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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 the features
of claim 1.

Brief Description of the Drawings

[0011]

Fig. 1 is a diagram illustrating an entirety of an ultra-
sound diagnostic apparatus which is not in the scope
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
Fig. 6 includes diagrams illustrating example wave-
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 of B-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, examplary ultrasound diagnostic
apparatuses will be described with reference to the draw-
ings.

(First example)

[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
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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 example is a mechanical scanning
ultrasound probe that performs radial ultrasound scan-
ning 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
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 example, which is not within
the scope of the present invention, the observation ap-
paratus 3 is one for a mechanical scanning  ultrasound
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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 ex-
ample an observation apparatus 3B employing electronic
scanning includes a Doppler mode setting section 28b
for designating and setting a Doppler mode for displaying
an ultrasound image corresponding to a frequency var-
ying (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 connected 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 out-
put terminal 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-
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-
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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 ex-
ample will be described. An operator such as a surgeon
connects the ultrasound probe 2 to the observation ap-
paratus 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-
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-
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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 example, a focal length
of the acoustic lens 15 in the ultrasound probe 2 actually
connected to the observation apparatus 3 can be desig-
nated and set via the focal length parameter setting sec-
tion 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
example the bias voltage is properly and variably con-
trolled according to setting of various types of parameters
in addition to an image mode corresponding to an ultra-
sound scanning mode, whereby an ultrasound image
corresponding to the variable control of the bias voltage
can be generated.
[0062] Also, according to the present example an ul-
trasound 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 example)

