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(54) BIAS-VOLTAGE GENERATION DEVICE, AND ULTRASOUND DIAGNOSTIC SYSTEM

(57) A bias voltage generating apparatus is placed
outside an ultrasound observation apparatus and used
together with the ultrasound observation apparatus, the
ultrasound observation apparatus incorporating a trans-
mission circuit generating a transmission signal and a
reception circuit performing processing on a received sig-
nal, for transmitting/receiving ultrasound to/from a sub-
ject using a capacitive transducer. The bias voltage gen-
erating apparatus includes a power supply circuit for bias

voltage which includes a chargeable secondary battery
for producing a bias voltage to be applied to the capacitive
transducer and produces the bias voltage, and a bias
voltage superimposing portion which superimposes the
bias voltage on the transmission signal to be outputted
to outside the ultrasound observation apparatus and on
the received signal to be inputted inside the ultrasound
observation apparatus.
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Description

Technical Field

[0001] The present invention relates to a bias voltage
generating apparatus for performing ultrasound obser-
vation using a capacitive transducer and an ultrasound
diagnostic system.

Background Art

[0002] Ultrasound diagnostic systems including an ul-
trasound probe, an insertion portion of which is inserted
into a body cavity to transmit/receive ultrasound to/from
an affected part or the like, have been widely used in
recent years.
[0003] An ultrasound probe using a capacitive trans-
ducer has been adopted as a transducer for transmit-
ting/receiving ultrasound, in addition to an ultrasound
probe using a piezoelectric element. In a case of an ul-
trasound probe equipped with a piezoelectric element,
transmission signal generating means and reception sig-
nal processing means are provided on an ultrasound ob-
servation apparatus side.
[0004] A case using a capacitive transducer requires
superimposition of a DC bias voltage that is a high voltage
on a transmission signal and a received signal, which is
unnecessary in a case using a piezoelectric element. For
the reason, an ultrasound observation apparatus used
together with an ultrasound probe equipped with a ca-
pacitive transducer has a configuration for an ultrasound
observation apparatus for a piezoelectric element and
further incorporates a DC bias voltage generating circuit
which generates a DC bias voltage.
[0005] In contrast, the conventional example in Japa-
nese Patent Application Laid-Open Publication No.
2007-97760 discloses an ultrasound probe apparatus
which has a capacitive transducer formed at a semicon-
ductor substrate and DC bias voltage means provided at
the semiconductor substrate for generating a DC bias
voltage and further incorporates transmission signal gen-
erating means for generating a transmission signal (a
drive signal), thus allowing size reduction of the appara-
tus.
[0006] In the conventional example, however, even if
a connector is employed that is connectable to an ultra-
sound observation apparatus to be used (for ultrasound
diagnosis) with an ultrasound probe equipped with a pi-
ezoelectric element connected thereto, the ultrasound
probe apparatus cannot be used with the ultrasound ob-
servation apparatus. In other words, the conventional ex-
ample requires an ultrasound observation apparatus
dedicated for the ultrasound probe apparatus.
[0007] The conventional example thus has a demerit
that it requires not only an existing ultrasound observa-
tion apparatus to be used together with an ultrasound
probe equipped with a transducer including a piezoelec-
tric element but a dedicated ultrasound observation ap-

paratus.
[0008] This leads to a demand for apparatuses with
wide applicability which, for example, can be utilized for
ultrasound diagnosis even when an ultrasound observa-
tion apparatus for a piezoelectric element is used.
[0009] The present invention was made in view of the
above-mentioned points, and an objective of the present
invention is to provide a bias voltage generating appara-
tus and an ultrasound diagnosis system capable of per-
forming ultrasound diagnosis with an ultrasound probe
equipped with a capacitive transducer even when an ul-
trasound observation apparatus for a piezoelectric ele-
ment is used.

Disclosure of Invention

Means for Solving the Problem

[0010] A bias voltage generating apparatus according
to one aspect of the present invention is a bias voltage
generating apparatus placed outside an ultrasound ob-
servation apparatus and used together with the ultra-
sound observation apparatus, the ultrasound observa-
tion apparatus incorporating a transmission circuit gen-
erating a transmission signal and a reception circuit per-
forming processing on a received signal, for transmit-
ting/receiving ultrasound to/from a subject using a ca-
pacitive transducer, including a power supply circuit for
bias voltage which includes a chargeable secondary bat-
tery for producing a bias voltage to be applied to the ca-
pacitive transducer and produces the bias voltage, and
a bias voltage superimposing portion which superimpos-
es the bias voltage on the transmission signal to be out-
putted to outside the ultrasound observation apparatus
and on the received signal to be inputted inside the ul-
trasound observation apparatus.
[0011] An ultrasound diagnostic system according to
one aspect of the present invention includes an ultra-
sound probe which is equipped with a capacitive trans-
ducer, an ultrasound observation apparatus which incor-
porates a transmission circuit generating a transmission
signal for causing the capacitive transducer to generate
ultrasound, a reception circuit performing processing on
a received signal outputted from the capacitive transduc-
er upon reception of ultrasound, and a transmission/re-
ception separating circuit which separates the transmis-
sion signal from the received signal, and a bias voltage
generating apparatus which is incorporated in or detach-
ably connected to the ultrasound probe and includes a
power supply circuit for bias voltage including a charge-
able secondary battery for producing a bias signal to be
applied to the capacitive transducer and producing the
bias voltage and a bias voltage superimposing portion
superimposing the bias voltage on the transmission sig-
nal to be outputted to outside the ultrasound observation
apparatus and on the received signal to be inputted inside
the ultrasound observation apparatus.
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Brief Description of the Drawings

[0012]

Fig. 1 is a diagram showing an overall configuration
of an ultrasound diagnostic system according to a
first embodiment of the present invention;
Fig. 2 is a diagram showing a configuration in which
a bias voltage generating apparatus provided inside
an ultrasound probe equipped with a capacitive
transducer is connected to a bias voltage charger to
perform charging;
Fig. 3 is a diagram showing a configuration in which
the ultrasound probe equipped with the capacitive
transducer is connected to an observation apparatus
for a capacitive transducer to transmit/receive ultra-
sound;
Fig. 4 is a diagram showing a configuration in which
the ultrasound probe equipped with the capacitive
transducer is connected to an observation apparatus
for an ultrasound probe equipped with a piezoelectric
element to transmit/receive ultrasound;
Figs. 5 are timing charts for explaining action of the
first embodiment;
Fig. 6 is a diagram showing an overall configuration
of an ultrasound diagnostic system according to a
first modification of the first embodiment of the
present invention;
Figs. 7 are timing charts for explaining action of the
first modification;
Fig. 8 is a diagram showing a configuration of a bias
voltage generating apparatus and the like according
to a second modification of the first embodiment;
Fig. 9 is a diagram showing a configuration of a bias
voltage generating apparatus and the like according
to a third modification of the first embodiment;
Fig. 10 is a diagram showing a configuration of a
main portion of a first ultrasound probe constituting
a second embodiment of the present invention;
Figs. 11 are timing charts for explaining action using
Fig. 10;
Fig. 12 is a diagram showing a configuration of a
main portion of an electronic scanning-based first
ultrasound probe according to a modification of the
second embodiment; and
Fig. 13 is a diagram showing a configuration of a
main portion of a first ultrasound probe that is a mod-
ification of the first ultrasound probe in Fig. 10.

Best Mode for Carrying Out the Invention

[0013] Embodiments of the present invention will be
described below with reference to the drawings.

