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(54) ULTRASOUND OBSERVATION APPARATUS

(57) An ultrasound observation apparatus to which
an ultrasound probe is connectable, the ultrasound probe
including a capacitive micromachined ultrasound trans-
ducer whose sensitivity can be controlled according to
an applied bias voltage, the ultrasound observation ap-
paratus including a transmit section that outputs a trans-
mit signal for causing ultrasound to be transmitted; a re-
ceive section that performs signal processing on a re-
ceived receive signal; a bias voltage outputting section
that varies the applied bias voltage, an image mode set-

ting section that designates and sets an image mode for
displaying an ultrasound image corresponding to ultra-
sound scanning; a parameter setting section that desig-
nates and sets a parameter for signal processing per-
formed by the transmit section or the receive section, and
a control section that controls the bias voltage based on
a designation signal corresponding to the designation
and setting of the image mode and the parameter.
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Description

Technical Field

[0001] The present invention relates to an ultrasound
observation apparatus that generates an ultrasound im-
age using capacitive micromachined ultrasound trans-
ducer(s).

Background Art

[0002] In recent years, ultrasound observation appa-
ratuses or ultrasound diagnostic apparatuses capable of
displaying an ultrasound image of, e.g., a diseased part
in a body cavity using an ultrasound probe including ul-
trasound transducer(s) have widely been used.
[0003] Also, capacitive micromachined ultrasound
transducers (referred to as C-MUTs) that can easily com-
ply with RoHS, which is a directive issued by the Euro-
pean Union (EU) for restriction of the use of certain haz-
ardous substances in electrical and electronic equip-
ment, and has a broadband characteristic are drawing
attention.
[0004] As a first related art example, for example, In-
ternational Publication No. 2006/0411114 discloses an
ultrasound observation apparatus in which a DC bias
voltage for providing a reference sensitivity is applied dur-
ing transmission and the DC bias voltage is variably con-
trolled with time during reception. Hereinafter, since DC
bias voltage varies depending on the time, the below de-
scription will be provided simply using "bias voltage".
[0005] Also, as a second related art example, Japa-
nese Patent Application Laid-Open Publication No.
2006-122344 discloses an ultrasound observation appa-
ratus in which a bias voltage is controlled to gradually
increase from a near field to a far field in a receive period.
[0006] Furthermore, as a third related art example,
U.S. Patent No. 6,795,374 discloses that a bias voltage
is variably controlled according to a function of an image
mode according to ultrasound scanning.
[0007] However, the above-mentioned three related
art examples do not disclose to appropriately comply with
more detailed setting of parameters with respect to the
variable control of the bias voltage.
[0008] In the ultrasound observation apparatus, in ad-
dition to the image modes according to the ultrasound
scanning, parameters of a gain, a display range, a focal
length (depth of focus), etc. are variably set. Therefore,
it is desirable to variably control the bias voltage more
appropriately in compliance with the setting of these pa-
rameters, but the above-mentioned related art examples
do not disclose such detailed setting.
[0009] The present invention has been made in view
of the above-mentioned points, and an object of the
present invention is to provide an ultrasound observation
apparatus capable of generating an ultrasound image by
variably controlling a bias voltage in accordance with set-
ting of various parameters in addition to image modes

according to ultrasound scanning modes.

Disclosure of Invention

Means for Solving the Problem

[0010] An ultrasound observation apparatus according
to an aspect of the present invention includes an ultra-
sound observation apparatus to which an ultrasound
probe is connectable, the ultrasound probe including a
capacitive micromachined ultrasound transducer whose
sensitivity can be controlled according to an applied bias
voltage, the ultrasound observation apparatus including:
a transmit section that performs signal processing for out-
putting a transmit signal for causing the capacitive mi-
cromachined ultrasound transducer to transmit ultra-
sound, to the capacitive micromachined ultrasound
transducer; a receive section that performs signal
processing on a receive signal received by the capacitive
micromachined ultrasound transducer, to display the re-
ceive signal as an ultrasound image; a bias voltage out-
putting section that variably outputs the bias voltage ap-
plied to the capacitive micromachined ultrasound trans-
ducer; an image mode setting section that designates
and sets an image mode for displaying an ultrasound
image corresponding to ultrasound scanning by the ca-
pacitive micromachined ultrasound transducer; a param-
eter setting section that designates and sets a parameter
for the signal processing on the transmit signal or the
received receive signal; an operation section including
the image mode setting section and the parameter setting
section, the operation section outputting a designation
signal corresponding to the designation and setting of
the image mode and the parameter; and a control section
that controls the bias voltage based on the designation
signal from the operation section.

Brief Description of the Drawings

[0011]

Fig. 1 is a diagram illustrating an entirety of an ultra-
sound diagnostic apparatus including a first embod-
iment of the present invention.
Fig. 2 is a diagram illustrating inner configurations
of an ultrasound probe and an ultrasound observa-
tion apparatus in Fig. 1.
Fig. 3 includes diagrams illustrating example wave-
forms of bias voltages set in synchronization with a
transmit signal and according to gains and display
ranges.
Fig. 4 includes diagrams illustrating example wave-
forms of bias voltages set in synchronization with a
transmit signal and according to focal lengths.
Fig. 5 is a diagram illustrating a configuration of an
ultrasound diagnostic apparatus including a second
embodiment of the present invention.
Fig. 6 includes diagrams illustrating example wave-
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forms of transmit signals in electronic scanning and
bias voltages set in synchronization with the transmit
signals and according to device counts.
Fig. 7 includes diagrams illustrating example wave-
forms ofB-mode transmit signals where a Doppler
mode is selected and example waveforms of bias
voltages variably set according to wavenumbers of
the Doppler-mode transmit signals.
Fig. 8 is a diagram illustrating a part of an observation
apparatus in a variation resulting from variation of a
part of the configuration in Fig. 5.
Fig. 9 is a flowchart illustrating contents of process-
ing in gain control where sensitivity is prioritized over
gain provided by an amplifier.

Best Mode for Carrying Out the Invention

[0012] Hereinafter, embodiments of the present inven-
tion will be described with reference to the drawings.

(First Embodiment)

[0013] As illustrated in Fig. 1, an ultrasound diagnostic
apparatus 1 including a first embodiment of the present
invention includes a mechanical scanning ultrasound
probe 2 to be inserted into, e.g., a body cavity, an ultra-
sound observation apparatus 3 to which the ultrasound
probe 2 is detachably connected (hereinafter simply re-
ferred to as "observation apparatus"), and a monitor 4
that displays an ultrasound image.
[0014] The ultrasound probe 2 includes an elongated
insertion portion 5 to be inserted into, e.g., a body cavity,
a grasping portion 6 provided at a rear end of the insertion
portion 5, the grasping portion 6 being grasped by an
operator, such as a surgeon, and a cable portion 7 ex-
tending from the grasping portion 6, and at an end portion
of the cable portion 7, a connector 7a detachably con-
nected to a connector receiver 8a (see Fig. 2) of the ob-
servation apparatus 3 is provided.
[0015] Inside a distal end portion 5a of the insertion
portion 5, a capacitive micromachined ultrasound trans-
ducer (hereinafter abbreviated as "C-MUT") 9 whose
sensitivity can be controlled according to an applied di-
rect-current (DC) bias voltage is disposed. The C-MUT
9 is attached to a distal end of a flexible hollow shaft 11
inserted through the inside of the insertion portion 5, and
a rear end of the hollow shaft 11 is connected to a rotation
drive section 12 provided inside the grasping portion 6,
the rotation drive section 12 being driven to rotate.
[0016] As illustrated in Fig. 2, the C-MUT 9 includes a
hollow formed using, for example, silicon substrates, two
substrate surfaces facing the hollow are provided with
respective electrodes 13 and 14, and a film that vibrates
by means of an static electric force between the elec-
trodes 13 and 14 is formed on one of the substrate sur-
faces, whereby such substrate surface serves as a trans-
mit/receive surface that transmits and receives ultra-
sound.

