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(54) ULTRASONIC DIAGNOSTIC EQUIPMENT AND ULTRASONIC PROBE

(57) An ultrasonic diagnosis apparatus including an
ultrasonic probe having plural vibrating elements whose
electromechanical coupling coefficients vary in accord-
ance with the magnitude of a bias voltage supplied from
a bias voltage supply unit, an ultrasonic image construct-
ing unit for constructing an ultrasonic image on the basis
of a reflection echo signal received from the ultrasonic

probe, and a display unit for displaying the ultrasonic im-
age is equipped with a calculation unit for calculating the
magnitude of the bias voltage with respect to a collapse
voltage of the vibrating elements, a storage unit for stor-
ing the calculated magnitude of the bias voltage, and a
control unit for making the bias voltage supply unit supply
the bias voltage to the vibrating elements in accordance
with the stored magnitude of the bias voltage.
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Description
Technical Field

[0001] The present invention relates to an ultrasonic
diagnosis apparatus for picking up an ultrasonic image
by using an ultrasonic probe using cMUT (capacitive Mi-
cromachined Ultrasonic Transducer) chip.

Background Art

[0002] An ultrasonic diagnosis apparatus transmits an
ultrasonic wave to an examinee through an ultrasonic
probe and picks up an ultrasonic image on the basis of
a reflection echo signal output from the ultrasonic probe.
A cMUT chip as disclosed in Patent Document 1 has
been recently adopted for the ultrasonic probe. The
cMUT chip is an ultrafine capacitance type ultrasonic
transducer manufactured by a semiconductor micro-fab-
rication process, and it has a characteristic that an elec-
tromechanical coupling coefficient varies in accordance
with abias voltage value which is superposed on a driving
signal supplied from an ultrasonic transceiver and ap-
plied.

[0003] Furthermore, Patent Document 2 discloses an
ultrasonic diagnosis apparatus in which ultrasonic probe
construction information such as an arrangementinterval
between transducers of an ultrasonic probe, curvature,
focal point, aperture is stored in a memory of the ultra-
sonic probe.

[0004]

Patent Document 1: JP-A-2006-20313
Patent Document 2: JP-A-63-154160

Disclosure of the Invention
Problem to be solved by the Invention

[0005] However, the above Patent Document 1 merely
discloses the ultrasonic probe using the cMUT chip, and
the Patent Document 2 merely discloses the ultrasonic
probe having the memory for storing information on an
arrangement condition of the transducers. Therefore,
they do not raise any problem concerning reduction in
sensitivity of the ultrasonic probe due to a collapse state
of the cMUT chip.

[0006] Here, the collapse state is a state that when an
applied bias voltage is equal to some voltage, the center
portion of a film body of an vibrating element (containing
an upper electrode) comes into contact with the surface
of a lower electrode, charge transfer from the lower elec-
trode to the upper electrode occurs, and the sensitivity
of the vibrating element, that is, the ultrasonic probe is
reduced due to the effect of the charge transfer. A voltage
occurring due to the charge transfer under the collapse
state will be referred to as a collapse voltage.

[0007] An object of the invention is to provide an ultra-
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sonic diagnosis apparatus and an ultrasonic probe that
can suppress sensitivity reduction of the ultrasonic probe.

Means of solving the Problem

[0008] An ultrasonic diagnosis apparatus according to
the invention has the following constituent elements.
[0009]

(1) An ultrasonic diagnosis apparatus having an ul-
trasonic probe having plural vibrating elements
whose electromechanical coupling coefficients vary
in accordance with the magnitude of a bias voltage
supplied from a bias voltage supply unit, an ultrason-
ic image constructing unit for constructing an ultra-
sonic image on the basis of a reflection echo signal
received from the ultrasonic probe, and a display unit
for displaying the ultrasonic image, is characterized
by comprising: a calculation unit for calculating the
magnitude of the bias voltage with respect to the
collapse voltage of the vibrating element, a storage
unit for storing the calculated magnitude of the bias
voltage, and a control unit for making the bias voltage
supply unit supply the bias voltage to the vibrating
elements in accordance with the stored magnitude
of the bias voltage.

[0010]

(2) An ultrasonic diagnosis apparatus having an ul-
trasonic probe having plural vibrating elements
whose electromechanical coupling coefficients vary
in accordance with the magnitude of a bias voltage
supplied from a bias voltage supply unit, an ultrason-
ic image constructing unit for constructing an ultra-
sonic image on the basis of a reflection echo signal
received from the ultrasonic probe, and a display unit
for displaying the ultrasonic image, is characterized
by comprising: a storage unit for storing a collapse
voltage of the vibrating elements, and a control unit
for calculating the magnitude of the bias voltage on
the basis of the collapse voltage read out from the
storage unit, and making the bias voltage supply unit
supply the bias voltage to the vibrating elements in
accordance with the magnitude of the bias voltage.

[0011]

(3) An ultrasonic diagnosis apparatus having an ul-
trasonic probe having plural vibrating elements
whose electromechanical coupling coefficients vary
in accordance with the magnitude of a bias voltage
supplied from a bias voltage supply unit, an ultrason-
ic image constructing unit for constructing an ultra-
sonic image on the basis of a reflection echo signal
received from the ultrasonic probe, and a display unit
for displaying the ultrasonic image, is characterized
by comprising: a measuring unit for measuring a col-
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lapse voltage of the vibrating elements of the ultra-
sonic probe, a calculation unit for calculating the
magnitude of a bias voltage which is equal to or less
than the collapse voltage, a storage unit for storing
the calculated bias voltage, and a control unit for
making the bias voltage supply unit supply the bias
voltage to the vibrating elements in accordance with
the magnitude of the bias voltage.

[0012] The ultrasonic probe according to the invention
has the following constitute elements.
[0013]

(1) An ultrasonic probe having plural vibrating ele-
ments whose electromechanical coupling coeffi-
cients vary in accordance with a bias voltage sup-
plied from a bias voltage supply unit, and a storage
unit for storing information concerning the vibrating
elements, is characterized by further comprising a
calculation unit for calculating the magnitude of the
bias voltage to a collapse voltage of the vibrating
elements, wherein the storage unit stores the mag-
nitude of the bias voltage of the vibrating units and
enables the magnitude of a bias voltage read out
from the storage unit to be output to the bias voltage
supply unit.

[0014]

(2) An ultrasonic probe having plural vibrating ele-
ments whose electromechanical coupling coeffi-
cients vary in accordance with a bias voltage sup-
plied from a bias voltage supply unit, and a storage
unit for storing information concerning the vibrating
elements, is characterized in that the storage unit
stores a collapse voltage of the vibrating elements
and the ultrasonic probe further comprises a calcu-
lation unit for calculating the magnitude of a bias volt-
age from the collapse voltage read out from the stor-
age unit.

