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(54) ULTRASONIC DIAGNOSTIC DEVICE

(57) An ultrasound diagnostic apparatus 1 of the
present invention is connectable with an ultrasound
probe 2X having a c-MUT element 2 whose sensitivity
can be controlled according to an applied bias voltage,
and includes a DC bias output portion 5, a transmission
signal output portion 7, an operation portion 11, and a
control portion 10. The control portion 10 controls the DC
bias output portion 5 and the transmission signal output

portion 7 so as to output an ultrasound transmission sig-
nal after applying the bias voltage when an instruction
signal instructing the start of transmission is inputted from
the operation portion 11, and so as to stop application of
the bias voltage after stopping output of the ultrasound
transmission signal when an instruction signal that in-
structs stopping of transmission is inputted from the op-
eration portion 11.
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Description

Technical Field

[0001] The present invention relates to an ultrasound
diagnostic apparatus to which an ultrasound probe hav-
ing a capacitive micro-machined ultrasonic transducer
can be connected.

Background Art

[0002] Conventionally, a ceramic piezoelectric mate-
rial PZT (lead zirconate titanate) has been used for pie-
zoelectric elements that convert electrical signals into ul-
trasound in ultrasound transducers. However, a capaci-
tive micro-machined ultrasonic transducer (hereunder,
referred to as "c-MUT element") that is obtained by
processing a silicon semiconductor substrate using sili-
con micro-machining technology is attracting attention.
[0003] A c-MUT element includes a planar first elec-
trode that is provided on a silicon substrate, and a planar
second electrode that is provided so as to face the first
electrode with a predetermined cavity therebetween.
[0004] In an ultrasound diagnostic apparatus that gen-
erates an ultrasound diagnostic image using an ultra-
sound probe having the above described c-MUT ele-
ment, transmission and reception of ultrasound is per-
formed by applying a driving signal to one of the elec-
trodes of the c-MUT element while applying a bias voltage
between the two electrodes to thereby cause a film (a
membrane constituting the second electrode) at an upper
part of the cavity to vibrate and transmit ultrasound, and
detecting a returned echo signal with the film at the upper
part of the cavity.
[0005] That is, the c-MUT element requires not only a
driving signal that is an RF signal for generating ultra-
sound, but also requires a bias voltage at both a time of
transmission and reception. Consequently, the sensitiv-
ity of the c-MUT element can be controlled by changing
the bias level applied thereto.
[0006] However, application of an excessive bias volt-
age to a c-MUT element causes a short circuit in the c-
MUT element, and as a result an overcurrent state is
entered which leads to damage of the c-MUT element.
[0007] To prevent such kind of damage to a c-MUT
element due to application of an excessive bias voltage,
technology has been proposed in which overvoltage de-
tection means is provided between the electrodes on the
c-MUT element side and a bias power source, and ap-
plication of a bias voltage is stopped when application of
an excessive bias voltage is detected by the overvoltage
detection means (for example, see Japanese Patent Ap-
plication Laid-Open Publication No. 2007-29259).
[0008] Further, when the size of a bias voltage applied
between the electrodes of a c-MUT element exceeds a
predetermined range, a drum-shaped sacrificial layer
that is inserted between the electrodes enters a crushed
state, i.e. a collapsed state. To prevent excessive output

of ultrasound to a subject at the time of such a collapsed
state, an ultrasound transducer and an ultrasound diag-
nostic apparatus have been proposed that have a pro-
tection circuit that is configured to detect a DC bias volt-
age, and if the detected DC bias voltage exceeds a
threshold value, to cut off an electrical connection be-
tween a DC bias circuit and the ultrasound transducer
by means of a switch (for example, see Japanese Patent
Application Laid-Open Publication No. 2008-136725).
[0009] Furthermore, other examples of the prior art in-
clude, for example, as disclosed in International Publica-
tion No. WO 2005/120130, an ultrasound probe appara-
tus that, at a time of transmission, superimposes an RF
signal, that is, a driving signal, on a DC bias voltage that
is outputted from a DC bias generation circuit to an ul-
trasound transducer of a detachable ultrasound probe.
[0010] However, in the prior arts of Japanese Patent
Application Laid-Open Publication No. 2007-29259 and
Japanese Patent Application Laid-Open Publication No.
2008-136725, there is a concern that, when a bipolar
driving signal having positive and negative values is
transmitted to a c-MUT element in a state where a bias
voltage is not being applied to the element, the c-MUT
element is damaged despite provision of protection
means such as overvoltage detection means and a pro-
tection circuit.
[0011] Such a problem is concerned to occur also with
an ultrasound probe described in International Publica-
tion No. WO 2005-120130.
[0012] The present invention was thus made in view
of the above-mentioned problem and has an objective to
provide an ultrasound diagnostic apparatus capable of
preventing a c-MUT element from being damaged.

Disclosure of Invention

Means for Solving the Problem

[0013] An ultrasound diagnostic apparatus according
to the present invention is connectable with an ultrasound
probe having a capacitive micro-machined ultrasonic
transducer whose sensitivity can be controlled in accord-
ance with an applied bias voltage, and includes: a bias
voltage output portion capable of varying the bias voltage
that is applied to the capacitive micro-machined ultrason-
ic transducer; a transmission signal output portion that
outputs an ultrasound transmission signal to the capac-
itive micro-machined ultrasonic transducer; an operation
portion that outputs an instruction signal that instructs
the ultrasound diagnostic apparatus including the bias
voltage output portion and the transmission signal output
portion; and a control portion that, based on an instruction
signal from the operation portion, controls the bias volt-
age output portion and the transmission signal output
portion to control output timings of the bias voltage and
the transmission signal so as to output the ultrasound
signal after outputting the bias voltage or to stop output
of the bias voltage after stopping output of the ultrasound
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signal.