(First Embodiment)

[0014] As shown in Fig. 1, an ultrasound diagnostic
system 1 according to a first embodiment of the present

invention has a first ultrasound probe 2A which is based
on mechanical scanning and is equipped with a capaci-
tive transducer (abbreviated as a c-MUT), a second ul-
trasound probe 2B which is based on mechanical scan-
ning and is equipped with a transducer using a piezoe-
lectric element, a first ultrasound observation apparatus
(first observation apparatus) 3A to which the first ultra-
sound probe 2A is detachably connected and which pro-
duces an ultrasound image, a second ultrasound obser-
vation apparatus (second observation apparatus) 3B to
which the first and second ultrasound probes 2A and 2B
can be detachably connected and which produces an
ultrasound image, and a bias voltage charger 4 which
charges a power supply circuit 24 for bias voltage pro-
vided in the first ultrasound probe 2A. Note that Fig. 1
shows a state in which the first ultrasound probe 2A is
connected to the second observation apparatus 3B.
[0015] The first and second ultrasound probes 2I (I =
A or B) each include an elongated insertion portion 6I, a
grasping portion (operation portion) 7I which is provided
at a rear end (proximal end) of the insertion portion 6I,
and a cable portion 8I which extends from the grasping
portion 7I. A connector 91 is provided at an end portion
of the cable portion 8I.
[0016] A cMUT 11 A is housed in a distal end portion
10A of the insertion portion 6A in the first ultrasound
probe 2A. The cMUT 11A is coupled to a motor 14 in the
grasping portion 7A via, for example, a hollow flexible
shaft 12 and a slip ring 13.
[0017] The motor 14 is connected to one end of a signal
line 15 in the cable portion 8A, and the other end of the
signal line 15 is connected to a connector terminal (con-
tact) P1 of the connector 9A. The signal line 15 is con-
nected to a motor drive circuit 17 in the observation ap-
paratus 3I via a connector receiver 16A or 16B to which
the connector 9A is detachably connected.
[0018] A motor drive signal outputted from the motor
drive circuit 17 is applied to the motor 14, which causes
the motor 14 to be rotationally driven. With the rotation
of the motor 14, the slip ring 13 and the flexible shaft 12
rotate. The rotation allows rotational driving of the cMUT
11 A attached to a distal end of the flexible shaft 12.
[0019] An electrode of the cMUT 11A is connected to
one end of a signal line 18a which is inserted in the hollow
flexible shaft 12. The signal line 18a inserted in the flex-
ible shaft 12 is electrically continuous with the signal line
18a outside the slip ring 13 through a stator-side contact
in contact with a rotor-side contact of the slip ring 13. The
signal line 18a is connected to a connector terminal P5
via a bias voltage superimposing circuit 22 and a capac-
itor 23 constituting a bias voltage generating apparatus
21 which is arranged inside the connector 9A and is con-
nected to a connector terminal P6 via the bias voltage
superimposing circuit 22.
[0020] The bias voltage generating apparatus 21 in-
cludes the power supply circuit 24 for bias voltage that
chargeably produces a bias voltage to be applied to the
cMUT 11A. An input end of the power supply circuit 24
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for bias voltage is connected to a connector terminal P2
for charging, and an output end of the power supply circuit
24 for bias voltage is connected to the bias voltage su-
perimposing circuit 22 via a bias switch 25 as a switch
for turning on/off application of the bias voltage.
[0021] In the power supply circuit 24 for bias voltage,
charging level of a bias voltage is detected by a charging
level detecting circuit 26. A signal line which outputs the
detected charging level is connected to a connector ter-
minal P3 functioning as a charging level terminal.
[0022] In the bias switch 25, a switch control terminal
which controls turn-on/turn-off of two contacts of the bias
switch 25 is connected to a connector terminal P4 via a
signal line. The turn-on/turn-off of the two contacts of the
bias switch 25 can be controlled by applying, for example,
a binary switch control signal to the connector terminal
P4 from an outside. That is, the connector terminal P4
forms a control terminal which controls turn-on/turn-off
of application of a bias voltage in a bias voltage super-
imposing circuit 22 from the outside.
[0023] Note that a signal line connected to a ground-
side electrode in the cMUT 11A is connected to a ground
terminal of a connector terminal P7.
[0024] In the second ultrasound probe 2B, a transducer
11B formed from a piezoelectric element is housed in a
distal end portion 10B of the insertion portion 6B, instead
of the cMUT 11 A. The transducer 11 B is coupled to the
motor 14 in the grasping portion 7B via, for example, the
hollow flexible shaft 12 and the slip ring 13.
[0025] A signal line 18b which is connected to the trans-
ducer 11B and is inserted in the flexible shaft 12 is con-
nected to the signal line 18b outside the slip ring 13 via
the slip ring 13. The signal line 18b is connected to the
connector terminal P5 of the connector 9B. Other com-
ponents in the second ultrasound probe 2B are identical
to the components in the first ultrasound probe 2A and
are denoted by identical reference numerals in Fig. 1.
[0026] Fig. 2 shows a configuration of the bias voltage
charger 4, to which the first ultrasound probe 2A is de-
tachably connected.
[0027] The bias voltage charger 4 has a charging volt-
age generating circuit 31 which generates a charging
voltage for charging the power supply circuit 24 for bias
voltage, a charging voltage control circuit 32 which mon-
itors the charging level detected by the charging level
detecting circuit 26 and controls charging action of the
charging voltage generating circuit 31, and a switch con-
trol circuit 33 which controls turn-on/turn-off of a bias
switch.
[0028] The bias voltage charger 4 also has a connector
receiver 16C having connector receiver terminals R2, R3,
and R4, to which the connector terminals P2, P3, and P4
of the first ultrasound probe 2A are respectively connect-
ed.
[0029] More specifically, the connector receiver termi-
nals R2, R3, and R4 are connected to an output end of
the charging voltage generating circuit 31, an input end
of the charging level detecting circuit 26, and an output