[0015]

(3) An ultrasonic probe having plural vibrating ele-
ments whose electromechanical coupling coeffi-
cients vary in accordance with a bias voltage sup-
plied from a bias voltage supply unit, and a storage
unit for storing information concerning the vibrating
elements, is characterized by further comprising a
calculation unit for calculating the magnitude of the
bias voltage which is equal to or less than a collapse
voltage of the vibrating elements, wherein the stor-
age unit stores the magnitude of the bias voltage of
the vibrating elements, and enables the magnitude
of a bias voltage read out from the storage unit to be
output to the bias voltage supply unit.
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Effect of the Invention

[0016] According to the invention, there can be provid-
ed an ultrasonic diagnosis apparatus and an ultrasonic
probe that can suppress sensitivity reduction of the ul-
trasonic probe.

Brief Description of the Drawings
[0017]

[Fig. 1] Fig. 1 is a diagram showing the overall con-
struction of the invention.

[Fig. 2] Fig. 2 is a diagram showing the construction
of an ultrasonic probe according to the invention.
[Fig. 3] Fig. 3 is a diagram showing the construction
of a transducer according to the invention.

[Fig. 4] Fig. 4 is a diagram showing the construction
of an vibrating element according to the invention.
[Fig. 5] Fig. 5 is a diagram showing a driving state
of the vibrating element of the invention.

[Fig. 6] Fig. 6 is a diagram showing a collapse state
of the vibrating element of the invention.

[Fig. 7] Fig. 7 is a diagram showing the details of a
capacitance measuring unit and a transmission unit
according to the invention.

[Fig. 8] Fig. 8 is a diagram showing a first embodi-
ment and a second embodiment of the invention.
[Fig. 9] Fig. 9 is a diagram showing a third embodi-
ment of the invention.

[Fig. 10]Fig. 10 is a diagram showing a fourth em-
bodiment of the invention.

[Fig. 11]Fig. 11 is a diagram showing a fifth embod-
iment of the invention.

[Fig. 12]Fig. 12 is a diagram showing a seventh em-
bodiment of the invention.

[Fig. 13]Fig. 13 is a diagram showing an eighth em-
bodiment of the invention.

Description of Reference Numerals

[0018] 1 ultrasonic diagnosis apparatus, 2 ultrasonic
probe, 3 memory, 4 transmission unit, 5 calculation unit,
6 bias voltage supply unit, 7 transmission/reception sep-
arating unit, 8 reception unit, 9 capacitance measuring
unit, 10 phasing and adding unit, 12 image processing
unit, 14 display unit, 16 control unit, 18 operation unit

Best mode for carrying out the Invention

[0019] An ultrasonic diagnosis apparatus 1 and an ul-
trasonic probe 2 to which the invention is applied will be
described with reference to the drawings. Fig. 1is a block
diagram showing the ultrasonic diagnosis apparatus 1
according to an embodiment of the invention.

[0020] As shown inFig. 1, the ultrasonic diagnosis ap-
paratus 1 comprises an ultrasonic probe 2, a memory 3,
a transmission unit 4, a calculation unit 5, a bias voltage
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supply unit 6, a transmission/reception separating unit 7,
a reception unit 8, a capacitance measuring unit 9, a
phasing and adding unit 10, an image processing unit
12, a display unit 14, a control unit 16 and an operation
unit 18.

[0021] The ultrasonic probe 2 is brought into contact
with an examinee to transmit/receive an ultrasonic wave
to/from the examinee. An ultrasonic wave is emitted from
the ultrasonic probe 2 to the examinee, and a reflection
echo signal generated from the examinee is received by
the ultrasonic probe 2.

[0022] A driving signal is supplied to the ultrasonic
probe 2 by using the transmission unit 4 and the bias
voltage supply unit 6, the reception unit 8 receives the
reflection echo signal output from the ultrasonic probe 2,
and the reflection echo signal is subjected to processing
such as analog digital conversion. The transmission/re-
ception separating unit 7 transmits the driving signal to
be supplied to the ultrasonic probe 2 and the reflection
echo signal received from the ultrasonic probe 2 while
performing a switching operation between these signals.
[0023] The phasing and adding unit 10 subjects the
received reflection echo signal to phasing addition. The
image processing unit 12 constructs an ultrasonic image
(for example, tomogram, blood stream image or the like)
on the basis of the phasing-added reflection echo signal.
The display unit 14 displays the image-processed ultra-
sonic image on a display screen. The control unit 16 con-
trols the respective constituent elements described
above. The operation unit 18 gives an instruction to the
control unit 16, and comprises a track ball, a keyboard
or the like. The ultrasonic probe 2 contains a memory 3
in which information concerning the ultrasonic probe (for
example, bias voltage, collapse voltage) is stored.
[0024] Next, the ultrasonic probe 2 will be described
in detail with reference to Fig. 2. Fig. 2 is a perspective
view showing the ultrasonic probe 2. As shown in Fig. 2,
the ultrasonic probe 2 is designed as a one-dimensional
array type in which plural transducers 20a to 20m (m:
natural number) are arranged in a strip-like shape. How-
ever, other types such as a two-dimensional array type
and a convex type may be used. A backing layer 22 is
provided at the backside of the transducers 20a to 20m,
and also a matching layer 24 is disposed at the ultrasonic
wave emission side. An acoustic lens 26 is provided at
the ultrasonic emission side of the matching layer 24.
The matching layer 24 enhances the transmission effi-
ciency of ultrasonic waves by matching the acoustic im-
pedance between the transducers 20a to 20m and the
examinee. A construction that the matching layer 24 is
not used may be adopted.

[0025] The transducers 20a to 20m convert the driving
signal from the transmission unit 4 and the bias voltage
supply unit 6 to an ultrasonic wave, and transmit the ul-
trasonic wave to the examinee. The transducers 20a to
20m convert the ultrasonic wave generated from the ex-
aminee to an electrical signal, and receive the ultrasonic
wave as a reflection echo signal. The backing layer 22
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absorbs propagation of the ultrasonic wave emitted from
the transducers 20a to 20m to the backside thereof, and
suppresses extract vibration. The acoustic lens 26 con-
verges the ultrasonic wave transmitted from the trans-
ducers 20a to 20m, and the curvature thereof is deter-
mined on the basis of one focal distance.