Brief Description of the Drawings

[0014]

Fig. 1 is a block diagram that shows the overall con-
figuration of an ultrasound diagnostic apparatus ac-
cording to a first embodiment of the present inven-
tion.
Fig. 2 is a flowchart that illustrates an example of
control of a control portion shown in Fig. 1.
Fig. 3 is a time chart for describing operations of the
ultrasound diagnostic apparatus according to the
first embodiment.
Fig. 4 is a time chart for describing operations of the
ultrasound diagnostic apparatus according to the
first embodiment.
Fig. 5 is a block diagram that shows the overall con-
figuration of an ultrasound diagnostic apparatus ac-
cording to a second embodiment of the present in-
vention.
Fig. 6 is a time chart that illustrates changes in a bias
voltage and a transmission signal from a time of turn-
ing on the power supply of the ultrasound diagnostic
apparatus according to the second embodiment.
Fig. 7 is a time chart that illustrates changes in a bias
voltage and a transmission signal when there is a
freeze request according to the ultrasound diagnos-
tic apparatus of the second embodiment.
Fig. 8 is a block diagram that shows the overall con-
figuration of an ultrasound diagnostic apparatus ac-
cording to a third embodiment of the present inven-
tion.
Fig. 9 is a flowchart that illustrates an example of
control of a control portion shown in Fig. 8.

Best Mode for Carrying Out the Invention

[0015] Embodiments of the present invention are de-
scribed in detail hereunder while referring to the draw-
ings.

(First Embodiment)

[0016] Fig. 1 to Fig. 4 relate to a first embodiment of
the present invention. Fig. 1 is a block diagram that shows
the overall configuration of an ultrasound diagnostic ap-
paratus according to the present embodiment.
[0017] An ultrasound diagnostic apparatus 1 accord-
ing to the present embodiment that is shown in Fig. 1
includes: an ultrasound probe 2X that has a capacitive
micro-machined ultrasonic transducer (c-MUT element)
2; an ultrasound observation apparatus 3 to which the
ultrasound probe 2X is connectable, and which drives
the c-MUT element 2 and performs processing to receive
an echo signal obtained by the c-MUT element 2; and a
monitor 4 that, by receiving input of ultrasound image

data that is outputted from the ultrasound observation
apparatus 3, displays an ultrasound image of a subject
that has been scanned with an ultrasound beam by
means of the c-MUT element 2.
[0018] The c-MUT element 2 of the ultrasound probe
2X includes a planar first electrode 2B that is provided
on a silicon substrate 2A, and a planar second electrode
2D that is provided so as to face the first electrode 2B
with a predetermined cavity 2C therebetween. In this con-
nection, although not shown in the drawings, the second
electrode 2D includes a membrane for transmitting ultra-
sound and for detecting an echo signal.
[0019] According to the configuration shown in Fig. 1,
a DC bias voltage (hereunder, referred to simply as "bias
voltage") and a transmission signal as a driving signal
that is an RF signal are applied to the first electrode 2B
of the c-MUT element 2 from the ultrasound observation
apparatus 3.
[0020] That is, the first electrode 2B is connected to a
connection terminal 3a of the ultrasound observation ap-
paratus 3 by a signal wire 12. The second electrode 2D
is grounded. Note that, although not shown in the draw-
ings, at least the c-MUT element 2 and the signal wire
12 are provided inside an insertion portion having a bend-
ing portion and a flexible tube portion of the ultrasound
probe 2X.
[0021] The ultrasound observation apparatus 3 in-
cludes the connection terminal 3a, a DC bias output por-
tion 5, a bias component cut-off capacitor 6, a transmis-
sion signal output portion 7, a reception signal amplifier
8, a reception signal processing portion 9, a control por-
tion 10, and an operation portion 11.
[0022] Inside the ultrasound observation apparatus 3,
the connection terminal 3a is connected to the DC bias
output portion 5 through a signal wire 13 and is connected
to the transmission signal output portion 7 through the
bias component cut-off capacitor 6.
[0023] The DC bias output portion 5 generates a bias
voltage that is required to drive the c-MUT element 2,
and outputs the generated bias voltage to the first elec-
trode 2B of the c-MUT element 2 via the signal wire 13,
the connection terminal 3a, and the signal wire 12. The
DC bias output portion 5 is configured to be capable of
varying the bias voltage applied to the c-MUT element
2. Note that the other end of the DC bias output portion
5 is grounded.
[0024] Further, the transmission signal output portion
7 generates an RF signal, that is, a transmission signal
that is a driving signal, that is required to drive the c-MUT
element 2, and outputs the generated transmission signal
to the first electrode 2B of the c-MUT element 2 via the
signal wire 13, the connection terminal 3a, and the signal
wire 12. Note that the other end of the transmission signal
output portion 7 is grounded.
[0025] Thus, according to the configuration shown in
Fig. 1, a bias voltage and a transmission signal are ap-
plied to the first electrode 2B of the c-MUT element 2,
and in this case, the bias voltage is applied in a manner
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in which the bias voltage is superimposed on the trans-
mission signal.
[0026] Further, a mid-point of the signal wire 13 be-
tween the bias component cut-off capacitor 6 and the
transmission signal output portion 7 is connected to the
reception signal processing portion 9 via the reception
signal amplifier 8 by the signal wire 13.
[0027] The bias component cut-off capacitor 6 is pro-
vided between the DC bias output portion 5 and the trans-
mission signal output portion 7. The bias component cut-
off capacitor 6 prevents a DC component of the bias volt-
age from entering a transmission and reception circuit
system that includes the transmission signal output por-
tion 7 and the reception signal processing portion 9.
[0028] A reception signal (echo signal) that is obtained
by driving the c-MUT element 2 by application of the bias
voltage and the transmission signal passes through the
bias component cut-off capacitor 6 and is amplified by
the reception signal amplifier 8, and is thereafter inputted
to the reception signal processing portion 9.
[0029] The reception signal processing portion 9 gen-
erates ultrasound image data by subjecting the inputted
reception signal to signal processing, and outputs the
generated ultrasound data to the output terminal 3b. The
monitor 4 is connected via the signal wire 14 to the output
terminal 3b. The ultrasound image data that is outputted
to the output terminal 3b is displayed by the monitor 4.
[0030] The operation portion 11 is connected to the
control portion 10. The operation portion 11 has various
operation keys including, for example, a freeze release
key, a freeze key, and a transmission start/transmission
stop key. An instruction signal that is an operation signal
generated by operation of any of the various operation
keys of the operation portion 11 is supplied by the oper-
ation portion 11. For example, the operation portion 11
outputs an instruction signal that instructs the release of
a freeze state or the start of a freeze operation, an in-
struction signal that instructs the start of transmission,
and an instruction signal that instructs stopping of trans-
mission to the control portion 10.
[0031] The control portion 10 can control the DC bias
output portion 5, the transmission signal output portion
7, and the reception signal processing portion 9 based
on the supplied instruction signal. That is, the control por-
tion 10 controls an output (transmission) timing of a bias
voltage and a transmission signal that are applied to the
c-MUT element 2, and a timing of processing a reception
signal obtained by the c-MUT element 2.
[0032] Next, operations of the ultrasound diagnostic
apparatus of the present embodiment are described us-
ing Fig. 2 to Fig. 4.
[0033] In the ultrasound diagnostic apparatus 1 of the
present embodiment, when an instruction signal that in-
structs the start of transmission is inputted from the op-
eration portion 11 to the control portion 10, the control
portion 10 controls the DC bias output portion 5 and the
transmission signal output portion 7 so as to output a
bias voltage and thereafter output a transmission signal.