end of the switch control circuit 33, respectively.
[0030] The charging voltage generating circuit 31 has
an AC/DC converter 31a which generates a DC voltage
for charging a chargeable secondary battery 24a in the
power supply circuit 24 for bias voltage from a commer-
cial AC power supply and a switch 31 b which is provided
at an output end of the AC/DC converter 31a. The charg-
ing voltage generating circuit 31 charges the secondary
battery 24a by applying the DC voltage to the secondary
battery 24a. Note that the secondary battery 24a is com-
posed of a lithium battery, a lead battery, or the like which
generates a DC voltage of, for example, about 5 V to
about 10 V.
[0031] The power supply circuit 24 for bias voltage has
the secondary battery 24a and a DC/DC converter 24b
which raises a DC voltage of the secondary battery 24a
to a bias voltage of 100 V or more.
[0032] A DC voltage of the secondary battery 24a is
supplied to the charging level detecting circuit 26. The
charging level detecting circuit 26 utilizes the DC voltage
as a power supply for action, monitors the DC voltage of
the secondary battery 24a, and detects the charging lev-
el. Note that the charging level detecting circuit 26 may
detect the charging level from level of a bias voltage out-
putted from the DC/DC converter 24b.
[0033] The charging level detected by the charging lev-
el detecting circuit 26 is inputted to the charging voltage
control circuit 32. The charging voltage control circuit 32
judges whether a fully charged state has been reached,
by comparing a voltage corresponding to the charging
level with a reference voltage 32a.
[0034] The charging voltage control circuit 32 performs
control to turn off the switch 31b and end charging action
when the voltage corresponding to the charging level
reaches the reference voltage 32a. Note that lighting-up
of an LED (not shown), extinguishment of the lighted
LED, or the like may be performed on completion of
charging to inform a user of a fully charged state. As will
be described later, a charging level notifying circuit 72
may be connected to the charging level detecting circuit
26 to allow a user to be notified of the charging level.
[0035] The switch control circuit 33 is composed of a
switch 33a which can be set for change-over to allow
(through manual operation or the like) output of a switch
control signal for control to turn off the bias switch 25 and
resistors Rb and Rc which are connected to the switch
33a.
[0036] In the present embodiment, by setting the con-
nector receiver terminal R4 to low level (L level) via the
resistor Rc, the bias switch 25 is turned off via the con-
nector terminal P4, to which the connector receiver ter-
minal R4 is connected. Note that the bias switch 25 is a
switch which is turned off when a voltage applied to a
bias control terminal is, for example, at low level and is
turned on when the voltage is at high level (H level).
[0037] The bias voltage superimposing circuit 22 as a
bias voltage superimposing portion which superimposes
a bias voltage on a transmission signal and a received
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signal is configured to superimpose a bias voltage on a
junction Pc of the signal line 18a using, for example, a
resistor Ra which is series-connected to the bias switch
25, as shown in Fig. 2.
[0038] Fig. 3 shows a configuration of a main portion
in a state in which the first ultrasound probe 2A is con-
nected to the first observation apparatus 3A.
[0039] The first observation apparatus 3A has a trans-
mission circuit 41 as a transmission signal generating
portion which generates a transmission signal for trans-
mission/reception of ultrasound to/from a subject using
the cMUT 11A, a reception circuit 42 which performs
processing on a received signal received by the cMUT
11A, and a bias voltage generating circuit 49 which gen-
erates a bias voltage to be superimposed on a transmis-
sion signal and a received signal. The bias voltage gen-
erated by the bias voltage generating circuit 49 is super-
imposed on a transmission signal or a received signal at
a junction P with a signal line 44 for transmitting/receiving
a transmission signal and a received signal via a signal
line 49a. A function including generation of a bias voltage
by the bias voltage generating circuit 49 and superimpo-
sition of the bias voltage at the junction P may be defined
as a bias voltage circuit.
[0040] The first observation apparatus 3A has a ca-
pacitor 45 interposed in the signal line 44 for transmit-
ting/receiving a transmission signal and a received signal
to protect a bias voltage superimposed on the signal line
44 from being inputted to a transmission/reception sep-
arating circuit 43 as well as the transmission circuit 41
and the reception circuit 42. Note that the transmis-
sion/reception separating circuit 43 separates a trans-
mission signal from a received signal using the common
signal line 44. The transmission/reception separating cir-
cuit 43 has an identical configuration to a configuration
of a transmission/reception separating circuit 43B shown
in Fig. 4.
[0041] The signal line 44 is connected to the connector
terminal P6 via a connector receiver terminal R6, and a
connector receiver terminal R7 is connected to the con-
nector terminal P7. A video signal of an ultrasound image
which is produced by the reception circuit 42 is outputted
to a monitor 46, and an ultrasound image of a subject
which is produced through transmission and reception
of ultrasound by the cMUT 11A is displayed on a display
surface of the monitor 46.
[0042] A switch control circuit 47 which is provided at
the first observation apparatus 3A is connected to the
connector terminal P4 via the connector receiver terminal
R4. The switch control circuit 47 may have an identical
configuration to the configuration of the switch control
circuit 33 shown in Fig. 2. That is, the switch control circuit
47 is set so as to output a switch control signal for turning
off the bias switch 25, as shown in Fig. 3.
[0043] In the case, a bias voltage from the power sup-
ply circuit 24 for bias voltage in the connector 9A is not
used to transmit and receive ultrasound.
[0044] In the case of the configuration in Fig. 3, the first

observation apparatus 3A outputs a transmission signal
together with a bias voltage superimposed on the trans-
mission signal to a connector 9A side. The transmission
signal with the bias voltage superimposed is applied to
the cMUT 11A, and the cMUT 11 A transmits ultrasound.
Since the cMUT 11A is rotationally driven by the motor
14, the cMUT 11A transmits ultrasound to a subject 48
side, with which an outer circumferential face of the distal
end portion 10A is in contact, as shown in Fig. 1.
[0045] The ultrasound transmitted to the subject 48
side is reflected at a portion changing in acoustic imped-
ance. A portion of the reflected ultrasound is received by
the cMUT 11A and is converted into an electric signal.
In the case, since the predetermined bias voltage is ap-
plied to the cMUT 11 A, the cMUT 11A can efficiently
produce a converted received signal.
[0046] The received signal received by the cMUT 11A
is inputted from the connector 9A into the first observation
apparatus 3A while a bias voltage generated by the bias
voltage generating circuit 49 in the first observation ap-
paratus 3A is superimposed on the received signal. The
received signal is inputted to the reception circuit 42
through the capacitor 45 and the transmission/reception
separating circuit 43. A video signal is produced by the
reception circuit 42. The video signal is inputted to the
monitor 46, which results in display of an ultrasound im-
age on the display surface of the monitor 46.
[0047] Fig. 4 shows a configuration of a main portion
in a state in which the first ultrasound probe 2A is con-
nected to the second observation apparatus 3B.
[0048] The second observation apparatus 3B has a
transmission circuit 41B which generates a transmission
signal for transmitting/receiving ultrasound to/from a sub-
ject using the transducer 11B that is a piezoelectric ele-
ment if the ultrasound probe 2B is connected, a reception
circuit 42B which performs processing on a received sig-
nal received by the transducer 11B, and the transmis-
sion/reception separating circuit 43B that separates a
transmission signal from a received signal using a com-
mon signal line 44b in the second observation apparatus
3B. In the present embodiment, the transmission circuit
41B produces a transmission signal for the cMUT 11A,
and the reception circuit 42B performs signal processing
on a received signal received by the cMUT 11A, if the
ultrasound probe 2A is connected, as shown in Fig. 4.
The transmission/reception separating circuit 43B sepa-
rates a transmission signal from a received signal.
[0049] As shown in Fig. 4, the transmission/reception
separating circuit 43B is composed of a bridge of diodes
D1 to D4 which are arranged in a signal line 44b’ extend-
ing from a fork in the signal line 44b to an input end side
of the reception circuit 42B, a resistor Re which connects
anodes of the diodes D1 and D3 to a power supply end
Vdd, and a resistor Rf which connects cathodes of the
diodes D2 and D4 to a power supply end Vss. In a case
of a weak signal (e.g., a signal of not more than 1 Vpp)
such as a received signal, the bridge of diodes D1 to D4
is turned on, and the signal is inputted to the reception
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circuit 42B. In a case of an excessive signal (of, for ex-
ample, about 100 Vpp) such as a transmission signal,
the diode D1 or D2 is turned on, which causes the diode
D3 or D4 to be turned off. The excessive signal is pre-
vented from being applied to the reception circuit 42B.
[0050] Note that a diode having the property that a re-
verse recovery time period (recovery time period) is
shorter than a period of a transmission signal may be
used as each of the diodes D1 and D2 and that a diode
having the property that a reverse recovery time period
is longer than a period of a received signal may be used
as each of the diodes D3 and D4, as described in Japa-
nese Patent Application Laid-Open Publication No.
2011-229630.
[0051] Alternatively, as disclosed in Fig. 2 of Japanese
Patent Application Laid-Open Publication No.
2010-201163, the bridge of diodes D1 to D4 and switches
SW1 and SW2 for switching between a negative power
supply and a positive power supply at a time of transmis-
sion and a time of reception, may be used. The bridge
of diodes D1 to D4 may be made discontinuous at the
time of transmission to protect a high-voltage transmis-
sion signal from being inputted to the reception circuit
42B. The bridge of diodes D 1 to D4 may be made con-
tinuous at the time of reception to permit a received signal
to be inputted to the reception circuit 42B.
[0052] In the present embodiment, as described
above, the transmission circuit 41B and the reception
circuit 42B can also be used as a transmission circuit
which produces a transmission signal and a reception
circuit which performs signal processing on a received
signal for the cMUT 11A.
[0053] The connector receiver 16B of the second ob-
servation apparatus 3B has connector receiver terminals
R1, R4, R5, and R7 which are connected to the connector
terminals P1, P4, P5, and P7, respectively.
[0054] A video signal of an ultrasound image which is
produced by the reception circuit 42B is outputted to the
monitor 46. An ultrasound image of a subject which is
produced through transmission and reception of ultra-
sound by the transducer 11B or the cMUT 11A is dis-
played on the display surface of the monitor 46.
[0055] A switch control circuit 47B which is provided
at the second observation apparatus 3B is connected to
the connector terminal P4 via the connector receiver ter-
minal R4.
[0056] The switch control circuit 47B has an identical
configuration to the configuration of the switch control
circuit 33 shown in Fig. 2. The switch 33a is connected
to the power supply end Vdd via the pull-up resistor Rb,
and the switch control circuit 47B is set such that a switch
control signal at H level is applied to the connector re-
ceiver terminal R4 and the connector terminal P4.
[0057] That is, the switch control circuit 47B controls
the bias switch 25 to be turned on, as shown in Fig. 4.
[0058] In the case, a transmission signal from the
transmission circuit 41 B is transmitted into the connector
9A via the transmission/reception separating circuit 43B,