[0026] Here, the transducers 20a to 20m and the vi-
brating element 28 will be described in detail. Fig. 3 is a
perspective view showing the transducers 20a to 20m.
As shown in Fig. 3, the transducer 20a is divided into
plural equal electrical patterns in the minor-axis direction
() of the ultrasonic probe 2, for example, three sections
P1 to P3. In the section P1, plural, for example, six vi-
brating elements 28-1 to 28-6 are arranged. A driving
electrode is commonly connected to the respective vi-
brating elements 28-1 to 28-6. Likewise, a driving elec-
trode is commonly connected to the vibrating elements
28-7 t0 28-12 belonging to the section P2. A driving elec-
trode is commonly connected to the vibrating elements
28-13 to 28-18 arranged in the section P3.

[0027] The vibrating elements 28-1 to 28-18 as de-
scribed above are electro-acoustic transducers for
changing the electromechanical coupling coefficient, that
is, the transmission/reception sensitivity in accordance
with the magnitude of a bias voltage which is applied
thereto by the bias voltage supply unit 6, converting the
driving signal supplied from the transmission unit 4 to the
ultrasonic wave on the basis of the electromechanical
coupling coefficient, transmitting the converted ultrasonic
wave, and converting a received ultrasonic wave to an
electrical signal to receive the ultrasonic wave as a re-
flection echo signal.

[0028] Fig. 4 is a diagram showing the structure of the
vibrating element 28. The vibrating element 28 is formed
by micro-fabrication in the semiconductor process, and
it comprises a semiconductor substrate 40, a frame body
42, a film body 44, an upper electrode 46, a lower elec-
trode 48, etc. The frame body 42 is formed of semicon-
ductor compound (for example, insulator such as oxide
film (PTEOS) or silicon nitride (SIN)), and it is mounted
on the surface at the ultrasonic wave emission side of
the lower electrode 48 on the semiconductor substrate
40. The film body 44 is formed of semiconductor com-
pound (for example, insulator such as oxide film (PTEOS)
or silicon nitride (SIN)), and it is mounted on the surface
at the ultrasonic wave emission side of the frame body
42. Furthermore, the upper electrode 46 is provided to
the film body 44. The upper electrode 46 and the lower
electrode 48 are connected to the transmission unit 4
containing a power source for supplying a driving signal,
and the bias voltage supply unit 6 for applying a DC bias
voltage (electric field intensity). A gap 50 as an internal
space compartmented by the frame body 42 and the film
body 44 is kept to a vacuum state or a state in which
predetermined gas is filled. The vibrating element 28 is
cMUT (capacitive Micromachined Ultrasonic Transduc-
er: IEEE Trans. Ultrason. Ferroelect. Freq. Contr. Vol 45
pp.678-690 May 1998).
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[0029] The operation of the vibrating element 28 will
be described with reference to Fig. 5. First, a DC bias
voltage (Va) is applied to the vibrating elements 28
through the upper electrode 46 and the lower electrode
48 by the bias voltage supply unit 6. Electric field is gen-
erated between the upper electrode 46 and the lower
electrode 48 by the bias voltage (Va). The film body 44
is strained by the generated electric field, whereby the
electromechanical coupling coefficient is equal to k2a.
Under this state, the elastic force caused by the film body
44 and the Coulomb’s force caused by the bias voltage
are balanced with each other. By supplying the driving
signal from the transmission unit 4 to the film body 44,
the film body 44 is vibrated on the basis of the electro-
mechanical coupling coefficient (k;2a), and an ultrasonic
wave is emitted from the film body 44.

[0030] Furthermore, in place of the bias voltage (Va),
a bias voltage (Vb) is applied to the vibrating elements
28. In this case, the electromechanical coupling coeffi-
cient (ki2b). Then, the driving signal is supplied from the
transmission unit 4 to the film body 44, whereby an ul-
trasonic wave is emitted from the film body 44 on the
basis of the electromechanical coupling coefficient (k2b).
For Va < Vb, ki2a < kb is satisfied. When an ultrasonic
wave is received, the vibration of the film body 44 is like-
wise excited by a reflection echo signal generated from
the examinee, whereby the capacitance of the internal
space 48 varies and an electrical signal is obtained on
the basis of the variation amount of the varying internal
space 48.

[0031] Thatis, the electromechanical coupling coeffi-
cient of the vibrating elements 28 is determined on the
basis of the tension of the film body 44. Accordingly, the
tension of the film body 44 is controlled by varying the
magnitude of the bias voltage applied to the vibrating
elements 28, whereby the sound pressure (for example,
amplitude) of the ultrasonic wave emitted from the vibrat-
ing elements 28 can be varied even when a driving signal
having the same amplitude is input.

[0032] When the bias voltage applied to the vibrating
elements 28 is increased by the bias voltage supply unit
6, the Coulomb’s force based on the bias voltage exceeds
the elastic force of the film body 44. Then, as shown in
Fig. 6, the center portion of the film body 44 is gradually
greatly deformed as the bias voltage increases. Further-
more, when the bias voltage exceeds a value called col-
lapse voltage, the center portion of the film body 44 (con-
taining the upper electrode 46) comes into contact with
the surface of the lower electrode 48 on the semiconduc-
tor substrate 40. This state corresponds to a collapse
state. When the collapse state continues for a long time,
charges are trapped (moved)to the film body 44 (insula-
tor) between the lower electrode 48 and the upper elec-
trode 46 although the amount of the moved charges is
slight. Subsequently, when the bias voltage is applied to
the vibrating elements 28, the electric field decreases to
a smaller value than that before the collapse state be-
cause of the trapped charges to the film body 44 between
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the lower electrode 48 and the upper electrode 46, so
that the electromechanical coupling coefficient decreas-
es and thus the sound pressure of the ultrasonic wave
emitted from the vibrating elements 28 also decreases.
[0033] Therefore, it is important that the collapse volt-
age is measured in advance and the bias voltage being
used is setto be equalto or less than the collapse voltage.
[0034] Here, a first embodiment will be described with
reference to Figs. 1 to 8. The collapse voltage of the
vibrating elements 28 of the ultrasonic probe 2 is meas-
ured in advance, the bias voltage is calculated from the
measured collapse voltage and the calculated bias volt-
age is stored in the memory 3 of the ultrasonic probe 2.
The bias voltage is a voltage lower than the collapse volt-
age. When an ultrasonic wave is transmitted/received,
the bias voltage is output from the memory 3 to the bias
voltage supply unit 6, and the bias voltage supply unit 6
sets the bias voltage.

[0035] The first embodiment will be specifically de-
scribed. The collapse voltage of one certain vibrating el-
ement 28 in the transducers 20a to 20m is measured.
For example, a vibrating element 28 which is set at the
end portion of the transducers 20a to 20m is suitably
used as the vibrating element 28 whose collapse voltage
is to be measured because this vibrating element 28
hardly affects the transmission/reception of ultrasonic
waves. In this embodiment, it is assumed that the vibrat-
ing elements 28 of the transducers 20a to 20m are sub-
stantially uniformly constructed.