Further, when an instruction signal that instructs stopping
of transmission is inputted from the operation portion 11,
the control portion 10 controls the DC bias output portion
5 and the transmission signal output portion 7 so as to
stop output of the transmission signal and thereafter stop
output of the bias voltage.
[0034] Further, the control portion 10 controls the DC
bias output portion 5 so as not to apply the bias voltage
when the power supply of the ultrasound diagnostic ap-
paratus 1 is turned on.
[0035] A flowchart that illustrates a specific example
of control of the control portion 10 from the time of acti-
vating the apparatus is shown in Fig. 2.
[0036] Here, it is assumed that the power supply is
turned on by switching on an unshown power switch to
carry out diagnosis and examination of a subject using
the ultrasound diagnostic apparatus of the present em-
bodiment.
[0037] After the power supply is turned on, the control
portion 10 of the ultrasound diagnostic apparatus 1 reads
out a program for performing the processing shown in
Fig. 2 from an unshown memory and executes the pro-
gram, and simultaneously controls so as to execute a
freeze mode.
[0038] At this time, since the freeze mode is executed
after the power supply is turned on, the ultrasound ob-
servation apparatus 3 enters a state in which a bias volt-
age from the DC bias output portion 5 is not supplied to
the c-MUT element 2. That is, when the power supply of
the ultrasound diagnostic apparatus 1 is turned on, the
control portion 10 controls the DC bias output portion 5
so as not to apply a bias voltage to the c-MUT element 2.
[0039] Subsequently, when executing the program for
performing the processing shown in Fig. 2, in the deter-
mination processing in step S1, based on an instruction
signal supplied from the operation portion 11, the control
portion 10 determines whether or not the freeze mode
has been released by operation of the freeze release key
of the operation portion 11 (alternatively, the freeze mode
has been released by operation of the freeze key).
[0040] If an instruction to release the freeze mode has
been inputted by an operation of the operation portion
11, next, in step S2, the control portion 10 confirms that
the c-MUT element 2 is connected. Thereafter, in the
processing in step S3, the control portion 10 controls the
DC bias output portion 5 so as to output a bias voltage
to the c-MUT element 2. Subsequently, in the processing
in step S4, the control portion 10 controls the transmis-
sion signal output portion 7 so as to output a transmission
signal.
[0041] In this connection, a determination as to wheth-
er or not the c-MUT element 2 is connected in the afore-
mentioned step S2 is carried out, for example, by detect-
ing an electrical current value that flows to the c-MUT
element 2 and determining whether or not the c-MUT
element 2 is connected based on the detection result.
Alternatively, a configuration may be adopted that uses
known technology that determines whether or not the c-
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MUT element 2 is connected by assembling the c-MUT
element 2 in an ultrasound probe shape, providing a con-
nector pin that connects with the apparatus in the probe,
and determining whether or not the c-MUT element 2 is
connected according to an open/short state of the pin.
[0042] Changes in the bias voltage and the transmis-
sion signal from the time that the power supply is turned
on are illustrated in Fig. 3. Note that, a bias voltage shown
in Fig. 3 represents a bias voltage that is an output of the
DC bias output portion 5, a transmission signal shown in
Fig. 3 represents a transmission signal that is an output
of the transmission signal output portion 7, and a signal
wire 12 shown in Fig. 3 represents a superimposed signal
that is applied via the signal wire 12 connected to the c-
MUT element 2.
[0043] As shown in Fig. 3, for example, when it is as-
sumed that a freeze release operation is carried out at a
time t1, at such time the DC bias output portion 5 is turned
on by the control portion 10. Thereupon, as shown by
the bias voltage in Fig. 3, the DC bias output portion 5
gradually increases a bias voltage value during a period
from the time t1 to a time t2. The DC bias output portion
5 outputs the bias voltage so as to be a predetermined
value that has been previously set at the time t2.
[0044] As shown by the signal wire 12 in Fig. 3, during
the period from the time t1 to the time t2, a change in the
level of a signal applied to the first electrode 2B of the c-
MUT element 2 via the signal wire 12 that is connected
thereto increases from a zero line to a bias voltage
amount BV that has increased by a voltage amount that
is the same as the amount of increase in the bias voltage
(see the bias voltage in Fig. 3).
[0045] Thereafter, when outputting a transmission sig-
nal in the aforementioned step S4, as shown by the trans-
mission signal in Fig. 3, the transmission signal output
portion 7 outputs a transmission signal at a timing such
that the transmission signal rises at a time t3 and falls at
a time t4.
[0046] When the transmission signal is outputted at
such a timing, as shown by the signal wire 12 in Fig. 3,
a transmission signal is outputted to the signal wire 12
in a form in which the transmission signal is superim-
posed on the bias voltage amount BV during the period
from the time t3 to the time t4.
[0047] Thereafter, when the transmission signal
shown by the signal wire 12 in Fig. 3 is outputted to the
c-MUT element 2 through the signal wire 12, the c-MUT
element 2 generates ultrasound by means of the mem-
brane of the second electrode 2D, detects a returned
echo signal by means of the membrane of the second
electrode 2D, and outputs the echo signal to the ultra-
sound observation apparatus 3. As a result, the inputted
echo signal that is a reception signal is processed by the
reception signal processing portion 9 of the ultrasound
observation apparatus 3 and thereby converted into ul-
trasound image data. Thereafter, the ultrasound image
data is displayed using the monitor 4.
[0048] Returning again to Fig. 2, while continuing out-