[0017] Furthermore, an acoustic lens 15 is attached to
the transmit/receive surface and ultrasound emitted from
the transmit/receive surface is set to be focused at a pre-
determined distance from the C-MUT 9, that is, a focal
length by the acoustic lens 15.
[0018] The focal length for focusing by the acoustic
lens 15 is set according to the type of the ultrasound
probe 2. Furthermore, in, for example, the connector 7a
of an individual ultrasound probe 2, an ID section 16 is
provided as an identification information generating sec-
tion that generates identification information (ID) unique
to the ultrasound probe 2.
[0019] With rotation of the rotation drive section 12, the
hollow shaft 11 also rotates, and the C-MUT 9 attached
to the distal end of the hollow shaft 11 also rotates, where-
by the C-MUT 9 transmits ultrasound via the transmit/
receive surface and the acoustic lens 15 radially with the
hollow shaft 11 as a center axis of the rotation and re-
ceives the transmitted ultrasound. Thus, the ultrasound
probe 2 in the present embodiment is a mechanical scan-
ning ultrasound probe that performs radial ultrasound
scanning by mechanically driving rotation of the C-MUT
9.
[0020] As illustrated in Fig. 2, in the vicinity of the rear
end of the hollow shaft 11, a slip ring section 18 for elec-
trically connecting rotatable contact points (rotor-side
contact points) electrically connected to signal wires 17a
and 17b (together with the C-MUT 9), the signal wires
17a and 17b being connected to the electrodes 13 and
14 of the C-MUT 9 and inserted in the hollow shaft, to
non-rotatable contact points (stator-side contact points)
is provided.
[0021] Also, as illustrated in Fig. 2, the observation ap-
paratus 3 includes a transmit section 21 that performs
signal processing for outputting a transmit signal for
causing the C-MUT 9 to transmit ultrasound to the C-
MUT 9, an amplifier 22 that amplifies an ultrasound echo
signal, which is a receive signal generated as a result of
reception by the C-MUT 9, and a receive section 23,
which is a receive signal processing section that performs
signal processing on the amplified receive signal to dis-
play the amplified receive signal as an ultrasound image.
Here, although Fig. 2 indicates an example in which the
receive section 23 does not include the amplifier 22, the
receive section 23 may include the amplifier 22.
[0022] The observation apparatus 3 also includes a
bias voltage outputting section 24 that outputs (or gen-
erates) a (unipolar) bias voltage, which is to be applied
to the C-MUT 9 when ultrasound transmission/reception
is performed using the C-MUT 9, and a drive signal gen-
erating section 25 that generates a rotation drive signal
that electrically drives the rotation drive section 12.
[0023] Furthermore, the observation apparatus 3 in-
cludes a control section 26 that controls operations of
the transmit section 21, the amplifier 22, the receive sec-
tion 23, the bias voltage outputting section 24 and the
drive signal generating section 25, an operation section
27 for an operator to designate and set (designate and
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input) an image mode corresponding to a scanning mode
and parameters, and an ID detection section 30 that de-
tects identification information (ID) unique to the ID sec-
tion 16. A designation signal from the operation section
27 and an ID detection signal from the ID detection sec-
tion 30 are inputted to the control section 26.
[0024] Furthermore, the observation apparatus 3 is
provided with a clock generating section 31 that gener-
ates a reference clock signal, and the clock generating
section 31 supplies the clock signal to the respective sec-
tions in the observation apparatus 3, such as the transmit
section 21, the receive section 23, the drive signal gen-
erating section 25 and the control section 26, and the
respective sections operate in synchronization with the
clock signal.
[0025] The operation section 27 is provided with an
image mode setting section 28 for designating and set-
ting an image mode for displaying an ultrasound image
according to a scanning mode, and a parameter setting
section 29 for designating and setting various types of
parameters such as a gain for a receive signal.
[0026] The image mode setting section 28 is provided
with a B-mode setting section 28a for designating and
setting a B-mode for imaging and displaying a luminance
corresponding to a position and an amplification of a re-
ceive signal. In the present embodiment, the observation
apparatus 3 is one for a mechanical scanning ultrasound
probe 2, and thus, the image mode setting section 28 is
provided with the B-mode setting section 28a only.
[0027] As described in the later-described second em-
bodiment, an observation apparatus 3B employing elec-
tronic scanning includes a Doppler mode setting section
28b for designating and setting a Doppler mode for dis-
playing an ultrasound image corresponding to a frequen-
cy varying (i.e., Doppler effect) part of receive signals
from a moving part to be observed such as a blood part
as a Doppler image, in addition to the B-mode setting
section 28a.
[0028] The parameter setting section 29 is provided
with a gain parameter setting section 29a, a display range
parameter setting section 29b, a focal length parameter
setting section 29c, a (transmit signal) wavenumber pa-
rameter setting section 29d and an ultrasound probe type
parameter setting section 29e for directing and setting a
gain provided by, e.g., the amplifier 22 for a receive sig-
nal, a display range, which is a range to display an ultra-
sound image, a focal length, which is a distance from the
C-MUT 9 to a point where ultrasound transmitted from
the C-MUT 9 is focused, the number of transmit pulse
waves in a transmit signal, and the type of the ultrasound
probe, respectively.
[0029] The control section 26 controls operations of
the transmit section 21, the amplifier 22, the receive sec-
tion 23, the bias voltage outputting section 24 and the
drive signal generating section 25 in response to desig-
nation signals from the operation section 27. In this case,
the control section 26 controls a bias voltage from the
bias voltage outputting section 24 and a timing for out-

putting the bias voltage in synchronization with a timing
for outputting a transmit signal and according to at least
one image mode from the image mode setting section
28 and at least one parameter from the parameter setting
section 29 in the operation section 27.
[0030] Also, the control section 26 acquires the type
of the ultrasound probe 2 actually connected to the ob-
servation apparatus 3 (in other words, information on,
e.g., the type of the C-MUT 9 mounted (included) in the
ultrasound probe 2 and whether the ultrasound probe 2
is one for mechanical scanning or electronic scanning)
from the unique identification information in the ID section
16 via the ID detection section 30.
[0031] Then, the control section 26 controls an opera-
tion of the drive signal generating section 25 and opera-
tions of the transmit section 21 and the receive section
23 according to the acquired information. More specifi-
cally, the control section 26 controls the bias voltage from
the bias voltage outputting section 24 and the output tim-
ing according to the size of the C-MUT 9 mounted (in-
cluded) in the ultrasound probe 2 and/or the ultrasound
transmit/receive characteristics (i.e., the type of the C-
MUT 9). Furthermore, in terms of whether the ultrasound
probe 2 is one for mechanical scanning or electronic
scanning, the control section 26 controls the bias voltage
from the bias voltage outputting section 24 and the output
timing according to, e.g., the size of the C-MUT.
[0032] One output terminal of the transmit section 21
is applied to the electrode 13 of the C-MUT 9 via a signal
wire 32 in the observation apparatus 3 and the signal
wire 17a in the ultrasound probe 2. The other output ter-
minal of the transmit section 21 is connected to a ground
(the illustration abbreviated). Also, the signal wire 17b
connected to the other electrode 14 of the C-MUT 9 is
connected to a ground G in the observation apparatus 3.
[0033] The signal wire 32 is connected to one output
terminal of the bias voltage outputting section 24, and
the other output terminal of the bias voltage outputting
section 24 is connected to the ground G. A capacitor 33
that cuts the bias voltage is disposed at a position part
way through the signal wire 32 connected to the one out-
put terminal of the bias voltage outputting section 24,
thereby preventing the bias voltage generated in the bias
voltage outputting section 24 from being applied to the
transmit section 21.
[0034] Furthermore, the signal wire 32 is connected to
an input terminal of the amplifier 22 connected in parallel
to the transmit section 21, and here, the capacitor 33 also
prevents the bias voltage generated in the bias voltage
outputting section 24 from being applied to the amplifier
22.
[0035] The transmit section 21 includes a reference
signal generating section 21-1 that generates a continu-
ous-wave (sinusoidal-wave) reference signal in synchro-
nization with the clock signal from the clock generating
section 31, and a waveform shaping section 21-2 that
shapes a waveform of the reference signal to output the
reference signal as a transmit signal having a burst wave-
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form.
[0036] The waveform shaping section 21-2, which is
formed using, e.g., a gate circuit, upon application of a
control signal designating a gate width (or a wavenum-
ber) from the control section 26, shapes a waveform of
only a reference signal having a wavenumber corre-
sponding to the gate width as a transmit signal and out-
puts the reference signal. In other words, the waveform
shaping section 21-2 varies and adjusts the wavenumber
of the transmit signal having a burst waveform (also re-
ferred to as a wavenumber of burst waves) according to
the control signal from the control section 26.
[0037] Meanwhile, the receive section 23, to which an
output signal from the amplifier 22 is inputted, includes
a B-mode processing section 23-1 that generates a B-
mode ultrasound image. The B-mode processing section
23-1 can also control processing such as contour en-
hancement according to a control signal from the control
section 26.
[0038] The observation apparatus 3 having such con-
figuration is an ultrasound observation apparatus to
which the ultrasound probe 2 is connectable, the ultra-
sound probe 2 including the C-MUT 9, which is a capac-
itive micromachined ultrasound transducer whose sen-
sitivity can be controlled according to an applied bias
voltage, the observation apparatus 3 including: the trans-
mit section 21 that performs signal processing for out-
putting a transmit signal for causing the capacitive mi-
cromachined ultrasound transducer to transmit ultra-
sound, to the capacitive micromachined ultrasound
transducer, and the receive section 23 that performs sig-
nal processing on a receive signal received by the ca-
pacitive micromachined ultrasound transducer, to dis-
play the receive signal as an ultrasound image.
[0039] The observation apparatus 3 also includes the
bias voltage outputting section 24 that variably outputs
the bias voltage applied to the capacitive micromachined
ultrasound transducer, the image mode setting section
28 that designates and sets an image mode for displaying
an ultrasound image according to a scanning mode of
the capacitive micromachined ultrasound transducer,
and the parameter setting section 29 that designates and
sets a parameter for the signal processing on the transmit
signal or the received receive signal.
[0040] The observation apparatus 3 further includes
the operation section 27 including the image mode set-
ting section 28 and the parameter setting section 29, the
operation section 27 outputting a designation signal cor-
responding to the designation and setting of the image
mode and the parameter, and the control section 26 that
controls the bias voltage based on the designation signal
from the operation section 27.
[0041] Next, an operation according to the present em-
bodiment will be described. An operator such as a sur-
geon connects the ultrasound probe 2 to the observation
apparatus 3 and also connects the monitor 4, which is
means for displaying an ultrasound image, to the obser-
vation apparatus 3 as illustrated in Fig. 2.