[0036] AsshowninFig. 7, the transmission unit4 com-
prises a memory 31 in which various kinds of transmis-
sion waveform data are stored, a digital analog converter
(hereinafter referred to as DAC) 32 which is connected
to the memory 31 and converts transmission waveform
data read out from the memory 31 to an analog signal,
and a pulser 33 that is connected to DAC 32, amplifies
the analog signal and generates a transmission wave-
form for emitting an ultrasonic wave from the vibrating
elements 28. The memory 31 is connected to the control
unit 16.

[0037] The capacitance measuring unit 9 for measur-
ing the capacitance value of the vibrating elements 28
comprises an output current measuring unit 35 for meas-
uring output current, an output voltage measuring unit 36
for measuring an output voltage, and a vector calculation
unit 37. The output current measuring unit 35 is disposed
between the output of the pulser 33 and the vibrating
elements 28 (not shown), and measures the output cur-
rent of the transmission waveform. The output voltage
measuring unit 36 is disposed between the pulser 33 and
the reference potential of GND (not shown), and meas-
ures the voltage of the transmission waveform. The re-
spective outputs of the output current measuring unit 35
and the output voltage measuring unit 36 are connected
to the vector calculation unit 37, and impedance and re-
actance are determined on the basis of the intensities of
the voltage and the current, and the phase relationship
between the voltage and the current. The vector calcu-
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lation unit 37 determines the capacitance value of the
vibrating elements 28 from the reactance component by
calculation. The capacitance measuring unit 9 can be
shared with the circuit of the transmission unit 4.

[0038] The pulser 33 outputs a sin waveform signal of
a low frequency (10k to 1MHZz) to the vibrating elements
28. The bias voltage supply unit 6 applies the bias voltage
between the upper electrode 46 and the lower electrode
48 of the vibrating elements 28 while varying the bias
voltage. In the vibrating elements 28, the electric field
intensity, that is, the Coulomb’s force between the upper
electrode 46 and the lower electrode 48 varies in accord-
ance with the variation of the bias voltage, and the gap
50 varies due to the balance between the Coulomb’s
force and the elastic force based on the film body 44. At
this time, the vector calculation unit 37 calculates the
capacitance value by using the current waveform and
the voltage waveform detected by the output current
measuring unit 35 and the output voltage measuring unit
36. The currentI(t) is under the state thatthe phase there-
of advances by substantially 90° as compared with the
sin voltage V(t) of the low frequency, and thus the reac-
tance component is under the state that it substantially
indicates the capacitance value. Accordingly, the vector
calculation unit 37 determines the capacitance value on
the basis of the reactance component by calculation.
[0039] The calculation unit 5 traces the relationship be-
tween the bias voltage applied to the vibrating elements
28 by the bias voltage supply unit 6 and the capacitance
value determined by the capacitance measuring unit 9,
thereby extracting a CV curve. When the applied voltage
of the bias voltage supply unit 6 is gradually increased
from a small value, the capacitance value increases in
accordance with the increase of the bias voltage. As
shown in Fig. 8, the collapse voltage (Vc) of the vibrating
elements 28 is represented by a point at which the in-
crease of the capacitance value is stopped on the CV
curve.

[0040] The calculation unit 5 differentiates the wave-
form of the extracted CV curve. The calculation unit 5
measures as the collapse voltage (Vc) a point at which
the gradient (derivative value) varies from positive to neg-
ative. The collapse voltage (Vc) is a bias voltage under
the state that the center portion of the film body 44 comes
into contact with the surface of the lower electrode 48 on
the semiconductor substrate 40.

[0041] As shown inFig. 8(a), the calculation unit 5 cal-
culates as the bias voltage (Vdc) a voltage which is lower
than the collapse voltage (Vc), for example, equal to 70%
of the collapse voltage (Vc). The calculation unit 5 stores
the calculated bias voltage (Vdc) into the memory 3.
[0042] When the ultrasonic wave is transmitted/re-
ceived, the bias voltage (Vdc) is read out from the mem-
ory 3, and the bias voltage (Vdc) of he bias voltage supply
unit 6 is set. The bias voltage supply unit 6 applies the
bias voltage (Vdc) to the respective vibrating elements
28 of the transducers 20a to 20m. That is, the same bias
voltage (Vdc) is applied to the vibrating elements 28 of
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all the channels. The driving signal is supplied from the
transmission unit 4 to the film body 44, whereby the ul-
trasonic wave is emitted from the film body 44 on the
basis of the electromechanical coupling coefficient based
on the bias voltage (Vdc).

[0043] In this embodiment, the voltage of 70% of the
collapse voltage (Vc) is set as the bias voltage (Vdc).
Therefore, even when slight dispersion (about +10%)
exists among the collapse voltages (Vc) of the respective
vibrating elements 28 of the transducers 20a to 20m, the
respective vibrating elements 28 do not reach the col-
lapse voltage (Vc). The bias voltage supply unit 6 can
set a bias voltage which is equal to or less than the bias
voltage (Vdc).

[0044] As described above, according to this embod-
iment, the bias voltage set by the bias voltage supply unit
6 does notreach the collapse voltage, and thus the center
portion of the film body 44 does not come into contact
with the surface of the lower electrode 48 on the semi-
conductor substrate 40. Accordingly, the movement of
charges from the lower electrode 48 to the upper elec-
trode 46 does not occur. Therefore, the sensitivity of the
ultrasonic probe 2 can be kept.

[0045] In this embodiment, the calculation unit 5 cal-
culates the value of 70% of the collapse voltage (Vc) as
the bias voltage (Vdc), however, this embodiment is not
limited to this value. As shown in Fig. 8(b), the operation
unit 18 can determine what percentages of the collapse
voltage (Vc) in a predetermined range should be set as
the bias voltage (Vdc). The operation unit 18 can set the
calculation unit 5 so that the value in the range from 70%
to 90% of the collapse voltage (Vc), for example, 80%,
85%, 90% is set as the bias voltage (Vdc).

[0046] Here, a second embodiment will be described.
Itis different from the first embodimentin that the collapse
voltage is stored in the memory 3.