put of the transmission signal in the processing in step
S4 as described above, the control portion 10 carries out
determination processing in the subsequent step S5. In
the determination processing in step S5, based on an
instruction signal supplied from the operation portion 11,
the control portion 10 determines whether or not a re-
quest has been made to execute the freeze mode by
operation of the freeze key of the operation portion 11.
[0049] If an instruction has been inputted to request
execution of the freeze mode by operation of the opera-
tion portion 11, in the subsequent step S6, the control
portion 10 controls the transmission signal output portion
7 so as to stop output of the transmission signal. There-
after, in the processing in step S7, the control portion 10
controls the DC bias output portion 5 so as to stop output
of the bias voltage that is being outputted to the c-MUT
element 2.
[0050] Changes in the bias voltage and transmission
signal from the time that the freeze mode is executed in
this manner are shown in Fig. 4. Note that, a bias voltage
shown in Fig. 4 represents a bias voltage that is an output
of the DC bias output portion 5, a transmission signal
shown in Fig. 4 represents a transmission signal that is
an output of the transmission signal output portion 7, and
a signal wire 12 shown in Fig. 4 represents a superim-
posed signal that is applied via the signal wire 12 that is
connected to the c-MUT element 2.
[0051] As shown in Fig. 4, for example, when it is as-
sumed that the freeze mode has been executed before
a time t13, by the processing in the above described step
S6, the transmission signal output portion 7 is controlled
so as to stop output of the transmission signal that was
being outputted. Thus, as shown by the transmission sig-
nal in Fig. 4, the transmission signal is not outputted from
the time t13 onwards.
[0052] Thereafter, by the processing in step S7, the
DC bias output portion 5 is turned off at the time t13.
Thus, as shown by the bias voltage in Fig. 4, the DC bias
output portion 5 gradually decreases the bias voltage
amount BV during the period from the time t13 to a time
t14, and stops (turns off) the output of the bias voltage
so that the bias voltage is zero at the time t14.
[0053] As shown by the signal wire 12 in Fig. 4, during
a period from the time t13 to the time t14, a change in
the level of a signal applied to the first electrode 2B of
the c-MUT element 2 via the signal wire 12 that is con-
nected thereto is a signal change in which the transmis-
sion signal (see the transmission signal in Fig. 4) that
had been superimposed on the bias voltage ceases, and
then the bias voltage ceases in a manner in which the
bias voltage amount BV that had been superimposed
decreases and becomes zero.
[0054] The control portion 10 executes the freeze
mode in this manner, and thereafter returns the process-
ing to step S1 to continue the determination processing
in step S1.
[0055] As described above, when the freeze mode is
released, the control portion 10 applies a bias voltage