[0042] Then, the operator such as a surgeon inserts
the ultrasound probe 2 into a body cavity of a patient,
and superimposes a transmit signal from the transmit
section 21 on a bias voltage and applies the bias voltage
with the transmit signal superimposed thereon to the C-
MUT 9 included in the ultrasound probe 2, thereby trans-
mitting ultrasound from the C-MUT 9 toward the inside
of the body cavity.
[0043] In this case, the operator normally designates
and sets the B-mode as an image mode via the image
mode setting section 28. Where the image mode of the
B-mode is designated and set, the control section 26 per-
forms control so that the transmit section 21 outputs a
transmit signal having a wavenumber of, for example,
one, as illustrated in Fig. 3(A).
[0044] Also, where the operator designates and sets
a small gain or a large gain via (the gain parameter setting
section 29a in) the parameter setting section 29, the con-
trol section 26 controls the bias voltage according to the
designation and setting as Figs. 3(B) or 3(C), respective-
ly.
[0045] The control section 26 also controls a gain value
of the amplifier 22 according to the designation and set-
ting of a small gain or a large gain.
[0046] The control section 26 controls a value and a
timing of the bias voltage so that the bias voltage output-
ting section 24 outputs the bias voltage as illustrated in
Fig. 3 (B) or Fig. 3 (C), in synchronization with the transmit
signal. The abscissa axes in Fig. 3 indicate passage of
time, and the ordinate axis in Fig. 3(A) indicates ampli-
tude, and the ordinate axes in Figs. 3(B) and 3(C) indicate
voltage level. Reference numeral Ta denotes a transmit
period of the transmit section 21, and after the transmit
period Ta, a receive period Tb in which the amplifier 22
and the receive section 23 receive ultrasound comes.
The same applies to another figure, Fig. 4. The receive
period Tb after the transmit period Ta corresponds to a
distance to a tissue to be observed from which the C-
MUT 9 receives a receive signal.
[0047] As can be seen from Figs. 3(B) and 3(C), during
transmission (transmit period Ta), the bias voltage is
small (for example, D1). Meanwhile, during reception (re-
ceive period Tb), control is performed (the control section
26 controls the bias voltage outputting section 24) so that
as the designated and set gain is larger, a peak value
(maximum value) of the bias voltage increases. In the
illustrated example, in the case of a gain designated and
set to be small, the peak value of the bias voltage is D2,
and in the case of a gain designated and set to be large,
the peak value of the bias voltage is set to be D3 (>D2),
which is larger than D2.
[0048] As a result of the control described above,
where the operator designates and sets a large gain or
a small gain, the bias voltage during reception is variably
controlled according to the designation and setting. For
example, where the operator designates and sets a larg-
er gain, the value of the bias voltage during reception is
made to be larger to enhance the sensitivity of the C-
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MUT 9 to a receive signal.
[0049] Accordingly, more effective sensitivity adjust-
ment can be made compared to sensitivity adjustment
using the amplifier 22 alone, and variable control of the
bias voltage more properly responding to the designation
and setting made by the operator can be performed. Fur-
thermore, an ultrasound image more properly respond-
ing to the designation and setting made by the operator
can be generated. In the above example, an ultrasound
image more properly responding to the designation and
setting of a gain made by the operator can be generated.
[0050] Where the gain is increased by the amplifier 22,
noise in a receive signal inputted to the amplifier 22 is
also increased accompanying the receive signal, result-
ing in difficulty in S/N ratio improvement. Meanwhile,
where the bias voltage for the C-MUT 9 is increased, the
sensitivity of the C-MUT 9 increases, providing the ad-
vantage of S/N ratio improvement compared to the case
where the gain is increased by the amplifier 22. Thus, an
ultrasound image having a favorable image quality and
a good S/N ratio can be generated even when the gain
is increased.
[0051] Where the operator designates and sets a large
or small display range via (the display range parameter
setting section 29b in) the parameter setting section 29,
the control section 26 controls the bias voltage as indi-
cated in Fig. 3(D) or Fig. 3(E), respectively, in response
to the designation and setting.
[0052] As can be seen from Figs. 3(D) and 3(E), the
control section 26 performs control so that the bias volt-
age is large during a receive period Rb or Rc correspond-
ing to the designated and set display range and the bias
voltage is small during the receive period Tb except the
receive period Rb or Rc.
[0053] As a result of the control being performed so
that the bias voltage is large only during the receive pe-
riod Rb or Rc corresponding to a display range for actually
displaying an ultrasound image as described above, it is
possible to make setting so as to acquire an ultrasound
image having a favorable image quality with a required
sensitivity maintained for the display range and reduce
the bias voltage during the receive period Tb, which is
not used for display, to achieve power saving.
[0054] Although in the illustrated example, peak values
D4 and D5 of the bias voltage for the receive periods Rb
and Rc corresponding to the display range are indicated
as D4 = D5, different values may be set. Also, the bias
voltage may be variably set to have a pulse shape so
that the bias voltage has the peak value D4 or D5 through-
out the receive period Rb or Rc.
[0055] Furthermore, where the operator designates
and sets a focal length via (the focal length parameter
setting section 29c in) the parameter setting section 29,
the control section 26 controls the bias voltage as illus-
trated in Fig. 4(B) or 4(C) according to the designation
and setting. Here, Fig. 4(A) indicates a transmit signal
as in Fig. 3(A).
[0056] Although in the present embodiment, a focal