passes through the capacitor 23 in the connector 9A, and
enters the bias voltage superimposing circuit 22. A bias
voltage from the power supply circuit 24 for bias voltage
provided in the connector 9A is superimposed on the
transmission signal in the bias voltage superimposing
circuit 22, and the transmission signal is applied to the
cMUT 11A.
[0059] The bias voltage from the power supply circuit
24 for bias voltage provided in the connector 9A is also
superimposed on a received signal which is obtained
when ultrasound is received by the cMUT 11A. The re-
ceived signal undergoes bias voltage cutting in the ca-
pacitor 23 and is then inputted into the second observa-
tion apparatus 3B. In the second observation apparatus
3B, the received signal is inputted to the reception circuit
42B via the transmission/reception separating circuit
43B. The reception circuit 42B performs signal process-
ing on the received signal, produces a video signal, and
outputs the video signal to the monitor 46.
[0060] The ultrasound diagnostic system 1 with the
above-described configuration includes the first ultra-
sound probe 2A as an ultrasound probe that is equipped
with the cMUT 11A as a capacitive transducer, the sec-
ond observation apparatus 3B as an ultrasound obser-
vation apparatus that incorporates the transmission cir-
cuit 41B generating a transmission signal for causing the
capacitive transducer to generate ultrasound, the recep-
tion circuit 42B performing signal processing on a re-
ceived signal outputted from the capacitive transducer
upon reception of ultrasound, and the transmission/re-
ception separating circuit 43B separating the transmis-
sion signal from the received signal, and the bias voltage
generating apparatus 21 that includes the power supply
circuit 24 for bias voltage incorporated in the ultrasound
probe outside the second observation apparatus 3B, in-
cluding the chargeable secondary battery 24a for pro-
ducing a bias signal to be applied to the capacitive trans-
ducer, and producing the bias voltage and the bias volt-
age superimposing circuit 22 as a bias voltage superim-
posing portion superimposing the bias voltage on the
transmission signal outputted to outside the ultrasound
observation apparatus and the received signal inputted
into the ultrasound observation apparatus.
[0061] The bias voltage generating apparatus 21 pro-
vided in the first ultrasound probe 2A is the bias voltage
generating apparatus 21 that is placed outside and used
together with the second observation apparatus 3B as
an ultrasound observation apparatus that incorporates
the transmission circuit 41B generating a transmission
signal for transmitting/receiving ultrasound to/from a sub-
ject using the cMUT 11A as a capacitive transducer and
the reception circuit 42 performing processing on a re-
ceived signal. The bias voltage generating apparatus 21
includes the power supply circuit 24 for bias voltage that
includes the chargeable secondary battery 24a for pro-
ducing a bias voltage to be applied to the capacitive trans-
ducer and produces the bias voltage and the bias voltage
superimposing circuit 22 as a bias voltage superimposing
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portion that superimposes the bias voltage on the trans-
mission signal outputted from the ultrasound observation
apparatus and the received signal inputted to the ultra-
sound observation apparatus.
[0062] Note that although the bias voltage generating
apparatus 21 is arranged inside the first ultrasound probe
2A equipped with the cMUT 11A in the above-described
configuration, the bias voltage generating apparatus 21
is detachable from a first ultrasound probe 2A" equipped
with the cMUT 11A outside the first ultrasound probe 2A"
in the configuration in Fig. 8 to be described later.
[0063] Action of the present embodiment will be de-
scribed. Before ultrasound diagnosis using the first ultra-
sound probe 2A, the power supply circuit 24 for bias volt-
age of the bias voltage generating apparatus 21 is con-
nected to the bias voltage charger 4 to put the secondary
battery 24a in a charged state, as shown in Fig. 2.
[0064] Since the bias voltage generating apparatus 21
is provided in the first ultrasound probe 2A in the present
embodiment, the first ultrasound probe 2A is connected
to the bias voltage charger 4 to charge the secondary
battery 24a of the power supply circuit 24 for bias voltage
at the bias voltage generating apparatus 21 provided in
the first ultrasound probe 2A, as shown in Fig. 2.
[0065] It is possible to charge the power supply circuit
24 for bias voltage through the connection as shown in
Fig. 2 and complete the charging upon notification
through, e.g., lighting-up of an LED. After the completion
of the charging, it is possible to transmit/receive ultra-
sound by connecting the first ultrasound probe 2A to the
second observation apparatus 3B and perform ultra-
sound diagnosis. More specifically, the first ultrasound
probe 2A is connected to the second observation appa-
ratus 3B, as shown in Fig. 1 or 4.
[0066] In the case, a transmission signal from the
transmission circuit 41B goes through the capacitor 23
in the connector 9A after passing through the transmis-
sion/reception separating circuit 43B. A bias voltage out-
putted from the power supply circuit 24 for bias voltage
is superimposed on the transmission signal in the bias
voltage superimposing circuit 22, and the transmission
signal is applied to electrodes of the cMUT 11A.
[0067] In the cMUT 11A, application of the transmis-
sion signal with the bias voltage superimposed between
electrodes on two sides facing across a cavity causes a
membrane on one side facing the cavity to vibrate, and
ultrasound is transmitted to the subject 48 side (see Fig.
1). The ultrasound is reflected on the subject 48 side,
and a received signal received by the cMUT 11 A is in-
putted into the second observation apparatus 3B through
the capacitor 23 while the bias voltage from the power
supply circuit 24 for bias voltage is superimposed on the
received signal.
[0068] In the second observation apparatus 3B, the
received signal is inputted to the reception circuit 42B
through the transmission/reception separating circuit
43B. The reception circuit 42B performs signal process-
ing on the received signal, produces a video signal, and