7 8 



EP 2 420 189 A1

6

5

10

15

20

25

30

35

40

45

50

55

and thereafter outputs a transmission signal. Subse-
quently, when the freeze mode is executed, by the op-
posite procedure to that when the freeze mode is re-
leased, the control portion 10 stops output of the trans-
mission signal and thereafter stops output of the bias
voltage. That is, these processing procedures performed
by the control portion 10 can prevent a transmission sig-
nal being outputted in a state in which a DC bias voltage
is not applied to the c-MUT element 2.
[0056] Thus, according to the present embodiment,
since a bipolar transmission signal having positive and
negative values is not transmitted to the c-MUT element
2 in a state in which a bias voltage is not being applied
thereto, damage of the c-MUT element 2 can be prevent-
ed by simple control as described above.

(Second Embodiment)

[0057] Fig. 5 is a block diagram that shows the overall
configuration of an ultrasound diagnostic apparatus ac-
cording to a second embodiment of the present invention.
In this connection, components of the ultrasound diag-
nostic apparatus shown in Fig. 5 that are the same as
those of the ultrasound diagnostic apparatus according
to the first embodiment are denoted by the same refer-
ence symbols and a description of such components is
omitted, and only portions that are different from the first
embodiment are described below. The ultrasound diag-
nostic apparatus 1 of the first embodiment is configured
so as to apply a bias voltage and a transmission signal
to one of the electrodes of the c-MUT element 2, namely,
the first electrode 2B. However, an ultrasound diagnostic
apparatus 1A of the second embodiment is configured
so as to supply a bias voltage to the first electrode 2B of
the c-MUT element 2 and supply a transmission signal
to the second electrode 2D. That is, the present invention
can be applied in the same manner as in the first embod-
iment even when an electrode to which a bias voltage is
supplied and an electrode to which a transmission signal
is supplied in the c-MUT element 2 are different.
[0058] The specific configuration is shown in Fig. 5.
[0059] Although the ultrasound diagnostic apparatus
1A of the present embodiment shown in Fig. 5 has the
same components as those of the first embodiment,
namely, the ultrasound probe 2X that has the c-MUT el-
ement 2, an ultrasound observation apparatus 3A, and
the monitor 4, a connection configuration between the c-
MUT element 2 of the ultrasound probe 2X and the ul-
trasound observation apparatus 3A, and the internal con-
figuration of the ultrasound observation apparatus 3A are
different from the first embodiment.
[0060] More specifically, as shown in Fig. 5, a bias volt-
age from the ultrasound observation apparatus 3 is ap-
plied to the first electrode 2B of the c-MUT element 2,
and a transmission signal is applied to the second elec-
trode 2D.
[0061] That is, the first electrode 2B is connected to
the connection terminal 3a of the ultrasound observation

apparatus 3 by the signal wire 12. Further, the second
electrode 2D is connected to a connection terminal 3c of
the ultrasound observation apparatus 3 by a signal wire
15 that is newly provided.
[0062] Although the ultrasound observation apparatus
3A has the same components as those of the first em-
bodiment, the ultrasound observation apparatus 3A in-
cludes the newly provided connection terminal 3c as de-
scribed above.
[0063] Inside the ultrasound observation apparatus
3A, the connection terminal 3a is connected to the DC
bias output portion 5 via the signal wire 13. Further, the
connection terminal 3c is connected to the reception sig-
nal processing portion 9 and the transmission signal out-
put portion 7 via a signal wire 13A and the reception signal
amplifier 8.
[0064] The DC bias output portion 5 generates a bias
voltage that is required to drive the c-MUT element 2,
and outputs the generated bias voltage to the first elec-
trode 2B of the c-MUT element 2 via the signal wire 13,
the connection terminal 3a, and the signal wire 12.
[0065] Further, the transmission signal output portion
7 generates an RF signal, that is, a transmission signal
as a driving signal, that is required to drive the c-MUT
element 2, and outputs the generated transmission signal
to the second electrode 2D of the c-MUT element 2 via
the signal wire 13A, the connection terminal 3c, and the
signal wire 15.
[0066] According to this configuration, a transmission
signal is applied to the second electrode 2D in a state in
which a bias voltage is applied from the first electrode
2B side of the c-MUT element 2. An obtained echo signal
(reception signal) is amplified by the reception signal am-
plifier 8 and inputted to the reception signal processing
portion 9.
[0067] The reception signal processing portion 9 gen-
erates ultrasound image data by subjecting the inputted
reception signal to signal processing, and outputs the
generated ultrasound image data to the output terminal
3b. The monitor 4 is connected via the signal wire 14 to
the output terminal 3b. The ultrasound image data that
has been outputted to the output terminal 3b is displayed
by the monitor 4.
[0068] According to the ultrasound diagnostic appara-
tus 1A of the present embodiment also, the output timings
of a bias voltage and a transmission signal that are ap-
plied to the c-MUT element 2 are controlled by the control
portion 10.
[0069] Similarly to the first embodiment, the operation
portion 11 is connected to the control portion 10. The
control portion 10 controls the DC bias output portion 5,
the transmission signal output portion 7, and the recep-
tion signal processing portion 9 based on instruction sig-
nals supplied from the operation portion 11.
[0070] Further, similarly to the first embodiment, the
control portion 10 controls a timing of applying a bias
voltage and of transmitting a transmission signal to the
c-MUT element 2, and also controls a timing of process-
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ing a reception signal obtained by the c-MUT element 2.
[0071] That is, according to the present embodiment
also, the timing of applying a bias voltage and transmitting
a transmission signal to the c-MUT element 2 are con-
trolled by the control portion 10, similarly to the first em-
bodiment.
[0072] Changes in the bias voltage and the transmis-
sion signal from a time that the power supply is turned
on in Fig. 5 are illustrated in Fig. 6. A waveform of the
signal wire 12 for supplying a bias voltage that is supplied
to the first electrode 2B of the c-MUT element 2 is illus-
trated by a bias voltage in Fig. 6, while a waveform of the
signal wire 15 for supplying transmission and reception
signals that are supplied to the second electrode 2D of
the c-MUT element 2 is illustrated by a transmission sig-
nal in Fig. 6. When it is determined in step S1of Fig. 2
that the freeze mode has been released by means of the
operation portion 11, and it is confirmed in step S2 that
the c-MUT element 2 is connected, in step S3 the control
portion 10 turns on the DC bias output portion 5. As shown
by the bias voltage in Fig. 6, a predetermined bias voltage
that has been set in advance is outputted from the time
t1 to the time t2. Subsequently, when the transmission
signal is outputted in step S4 in Fig. 2, as shown by the
transmission signal in Fig. 6, the transmission signal is
outputted so as to rise at the time t3 and fall at the time t4.
[0073] In contrast, changes in the bias voltage and the
transmission signal when there is a freeze request are
shown in Fig. 7. When the transmission signal is stopped
in step S6 of Fig. 2, as shown by the transmission signal
in Fig. 7, the transmission signal is no longer outputted
from the time t12 onwards. Further, as shown by the bias
voltage in Fig. 7, when the bias output is stopped in step
S7 of Fig. 2, output of the bias voltage is stopped in a
manner such that the bias voltage is decreased during a
period from the time t13 to the time t14 and is zero at the
time t14.
[0074] The remaining configuration and operations are
the same as those of the first embodiment.
[0075] Therefore, according to the present embodi-
ment, even when a configuration is adopted so as to sup-
ply a bias voltage to the first electrode 2B and supply a
transmission signal to the second electrode 2D of the c-
MUT element 2, similarly to the first embodiment, since
a transmission signal is not transmitted in a state in which
a bias voltage is not applied to the c-MUT element 2,
damage of the c-MUT element 2 can be prevented.