length of the acoustic lens 15 in the ultrasound probe 2
actually connected to the observation apparatus 3 can
be designated and set via the focal length parameter set-
ting section 29c, the focal length of the acoustic lens 15
can also be designated and set using the ID detection
section 30.
[0057] Where the focal length of the acoustic lens 15
is designated and set using the ID detection section 30,
for example, the operator makes a selection to turn on a
focal length parameter (from ON/OFF in automatic de-
tection) via the focal length parameter setting section
29c. Consequently, the control section 26 detects a value
of the focal length of the acoustic lens 15 of the ultrasound
probe 2 corresponding to the ID detected by the ID de-
tection section 30 in ID detection. Then, using the value
of the focal length, the control section 26 performs control
similar to that of the case where the focal length param-
eter is designated and set.
[0058] Figs. 4(B) and 4(C) indicate waveforms of the
bias voltage in a case where the display range is desig-
nated and set to be small as in Fig. 3(D) and a case where
the display range is designated and set to be large as in
Fig. 3(E), for example, respectively. Around a receive
signal time tfb (or tfc) corresponding to the focal length,
the bias voltage is set so as to have a value D6 (or D7)
larger than a value D4 (or D5) before and after that time
(that is, D6 > D4 and D7 > D5).
[0059] Accordingly, around the focal length, an ultra-
sound image with a favorable image quality whose sen-
sitivity is increased around the focal length can be ac-
quired.
[0060] Although Figs. 4(B) and 4(C) indicate examples
where the value D6 and D7 of the bias voltage around
the receive signal times tfb and tfc corresponding to the
focal length are larger than the values of the bias voltage
indicated in Fig. 3(D) and 3(E), respectively, it is possible
to enable setting the bias voltage to have a same value.
Furthermore, it is possible to where the focal length is
designated, enable the value of the bias voltage to be
set to be large around the focal length and setting a dis-
tance range in which the bias voltage is large.
[0061] As described above, according to the present
embodiment, the bias voltage is properly and variably
controlled according to setting of various types of param-
eters in addition to an image mode corresponding to an
ultrasound scanning mode, whereby an ultrasound im-
age corresponding to the variable control of the bias volt-
age can be generated.
[0062] Also, according to the present embodiment, an
ultrasound image with a favorable image quality can be
generated and an ultrasound image with power saved
can be generated according to the setting of the image
mode and the parameters.

(Second Embodiment)

[0063] Next, a second embodiment of the present in-
vention will be described with reference to Fig. 5. The
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ultrasound probe 2 illustrated in Fig. 2 is a mechanical
scanning ultrasound probe, and in the present embodi-
ment, an electronic scanning ultrasound probe 2B can
be connected selectively and used in addition to the me-
chanical scanning ultrasound probe 2.
[0064] An ultrasound diagnostic apparatus 1B, which
is illustrated in Fig. 5, includes an observation apparatus
3B including connector receivers 8a and 8b as connec-
tion portions to which a mechanical scanning ultrasound
probe 2 or an electronic scanning ultrasound probe 2B
is detachably connected.
[0065] The observation apparatus 3B includes a me-
chanical scanning processing section 41A electrically
connected to the connector receiver 8a, an electronic
scanning processing section 41B electrically connected
to the connector receiver 8b, a switching section 42, a
control section 26 and an operation section 27.
[0066] The mechanical scanning processing section
41A includes a drive signal generating section 25, a bias
voltage outputting section 24, a transmit section 21, a
capacitor 33, an amplifier 22 and a receive section 23,
which has been described with reference to Fig. 2, (only
a part thereof is illustrated in Fig. 5).
[0067] The electronic scanning ultrasound probe 2B,
as in the mechanical scanning ultrasound probe 2, in-
cludes an elongated insertion portion 5 to be inserted
into, e.g., a body cavity, a grasping portion 6 provided at
a rear end of the insertion portion 5, the grasping portion
6 being grasped by an operator such as a surgeon, and
a cable portion 7 extending from the grasping portion 6,
and at an end portion of the cable portion 7, a connector
7b that is detachably connected to the connector receiver
8b of the observation apparatus 3B is provided.
[0068] At a distal end portion 5a of the insertion portion
5 of the ultrasound probe 2B, a C-MUT array 10a includ-
ing a plurality of (for example, m) C-MUTs 9a, 9b, 9c, ...
9n provided by forming a plurality of the above-described
C-MUTs 9 into a strip-like shape and arranged along a
cylindrical surface of the distal end portion 5a is disposed.
[0069] The C-MUTs 9i (i = a, b, ... n) included in the C-
MUT array 10 are connected to contact points in the con-
nector 7b via signal wires 43i inserted in, e.g., the inser-
tion portion 5.
[0070] The respective contact points connected to the
signal wires 43i are connected to respective contact
points 45i of a multiplexer 51 included in the electronic
scanning processing section 41B in the observation ap-
paratus 3B via signal wires 44i connected to respective
contact points of the connector receiver 8b.
[0071] Here, the C-MUTs 9i may be provided with an
acoustic lens 15 as illustrated in Fig. 2 or may be provided
with no acoustic lens 15. Although the below description
is provided supposing that no acoustic lens 15 is provid-
ed, even if an acoustic lens 15 is provided, use of electric
focusing enables ultrasound to be focused at a focal
length shorter than a focal length provided by the acoustic
lens 15 or to be focused at a focal length longer than the
focal length provided by the acoustic lens 15.

[0072] Also, for example, inside the connector 7b of
the ultrasound probe 2B, an ID section 16 that generates
identification information (ID) unique to the ultrasound
probe 2B is provided. The ID generated by the ID section
16 is detected by an ID detection section 30 provided on
the observation apparatus 3B side.
[0073] The control section 26 can identify characteris-
tics of the C-MUT array 10 used in the ultrasound probe
2B and the C-MUTs 9i included in the C-MUT array 10
from the detected ID.
[0074] The electronic scanning processing section
41B includes the multiplexer 51, a plural number of (for
example, three) transmit and amplifier sections 52j (j =
a, b, c), the plural number being a predetermined number
smaller than the total number m of devices, and a com-
bination processing section 53. The number of transmit
and amplifier sections 52j is not limited to a predeter-
mined number, for example, three, and may be two or
four or more.
[0075] The transmit and amplifier sections 52j include
transmit sections 21j, amplifiers 22j, bias voltage output-
ting sections 24j and capacitors 33j. In Fig. 5, e.g., a
transmit section 21a included in a transmit and amplifier
section 52a is specifically indicated with a reference nu-
meral provided thereto, and reference numerals are omit-
ted for other transmit and amplifier sections 52b and 52c
for simplicity.
[0076] Also, the combination processing section 53 in-
cludes receive circuits or receive sections (hereinafter,
"receive sections" is used) 23j that perform receive
processing on output signals amplified by the respective
amplifiers 22j, and a combination processing circuit 53-1
that performs combination processing on the output sig-
nals from the receive sections 23j. The combination
processing section 53 may be defined as a receive and
combination processing section that includes receive
sections, which may be receive circuits, and a combina-
tion processing section including a combination process-
ing circuit.
[0077] Although in the case of the mechanical scan-
ning ultrasound probe 2, the transmit section 21 and the
receive section 23 are responsive to the B-mode only, in
the present embodiment, in order to accept the electronic
scanning ultrasound probe 2B, the transmit sections 21j
and the receive section 23j are responsive to the B-mode
and the Doppler mode.
[0078] The transmit sections 21j each has a function
that generates (transmits) a B-mode transmit signal and
a Doppler-mode transmit signal, and the receive sections
23j include B-mode processing sections 23j-1 that gen-
erate a B-mode ultrasound image and Doppler process-
ing sections 23j-2 that generate a Doppler-mode ultra-
sound image of a moving observation object such as
bloodstream using a Doppler phenomenon (also referred
to as Doppler-mode ultrasound image or Doppler image).
[0079] In Fig. 5, a B-mode processing section 23a-1
and a Doppler processing section 23a-2 included in a
receive section 23a are specifically provided with refer-
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ence numerals, and reference numerals are omitted for
other receive sections 23b and 23c for simplicity.
[0080] In the present embodiment, the control section
26 controls, e.g., the transmit section 21 in the mechan-
ical scanning processing section 41A as in the first em-
bodiment, and further controls the respective sections in
the electronic scanning processing section 41B, based
on designation and setting by the image mode setting
section 28 and designation and setting of parameters by
the parameter setting section 29 in the operation section
27.
[0081] More specifically, the control section 26 per-
forms switching control of the multiplexer 51, control of
the transmit sections 21j, the amplifiers 22j and the bias
voltage outputting sections 24j included in the transmit
and amplifier sections 52j, and control of the combination
processing section 53. Also, the control section 26 con-
trols operations of the B-mode processing sections 23j-
1, the Doppler processing sections 23j-2 and the combi-
nation processing circuit 53-1 in the combination
processing section 53 based on designation and setting
from the operation section 27.
[0082] Furthermore, in the present embodiment, the
image mode setting section 28 includes a Doppler mode
setting section 28b for designating and setting the Dop-
pler mode for displaying a Doppler image in the case of
electronic scanning, in addition to a B-mode setting sec-
tion 28a, which is provided in the first embodiment.
[0083] Furthermore, the control section 26 controls
switching of the switching section 42. For example, where
the mechanical scanning ultrasound probe 2 is connect-
ed to the observation apparatus 3B, the control section
26 performs control of switching so that a video signal
processed by the mechanical scanning processing sec-
tion 41A is outputted to a monitor 4. Meanwhile, where
the electronic scanning ultrasound probe 2B is connected
to the observation apparatus 3B, the control section 26
performs control of switching so that a video signal proc-
essed by the electronic scanning processing section 41B
is outputted to the monitor 4. Where the operator desig-
nates and sets switching via the switching section 42
from the operation section 27, the control section 26 also
performs control of the switching according to the desig-
nation and setting.
[0084] The multiplexer 51 is a multiplexer having a
three-contact point switching function, which can selec-
tively connect each of a plurality of, specifically, three
switching contact points 46a, 46b and 46c to one of the
m contact points 45i. The number of contact points is not
limited to three, and the arrangement can be made to
select the number of contact points, for example, around
two to ten, according to the number of transmit and am-
plifier sections 52 provided. Also, within the number of
transmit and amplifier sections 52 provided, the number
of transmit and amplifier sections 52 actually used can
be set.
[0085] The switching contact points 46j are connected
to the transmit and amplifier sections 52j. The transmit