[0047] The collapse voltage of the vibrating elements
28 of the ultrasonic probe 2 is measured in advance, and
the collapse voltage is stored in the memory 3 of the
ultrasonic probe 2. When an ultrasonic wave is transmit-
ted/received, the collapse voltage is output from the
memory 3, the calculation unit 5 calculates a bias voltage
which is equal to or less than the output collapse voltage,
and the bias voltage supply unit 6 sets the bias voltage.
[0048] The collapse voltage (Vc) of one vibrating ele-
ment 28 in the transducers 20a to 20m is measured by
the calculation unit 5. This measuring method is the same
as the first embodiment, and thus the description thereof
is omitted. The memory 3 stores the collapse voltage
(Vc) of the vibrating element 28 extracted by the bias
voltage supply unit 6 and the calculation unit 5.

When the ultrasonic wave is transmitted/received, the
calculation unit 5 calculates the bias voltage (Vdc) from
the collapse voltage (Vc) information stored in the mem-
ory 3. As shown in Fig. 8(a), the calculation unit 5 calcu-
lates as the bias voltage (Vdc) a value which is equal to
or less than the collapse voltage (Vc), for example, 70%
of the collapse voltage (Vc).
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[0049] The bias voltage supply unit 6 applies the bias
voltage (Vdc) to the respective vibrating elements 28 of
the transducers 20a to 20m. The driving signal is supplied
from the transmission unit 4 to the film body 44, whereby
the ultrasonic wave is emitted from the film body 44 on
the basis of the electromechanical coupling coefficient
based on the bias voltage (Vdc).

[0050] According to this embodiment, the bias voltage
set by the bias voltage supply unit 6 does not reach the
collapse voltage, and thus the center portion of the film
body 44 does not come into contact with the surface of
the lower electrode 48 on the semiconductor substrate
40. Accordingly, there occurs no movement of charges
to the film body 44 between the lower electrode 48 and
the upper electrode 46. Therefore, the sensitivity of the
ultrasonic probe 2 can be kept.

[0051] Here, athird embodiment will be described with
reference to Fig. 9. This embodiment is different from the
first embodiment and the second embodimentin that col-
lapse voltages are determined from plural vibrating ele-
ments 28 and the bias voltage of the bias voltage supply
unit 6 is set on the basis of the plural collapse voltages.
[0052] As showninFig. 9, CV curves are extracted for
three vibrating elements 28 in the transducers 20a to
20m, for example. With respect to the first vibrating ele-
ment, a characteristic as indicated by a broken line 60 is
obtained. With respect to the second vibrating element,
a characteristic as indicated by a solid line 62 is obtained.
With respect to a third vibrating element, a characteristic
as indicated by a one-dotted chain line 64 is obtained.
[0053] The calculation unit 6 determines collapse volt-
ages (Vc1, Vc2, Ve3d) inthe respective vibrating elements
28. This measuring method is the same as the first em-
bodiment, and thus the description thereof is omitted.
The calculation unit 6 calculates the average value
(Vcav) of the collapse voltages (Vc1, Vc2, Vc3) from the
information on the collapse voltages (Vc1, Vc2, Vc3).
Then, the calculation unit 6 calculates the bias voltage
(Vdc) from the average value (Vcav) of the collapse volt-
ages. As shown in Fig. 9, the calculation unit 6 calculates
as the bias voltage (Vdc) a value which is equal to or less
than the average value (Vcav) of the collapse voltages,
for example, a value of 70%. The memory 3 stores the
calculated bias voltage.

[0054] When the ultrasonic wave is transmitted/re-
ceived, the bias voltage (Vdc) is read out from the mem-
ory 3, and the bias voltage (Vdc) of the bias voltage supply
unit 6 is set. The bias voltage supply unit 6 applies the
bias voltage (Vdc) to the respective vibrating elements
28 of the transducers 20a to 20m. Then, the driving signal
is supplied from the transmission unit 4 to the film body
44, whereby the ultrasonic wave is emitted from the film
body 44 on the basis of the electromechanical coupling
coefficient based on the bias voltage (Vdc).

[0055] In this embodiment, a value which is not more
than the average value (Vcav) of the collapse voltages
in the plural vibrating elements 28, that is, the value of
70% is set as the bias voltage (Vdc). Accordingly, this
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embodiment is effective even when the collapse voltage
(Vc) is slightly dispersed among the plural vibrating ele-
ments 28.

[0056] Furthermore, the calculation unit 6 determines
the average value (Vcav) of the collapse voltage from
the collapse voltages (Vc1, Vc2, Vc3) of these vibrating
elements 28. However, the bias voltage (Vdc) may be
calculated on the basis of the minimum value (Vc1) of
the collapse voltage. For example, the calculation unit 6
calculates as the bias voltage (Vdc) a value which is not
more than the minimum value (Vc1) of the collapse volt-
age, for example, a value of 70%. Accordingly, the bias
voltage can be set in the bias voltage supply unit 6 with
preventing the bias voltage of each of the vibrating ele-
ments 28 from reaching the collapse voltage.

[0057] According to this embodiment, the bias voltage
set by the bias voltage supply unit 6 does not reach the
collapse voltage. Therefore, the center portion of the film
body 44 does not come into contact with the surface of
the lower electrode 48 on the semiconductor substrate
40. Accordingly, movement of charges to the film body
44 between the lower electrode 48 and the upper elec-
trode 46 does not occur, so that the sensitivity of the
ultrasonic probe 2 can be kept.

[0058] Inthis embodiment, the collapse voltages (VcT1,
Vc2, Vc3) of the three vibrating elements 28 in the trans-
ducers 20a to 20m are extracted to determine the bias
voltage (Vdc). However, this embodiment is not limited
to the three vibrating elements 28. For example, the col-
lapse voltages (Vc1 to Vc5) of five vibrating elements 28
in the transducers 20a to 20m may be extracted to de-
termine the bias voltage (Vdc). Furthermore, the collapse
voltage of one vibrating element 28 may be extracted
every transducer 20a to 20m to determine bias voltage
(Vdc). The above choice may be arbitrarily made by the
operation unit 18. Furthermore, in this embodiment, the
bias voltage (Vdc) is extracted on the basis of the average
value of the collapse voltages, but the bias voltage (Vdc)
may be extracted on the basis of another definition such
as the median value of the collapse voltages or the min-
imum value of the collapse voltages.

[0059] Here, a fourth embodiment will be described
with reference to Fig. 10. This embodiment is different
from the first to third embodiments in that the collapse
voltages of all the vibrating elements 28 are determined
and the bias voltage of the bias voltage supply unit 6 is
set on the basis of all the collapse voltages.