(Third Embodiment)

[0076] Fig. 8 and Fig. 9 relate to a third embodiment
of the present invention. Fig. 8 is a block diagram that
shows the overall configuration of an ultrasound diag-
nostic apparatus according to the third embodiment. Fig.
9 is a flowchart that illustrates an example of control of
a control portion shown in Fig. 8. In this connection, in
the ultrasound diagnostic apparatus shown in Fig. 8 and
the flowchart shown in Fig. 9, components and processes

that are the same as those of the ultrasound diagnostic
apparatus according to the first embodiment are denoted
by the same reference symbols and step numbers and
a description thereof is omitted, and only portions that
are different from the first embodiment are described be-
low.
[0077] According to the ultrasound diagnostic appara-
tuses 1 and 1A of the first and second embodiments,
irrespective of the operational status of the c-MUT ele-
ment 2 that is the supply destination, a bias voltage is
applied. Therefore, depending on the situation, there is
a possibility that the side of the circuits of the ultrasound
observation apparatuses 3 and 3A will be subjected to a
load.
[0078] Therefore, an ultrasound diagnostic apparatus
1B of the present embodiment is provided with a bias
voltage detection portion 20 for monitoring a bias voltage
applied to the c-MUT element 2 in order to prevent a load
from being applied on the side of the circuit of ultrasound
observation apparatus 3B.
[0079] The specific configuration is shown in Fig. 8.
[0080] Although the ultrasound diagnostic apparatus
1B of the present embodiment shown in Fig. 8 has the
same components as the first embodiment, namely, the
ultrasound probe 2X that has the c-MUT element 2, an
ultrasound observation apparatus 3A, and the monitor 4,
the bias voltage detection portion 20 is provided inside
the ultrasound observation apparatus 3A.
[0081] The configuration other than the bias voltage
detection portion 20 is the same as that of the first em-
bodiment. That is, the c-MUT element 2 and the ultra-
sound observation apparatus 3B are configured and con-
nected in the same manner as in the first embodiment.
[0082] According to the present embodiment, as
shown in Fig. 8, an input end of the bias voltage detection
portion 20 is connected to an output end of the DC bias
output portion 5, and an output end of the bias voltage
detection portion 20 is connected to the control portion
10.
[0083] The bias voltage detection portion 20 detects a
bias voltage value that is an output of the DC bias output
portion 5, and outputs the detected bias voltage value to
the control portion 10.
[0084] Also, in the ultrasound diagnostic apparatus 1B
of the present embodiment, output timings of a bias volt-
age and a transmission signal that are applied to the c-
MUT element 2 are controlled by the control portion 10
so as to be the same timings as in the first embodiment.
[0085] Further, although not shown in the drawings,
the control portion 10 has an internal memory. A DC bias
voltage specified value (threshold value) that is previous-
ly set is stored in the memory. The DC bias voltage spec-
ified value is a favorable voltage value for normal oper-
ation of the c-MUT element 2. Naturally, the DC bias volt-
age specified value can be freely set and changed ac-
cording to the kind of c-MUT element 2 that is used.
[0086] In the present embodiment, during a period in
which a DC bias voltage is being applied to the c-MUT
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element 2, the control portion 10 compares a detection
result from the bias voltage detection portion 20 and the
bias voltage specified value for normally operating the c-
MUT element 2. If the detection result from the bias volt-
age detection portion 20 exceeds the bias voltage spec-
ified value, the control portion 10 controls so as to display
an error message or the like to that effect on the monitor 4.
[0087] It is thus possible to monitor whether a normal
DC bias voltage is being outputted to the c-MUT element
2.
[0088] Next, operations of the ultrasound diagnostic
apparatus according to the present embodiment are de-
scribed using Fig. 9.
[0089] A flowchart that illustrates a specific example
of control of the control portion 10 from a time of activating
the apparatus according to the present embodiment is
shown in Fig. 9.
[0090] Here, it is assumed that the power supply is
turned on by switching on an unshown power switch to
carry out diagnosis and examination of a subject using
the ultrasound diagnostic apparatus 1B of the present
embodiment.
[0091] After the power supply is turned on, the control
portion 10 of the ultrasound diagnostic apparatus 1B
reads out a program for performing the processing shown
in Fig. 9 from an unshown memory and executes the
program, and simultaneously performs control to execute
the freeze mode.
[0092] At this time, since the freeze mode is executed
after the power supply is turned on, the ultrasound ob-
servation apparatus 3 enters a state in which a bias volt-
age from the DC bias output portion 5 is not supplied to
the c-MUT element 2. That is, when the power supply of
the ultrasound diagnostic apparatus 1 is turned on, by
the processing in step S10, the control portion 10 controls
the DC bias output portion 5 so as not to apply a bias
voltage to the c-MUT element 2.
[0093] Subsequently, similarly to the first embodiment,
in the determination processing in step S1, based on an
instruction signal supplied from the operation portion 11,
the control portion 10 determines whether or not the
freeze mode has been released by an operation of the
freeze release key of the operation portion 11 (alterna-
tively, the freeze mode may be released by an operation
of the freeze key).
[0094] If an instruction to release the freeze mode has
been inputted by an operation of the operation portion
11, next, in step S2, the control portion 10 confirms that
the c-MUT element 2 is connected. Thereafter, in the
processing in step S3, the control portion 10 controls the
DC bias output portion 5 so as to output a bias voltage
to the c-MUT element 2. The processing then shifts to