outputs the video signal to the monitor 46. An ultrasound
image is displayed on the display surface of the monitor
46. A surgeon observes the ultrasound image and diag-
noses an affected part or the like.
[0069] Figs. 5 show timing charts, and each horizontal
axis indicates t. If the first ultrasound probe 2A is con-
nected to the second observation apparatus 3B, a power
supply switch (not shown) of the bias voltage generating
apparatus 21 is turned on, and a power supply switch
(not shown) of the second observation apparatus 3B is
turned on, the power supply circuit 24 for bias voltage
outputs a bias voltage Vbias as shown in Fig. 5(A), and
the bias voltage Vbias is applied to the signal line 18a by
the bias voltage superimposing circuit 22.
[0070] The transmission circuit 41B in the second ob-
servation apparatus 3B outputs a pulsed transmission
signal as shown in Fig. 5(B) for a short transmission pe-
riod Ts. The transmission signal with the bias voltage
Vbias superimposed by the bias voltage superimposing
circuit 22 is applied to the cMUT 11A, and ultrasound is
transmitted.
[0071] When a reception period Tr after the transmis-
sion period Ts starts, as shown in Fig. 5(C), the reception
circuit 42B becomes active and performs signal process-
ing on a received signal received by the cMUT 11A.
[0072] Note that since the cMUT 11A is automatically
rotationally driven in sync with rotation of the motor 14,
a direction in which ultrasound is transmitted and re-
ceived changes sequentially. By repeating transmission
and reception as described above, the reception circuit
42B acquires a piece of image data for one frame in radial
scanning. An ultrasound image which is produced from
the piece of image data for one frame is displayed on the
monitor 46.
[0073] Although the action of connecting the first ultra-
sound probe 2A to the second observation apparatus 3B
for a piezoelectric element and transmitting/receiving ul-
trasound has been described, ultrasound can also be
transmitted and received by connecting the first ultra-
sound probe 2A to the first observation apparatus 3A, as
described with reference to Fig. 3.
[0074] Thus, according to the present embodiment, a
bias voltage generating apparatus and an ultrasound di-
agnostic system which can be utilized for ultrasound di-
agnosis (or ultrasound observation) even if an ultrasound
observation apparatus for a piezoelectric element (i.e.,
the second observation apparatus 3B) can be provided.
[0075] The above-described configuration relates to
the mechanical scanning-based ultrasound diagnostic
system 1. An electronic scanning-based ultrasound di-
agnostic system 1’ can also be configured in the manner
below.
[0076] Fig. 6 shows a configuration of the electronic
scanning-based ultrasound diagnostic system 1’ accord-
ing to a first modification of the first embodiment. The
ultrasound diagnostic system 1’ has a configuration ob-
tained by partially changing, in the manner below, the
ultrasound diagnostic system 1 in Fig. 1.
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[0077] First and second ultrasound probes 2A’ and 2B’
according to the present modification are different from
the first and second ultrasound probes 2A and 2B in Fig.
1 in that the first and second ultrasound probes 2A’ and
2B’ do not have the motor 14, the flexible shaft 12, and
the slip ring 13. The first ultrasound probe 2A’ has a
CMUT array 11’ having a plurality of cMUTs 11-1, 11-2,...,
11-m arranged along an inner circumferential face of the
distal end portion 10A, instead of the one cMUT 11A in
Fig. 1. The individual cMUTs 11-j (j = 1, 2,..., m) (elec-
trodes of the cMUTs) are connected to a multiplexer 51
as transducer selecting means which is arranged in a
vicinity of the cMUTs.
[0078] The multiplexer 51 is capable of sequentially
selecting the cMUTs 11-j connected to the signal line 18a
by a selection signal applied to the multiplexer 51.
[0079] A control circuit 53 in a first observation appa-
ratus 3A’ or a control circuit 53B in a second observation
apparatus 3B’ outputs a selection signal. The selection
signal is applied to a transducer selection terminal of the
multiplexer 51 through a connector receiver terminal R1’
and a connector terminal PI’ and then a signal line 54
which is inserted in the first ultrasound probe 2A’.
[0080] The control circuit 53 controls action of the
transmission circuit 41 and the reception circuit 42 in the
first observation apparatus 3A’ in sync with a selection
signal.
[0081] The second ultrasound probe 2B’ has a cMUT
array 11B’ having a plurality of transducers 11B-1, 11B-
2,..., 11B-m arranged along an inner circumferential face
of the distal end portion 10B, instead of the transducer
11B composed of one piezoelectric element in Fig. 1.
The individual transducers 11B-j (j = 1, 2,..., m) (elec-
trodes of the transducers) are connected to a multiplexer
51B as transducer selecting means which is arranged in
a vicinity of the transducers. The multiplexer 51B is ca-
pable of sequentially selecting the transducers 11B-j con-
nected to the signal line 18b by a selection signal applied
to the multiplexer 51B.
[0082] If the second ultrasound probe 2B’ is connected
to the second observation apparatus 3B’, the control cir-
cuit 53B in the second observation apparatus 3B’ outputs
a selection signal. The selection signal is applied to the
transducer selection terminal of the multiplexer 51B via
a signal line 54B which is inserted in the second ultra-
sound probe 2B’.
[0083] The control circuit 53B controls action of the
transmission circuit 41B and the reception circuit 42B in
the second observation apparatus 3B’ in sync with the
selection signal.
[0084] If the first ultrasound probe 2A’ is connected to
the second observation apparatus 3B’, the control circuit
53B outputs a selection signal in a same manner as in
the case where the second ultrasound probe 2B’ is con-
nected. Note that the first observation apparatus 3A’ and
the second observation apparatus 3B’ do not have the
motor drive circuit 17, as shown in Fig. 6. Other compo-
nents are the same as the components in the configura-

tion shown in Fig. 1.
[0085] Action of the present modification is such that
a cMUT used in transmission and reception changes over
sequentially by a selection signal with the timing shown
in Figs. 5. That is, timing according to the present mod-
ification is as shown in Figs. 7. Note that Figs. 7(A) to
7(C) are the same as Figs. 5(A) to 5(C).
[0086] As shown in Fig. 7(D), the control circuit 53B in
the second observation apparatus 3B’ outputs a selection
signal Se1 for selecting the first cMUT 11-1 during the
first transmission period Ts and the first reception period
Tr that come first. The first cMUT 11-1 is used for trans-
mission and reception during the first transmission period
Ts and the first reception period Tr. Note that timing for
outputting the selection signal Se1 or Se2 or the like may
be slightly ahead of each transmission period Ts (for a
transmission signal), as shown in Figs. 7.
[0087] When the first transmission period Ts and the
first reception period Tr end, the control circuit 53B out-
puts the selection signal Se2 for selecting the second
cMUT 11-2 during the second transmission period Ts
and the second reception period Tr that come next. The
second cMUT 11-2 is used for transmission and recep-
tion during the second transmission period Ts and the
second reception period Tr.
[0088] Such actions are repeated, and the reception
circuit 42B acquires a piece of image data for one frame
in electronic scanning (electronic radial scanning). An
ultrasound image which is produced from the piece of
image data for one frame is displayed on the monitor 46.
The present modification has the same effects as those
of the first embodiment.
[0089] Note that although a configuration in which the
bias voltage generating apparatus 21 is provided inside
the first ultrasound probe 2A has been illustrated in the
first embodiment, a bias voltage generating apparatus
21A may be provided inside a housing 60, from which a
first ultrasound probe 2A is detachable, as shown in Fig.
8.
[0090] A second modification shown in Fig. 8 is ob-
tained by, for example, separating the connector 9A
shown in Fig. 4 on a proximal end side into two parts, a
connector 9C on the ultrasound probe 2A" side and the
housing 60 that incorporates the bias voltage generating
apparatus 21 A having a connector receiver 60A, from
which the connector 9C is detachable.
[0091] The housing 60 has a substantially identical
configuration to a configuration of the connector 9A
shown in Fig. 4 except for a configuration on the proximal
end side.
[0092] That is, the signal line 15 connected to the motor
14 is detachable at a connector terminal P8 on the con-
nector 9C side and a connector receiver terminal R8 of
the connector receiver 60A at the housing 60 which be-
comes continuous with the connector terminal P8 when
the connector terminal P8 comes into contact.
[0093] The signal line 18a connected to the cMUT 11A
is detachable at a connector terminal P9 on the connector
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9C side on the ultrasound probe 2A" side and a connector
receiver terminal R9 of the connector receiver 60A at the
housing 60 which becomes continuous with the connec-
tor receiver terminal R9 when the connector terminal P9
comes into contact.
[0094] Note that a structure in which the connector ter-
minals P1 to P7 in the housing 60 are connected to the
connector receiver 16A or 16B of the first or second ob-
servation apparatus 3A or 3B or the bias voltage charger
4 is identical to the structure described in the first em-
bodiment.
[0095] Note that although Fig. 8 shows a configuration
of the bias voltage generating apparatus 21 B when use
of the housing 60 is applied to the first embodiment, the
second modification can also be applied to the configu-
ration in Fig. 6. Fig. 9 shows a configuration of a bias
voltage generating apparatus 21B according to a third
modification when the use of the housing 60 is applied
to the electronic scanning-based case shown in Fig. 6.
[0096] Fig. 9 has an identical configuration to a config-
uration obtained by replacing the signal line 15 in Fig. 8
with the signal line 54. Note that a distal end of the signal
line 54 is connected to the multiplexer 51 through the
connector terminal P8 that is in contact with and contin-
uous with the connector receiver terminal R8. A rear end
of the signal line 54 is connected to the control circuit
53B in the second observation apparatus 3B through the
connector receiver terminal R1’ that is in contact with and
continuous with the connector terminal P1’.
[0097] The configuration in Fig. 8 or Fig. 9 has the effect
that use of the housing 60 incorporating the bias voltage
generating apparatus 21 A between the ultrasound probe
2A" and the second observation apparatus 3B for the
ultrasound probe 2A" that does not have a bias voltage
generating apparatus and is equipped with the cMUT 11A
or a cMUT 11’ allows ultrasound diagnosis or ultrasound
observation through transmission and reception of ultra-
sound.