[0060] First, CV curves are extracted for all the vibrat-
ing elements 28 of the transducers 20a to 20m by the
calculation unit 5. The calculation unit 6 determines the
collapse voltage of each of the vibrating elements 28.
This measuring method is the same as the first embod-
iment, and thus the description thereof is omitted.
[0061] The calculation unit 6 determines a histogram
representing frequency/number of times of the collapse
voltages (Vc). Then, the calculation unit 6 determines the
average value and the median value (Vca) in the deter-
mined histogram. Furthermore, the calculation unit 6 cal-



13 EP 2 223 654 A1 14

culates the bias voltage (Vdc) from the average value or
the median value (Vcav) of the collapse voltages (Vc).
As shown in Fig. 10, the calculation unit 6 calculates as
the bias voltage (Vdc) a value which is not more than the
average value or median value (Vcav) of the collapse
voltages, for example, a value of 70% of the collapse
voltage. The memory 3 stores the calculated bias voltage
(Vdc).

[0062] When the ultrasonic wave is transmitted/re-
ceived, the bias voltage (Vdc) is read out from the mem-
ory 3, and the bias voltage (Vdc) of the bias voltage supply
unit 6 is set. The bias voltage supply unit 6 applies the
bias voltage (Vdc) to the respective vibrating elements
28 of the transducers 20a to 20m. The driving signal is
supplied from the transmission unit 4 to the film body 44,
whereby the ultrasonic wave is emitted from the film body
44 on the basis of the electromechanical coupling coef-
ficient based on the bias voltage (Vdc).

[0063] Furthermore, the calculation unit 6 determines
the average value or median value (Vcav) of the histo-
gram from the collapse voltages (Vc) of all the vibrating
elements 28. However, the bias voltage (Vdc) may be
calculated on the basis of the minimum value (Vc1) of
the histogram. For example, the calculation unit 6 calcu-
lates the bias voltage (Vdc) so that the bias voltage (Vdc)
is equal to 70% of the minimum value (Vc1) of the col-
lapse voltages. Accordingly, the bias voltage can be set
in the bias voltage supply unit 6 so that the bias voltage
does not reach the collapse voltages of the respective
vibrating elements 28.

[0064] According to this embodiment, the bias voltage
set in the bias voltage supply unit 6 does not reach the
collapse voltages of all the vibrating elements 28. There-
fore, the center portion of the film body 44 does not come
into contact with the surface of the lower electrode 48 on
the semiconductor substrate 40. Accordingly, the move-
ment of charges to the film body 44 between the lower
electrode 48 and the upper electrode 46 does not occur.
Therefore, the sensitivity of the ultrasonic probe 2 can
be kept.

[0065] Here, a fifth embodiment will be described with
reference to Fig. 11. This embodiment is different from
the first to fourth embodiment in that the collapse voltage
is measured with time lapse to update the bias voltage
or collapse voltage stored in the memory 3.

[0066] First, the bias voltage or the collapse voltage is
stored in the memory 3 as in the case of the first to fourth
embodiments. For example, when one month or one year
elapses from the time of storage into the memory 3, the
collapse voltage(s) of one vibrating element 28, plural
vibrating elements 28 or all the vibrating elements 28 in
the transducers 20a to 20m is(are) measured by the bias
voltage supply unit 6, the calculation unit 5 and the ca-
pacitance measuring unit 9. In this case, the collapse
voltage(s) is(are) measured when one month or one year
elapses, however, the time period may be arbitrarily set
by the operation unit 18.

[0067] As shown in Fig. 11, the collapse voltage (Vc)
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of the vibrating element 28 is represented by a point at
which the increase of the capacitance stops in the CV
curve. A solid-line CV curve 80 represents past actual
measurement values, and a broken-line CV curve 82 rep-
resents present actual measurement value.

[0068] The calculation unit 6 calculates a bias voltage
(Vdc1) which is not more than the collapse voltage (Vc1)
extracted from the actual-line CV curve 80. The calculat-
ed bias voltage (Vdc1) is stored in the memory 3. The
calculation unit 6 calculates a bias voltage (Vdc2) which
is not more than the collapse voltage (Vc2) extracted
from the broken-line CV curve 82. The memory 3 stores
the calculated bias voltage (Vdc2) while replacing the
bias voltage (Vdc1) by the calculated bias voltage (Vdc2).
[0069] When the ultrasonic wave is transmitted/re-
ceived, the bias voltage (Vdc2) is read out from the mem-
ory 3, and the bias voltage (Vdc2) of the bias voltage
supply unit 6 is set. The bias voltage supply unit 6 applies
the bias voltage (Vdc2) concerned to the respective vi-
brating elements 28 of the transducers 20a to 20m. Then,
the driving signal is supplied from the transmission unit
4 to the film body 44, whereby the ultrasonic wave is
emitted from the film body 44 on the basis of the electro-
mechanical coupling coefficient based on the bias volt-
age (Vdc2).

[0070] According to this embodiment, the bias voltage
is set in accordance with the variation of the collapse
voltage which is caused by the time deterioration of the
vibrating elements 28, and thus the bias voltage does
not reach the collapse voltage. The center portion of the
film body 44 does not come into contact with the surface
of the lower electrode 48 on the semiconductor substrate
40, and thus movement of charges to the film body 44
between the lower electrode 48 and the upper electrode
46 does not occur. Therefore, the sensitivity of the ultra-
sonic probe 2 can be kept.

[0071] In this embodiment, the collapse voltage is
measured at the time when one month or one year elaps-
es and the bias voltage is updated. However, the collapse
voltage may be measured at a rate of once per 500 times
of diagnosis to update the bias voltage in the memory 3,
for example.

[0072] Here, a sixth embodiment will be described.
This embodiment is different from the first to fifth embod-
iments in that the bias voltage corresponding to the type
of the vibrating elements 28 is set.

[0073] When the diameter of the vibrating element 28
is large, the rigidity of the film body 44 is small and thus
the collapse voltage (Vc) is low. On the other hand, when
the diameter of the vibrating element 28 is small, the ri-
gidity of the film body 44 is large and thus the collapse
voltage (Vc) increases. Furthermore, when the gap 50
between the vibrating elements 28 is large, the electric
field intensity is small and thus the collapse voltage (Vc)
is high. On the other hand, when the gap 50 of the vibrat-
ing element 28 is small, the electric field intensity is high
and thus the collapse voltage (Vc) is low. Furthermore,
the collapse voltage also varies in accordance with the
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dielectric constant of the film body 44 or the like. Because
of the characteristic as described above, it is necessary
to settle the collapse voltage (Vc) in accordance with the
structure or type of the vibrating elements 28 and set the
bias voltage.