[0063] Next, a second example of the present invention
will be described with reference to Fig. 5. The ultrasound
probe 2 illustrated in Fig. 2 is a mechanical scanning
ultrasound probe, and in the present embodiment, an
electronic scanning ultrasound probe 2B can be connect-
ed selectively and used in addition to the mechanical
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
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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 example 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-
ence numerals, and reference numerals are omitted for
other receive sections 23b and 23c for simplicity.
[0080] In the present example, the control section 26
controls, e.g., the transmit section 21 in the mechanical
scanning processing section 41A as in the first example,
and further controls the respective sections in the elec-
tronic scanning processing section 41B, based on des-
ignation and setting by the image mode setting section
28 and designation and setting of parameters by the pa-
rameter 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 example, the image
mode setting section 28 includes a Doppler mode setting
section 28b for designating and setting the Doppler mode
for displaying a Doppler image in the case of electronic
scanning, in addition to a B-mode setting section 28a,
which is provided in the first example.
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[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 51 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 signal from the transmit sec-
tion 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 example 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 example is further provided with a
device count parameter setting section 29f for designat-
ing 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
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.
[0096] Where the number of elements is large, the am-
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plitude 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 characteristics due to application of high bias voltage
can be reduced and the lifetime can be extended.
[0097] 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
[0098] Fig. 6(B) (D1 > D1’). The bias voltages D1 and
D1’ are set according to the size, the ultrasound charac-
teristics and the device count of the C-MUTs 9i.
[0099] 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’.
[0100] In the present example 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 2 is used.
[0101] 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).
[0102] 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.
[0103] 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.
[0104] 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.
[0105] 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).
[0106] In Fig. 7(A) and 7(C), a transmit period for a
Doppler-mode transmit signal is indicated by Ta’ and Ta",
respectively.
[0107] 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).
[0108] 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.
[0109] 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
signal 9b’....
[0110] 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.
[0111] 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’ ....
[0112] 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(D) (the sensi-
tivity is increased on the far side).
[0113] 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
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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).
[0114] 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).
[0115] 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.
[0116] 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.
[0117] 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.
[0118] 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.
[0119] 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 9j 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.
[0120] 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.
[0121] 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.
[0122] 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.
[0123] 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 example are provided. Furthermore, where the Dop-
pler mode is designated and set for the electronic scan-
ning ultrasound probe 2B, the bias voltage is variably
controlled properly responding to the Doppler-mode pa-
rameter setting according to the designation and setting,
enabling generation of an ultrasound image with a favo-
rable image quality.
[0124] As described above, the present example ena-
bles use of any of the mechanical scanning ultrasound
probe 2 and the electronic scanning ultrasound probe
2B, and the bias voltage is variably controlled according
to setting of various parameters in addition to an image
mode according to the ultrasound scanning mode to gen-
erate a favorable ultrasound image.
[0125] The above-described examples may be partial-
ly varied.
[0126] For example, in the second case 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 increased
from the near field toward the far field where the B-mode
is designated and set from the image mode setting sec-
tion; however, control may further be performed so that
as the number of elements driven simultaneously in elec-
tronic scanning increases, the value of the bias voltage
decreases.
[0127] 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-
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tions have been added to the control section 26 and the
operation section 27 in Fig. 5 to respond to such case.
[0128] 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.
[0129] 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.
[0130] 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).
[0131] 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).
[0132] 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.
[0133] 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.
[0134] 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).
[0135] 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.
[0136] 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.
[0137] 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.
[0138] 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
value or characteristic.
[0139] 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.
[0140] 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.
[0141] 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 exemplary embod-
iment, the present variation may be applied to the first
exemplary embodiment.
[0142] Furthermore, as described below, in the above-
described exemplary embodiments, an increase in re-
ceive signal sensitivity by means of a bias voltage may
be provided within an acceptable range of the bias volt-
age in priority to a gain increase by means of the amplifier
22 for designation and setting of a gain exceeding one
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for a receive signal.
[0143] 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.
[0144] 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.
[0145] 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.
[0146] Fig. 9 illustrates an example of processing in
the aforementioned gain control in which sensitivity is
prioritized.
[0147] 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.
[0148] 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.
[0149] 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.
[0150] 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.
[0151] Accordingly, the gain control as illustrated in
Fig. 9 enables acquisition of an ultrasound image with
an improved S/N ratio.
[0152] Furthermore, other exemplary embodiments
resulting from e.g., the above-described examples or var-
iations being partially combined fall under the present
invention. For example, an observation apparatus that
accepts the electronic scanning ultrasound probe 2B only
can be configured from a part of the observation appa-
ratus 3B according to the second example that accepts
an electronic scanning ultrasound probe 2B.
[0153] The present application is filed claiming the pri-
ority of Japanese Patent Application No. 2010-293550
filed in Japan on December 28, 2010.

Claims

1. An ultrasound observation apparatus (1, 1B) to
which an ultrasound probe (2, 2B) is connectable,
the ultrasound probe (2, 2B) including a capacitive
micromachined ultrasound transducer (9, 10) whose
sensitivity can be controlled according to an applied
bias voltage, the ultrasound observation apparatus
(1, 1B) comprising:

a transmit section (21, 21a - 21c) that is adapted
to perform signal processing for outputting a
transmit signal for causing the capacitive mi-
cromachined ultrasound transducer (9, 10) to
transmit ultrasound, to the capacitive microma-
chined ultrasound transducer (9, 10);
a receive section (23, 23a - 23c) that is adapted
to perform signal processing on a receive signal
received by the capacitive micromachined ultra-
sound transducer (9, 10), to display the receive
signal as an ultrasound image;
a bias voltage outputting section (24, 24a - 24c)
that is adapted to variably output the bias
voltage applied to the capacitive micromachined
ultrasound transducer (9, 10);
an image mode setting section (28) that is adapt-
ed to designate and set an image mode for dis-
playing an ultrasound image corresponding to
ultrasound scanning by the capacitive microma-
chined ultrasound transducer (9, 10);
a parameter setting section (29) that is adapted
to designate and set a parameter for the signal
processing on the transmit signal or the received
receive signal;
an operation section (27) including the image
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mode setting section (28) and the parameter set-
ting section (29), the operation section (27) out-
putting a designation signal corresponding to
the designation and setting of the image mode
and the parameter; and
a control section (26) that is adapted to control
the bias voltage based on the designation signal
from the operation section (27),
wherein the image mode setting section (28) is
adapted to designate and set a B-mode for
imaging and displaying a luminance corre-
sponding to a position and an amplitude of the
receive signal or a Doppler mode for providing
display as a Doppler image using a Doppler phe-
nomenon;
wherein the parameter setting section (29) is
adapted to designate and set at least one of a
gain for the receive signal, a display range which
corresponds to a display range in which the ul-
trasound image is actually displayed, a focal
length for the ultrasound transmitted from the
capacitive micromachined ultrasound transduc-
er (9, 10) to be focused, a wavenumber of the
transmit signal when the transmit signal is trans-
mitted  in the Doppler mode, a scanning type of
the ultrasound probe (2, 2B), a number of the
elements of the capacitive micromachined ultra-
sound transducers (9, 10) simultaneously driven
if the ultrasound probe (2, 2B) is an electronic
scanning one, as a parameter; and
wherein the control section (26) is adapted to
control the bias voltage in synchronization with
the transmit signal and according to the desig-
nation and setting of image mode designated by
the image mode setting section (28) and the pa-
rameter by the parameter setting section (29);
and
wherein the control section (26) is adapted to
control the bias voltage so that the bias voltage
has a constant value in a receive period in which
a distance from the capacitive micromachined
ultrasound transducer (9, 10) varies from a near
field to a far field if the Doppler mode is desig-
nated and set, and to variably control 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 (28).

2. The ultrasound observation apparatus (1, 1B) ac-
cording to claim 1, wherein if the Doppler mode is
designated and set via the image mode setting sec-
tion (28), the control section (26) is adapted to vari-
ably set the bias voltage according to the designation
and setting of the parameter of the wavenumber of
the transmit signal from the parameter setting sec-
tion (29).

3. The ultrasound observation apparatus (1, 1B) ac-
cording to claim 1, wherein if the Doppler mode is
designated and set via the image mode setting sec-
tion (28), the control section (26) is adapted to per-
form variable control so that as the wavenumber of
the transmit signal according to the designation and
setting of the parameter of the wavenumber of the
transmit signal from the parameter setting section
(29) decreases, a value of the bias voltage in the
receive period increases.

4. The ultrasound observation apparatus (1, 1B) ac-
cording to claim 1, wherein if the parameter of the
focal length is designated and set via the parameter
setting section (29), the control section (26) is adapt-
ed to perform control so that the value of the bias
voltage is larger in a receive period corresponding
to an area around the focal length including the focal
length than in a receive period for an area except
the area around the focal length.

5. The ultrasound observation apparatus (1, 1B) ac-
cording to claim 3, wherein if the parameter of the
focal length is designated and set via the parameter
setting  section (29), the control section (26) is adapt-
ed to perform control so that the value of the bias
voltage is larger in a receive period corresponding
to an area around the focal length including the focal
length than in a receive period for an area except
the area around the focal length.

6. The ultrasound observation apparatus (1, 1B) ac-
cording to claim 1, wherein the parameter setting
section (29) further designates and sets a frequency
of the transmit signal as the parameter, and the con-
trol section (26) is adapted to variably control the
bias voltage in synchronization with the transmit sig-
nal and according to the designated and set frequen-
cy.

7. The ultrasound observation apparatus (1, 1B) ac-
cording to claim 3, wherein the parameter setting
section (29) further designates and sets a frequency
of the transmit signal as the parameter, and the con-
trol section (26) is adapted to variably control the
bias voltage in synchronization with the transmit sig-
nal and according to the designated and set frequen-
cy.