and amplifier sections 52j apply transmit signals from the
transmit sections 21j to the C-MUTs 9i included in the C-
MUT array 10 via the multiplexer 45 to transmit ultra-
sound from the C-MUTs 9i, and receive reflected ultra-
sound and convert the reflected ultrasound into receive
signals and amplify the receive signals by means of the
amplifiers 22j and input the amplified receive signals to
the combination processing section 53.
[0086] The control section 26 includes a timing control
section 26a that controls timings (times) for outputting
transmit signals from the three transmit sections 21a to
21c according to the designation and setting of a focal
length parameter from the focal length parameter setting
section 29c. For example, where transmit signals are ap-
plied from the transmit sections 21a, 21b and 21c to the
C-MUTs 9a, 9b and 9c, respectively, the timing control
section 26a in the control section 26 controls the timing
for outputting the transmit signals so that the transmit
signals are outputted from the transmit sections 21a and
21c at timings a little before a timing for outputting the
transmit signal from the transmit section 21b (which is
set so as to correspond to the focal length).
[0087] As a result of controlling the timings for output-
ting the transmit signals as described above, ultrasound
can be electrically focused at the designated and set focal
length.
[0088] The combination processing section 53 com-
bines, for example, output signals from the three receive
sections 23a, 23b and 23c by means of, e.g., addition in
the combination processing circuit 53-1, and a video sig-
nal outputted through the combination processing sec-
tion 53 is outputted to the monitor 4 via the switching
section 42.
[0089] Also, in the present embodiment, it is possible
to make designation and setting to select the number of
transmit and amplifier sections 52j used for ultrasound
transmission and reception and the number of receive
sections 23j in the combination processing section 53,
which is, though, limited to the case of electronic scan-
ning. In other words, the number of elements in the C-
MUTs 9i driven almost simultaneously, that is, the
number of elements in the C-MUTs 9i simultaneously
used for generating one pixel when an ultrasound image
is displayed can be selected. Thus, the parameter setting
section 29 in the first embodiment is further provided with
a device count parameter setting section 29f for desig-
nating and setting the number of C-MUT elements as the
number of elements in the C-MUTs 9i for generating one
pixel.
[0090] Then, where the number of elements is set to
be small rather than a case where the number of ele-
ments is set to be large, the control section 26 performs
control so that the bias voltage is set to be larger.
[0091] Figs. 6(A) and 6(B) illustrate waveforms of
transmit signals and bias voltages where only one trans-
mit and amplifier section 52a is used for transmission
and reception so as to drive sequentially each one of the
C-MUTs. Reference numerals 9a’, 9b’ and 9c’, ... denote
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transmit signals from the C-MUTs 9a, 9b, 9c, ..., respec-
tively.
[0092] Figs. 6(C) and 6(D) illustrate waveforms of
transmit signals and bias voltages where transmission
and reception are performed by the two transmit and am-
plifier sections 52a and 52b in such a manner that two
adjacent C-MUTs are driven simultaneously and the driv-
en C-MUTs are sequentially switched from one another.
[0093] Where the number of elements is small, the am-
plitude of the transmit signal is small (compared to a case
where the number of elements is large), and thus, the
value of the bias voltage is increased in a receive period
Tb compared to the case where the number of elements
is large, to increase the sensitivity, enabling acquisition
of an ultrasound image with a favorable image quality
(provided, however, that the amplitude of the transmit
signal remain constant even if the number of elements
is changed).
[0094] More specifically, the control section 26 per-
forms control so that a peak value D11 of the bias voltage
where the number of elements is one, which is illustrated
in Fig. 6(B), is larger than a peak value D 12 of the bias
voltage where the number of elements is two, which is
illustrated in Fig. 6(D) (D11 > D12). Here, Figs. 6(B) and
6(D) indicate cases where a same gain is designated and
set (for example, the gain is small).
[0095] In other words, the control section 26 performs
control so that as the number of elements simultaneously
driven increases, the value of the bias voltage decreases.
Where the number of elements is large, the amplitude of
the transmit signal can be made to be larger according
to the number of elements, and thus the value of the bias
voltage can be made to be small. In other words, the
value of the bias voltage applied to one device can made
to be relatively small, and thus, deterioration in charac-
teristics due to application of high bias voltage can be
reduced and the lifetime can be extended.
[0096] Also, as in the case of the bias voltage in the
receive period Tb, a bias voltage D1’ in a transmit period
Ta in the case of Fig. 6(D) is one provided for a larger
number of elements compared to the case of Fig. 6(B),
and thus, the bias voltage D1’ is set to be smaller than
the bias voltage D1 in the transmit period Ta in the case
of Fig. 6(B) (D1 > D1’). The bias voltages D1 and D1’ are
set according to the size, the ultrasound characteristics
and the device count of the C-MUTs 9i.
[0097] Figs. 6(C) and 6(D) illustrate an example where
two devices are driven simultaneously, and for example,
where D1" is a bias voltage in a transmit period Ta when
three devices are driven simultaneously, setting is made
so that D1> D1’ > D1". Also, where D12’ is a peak value
of the bias voltage in a receive period Tb when three
devices are driven simultaneously, setting is made so
that D11 > D12 > D12’.
[0098] In the present embodiment, where the B-mode
is designated and set via the image mode setting section
28 when the electronic scanning ultrasound probe 2B is
connected, variable control of the bias voltage by the