execute determination processing in step S11.
[0095] If the result determined by the determination
processing in the above described step S2 is that the c-
MUT element 2 is not connected, next, the control portion
10 performs the processing in step S12 to display a mes-
sage to the effect that the c-MUT element 2 is not con-

nected on the screen of the monitor 4, and thereafter
returns the processing to the above described step S1.
[0096] Note that a piezoelectric ultrasound transducer
that is other than the c-MUT element 2 can also be con-
nected to the ultrasound diagnostic apparatus of the
present embodiment. Therefore, a configuration may al-
so be adopted in which, in the processing of the above
described step S2, the control portion 10 detects which
one of the c-MUT element 2 and a piezoelectric ultra-
sound transducer is connected, and in the processing of
the above described step S12, a connection state show-
ing which ultrasound transducer is connected is dis-
played on the screen of the monitor 4.
[0097] In the determination processing in step S11, the
control portion 10 compares a detection result from the
bias voltage detection portion 20 and the bias voltage
specified value for normally operating the ultrasound di-
agnostic apparatus, and determines whether or not the
detection result from the bias voltage detection portion
20 is normal.
[0098] In this case, if the detection result from the bias
voltage detection portion 20 is the same as or less than
the bias voltage specified value, the control portion 10
determines that the detection result is normal. Converse-
ly, if the detection result exceeds the bias voltage spec-
ified value, the control portion 10 determines that the de-
tection result is not normal.
[0099] If it is determined in this case that the detection
result from the bias voltage detection portion 20 is not
normal, in the processing in step S12, the control portion
10 controls so as to display an error message or the like
that shows that the DC bias voltage is greater than the
bias voltage specified value and is not a normal value on
the screen of the monitor 4, and thereafter returns the
processing to step S1.
[0100] In contrast, if it is determined that the detection
result from the bias voltage detection portion 20 is normal,
next, in the processing in step S4, the control portion 10
controls the transmission signal output portion 7 so as to
output a transmission signal.
[0101] While continuing output of the transmission sig-
nal in the processing in step S4, the control portion 10
carries out determination processing by executing the
subsequent step S5. In the determination processing in
step S5, based on an instruction signal supplied from the
operation portion 11, the control portion 10 determines
whether or not a request has been made to execute the
freeze mode by operation of the freeze key of the oper-
ation portion 11.
[0102] If an instruction has been inputted to request
execution of the freeze mode by operation of the opera-
tion portion 11, in the subsequent step S6, the control
portion 10 controls the transmission signal output portion
7 so as to stop output of the transmission signal. There-
after, in the processing in step S7, the control portion 10
controls the DC bias output portion 5 so as to stop output
of the bias voltage that is being outputted to the c-MUT
element 2.
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[0103] In this connection, the output timings of the bias
voltage and the transmission signals that are applied to
the c-MUT element 2 are controlled in the same manner
as in the first embodiment.
[0104] Thus, the control portion 10 executes the freeze
mode, and thereafter returns the processing to step S1
to continue the determination processing in step S1.
[0105] Note that, although not shown in the flowchart
in Fig. 9, the DC bias voltage detection portion 20 may
also be actuated during a period in which ultrasound is
being generated by the c-MUT element 2 (during scan-
ning), in addition to a period in which a bias voltage is
being applied to the c-MUT element 2. As a result, if the
DC bias voltage exceeds the bias voltage specified value
or is a value that is different to a set value, an error mes-
sage may be displayed on the screen of the monitor 4
and the freeze mode may be executed in the same man-
ner as a time of a freeze mode request, by performing
control procedures so as to stop output of a transmission
signal and thereafter decrease and stop the DC bias volt-
age.
[0106] Further, although the control portion 10 exe-
cutes control to display an error message or the like on
the screen of the monitor 4 based on the result of com-
paring the detection result from the DC bias voltage de-
tection portion 20 with the bias voltage specified value,
the present invention is not limited thereto.
[0107] For example, the control portion 10 may control
so as to continuously display an output state of a bias
voltage generated by the DC bias output portion 5 on the
screen of the monitor 4 based on a detection result from
the DC bias voltage detection portion 20, to thereby en-
able monitoring of the bias voltage that is applied to the
c-MUT element 2.
[0108] Thus, according to the present embodiment, in
addition to obtaining the same effects as those of the first
embodiment, by adopting a configuration in which the
bias voltage detection portion 20 is provided for monitor-
ing the bias voltage that is applied to the c-MUT element
2, it is possible to prevent the side of the ultrasound ob-
servation apparatus 3B circuit from being subjected to a
load due to application of a bias voltage.
[0109] The present invention is not limited to the em-
bodiments and modification examples described above,
and various changes and modifications are possible with-
in a range that does not depart from the scope of the
present invention.
[0110] The present application is filed claiming the pri-
ority of Japanese Patent Application No. 2010-091672
filed in Japan on April 12, 2010, and the above described
disclosure is incorporated by reference in the present
description, claims and drawings.