(Second Embodiment)

[0098] A second embodiment of the present invention
will be described. An ultrasound diagnostic system ac-
cording to the present embodiment has a configuration
obtained by further including a first ultrasound probe 2D
shown in Fig. 10 in the ultrasound diagnostic system 1
in Fig. 1. In the present embodiment, the first ultrasound
probe 2D is configured to include a variable gain amplifier
which amplifies a received signal based on a charging
level detection signal (detection information) from a
charging level detecting circuit 26 and a charging level
notifying portion which makes a notification of charging
level.
[0099] The first ultrasound probe 2D has a connector
9D which is provided with a bias voltage generating ap-
paratus 21D different from the bias voltage generating
apparatus 21 (shown in, for example, Fig. 4) provided
inside the connector 9A in the first ultrasound probe 2A

in Fig. 1.
[0100] The bias voltage generating apparatus 21 D has
a configuration obtained by further providing a preampli-
fier 71 as a variable gain amplifier, a gain of which is
changed by a charging level detection signal from the
charging level detecting circuit 26, and a charging level
notifying circuit 72, and two transmission/reception sep-
arating circuits 73A and 73B which are provided on a
signal line 18a in the bias voltage generating apparatus
21 shown in Fig. 4. Note that the preamplifier 71 is placed
between the two transmission/reception separating cir-
cuits 73A and 73B to amplify a received signal with a gain
of 1 or more when the received signal is inputted through
the transmission/reception separating circuit 73A. The
amplified signal is outputted to a connector terminal P6
or P5 side serving as a transmission/reception terminal
through the transmission/reception separating circuit
73B. The two transmission/reception separating circuits
73A and 73B may have an identical configuration to, for
example, the configuration of the transmission/reception
separating circuit 43B in Fig. 4.
[0101] In addition to the charging level detecting func-
tion described in the first embodiment, the charging level
detecting circuit 26 according to the present embodiment
detects, using a first comparison circuit 26a, whether a
bias voltage outputted from a power supply circuit 24 for
bias voltage has become less than a lower limit value
Vt1 of an appropriate bias voltage range set in advance
and has a second comparison circuit 26b which detects
whether the bias voltage has become not more than a
second voltage value Vt2 lower than the lower limit value
Vt1. Note that the first comparison circuit 26a outputs a
signal corresponding to H level (e.g., a signal at a level
Vc) if a result of a comparison with the lower limit value
Vt1 shows that the bias voltage is not less than the lower
limit value Vt1 and outputs a first detection signal at a
level Vd proportional to the bias voltage less than the
lower limit value Vt1 if the bias voltage is less than the
lower limit value Vtl, as shown in Fig. 11(C).
[0102] The charging level detecting circuit 26 also has
a third comparison circuit 26c which judges whether level
of a signal applied to a connector terminal P4 is either H
or L, i.e., whether the level is H level that turns on a bias
switch 25 (or the connector 9C is connected to a second
observation apparatus 3B).
[0103] The charging level detecting circuit 26 controls
action of the preamplifier 71 only if the level of the signal
applied to the connector terminal P4 is H level (i.e., if the
connector 9C is connected to the second observation
apparatus 3B). If the level of the signal applied to the
connector terminal P4 is L level, the charging level de-
tecting circuit 26 does not control the action of the pream-
plifier 71.
[0104] If a bias voltage outputted from the power sup-
ply circuit 24 for bias voltage is less than the lower limit
value Vt1 of the appropriate bias voltage range set in
advance, sensitivity to a received signal which is received
and produced by a cMUT 11A is lower than when the
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bias voltage is within the appropriate bias voltage range.
[0105] For the reason, in the present embodiment, the
charging level detecting circuit 26 changes a voltage to
be applied to a gain control terminal so as to make a gain
of the preamplifier 71 higher than a gain of 1 when the
bias voltage is within the appropriate bias voltage range,
if a bias voltage outputted from the power supply circuit
24 for bias voltage becomes less than the lower limit val-
ue Vt1. In the present embodiment, a drop in sensitivity
to a received signal caused when the bias voltage falls
below the appropriate range is compensated for through
an increase in the gain of the preamplifier 71.
[0106] The charging level detecting circuit 26 outputs
a detection signal relating to charging level of the power
supply circuit 24 for bias voltage to the charging level
notifying circuit 72. The charging level notifying circuit 72
notifies a user of the charging level by displaying the
charging level on a display.
[0107] The charging level detecting circuit 26 outputs
a second detection signal to the charging level notifying
circuit 72 when a bias voltage outputted from the power
supply circuit 24 for bias voltage becomes not more than
the second voltage value Vt2. When the second detection
signal is inputted, the charging level notifying circuit 72
displays the charging level and displays a message
prompting charging to notify the user of the message
prompting charging.
[0108] Note that, if the connector 9D is connected to a
first observation apparatus 3A in the present embodi-
ment, a bias voltage generating circuit 49 of the first ob-
servation apparatus 3A constantly outputs a bias voltage
within the appropriate range, and sensitivity correction
by the preamplifier 71 is not performed.
[0109] Other components are the same as the compo-
nents in the first embodiment. Action of the present em-
bodiment will be described. If the first ultrasound probe
2A is used in the present embodiment, a same action as
the action of the first embodiment is performed. A de-
scription of the case will be omitted, and a main action
when the first ultrasound probe 2D is used will be de-
scribed. A case where transmission and reception of ul-
trasound are performed with the first ultrasound probe
2D connected to the second observation apparatus 3B
will also be described.
[0110] Figs. 11 show timing charts for explaining action
in the case. Each horizontal axis in Figs. 11 indicates t.
Assume that actions of the bias voltage generating ap-
paratus 21D and the like start at time t0.
[0111] As shown in Fig. 11 (A), the connector terminal
P4 is at H level from time t0 onward. When the bias switch
25 is turned on, the charging level detecting circuit 26
acts to control action of the preamplifier 71 and the charg-
ing level notifying circuit 72.
[0112] During a period T1 when the power supply cir-
cuit 24 for bias voltage outputs a bias voltage within the
appropriate range, as shown in Fig. 11 (B), the first com-
parison circuit 26a of the charging level detecting circuit
26 applies a first detection signal at the fixed level Vc to