control section 26 according to the designation and set-
ting of parameters via the parameter setting section 29
is similar to the case where the mechanical scanning
ultrasound probe 2B is used.
[0099] For example, where the gain is set to be small
or large, the control section 26 variably controls the bias
voltage as in Fig. 3(B) or 3(C). Also, where the display
range is set to be small or large, the control section 26
variably controls the bias voltage as in Fig. 3(D) or 3(E).
In this case, the transmit signal for mechanical scanning
in Fig. 3(A) is substituted with, for example, the electronic
scanning transmit signal in Fig. 6(A).
[0100] Furthermore, where the focal length according
to electronic focusing is set to be small or large, the con-
trol section 26 variably controls the bias voltage as in Fig.
4(B) or 4(C). In this case, the transmit signal for mechan-
ical scanning in Fig. 4(A) is substituted with transmit sig-
nals from a plurality of C-MUTs with varied output timings.
[0101] Also, where the electronic scanning ultrasound
probe 2B is connected, the operator can also designate
and set the Doppler mode via the Doppler mode setting
section 28b provided in the image mode setting section
28.
[0102] Where the Doppler mode is designated and set,
the control section 26 designates and sets a scanning
mode with a combination of a B-mode transmit signal
and a Doppler-mode transmit signal.
[0103] Where the Doppler mode is designated and set,
the control section 26 performs control so that, for exam-
ple, as illustrated in Fig. 7(A) or 7(C), the transmit section
21a outputs a B-mode transmit signal having a wave-
number of 1 and a Doppler-mode (burst waveform) trans-
mit signal having a frequency that is the same as or dif-
ferent from that of the transmit signal and having a wav-
enumber of two or more, for example, alternately. The
output is not limited to the alternate output, and may be
controlled so that both are outputted in a predetermined
cycle (like 1:2 or 2:1 where the output periods of the
former and the latter are briefly represented by 1:1).
[0104] In Fig. 7(A) and 7(C), a transmit period for a
Doppler-mode transmit signal is indicated by Ta’ and Ta",
respectively.
[0105] In synchronization with such transmit signal, the
control section 26 performs controls so that the bias volt-
age outputting section 24 outputs the bias voltage as
indicated in Fig. 7(B) or 7(D).
[0106] Here, Figs. 7(A) and 7(B) and Figs. 7(C) and 7
(D) fall under a case where a burst waveform transmit
signal having a large wavenumber is designated and set
and a case where a burst waveform transmit signal hav-
ing a small wavenumber is designated and set, respec-
tively.
[0107] The transmit signal in Fig. 7(A) includes an elec-
tronic scanning transmit signal 9a’ and a transmit signal
9a’ having a wavenumber of eight resulting from eight
repetitions of the transmit signal 9a’ and a next transmit
signal 9b’ and a transmit signal 9b’ having a wavenumber
of eight resulting from eight repetitions of the transmit
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signal 9b’....
[0108] In the example illustrated in Fig. 7(A), for exam-
ple, the burst waveform transmit signal 9a’ having a wav-
enumber of eight is indicated as having a frequency high-
er than that of the transmit signal 9a’ having a wavenum-
ber of one; however, as described above, the burst wave-
form transmit signal 9a’ may be set to have a frequency
that is the same as that of the transmit signal 9a’ having
a wavenumber of one. The same applies to the case of
Fig. 7(C) below.
[0109] Also, the transmit signal in Fig. 7(C) includes
an electronic scanning transmit signal 9a’ and a transmit
signal 9a’ having a wavenumber of four resulting from
four repetitions of the transmit signal 9a’, a next transmit
signal 9b’ and a transmit signal 9b’ having a wavenumber
of four resulting from four repetitions of the transmit signal
9b’ ....
[0110] In other words, the control section 26 variably
controls the bias voltage according to the wavenumber
parameter set for a case where the burst waveform trans-
mit signal, which is a Doppler-mode transmit signal, has
a large wavenumber or a case where the burst waveform
transmit signal has a small wavenumber. More specifi-
cally, in B-mode receive periods Tb, the control section
26 controls the bias voltage so that the bias voltage is
increased as in the case of Fig. 6(B) or 6(C) (the sensi-
tivity is increased on the far side).
[0111] Meanwhile, in Doppler-mode receive periods
Tb, the control section 26 performs control so that the
bias voltage has a constant value with no temporal
change as illustrated in Fig. 7(B) or 7(D), and also per-
forms control so that a value D10 of the bias voltage in
the case where the burst waveform transmit signal has
a small wavenumber is larger than a value D8 of the bias
voltage where the burst waveform transmit signal has a
large wavenumber (D10 > D8).
[0112] Although here, Fig. 7(A) illustrates a case of a
large wavenumber where the burst waveform transmit
signal has a wavenumber of eight and Fig. 7(C) illustrates
a case of a small wavenumber where the burst waveform
transmit signal has a wavenumber of four, the wavenum-
ber values are not limited to those of these cases. Fur-
thermore, the present invention is not limited to the cases
where the B-mode transmit signal and the Doppler-mode
transmit signal are alternately outputted as illustrated in
Fig. 7(A) and 7(C).
[0113] Furthermore, it is possible that: a part of an area
included in a B-mode ultrasound image is designated,
and a Doppler image is generated by a Doppler-mode
transmit signal only for such part.
[0114] As can be seen from the Figs. 7(B) and 7(D),
even where the wavenumber of the burst waveform
transmit signal is changed, the peak value D9 of the bias
voltage is set to be the same in the B-mode receive pe-
riods Tb.
[0115] In the Doppler-mode receive periods Tb, the
control section 26 performs control so that the bias volt-
age has a constant value with no temporal change as

illustrated in Fig. 7(B) or 7(D). Furthermore, the control
section 26 performs control so that the value of the bias
voltage with no temporal change is larger in the case
where the burst waveform transmit signal has a small
wavenumber than in the case where the burst waveform
transmit signal has a large wavenumber.
[0116] As described above, in the Doppler-mode re-
ceive periods Tb, the control section 26 performs control
so that the bias voltage has a constant value with no
temporal change as illustrated in Fig. 7(B) or 7(D), where-
by when a change in frequency is detected, such detec-
tion can be made with high accuracy without, e.g., a sig-
nal width of a receive signal being affected by temporal
change of the bias voltage.
[0117] Also, where the wavenumber is small, the value
of the bias voltage is made to be larger than (that of the
case where the number is large) to further increase the
sensitivity of the C-MUT 9 for receive signal, and thus,
frequency change can be detected as in the case where
the wavenumber is large. Accordingly, a Doppler image
(Doppler-mode ultrasound image) with a favorable image
quality, which reflects movement of, e.g., bloodstream
with good precision can be generated.
[0118] In the case of the Doppler mode, also, where,
for example, a display range of a Doppler-mode ultra-
sound image is changed, the value of the bias voltage
may be changed and set according to the display range.
[0119] For example, in the case of Fig. 7(C), where a
display range of a Doppler-mode ultrasound image is set
to be small, as illustrated in Fig. 7(E), control is performed
so that the bias voltage has a large value (D10 in the
illustrated example) only for a receive period Rb corre-
sponding to the display range, and may be decreased
(to, for example, D1) in a receive period Tb except the
receive period Rb. Consequently, the bias voltage is
made to be large only for the receive period Rb corre-
sponding to the display range, ensuring a predetermined
sensitivity, and enabling power saving and reduction in
time in which the large bias voltage is applied to the C-
MUTs 9j. Accordingly, characteristics change (or deteri-
oration) due to application of a large bias voltage can be
suppressed even in long-term use.
[0120] Although Fig. 7(E) illustrates a case of a display
range close to the near field side, it is possible to enable
designation and setting of a display range to be displayed
as a Doppler image. In this case, control may be per-
formed so that the bias voltage has a large value only for
a receive period (corresponding to Rb above) corre-
sponding to the designated and set display range.
[0121] Furthermore, where the control may be per-
formed for the electronic scanning ultrasound probe 2B
as described above, effects similar to those of the me-
chanical scanning ultrasound probe 2 described in the
first embodiment are provided. Furthermore, where the
Doppler mode is designated and set for the electronic
scanning ultrasound probe 2B, the bias voltage is varia-
bly controlled properly responding to the Doppler-mode
parameter setting according to the designation and set-
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ting, enabling generation of an ultrasound image with a
favorable image quality.
[0122] As described above, the present embodiment
enables use of any of the mechanical scanning ultra-
sound probe 2 and the electronic scanning ultrasound
probe 2B, and the bias voltage is variably controlled ac-
cording to setting of various parameters in addition to an
image mode according to the ultrasound scanning mode
to generate a favorable ultrasound image.
[0123] The above-described embodiments may be
partially varied.
[0124] For example, in the second embodiment, the
control section 26 controls the bias voltage to have a
constant value in receive periods corresponding to a near
field to a far field where the Doppler mode is designated
and set, and variably controls the bias voltage to be in-
creased from the near field toward the far field where the
B-mode is designated and set from the image mode set-
ting section; however, control may further be performed
so that as the number of elements driven simultaneously
in electronic scanning increases, the value of the bias
voltage decreases.
[0125] Otherwise, it is possible to enable the control
section 26 to variably control the bias voltage according
to an ultrasound characteristic of a tissue to be observed
using ultrasound, that is, a living tissue included in an
organ or a living body site such as a diseased part in a
body cavity to which ultrasound is transmitted. Fig. 8 il-
lustrates a part of a configuration of an observation ap-
paratus 3C according to a variation in which certain func-
tions have been added to the control section 26 and the
operation section 27 in Fig. 5 to respond to such case.
[0126] A parameter setting section 29, which is illus-
trated in Fig. 8, further includes a frequency parameter
setting section 29g for designating and setting (or select-
ing and setting) a frequency of a transmit signal as a
frequency parameter in the configuration of the param-
eter setting section 29 in Fig. 5.
[0127] Where a tissue to be observed using ultrasound
is a living tissue, if the ultrasound (transmit signal) has a
high frequency, attenuation of the ultrasound during
propagation in the living tissue is large compared to a
case where the ultrasound has a low frequency.
[0128] Thus, where a frequency of the ultrasound
(transmit signal) is designated and set via the frequency
parameter setting section 29g, the control section 26 per-
forms control so that the bias voltage is made to be large
when the frequency is high compared to a case where
the frequency is low, (to compensate the attenuation).
[0129] In this case, the control section 26 may perform
control so that as the distance increases, the bias voltage
increases, and also perform control so that such tenden-
cy is more significant in the former case than in the latter
case (more specifically, in the former case, the bias volt-
age is made to be more significantly larger as the distance
is larger than in the latter case).
[0130] As a result of such control being performed,
even if the frequency of the ultrasound (transmit signal)

