of
the present invention is an ultrasound transducer in which a
plurality of pMUT cells (pMUT cells 100) are arranged. A
plurality of the pMUT cells include a plurality of resonance
frequencies. Each of a plurality of the pMUT cells includes
a piezoelectric film (piezoelectric film 130) that is polarized
in either the first direction that is a thickness direction and
the second direction that is opposite to the first direction.

[0090] By the above configuration, the ultrasound trans-
ducer of the present invention can obtain a wide-band
characteristic since phases are matched as a whole.

[0091] The ultrasound transducer of the present invention
further includes a polarization circuit (polarization circuit
244) that switches a polarization direction of a piezoelectric
film included in each of a plurality of pMUT cells, and a
drive circuit (drive circuit 243) that controls the polarization
circuit so that a plurality of pMUT cells are polarized in the
first direction that is a thickness direction of a piezoelectric
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film of each of the pMUT cells or a second direction that is
opposite to the first direction.

[0092] By the above configuration, the ultrasound trans-
ducer of the present invention can obtain not only a wide-
band characteristic by matching phases of the pMUT cells,
but also a variety of characteristics, such as a narrow-band
characteristic by intentionally mismatching phases. Specifi-
cally, for example, when a target at a low depth needs to be
imaged, priority is preferably placed on resolution by
obtaining a wide-band characteristic, and when a target at a
high depth needs to be imaged, priority is preferably placed
on sensitivity by obtaining a narrow-band characteristic.
Alternatively, for example, a signal loss may be restricted by
increasing capacitance (lowering impedance) of pMUT ele-
ment 22 at the time of transmission, and receiving sensitivity
may be obtained by lowering capacitance (increasing imped-
ance) at the time of receiving.

Modifications

[0093] In the above embodiment, pMUT element 22 may
be a 2D array on which pMUT cells 100 are arranged
two-dimensionally as shown in FIG. 5, as well as a 1D array,
a 1.5D array, or the like on which pMUT cells 100 are
arranged one-dimensionally.

[0094] In the above embodiment, pMUT element 22 has
the configuration in which high-frequency cells 110 and
low-frequency cells 120 are arranged alternately in vertical
and horizontal directions as shown in FIG. 5. However, the
present invention is not limited to this configuration. In the
present invention, for example, high-frequency cells 110 and
low-frequency cells 120 may be arranged alternately only in
a vertical direction or a horizontal direction. High-frequency
cells 110 and low-frequency cells 120 do not need to be at
an equal ratio, and may be arranged unequally. When
high-frequency cells 110 and low-frequency cells 120 are
not at an equal ratio, a characteristic of entire pMUT element
22 varies depending on which of high-frequency cells 110
and low-frequency cells 120 are larger in number. Accord-
ingly, the ratio may be changed depending on a purpose.
[0095] In the above embodiment, pMUT element 22 has
arrangement of pMUT cells 100 having two types of reso-
nance frequencies. However, the present invention is not
limited to the above configuration. In the present invention,
the pMUT element may be configured with arrangement of
pMUT cells having, for example, three types or more of
resonance frequencies. When pMUT cells having three types
of more of resonance frequencies are arranged, the pMUT
cells may be arranged equally or unequally between each
resonance frequencies, like the above configuration. The
ratio of pMUT cells between each resonance frequency may
be changed as appropriate in a designing stage of ultrasound
diagnostic apparatus 1.

[0096] In the above embodiment, the method of differen-
tiating the diameter of piezoelectric film 130 is employed as
a method of modulating a frequency of high-frequency cell
110 and low-frequency cell 120. However, the present
invention is not limited to the method. In the present
invention, high-frequency cell 110 and low-frequency cell
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120 may have different resonance frequencies by, for
example, differentiating the thickness of piezoelectric film
130 or by filling an opening section provided on a substrate
that supports piezoelectric film 130 with different materials.

INDUSTRIAL APPLICABILITY

[0097] The present invention can be used for an ultrasound
transducer that transmits and receives an ultrasound wave by
using a pMUT.

[0098] Although embodiments of the present invention
have been described and illustrated in detail, the disclosed
embodiments are made for purposes of illustration and
example only and not limitation. The scope of the present
invention should be interpreted by terms of the appended
claims.

What is claimed is:

1. An ultrasound transducer in which a plurality of pMUT

cells are arranged, wherein

the plurality of pMUT cells have one of a plurality of
resonance frequencies, and

each of the plurality of pMUT cells includes a piezoelec-
tric film that is polarized in a first direction that is a
thickness direction or a second direction that is oppo-
site to the first direction.

2. The ultrasound transducer according to claim 1,

wherein

the plurality of pMUT cells have two types of resonance
frequencies that are different from each other, and

the plurality of pMUT cells having the two types of
resonance frequencies have the piezoelectric films in
polarization directions different from each other.

3. The ultrasound transducer according to claim 1, further

comprising:

a polarizer configured to switch a polarization direction of
the piezoelectric film of each of the plurality of pMUT
cells to the first direction or the second direction; and

a controller configured to control the polarizer to switch
a polarization direction of the piezoelectric film to the
first direction or the second direction.

4. The ultrasound transducer according to claim 3,

wherein

the controller controls the polarizer so that two adjacent
ones of the pMUT cells are polarized in directions
different from each other.

5. The ultrasound transducer according to claim 3,

wherein

the controller controls the polarizer so as to switch a
piezoelectric direction of the pMUT cell based on a
target part to be imaged by using the ultrasound trans-
ducer.

6. The ultrasound transducer according to claim 3,

wherein

the controller controls the polarizer so as to switch a
piezoelectric direction of the pMUT cell between at a
time of transmitting and at a time of receiving an
ultrasound wave using the ultrasound transducer.

7. An ultrasound diagnostic apparatus comprising the

ultrasound transducer according to claim 1.
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