the gain control terminal of the preamplifier 71, as shown
in Fig. 11(C). In the state, the gain of the preamplifier 71
is set to 1, as shown in Fig. 11 (D).
[0113] In the state, the bias voltage generating appa-
ratus 21 D performs a substantially identical action to the
action of the first embodiment where the first ultrasound
probe 2A is connected to the second observation appa-
ratus 3B.
[0114] The charging level notifying circuit 72 displays
the charging level on the display to make a notification
of the charging level, as shown in Fig. 11 (F).
[0115] When the charging level of the power supply
circuit 24 for bias voltage drops, and a bias voltage out-
putted from the power supply circuit 24 for bias voltage
becomes less than the bias voltage lower limit value Vt1
of the appropriate range (at time t1), the first comparison
circuit 26a applies (outputs) a first detection signal at the
level Vd that changes in proportion to a drop from the
lower limit value Vt1 to the gain control terminal of the
preamplifier 71, as shown in Fig. 11(C).
[0116] The preamplifier 71 enters a state acting to am-
plify a received signal with a gain (higher than 1) which
rises in proportion to the amount of change from the fixed
level Vc.
[0117] When the bias voltage outputted from the power
supply circuit 24 for bias voltage drops further and be-
comes not more than the second voltage value Vt2 (at
time t2), the second comparison circuit 26b outputs a
second detection signal (at, for example, H level) to the
charging level notifying circuit 72, as shown in Fig. 11(E).
[0118] When the second detection signal is inputted to
the charging level notifying circuit 72, the charging level
notifying circuit 72 displays, on the display, a warning
that the charging level of the power supply circuit 24 for
bias voltage has dropped to a level requiring charging
and makes a notification so as to prompt a user to perform
charging. That is, the charging level notifying circuit 72
makes a notification through display of a warning, as
shown in Fig. 11 (F). With the display of the warning, the
user recognizes a state requiring charging.
[0119] Note that, if transmission and reception of ultra-
sound is performed with the first ultrasound probe 2D
connected to the first observation apparatus 3A, the
preamplifier 71 does not act, and the charging level no-
tifying circuit 72 acts in a same manner as in the above
description.
[0120] According to the present embodiment with the
above-described action, a drop in sensitivity to a received
signal can be compensated for even if a bias voltage
outputted from the power supply circuit 24 for bias voltage
becomes less than the bias voltage lower limit value Vt1
of the appropriate range, in addition to the same effects
as those of the first embodiment.
[0121] Note that the ultrasound diagnostic system ac-
cording to the present embodiment has been described
in a context of a case where the ultrasound probe 2D is
further provided in the ultrasound diagnostic system 1 in
Fig. 1. An electronic scanning-based ultrasound probe
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provided with the bias voltage generating apparatus 21
D shown in Fig. 10 can be provided in the ultrasound
diagnostic system 1B shown in Fig. 6 as well.
[0122] Fig. 12 shows a configuration of a main portion
of an electronic scanning-based first ultrasound probe
2E in an ultrasound diagnostic system according to a
modification of the second embodiment. The ultrasound
diagnostic system according to the present modification
is obtained by further including the electronic scanning-
based first ultrasound probe 2E shown in Fig. 12 in the
ultrasound diagnostic system 1B shown in Fig. 6.
[0123] The electronic scanning-based first ultrasound
probe 2E is obtained by replacing the signal line 15 with
a signal line 54 and the connector 9D with a connector
9E, in the ultrasound probe 2D in Fig. 10. A distal end of
the signal line 54 is connected to a multiplexer 51 while
a rear end is connected to a connector terminal P1’. Other
components are the same as the components described
with reference to Fig. 10. The present modification has
substantially same operations and/or effects as those of
the second embodiment except that the present modifi-
cation is different in an ultrasound scanning method from
the second embodiment.
[0124] Although a configuration in which the bias volt-
age generating apparatus 21D is provided in the connec-
tor 9D of the ultrasound probe 2D is shown in Fig. 10,
the bias voltage generating apparatus 21D can be con-
figured, through same modification as the modification
of the configuration in Fig. 4 in the manner in Fig. 8, such
that the connector of the ultrasound probe 2D is detach-
able from the bias voltage generating apparatus 21D.
The modification can also be applied to the ultrasound
probe 2E in Fig. 12.
[0125] Note that a configuration has been described in
the above-described embodiment and the like in which
connector terminals detachable from the connector re-
ceiver terminal R6 serving as an ultrasound transmis-
sion/reception terminal of the first observation apparatus
3A and the connector receiver terminal R5 serving as an
ultrasound transmission/reception terminal of the second
observation apparatus 3B are not a common one but are
the two connector terminals P6 and P5. In contrast, as
shown in Fig. 13, the connector terminals P5 and P6 may
be integrated into one common connector terminal P56
by providing a change-over switch 81. Fig. 13 shows an
example of a configuration of an ultrasound probe 2F
which is a modification of the ultrasound probe 2D in Fig.
10.
[0126] The ultrasound probe 2F has a connector 9F
which is obtained by providing the change-over switch
81 on a signal line between the connector terminal 5 and
the transmission/reception separating circuit 73b and re-
placing the connector terminal 5 with the connector ter-
minal 56, in the connector 9D of the ultrasound probe 2D
in Fig. 10.
[0127] The connector terminal 56 is connected to a
common contact c of the change-over switch 81, the
transmission/reception separating circuit 73B and a sig-

nal line extending from a junction of a bias voltage su-
perimposing circuit 22 and a capacitor 23 to the connector
terminal P6 (in Fig. 10) are connected to contacts a and
b, respectively, and change-over of the change-over
switch 81 is controlled according to signal level of the
connector terminal P4.
[0128] More specifically, if level of a signal applied to
the connector terminal P4 is at H level that turns on the
bias switch 25, i.e., if the second observation apparatus
3B is connected to the connector 9F, the common contact
c is made continuous with the contact a. On the other
hand, if the level of the signal applied to the connector
terminal P4 is at L level, i.e., if the first observation ap-
paratus 3A is connected to the connector 9F, the common
contact c is made continuous with the contact b.
[0129] Fig. 13 does not have the connector terminal 6.
The connector receiver terminal R5 of the second obser-
vation apparatus 3B shown in Fig. 1, 4, or the like is de-
tachably connected to the connector terminal P56, and
the connector receiver terminal R6 of the first observation
apparatus 3A shown in Fig. 1, 3, or the like is detachably
connected to the connector terminal P56.
[0130] Other components are the same as the compo-
nents described with reference to Fig. 10 and the like.
According to the present modification, the common con-
nector terminal 56 can be connected to the respective
ultrasound transmission/reception terminals of the first
observation apparatus 3A and the second observation
apparatus 3B. It is thus possible to reduce the number
of connector terminals. Note that although Fig. 13 shows
an application to the configuration in Fig. 10, the present
modification can also be applied to the first embodiment,
the second embodiment, and the like.
[0131] Note that configurations according to the em-
bodiments including the modifications are not limited to
the configurations shown in the drawings. A configuration
obtained by removing a component from the ultrasound
diagnostic system 1 or 1B described with reference to
Fig. 1, 6, or the like as needed also belongs to the present
invention. For example, the ultrasound diagnostic system
1 shown in Fig. 1 can also be configured not to have the
second ultrasound probe 2B.
[0132] Alternatively, the ultrasound diagnostic system
1 shown in Fig. 1 can also be configured not to have the
first observation apparatus 3B. Although the configura-
tion in Fig. 1 has been described, a same applies to the
configuration in Fig. 6.
[0133] Although cases where the multiplexer 51 or 51B
is provided inside an ultrasound probe such as the ultra-
sound probe 2A’ or 2B’ have been described in the con-
figuration examples, the multiplexer 51 or 51B may be
provided inside an observation apparatus such as the
observation apparatus 3A’ or 3B’, instead of being pro-
vided inside an ultrasound probe. In the case, a bias volt-
age from the power supply circuit 24 for bias voltage may
be superimposed on signal lines connected to the indi-
vidual c-MUTs 11-j, respectively, via the bias switch 25
(that is controlled so as to be turned on or off by a switch
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control signal).
[0134] An embodiment or the like which is constructed
by combining some of the above-described embodi-
ments and modifications also belongs to the present in-
vention.
[0135] The present application is filed claiming the pri-
ority of Japanese Patent Application No. 2012-252427
filed in Japan on November 16, 2012, and the above
described disclosure is incorporated by reference in the
present description, claims and drawings.