is changed, a bias voltage properly responding to (ultra-
sound attenuation caused according to) the frequency
can automatically be set, and an ultrasound image with
a favorable image quality, which enables, i.e., inspection
or examination to be easily conducted, can be generated.
[0131] Furthermore, in the case of the B-mode or in
the case of use in the Doppler mode, if the frequency of
the ultrasound (transmit signal) can selectively be des-
ignated and set, in consideration of ultrasound charac-
teristics of an organ or a living body site as a tissue to be
observed in addition to the designated and set frequency
of the ultrasound, the control section 26 may perform
control to change and set the bias voltage according to
the ultrasound characteristics of the organ or living body
site.
[0132] In order to perform such control, as illustrated
in Fig. 8, for example, the control section 26 includes a
memory 61 inside as a storage section that stores in ad-
vance association data (for example, a table) in which a
plurality of organs or a plurality of living body sites, which
are tissues to be observed, and ultrasound characteris-
tics of the respective organs or living tissues are associ-
ated with each other for each of a plurality of ultrasounds
(transmit signals).
[0133] The memory 61 is not limited to be provided
inside the control section 26 and may be provided outside
the control section 26. In other words, it is only necessary
that the control section 26 can refer to the association
data stored in the memory 61. Also, for the memory 61,
for example, a flash memory, which has a non-volatile
property and is writable, may be used.
[0134] Furthermore, as illustrated in Fig. 8, the opera-
tion section 27 further includes an organ/site selecting
section (or a selection section) 62 that selects or sets an
organ or a living body site to be actually observed using
ultrasound from the aforementioned plurality of organs
and living body sites whose ultrasound characteristics
have been recognized, in the configuration in Fig. 5.
Function of the organ/site selecting section 62 that se-
lects an organ or living body site may be included in an
organ/site parameter setting section 29h (that sets an
organ/site parameter) as indicated by an alternate long
and two short dashes line inside the parameter setting
section 29.
[0135] The control section 26 refers to the correspond-
ing ultrasound characteristic according to the ultrasound
characteristic of an organ or living body site actually se-
lected or set by an operator and controls a bias voltage
according to the ultrasound characteristic in synchroni-
zation with a transmit signal.
[0136] Thus, the memory 61 may store the above as-
sociation data further in association with bias voltage.
For example, where a used frequency is set, the control
section 26 may read a corresponding value or a distance-
related characteristic of a bias voltage from the memory
61 according to the value of the ultrasound characteristic
of an organ or living body site to be observed at that
frequency, and control the bias voltage using the read
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value or characteristic.
[0137] For example, control may be made so that as
an attenuation ratio of a tissue to be observed as an ul-
trasound characteristic is larger, the bias voltage is made
to be larger so as to compensate the attenuation of ul-
trasound.
[0138] With the configuration that performs the afore-
mentioned control, when an operator simply selects or
sets an organ or living body site to be actually inspected
via the selection section 62 or the organ/site parameter
setting section 29h, the control section 26 automatically
controls the bias voltage in synchronization with the
transmit signal and according to the ultrasound charac-
teristic of the organ or living body site for a frequency of
ultrasound (transmit signal) in the relevant case, enabling
acquisition of an ultrasound image with a favorable image
quality, which enables, i.e., inspection or examination to
be easily conducted. Thus, an observation apparatus
with good operability can be provided.
[0139] Although the present variation has been de-
scribed in terms of an example in which the present var-
iation has been applied to the second embodiment, the
present variation may be applied to the first embodiment.
[0140] Furthermore, as described below, in the above-
described embodiments, an increase in receive signal
sensitivity by means of a bias voltage may be provided
within an acceptable range of the bias voltage in priority
to a gain increase by means of the amplifier 22 for des-
ignation and setting of a gain exceeding one for a receive
signal.
[0141] More specifically, for example, as indicated by
a dotted line inside the parameter setting section 29 in
Fig. 2 or 5, a sensitivity priority setting section 29i for gain
parameter is provided. The sensitivity priority setting sec-
tion 29i may be provided outside the parameter setting
section 29.
[0142] The sensitivity priority setting section 29i pro-
vides setting to make an increase in sensitivity by means
of a bias voltage within an acceptable range in priority to
designation and setting of a gain via the gain parameter
setting section 29a. Where priority of sensitivity increase
is designated and set by the sensitivity priority setting
section 29i, the control section 26 prioritizes the sensi-
tivity increase over the designation and setting of the
gain, and performs gain control so that a shortfall for a
set gain in the sensitivity increase by means of the bias
voltage is covered by a gain increase by the amplifier 22.
[0143] Here, although gain and sensitivity are not
equivalent concepts, for example, a characteristic of an
increase in amplitude of a receive signal when a gain
provided by the amplifier 22 is increased to not less than
one and a characteristic of an increase in amplitude of a
receive signal when a bias voltage is increased to in-
crease the sensitivity are found out in advance. Then,
gain-bias voltage information for associating gain values
each of which provides a receive signal having a same
amplitude as that in the case of the increase in the bias
voltage and corresponding bias voltage values to be sen-

sitivity values, with each other is stored in, for example,
the respective ID section 16. The control section 26 per-
forms gain control in which sensitivity is prioritized over
designation and setting of a gain with reference to the
gain-bias voltage information read from the ID section
16. A storage section that stores the gain-bias voltage
information in association with IDs may be provided in-
side the observation apparatus 3 or 3B.
[0144] Fig. 9 illustrates an example of processing in
the aforementioned gain control in which sensitivity is
prioritized.
[0145] In step S1, a gain G for a receive signal is des-
ignated and set via the gain parameter setting section
29a. In step S2, the control section 26 determines wheth-
er or not the gain G can be covered by a sensitivity pro-
vided by a bias voltage within an acceptable range, with
reference to the gain-bias voltage information.
[0146] In determination processing in step S2, if it is
determined that the gain G can be covered by the sen-
sitivity provided by a bias voltage, in step S3, the control
section 26 performs control so that the bias voltage out-
putting section 24 outputs a bias voltage providing a sen-
sitivity corresponding to the gain G.
[0147] Meanwhile, in the determination processing in
step S2, if it is determined that the gain G cannot be
covered by a sensitivity provided by a bias voltage, in
step S4, the control section 26 performs control so that
the bias voltage outputting section 24 outputs (gener-
ates) a maximum bias voltage within the acceptable
range, and controls the gain of the amplifier 22 so that a
shortfall in gain is covered by a gain increase by means
of the amplifier 22.
[0148] As described above, it is more advantageous
in terms of S/N ratio to increase the sensitivity of the C-
MUT itself rather than to increase the gain provided by
the amplifier 22.
[0149] Accordingly, the gain control as illustrated in
Fig. 9 enables acquisition of an ultrasound image with
an improved S/N ratio.
[0150] Furthermore, other embodiments resulting from
e.g., the above-described embodiments or variations be-
ing partially combined fall under the present invention.
For example, an observation apparatus that accepts the
electronic scanning ultrasound probe 2B only can be con-
figured from a part of the observation apparatus 3B ac-
cording to the second embodiment that accepts an elec-
tronic scanning ultrasound probe 2B.
[0151] The present application is filed claiming the pri-
ority of Japanese Patent Application No. 2010-293550
filed in Japan on December 28, 2010, and the above
described disclosure is incorporated by reference in the
present description, claims and drawings.