[0074] Therefore, in this embodiment, the collapse
voltage (Vc) is measured in accordance with the type of
the vibrating elements 28 (for example, the gap or diam-
eter) mounted on the ultrasonic probe 2. This measuring
method is the same as the first embodiment, and thus
the description thereof is omitted. The calculation unit 5
calculates as the bias voltage (Vdc) a voltage which is
not more than the collapse voltage (Vc) measured in ac-
cordance with the type of the vibrating elements 28, for
example, a voltage of 70% of the collapse voltage (Vc).
The calculation unit 5 stores the calculated bias voltage
into the memory 3 together with information about the
type of the vibrating elements 28.

[0075] When the ultrasonic wave is transmitted/re-
ceived, the bias voltage (Vdc) corresponding to the type
of the vibrating elements 28 is read out from the memory
3, and the bias voltage (Vdc) of the bias voltage supply
unit 6 is set. The bias voltage supply unit 6 associates
the bias voltage (Vdc) and the type of the vibrating ele-
ments 28 with each other, and applies the bias voltage
(Vdc) to the respective vibrating elements 28. Then, the
driving signal is transmitted from the transmission unit 4
to the film body 44, whereby the ultrasonic wave is emit-
ted from the film body 44 on the basis of the electrome-
chanical coupling coefficient based on the bias voltage
(Vdc).

[0076] According to this embodiment, the bias voltage
is set in accordance with the change of the collapse volt-
age which is made in accordance with the type of the
vibrating elements 28, and thus the bias voltage does
not reach the collapse voltage. The center portion of the
film body 44 does not come into contact with the surface
of the lower electrode 48 on the semiconductor substrate
40, and thus the movement of charges to the film body
44 between the lower electrode 48 and the upper elec-
trode 46 does not occur. Therefore, the sensitivity of the
ultrasonic probe 2 can be kept.

[0077] Here, a seventh embodiment will be described
with reference to Fig. 12. This embodiment is different
from the first to sixth embodiments in that a weight for
the bias voltage is set every channel.

[0078] The bias voltage supply unit 6 sets the bias volt-
age varying every channel on the basis of the bias voltage
(Vdc) determined by the calculation unit 5.

[0079] First, the collapse voltage (Vc) of one certain
vibrating element 28 in the transducers 20a to 20m is
measured. The measuring method is the same as the
firstembodiment, and thus the description thereof is omit-
ted. The calculation unit 5 calculates as the bias voltage
(Vdc) a voltage which is not more than the collapse volt-
age (Vc), for example, a voltage of 70% of the collapse
voltage (Vc). The memory 3 stores the bias voltage (Vdc).
[0080] The bias voltage supply unit 6 increases the
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weight for the bias voltage (Vdc) of the channel at the
center portion of the ultrasonic probe 2, and reduces the
weight for the bias voltage (Vdc) of the channel at the
end portion. Specifically, as shown in Fig. 12, the bias
voltage supply unit 6 sets "1" to the weight for the bias
voltage applied to the vibrating elements 28 of an 8-chan-
nel. The bias voltage supply unit 6 sets "0.8" to the weight
for the bias voltage applied to the vibrating elements 28
of the 4-channel and the 12-channel. The bias voltage
supply unit 6 sets "0" to the weight for the bias voltage
applied to the vibrating elements 28 of the 1-channel and
the 16-channel.

[0081] The weight for the bias voltage (Vdc) applied to
the 8-channel is largest. With respect to the channels
other than the 8-channel, bias voltages which are not
more than the bias voltage (Vdc) applied to the 8-channel
are set. Accordingly, the bias voltage can be set with
preventing the bias voltages of the vibrating elements 28
from reaching the collapse voltages in all the channels.
The center portion of the film body 44 does not come into
contact with the surface of the lower electrode 48 on the
semiconductor substrate 40, and movement of charges
to the film body 44 between the lower electrode 48 and
the upper electrode 46 does not occur. Therefore, the
sensitivity of the ultrasonic probe 2 can be kept.

[0082] Furthermore, the bias voltage supply unit 6 can
change the distribution of the weights in accordance with
the aperture. For example, when the ultrasonic waved is
required to be transmitted/received with the aperture con-
taining the 5-channel to the 11-channel, the weights for
the 1-channel to the 4-channel and the 12-channel to the
16-channel are set to zero. That is, the bias voltage sup-
ply unit 6 sets to "0" the weight for the channels which
are not used for the transmission/reception of ultrasonic
waves.

[0083] Here, an eighth embodiment will be described
with reference to Fig. 13. This embodiment is different
from the first to seventh embodiments in that a calculating
device 90 containing a calculation unit 92 for calculating
the collapse voltage (Vc) and the bias voltage (Vdc) is
provided at the outside of the ultrasonic diagnosis appa-
ratus 1. The duplicative description of the first embodi-
ment will be omitted.

[0084] The calculating device 90 comprises the calcu-
lation unit 92 for calculating the collapse voltage (Vc) and
the bias voltage (Vdc), and a control unit 94 and an op-
eration unit 96 for operating the calculation unit 92.
[0085] The calculation unit 92 traces the relationship
between the bias voltage applied to the vibrating ele-
ments 28 by the bias voltage supply unit 6 and the ca-
pacitance value determined by the capacitance measur-
ing unit 9 to extract a CV curve. The calculation unit 92
measures as the collapse voltage (Vc) a point at which
the gradient (derivative value) varies from positive to neg-
ative. As shown in Fig. 8(a), the calculation unit 92 cal-
culates as the bias voltage (Vdc) a voltage which is not
more than the collapse voltage (VVc), for example, a value
of 70% of the collapse voltage (Vc). The calculation unit
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92 stores the calculated bias voltage (Vdc) into the mem-
ory 3.

[0086] When the bias voltage (Vdc) is temporarily
stored into the memory 3 before shipping of products or
the like, the connection between the calculating device
90 (calculation unit 92) and the ultrasonic probe 2, the
constituent elements in the ultrasonic diagnosis appara-
tus 1 is released. At this time, the connection state be-
tween the memory 3 and the bias voltage supply unit 6
is kept.

[0087] When the ultrasonic wave is transmitted/re-
ceived, the bias voltage (Vdc) is read out from the mem-
ory 3, and the bias voltage (Vdc) of the bias voltage supply
unit 6 is set. The bias voltage supply unit 6 applies the
bias voltage (Vdc) concerned to the respective vibrating
elements 28 of the transducers 20a to d20m. Then, the
driving signal is supplied from the transmission unit 4 to
the film body 44, whereby the ultrasonic wave is emitted
from the film body 44 on the basis of the electromechan-
ical coupling coefficient based on the bias voltage (Vdc).
[0088] As described above, according to this embod-
iment, the calculating device 90 is provided at the outside
of the ultrasonic diagnosis apparatus 1, and the connec-
tion between the ultrasonic diagnosis apparatus 1 and
the calculating device 90 is released before shipping of
products, and an inexpensive ultrasonic diagnosis appa-
ratus 1 can be provided.