Claims

1. A bias voltage generating apparatus placed outside
an ultrasound observation apparatus and used to-
gether with the ultrasound observation apparatus,
the ultrasound observation apparatus incorporating
a transmission circuit generating a transmission sig-
nal and a reception circuit performing processing on
a received signal, for transmitting/receiving ultra-
sound to/from a subject using a capacitive transduc-
er, comprising:

a power supply circuit for bias voltage which in-
cludes a chargeable secondary battery for pro-
ducing a bias voltage to be applied to the capac-
itive transducer and produces the bias voltage;
and
a bias voltage superimposing portion which su-
perimposes the bias voltage on the transmission
signal to be outputted to outside the ultrasound
observation apparatus and on the received sig-
nal to be inputted inside the ultrasound obser-
vation apparatus.

2. The bias voltage generating apparatus according to
claim 1, wherein
the bias voltage generating apparatus is placed in
an ultrasound probe which is equipped with the ca-
pacitive transducer.

3. The bias voltage generating apparatus according to
claim 1, wherein
the bias voltage generating apparatus is detachably
connected to an ultrasound probe which is equipped
with the capacitive transducer and the ultrasound
observation apparatus.

4. The bias voltage generating apparatus according to
claim 1, wherein
the bias voltage generating apparatus further com-
prises a switch which turns on or off superimposition
of the bias voltage generated by the power supply
circuit for bias voltage on the bias voltage superim-
posing portion and a control terminal which controls
the switch from an outside to be turned on or off.

5. The bias voltage generating apparatus according to
claim 4, further comprising:

a charging level detecting portion which detects
a charging level of the secondary battery which
constitutes the power supply circuit for bias volt-
age; and
a charging level notifying portion which notifies
charging level information detected by the
charging level detecting portion.

6. The bias voltage generating apparatus according to
claim 5, further comprising a variable gain amplifier
which increases a gain for the received signal based
on the charging level information detected by the
charging level detecting portion.

7. The bias voltage generating apparatus according to
claim 5, wherein
the power supply circuit for bias voltage has the sec-
ondary battery and a DC/DC converter which raises
a DC voltage of the secondary battery and produces
the bias voltage.

8. The bias voltage generating apparatus according to
claim 2, wherein
the bias voltage generating apparatus is placed in a
connector in the probe, the connector being detach-
ably connected to the ultrasound observation appa-
ratus.

9. The bias voltage generating apparatus according to
claim 2, wherein
the bias voltage generating apparatus has a plurality
of first connector terminals which are detachably
connected to a plurality of connector receiver termi-
nals of a connector receiver of the ultrasound obser-
vation apparatus and has a plurality of second con-
nector terminals which are detachably connected to
connector receiver terminals of a connector receiver
of a charger generating a charging voltage for charg-
ing the second battery.

10. The bias voltage generating apparatus according to
claim 4, wherein
the bias voltage generating apparatus further has a
charger which is detachably connected to the bias
voltage generating apparatus and generates a
charging voltage for charging the secondary battery,
and the charger has a switch control circuit which
sets the switch to off via the control terminal if the
charger is connected to the bias voltage generating
apparatus.

11. An ultrasound diagnostic system comprising:

an ultrasound probe which is equipped with a
capacitive transducer;
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an ultrasound observation apparatus which in-
corporates a transmission circuit generating a
transmission signal for causing the capacitive
transducer to generate ultrasound, a reception
circuit performing processing on a received sig-
nal outputted from the capacitive transducer up-
on reception of ultrasound, and a transmis-
sion/reception separating circuit which sepa-
rates the transmission signal from the received
signal; and
a bias voltage generating apparatus which is in-
corporated in or detachably connected to the ul-
trasound probe and includes a power supply cir-
cuit for bias voltage including a chargeable sec-
ondary battery for producing a bias signal to be
applied to the capacitive transducer and produc-
ing the bias voltage and a bias voltage superim-
posing portion superimposing the bias voltage
on the transmission signal to be outputted to out-
side the ultrasound observation apparatus and
on the received signal to be inputted inside the
ultrasound observation apparatus.

12. The ultrasound diagnostic system according to claim
11, wherein
the bias voltage generating apparatus further in-
cludes a switch which turns on or off superimposition
of the bias voltage generated by the power supply
circuit for bias voltage on the bias voltage superim-
posing portion and a control terminal which controls
the switch from outside the bias voltage generating
apparatus to be turned on or off.

13. The ultrasound diagnostic system according to claim
12, wherein the bias voltage generating apparatus
further comprises:

a charging level detecting portion which detects
a charging level of the power supply circuit for
bias voltage; and
a charging level notifying portion which notifies
charging level information detected by the
charging level detecting portion.

14. The ultrasound diagnostic system according to claim
13, wherein the bias voltage generating apparatus
further comprises a variable gain amplifier which in-
creases a gain for the received signal based on the
charging level information detected by the charging
level detecting portion.

15. The ultrasound diagnostic system according to claim
12, wherein
the system further has a second observation appa-
ratus which incorporates a switch control circuit gen-
erating, for the switch, a switch control signal for turn-
ing off superimposition of the bias voltage, a second
transmission circuit generating a second transmis-

sion signal for causing the capacitive transducer to
generate ultrasound, a second reception circuit per-
forming signal processing on a received signal out-
putted from the capacitive transducer, and a bias
voltage circuit generating a second bias voltage to
be superimposed on a transmission signal from the
second transmission circuit and the received signal
inputted to the second reception circuit and super-
imposing the second bias voltage, in addition to the
ultrasound observation apparatus, to which a re-
ceived signal with the superimposed bias voltage
generated by the bias voltage generating apparatus
is inputted.

16. The ultrasound diagnostic system according to claim
11, wherein
the power supply circuit for bias voltage has the sec-
ondary battery and a DC/DC converter which raises
a DC voltage of the secondary battery and produces
the bias voltage.

17. The ultrasound diagnostic system according to claim
12, wherein
the system further has a charger which is detachably
connected to the bias voltage generating apparatus
and generates a charging voltage for charging the
secondary battery, and the charger has a switch con-
trol circuit which sets the switch to off via the control
terminal if the charger is connected to the bias volt-
age generating apparatus.

18. The ultrasound diagnostic system according to claim
12, wherein
the ultrasound probe is composed of a mechanical
scanning-based ultrasound probe which mechani-
cally performs ultrasound scanning using the capac-
itive transducer.

19. The ultrasound diagnostic system according to claim
12, wherein
the ultrasound probe has an array of a plurality of
capacitive transducers as the capacitive transducer
and is composed of an electronic scanning-based
ultrasound probe which electronically performs ul-
trasound scanning by driving the array of the capac-
itive transducers.
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