Claims

1. An ultrasound diagnostic apparatus that is connect-
able with an ultrasound probe having a capacitive

micro-machined ultrasonic transducer whose sensi-
tivity can be controlled in accordance with an applied
bias voltage, comprising:

a bias voltage output portion capable of varying
the bias voltage that is applied to the capacitive
micro-machined ultrasonic transducer;
a transmission signal output portion that outputs
an ultrasound transmission signal to the capac-
itive micro-machined ultrasonic transducer;
an operation portion that outputs an instruction
signal that instructs the ultrasound diagnostic
apparatus including the bias voltage output por-
tion and the transmission signal output portion;
and
a control portion that, based on an instruction
signal from the operation portion, controls the
bias voltage output portion and the transmission
signal output portion to control output timings of
the bias voltage and the transmission signal so
as to output the ultrasound signal after output-
ting the bias voltage or to stop output of the bias
voltage after stopping output of the ultrasound
signal.

2. The ultrasound diagnostic apparatus according to
claim 1, wherein:

the operation portion outputs at least instruction
signals that instruct a start of transmission and
stopping of transmission of the ultrasound trans-
mission signal by the transmission signal output
portion; and
when an instruction signal that instructs a start
of transmission is inputted from the operation
portion, the control portion controls the bias volt-
age output portion and the transmission signal
output portion so as to output the bias voltage
and thereafter output the ultrasound transmis-
sion signal, and when an instruction signal that
instructs stopping of transmission is inputted
from the operation portion, the control portion
controls the bias voltage output portion and the
transmission signal output portion so as to stop
output of the ultrasound transmission signal and
thereafter stop output of the bias voltage.

3. The ultrasound diagnostic apparatus according to
claim 1, wherein:

the control portion controls the bias voltage out-
put portion so as not to apply the bias voltage
when a power supply of the ultrasound diagnos-
tic apparatus is turned on.

4. The ultrasound diagnostic apparatus according to
claim 1, wherein:
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when the capacitive micro-machined ultrasonic
transducer is not connected when an instruction
signal that instructs a start of transmission is in-
putted from the operation portion, the control
portion controls the bias voltage output portion
so as not to apply the bias voltage.

5. The ultrasound diagnostic apparatus according to
claim 1, wherein:

a piezoelectric ultrasound transducer that does
not require bias voltage control can be connect-
ed to the ultrasound diagnostic apparatus, and
the ultrasound diagnostic apparatus further in-
cludes a display portion that displays an ultra-
sound image based on a reception signal that
is received by the capacitive micro-machined ul-
trasonic transducer; and
the control portion causes a connection state
that shows which one of the piezoelectric ultra-
sound transducer and the capacitive micro-ma-
chined ultrasonic transducer is connected to be
displayed on the display portion.

6. The ultrasound diagnostic apparatus according to
claim 1, further comprising:

a bias voltage detection portion for monitoring
that a bias voltage that is being applied to the
capacitive micro-machined ultrasonic transduc-
er is a specified value during a period in which
ultrasound is being transmitted from the capac-
itive micro-machined ultrasonic transducer.

7. The ultrasound diagnostic apparatus according to
claim 5, wherein:

the control portion causes an output state of the
bias voltage that is outputted by the bias voltage
output portion to be displayed on the display por-
tion.
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