Claims

1. An ultrasound observation apparatus to which an ul-
trasound probe is connectable, the ultrasound probe
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including a capacitive micromachined ultrasound
transducer whose sensitivity can be controlled ac-
cording to an applied bias voltage, the ultrasound
observation apparatus comprising:

a transmit section that performs signal process-
ing for outputting a transmit signal for causing
the capacitive micromachined ultrasound trans-
ducer to transmit ultrasound, to the capacitive
micromachined ultrasound transducer;
a receive section that performs signal process-
ing on a receive signal received by the capacitive
micromachined ultrasound transducer, to dis-
play the receive signal as an ultrasound image;
a bias voltage outputting section that variably
outputs the bias voltage applied to the capacitive
micromachined ultrasound transducer;
an image mode setting section that designates
and sets an image mode for displaying an ultra-
sound image corresponding to ultrasound scan-
ning by the capacitive micromachined ultra-
sound transducer;
a parameter setting section that designates and
sets a parameter for the signal processing on
the transmit signal or the received receive sig-
nal;
an operation section including the image mode
setting section and the parameter setting sec-
tion, the operation section outputting a designa-
tion signal corresponding to the designation and
setting of the image mode and the parameter;
and
a control section that controls the bias voltage
based on the designation signal from the oper-
ation section.

2. The ultrasound observation apparatus according to
claim 1,
wherein the image mode designates and sets a B-
mode for imaging and displaying a luminance corre-
sponding to a position and an amplitude of the re-
ceive signal or a Doppler mode for providing display
as a Doppler image using a Doppler phenomenon;
wherein the parameter setting section designates
and sets at least one of a gain for the receive signal,
a display range for which the ultrasound image is
displayed, a focal length for the ultrasound transmit-
ted from the capacitive micromachined ultrasound
transducer to be focused, a wavenumber of the
transmit signal when the transmit signal is transmit-
ted in the Doppler mode, a scanning type of the ul-
trasound probe, a number of the elements of the ca-
pacitive micromachined ultrasound transducers si-
multaneously driven if the ultrasound probe is an
electronic scanning one, as a parameter; and
wherein the control section controls the bias voltage
in synchronization with the transmit signal and ac-
cording to the designation and setting of image mode

designated by the image mode setting section and
the parameter by the parameter setting section.

3. The ultrasound observation apparatus according to
claim 2, wherein if the Doppler mode is designated
and set via the image mode setting section, the con-
trol section variably sets the bias voltage according
to the designation and setting of the parameter of
the wavenumber of the transmit signal from the pa-
rameter setting section.

4. The ultrasound observation apparatus according to
claim 2, wherein if the Doppler mode is designated
and set via the image mode setting section, the con-
trol section performs variable control so that as the
wavenumber of the transmit signal according to the
designation and setting of the parameter of the wav-
enumber of the transmit signal from the parameter
setting section decreases, a value of the bias voltage
in the receive period increases.

5. The ultrasound observation apparatus according to
claim 2, wherein the control section controls the bias
voltage so that the bias voltage has a constant value
in a receive period in which a distance from the ca-
pacitive micromachined ultrasound transducer var-
ies from a near field to a far field if the Doppler mode
is designated and set, and variably controls a value
of the bias voltage in the receive period so as to
increase the value as the distance varies from the
near field to the far field if the B-mode is designated
and set by the image mode setting section.

6. The ultrasound observation apparatus according to
claim 3, wherein the control section controls the bias
voltage so that the bias voltage has a constant value
in a receive period in which a distance from the ca-
pacitive micromachined ultrasound transducer var-
ies from a near field to a far field if the Doppler mode
is designated and set, and variably controls a value
of the bias voltage in the receive period so as to
increase the value as the distance varies from the
near field to the far field if the B-mode is designated
and set by the image mode setting section.

7. The ultrasound observation apparatus according to
claim 4, wherein the control section controls the bias
voltage so that the bias voltage has a constant value
in a receive period in which a distance from the ca-
pacitive micromachined ultrasound transducer var-
ies from a near field to a far field if the Doppler mode
is designated and set, and variably controls a value
of the bias voltage in the receive period so as to
increase the value as the distance varies from the
near field to the far field if the B-mode is designated
and set by the image mode setting section.

8. The ultrasound observation apparatus according to
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claim 2, wherein if the parameter of the focal length
is designated and set via the parameter setting sec-
tion, the control section performs control so that the
value of the bias voltage is larger in a receive period
corresponding to an area around the focal length in-
cluding the focal length than in a receive period for
an area except the area around the focal length.

9. The ultrasound observation apparatus according to
claim 4, wherein if the parameter of the focal length
is designated and set via the parameter setting sec-
tion, the control section performs control so that the
value of the bias voltage is larger in a receive period
corresponding to an area around the focal length in-
cluding the focal length than in a receive period for
an area except the area around the focal length.

10. The ultrasound observation apparatus according to
claim 2, wherein the parameter setting section fur-
ther designates and sets a frequency of the transmit
signal as the parameter, and the control section var-
iably controls the bias voltage in synchronization with
the transmit signal and according to the designated
and set frequency.

11. The ultrasound observation apparatus according to
claim 4, wherein the parameter setting section fur-
ther designates and sets a frequency of the transmit
signal as the parameter, and the control section var-
iably controls the bias voltage in synchronization with
the transmit signal and according to the designated
and set frequency.

12. The ultrasound observation apparatus according to
claim 11, further comprising a storage section that
stores a plurality of organs or living body sites as
tissues to be observed using ultrasound, and corre-
sponding ultrasound characteristics in association
with each other, wherein the operation section fur-
ther includes a selection section that selects an or-
gan or a living body site to be subjected to an actual
ultrasound observation, and the control section var-
iably controls the bias voltage in synchronization with
the transmit signal and according to the ultrasound
characteristic of the organ or the living body site se-
lected by the selection section.

13. The ultrasound observation apparatus according to
claim 11, wherein the control section performs vari-
able control so that as the designated and set fre-
quency is higher, the value of the bias voltage in the
receive period increases.

14. The ultrasound observation apparatus according to
claim 4, wherein if a display range is designated and
set, the control section performs variable control so
that the value of the bias voltage is larger in a receive
period corresponding to an area within the designat-

ed and set display range than in a receive period
corresponding to an area outside the display range.

15. The ultrasound observation apparatus according to
claim 11, further comprising a first connection portion
and a second connection portion to which a mechan-
ical scanning ultrasound probe including the capac-
itive micromachined ultrasound transducer and an
electronic scanning ultrasound probe including a plu-
rality of the capacitive micromachined ultrasound
transducers are selectively and detachably connect-
ed,
wherein the transmit section includes a first transmit
section that generates the transmit signal for the ca-
pacitive micromachined ultrasound transducer pro-
vided in the mechanical scanning ultrasound probe,
and a second transmit section that generates the
transmit signal for the plurality of the capacitive mi-
cromachined ultrasound transducers provided in the
electronic scanning ultrasound probe; and
wherein the receive section includes a first receive
section that performs signal processing on the re-
ceive signal from the capacitive micromachined ul-
trasound transducer provided in the mechanical
scanning ultrasound probe, and a second receive
section that performs signal processing on the re-
ceive signal from the plurality of the capacitive mi-
cromachined ultrasound transducers provided in the
electronic scanning ultrasound probe.

16. The ultrasound observation apparatus according to
claim 15,
wherein the second transmit section includes a pre-
determined number of transmit circuits that generate
a predetermined number of transmit signals, the pre-
determined number of transmit signals being able to
drive a predetermined number of capacitive mi-
cromachined ultrasound transducers simultaneous-
ly, the predetermined number being a number equal
to or smaller than a total number of elements in the
plurality of capacitive micromachined ultrasound
transducers;
wherein the second receive section includes a pre-
determined number of receive circuits that enable
simultaneous signal processing on a predetermined
number of receive signals received by a predeter-
mined number of capacitive micromachined ultra-
sound transducers, the predetermined number be-
ing a number equal to or smaller than the total
number of elements in the plurality of capacitive mi-
cromachined ultrasound transducers.

17. The ultrasound observation apparatus according to
claim 2, comprising a sensitivity priority setting sec-
tion that if a gain exceeding one is designated and
set for the receive signal, provides an increase in
sensitivity by the bias voltage within an acceptable
range of the bias voltage in priority to an increase in
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gain provided by an amplifier that amplifies the re-
ceive signal.

18. The ultrasound observation apparatus according to
claim 11, comprising a sensitivity priority setting sec-
tion that if a gain exceeding one is designated and
set for the receive signal, provides an increase in
sensitivity by the bias voltage within an acceptable
range of the bias voltage in priority to an increase in
gain provided by an amplifier that amplifies the re-
ceive signal.
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