[0089] This embodiment has been described by using
the structure that the insulator between the lower elec-
trode 48 and the upper electrode 46 are provided to the
film body 44 side. However, the insulator may be also
provided onto the lower electrode 48.

[0090] The embodiment of the ultrasonic diagnosis ap-
paratus according to the invention has been described,
however, the invention is not limited to this embodiment.
It is apparent that persons skilled in the art can attain
various modifications or alterations within the scope of
the technical idea disclosed in this application, and it is
naturally understood that they belong to the technical
scope of the invention.

Claims

1. An ultrasonic diagnosis apparatus including an ul-
trasonic probe having plural vibrating elements
whose electromechanical coupling coefficients vary
in accordance with the magnitude of a bias voltage
supplied from a bias voltage supply unit, an ultrason-
ic image constructing unit for constructing an ultra-
sonic image on the basis of a reflection echo signal
received from the ultrasonic probe, and a display unit
for displaying the ultrasonic image, characterized
by comprising:

a calculation unit for calculating the magnitude
of the bias voltage with respect to a collapse
voltage of the vibrating elements;
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a storage unit for storing the calculated magni-
tude of the bias voltage; and

a control unit for making the bias voltage supply
unit supply the bias voltage to the vibrating ele-
ments in accordance with the stored magnitude
of the bias voltage.

The ultrasonic diagnosis apparatus according to
claim 1, wherein the storage unit is contained in the
ultrasonic probe.

The ultrasonic diagnosis apparatus according to
claim 1, wherein the control unit makes the calcula-
tion unit calculate the magnitude of a bias voltage
which is equal to or less than the magnitude of the
collapse voltage of the vibrating elements and makes
the storage unit store the calculated magnitude of
the bias voltage therein.

The ultrasonic diagnosis apparatus according to
claim 1, wherein the control unit makes the calcula-
tion unit calculate the magnitude of the bias voltage
every vibrating element of the plural vibrating ele-
ments so that the magnitude of the bias voltage is
equal to or less than a pre-measured collapse volt-
age, and makes the storage unit store the calculated
magnitude of the bias voltage therein.

The ultrasonic diagnosis apparatus according to
claim 1, wherein the control unit makes the calcula-
tion unit calculate the magnitude of the bias voltage
on the basis of one of voltages which are equal to or
less than all collapse voltages of the plural vibrating
elements, and makes the storage unit store the cal-
culated magnitude of the bias voltage therein.

The ultrasonic diagnosis apparatus according to
claim 1, further comprising a collapse voltage meas-
uring unit for measuring the collapse voltage with
time lapse, wherein the control unit makes the cal-
culation unit calculates the magnitude of the bias
voltage so that the magnitude of the bias voltage is
not more than a collapse voltage measure by the
collapse voltage measuring unit, and makes the stor-
age unit store the calculated magnitude of the bias
voltage.

The ultrasonic diagnosis apparatus according to
claim 1, wherein the control unit makes the calcula-
tion unit calculate the magnitude of the bias voltage
so that the magnitude of the bias voltage is not more
than a collapse voltage measured in accordance with
the type of the vibrating elements , and makes the
storage unit store the calculated magnitude of the
bias voltage therein.

The ultrasonic diagnosis apparatus according to
claim 1, wherein the control unit makes the calcula-
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tion unit calculate the magnitude of a bias voltage
which is different every channel constructed by the
pluralvibrating elements, and makes the storage unit
store the calculated magnitude of the bias voltage
therein.

An ultrasonic diagnosis apparatus having an ultra-
sonic probe having plural vibrating elements whose
electromechanical coupling coefficients vary in ac-
cordance with the magnitude of a bias voltage sup-
plied from a bias voltage supply unit, an ultrasonic
image constructing unit for constructing an ultrasonic
image on the basis of a reflection echo signal re-
ceived from the ultrasonic probe, and a display unit
for displaying the ultrasonic image, characterized
by comprising:

a storage unit for storing a collapse voltage of
the vibrating elements; and

a control unit for calculating the magnitude of
the bias voltage on the basis of the collapse volt-
age read out from the storage unit, and making
the bias voltage supply unit supply the bias volt-
age to the vibrating elements in accordance with
the magnitude of the bias voltage.

An ultrasonic diagnosis apparatus having an ultra-
sonic probe having plural vibrating elements whose
electromechanical coupling coefficients vary in ac-
cordance with the magnitude of a bias voltage sup-
plied from a bias voltage supply unit, an ultrasonic
image constructing unit for constructing an ultrasonic
image on the basis of a reflection echo signal re-
ceived from the ultrasonic probe, and a display unit
for displaying the ultrasonic image, characterized
by comprising:

a measuring unit for measuring a collapse volt-
age of the vibrating elements of the ultrasonic
probe;

a calculation unit for calculating the magnitude
of a bias voltage which is equal to or less than
the collapse voltage;

a storage unit for storing the calculated bias volt-
age; and

a control unit for making the bias voltage supply
unit supply the bias voltage to the vibrating ele-
ments in accordance with the magnitude of the
bias voltage.

An ultrasonic probe having plural vibrating elements
whose electromechanical coupling coefficients vary
in accordance with a bias voltage supplied from a
bias voltage supply unit, and a storage unit for storing
information concerning the vibrating elements, char-
acterized by further comprising a calculation unit
for calculating the magnitude of the bias voltage to
a collapse voltage of the vibrating elements, wherein
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the storage unit stores the magnitude of the bias volt-
age of the vibrating units and enables the magnitude
of a bias voltage read out from the storage unit to be
output to the bias voltage supply unit.

An ultrasonic probe having plural vibrating elements
whose electromechanical coupling coefficients vary
in accordance with a bias voltage supplied from a
bias voltage supply unit, and a storage unit for storing
information concerning the vibrating elements, char-
acterized in that the storage unit stores a collapse
voltage of the vibrating elements and the ultrasonic
probe further comprises a calculation unit for calcu-
lating the magnitude of a bias voltage from the col-
lapse voltage read out from the storage unit.

An ultrasonic probe having plural vibrating elements
whose electromechanical coupling coefficients vary
in accordance with a bias voltage supplied from a
bias voltage supply unit, and a storage unit for storing
information concerning the vibrating elements, char-
acterized by further comprising a calculation unit
for calculating the magnitude of the bias voltage
which is equal to or less than a collapse voltage of
the vibrating elements, wherein the storage unit
stores the magnitude of the bias voltage of the vi-
brating elements, and enables the magnitude of a
bias voltage read out from the storage unit to be out-
put to the bias voltage supply unit.
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