8. The ultrasound observation apparatus (1, 1B) ac-
cording to claim 7, further comprising a storage sec-
tion that is adapted to store a plurality of organs or
living body sites as tissues to be observed using ul-
trasound, and corresponding ultrasound character-
istics in association with each other, wherein the op-
eration section (27) further is configured to include
a selection section (62) that is adapted to select an
organ or a living body site to be subjected to an actual
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ultrasound observation, and the control section (26)
is adapted to variably control the bias voltage in syn-
chronization with the transmit signal and
according to the ultrasound characteristic of the or-
gan or the living body site selected by the selection
section (62).

9. The ultrasound observation apparatus (1, 1B) ac-
cording to claim 7, wherein the control section (26)
is adapted to perform variable control so that as the
designated and set frequency is higher, the value of
the bias voltage in the receive period increases.

10. The ultrasound observation apparatus (1, 1B) ac-
cording to claim 3, wherein if the display range is
designated and set, the control section (26) is adapt-
ed to perform variable control so that the value of
the bias voltage is larger in a receive period (Rb, Rc)
corresponding to the designated and set display
range than in a receive period other than the receive
period (Rb, Rc).

11. The ultrasound observation apparatus (1, 1B) ac-
cording to claim 7, further comprising a first connec-
tion portion (8a) and a second connection portion
(8b) to which a mechanical scanning ultrasound
probe (2) including the capacitive micromachined ul-
trasound transducer (9) and an electronic scanning
ultrasound probe including a plurality of the capaci-
tive micromachined ultrasound transducers (9a, 9b,
9c, ... 9n) are selectively and detachably connected,
wherein the transmit section (21, 21a - 21c) includes
a first transmit section (21) that is adapted to gener-
ate the transmit signal for the capacitive microma-
chined ultrasound transducer (9) provided in the me-
chanical scanning, ultrasound probe (2), and a sec-
ond transmit section (21a - 21c) that is adapted to
generate the transmit signal for the plurality of the
capacitive micromachined ultrasound transducers
(9a, 9b, 9c, ... 9n) provided in the electronic scanning
ultrasound probe (2B); and
wherein the receive section (23, 23a - 23c) includes
a first receive section (23) that is adapted to perform
signal processing on the receive signal from the ca-
pacitive micromachined ultrasound transducer (9)
provided in the mechanical scanning ultrasound
probe (2), and a second receive section (23a - 23c)
that is adapted to perform signal processing on the
receive signal from the plurality of the capacitive mi-
cromachined ultrasound transducers (9a, 9b, 9c, ...
9n) provided in the electronic scanning ultrasound
probe (2B).

12. The ultrasound observation apparatus (1, 1B) ac-
cording to claim 11,
wherein the second transmit section (21a - 21c) in-
cludes a predetermined number of transmit circuits
(21a - 21c) that are adapted to generate a predeter-

mined number of transmit signals, the predeter-
mined number of transmit signals being able to drive
a predetermined number of capacitive microma-
chined ultrasound transducers simultaneously, the
predetermined number being a number equal to or
smaller than a total number of elements in the plu-
rality of capacitive micromachined ultrasound trans-
ducers (9a, 9b, 9c, ... 9n);
wherein the second receive section (23a-23c) in-
cludes a predetermined number of receive circuits
(23a - 23c) that are adapted to enable simultaneous
signal processing on a predetermined number of re-
ceive signals received by a predetermined number
of capacitive micromachined ultrasound transduc-
ers, the predetermined number being a number
equal to or smaller than the total number of elements
in the plurality of capacitive micromachined ultra-
sound transducers (9a, 9b, 9c, ... 9n).

13. The ultrasound observation apparatus (1, 1B) ac-
cording to claim 1, comprising a sensitivity priority
setting section (29i) that if a gain exceeding one is
designated and set for the receive signal, is adapted
to provide an increase in sensitivity by the bias volt-
age  within an acceptable range of the bias voltage
in priority to an increase in gain provided by an am-
plifier (22, 22a - 22c) that amplifies the receive signal.

14. The ultrasound observation apparatus (1, 1B) ac-
cording to claim 7, comprising a sensitivity priority
setting section (29i) that if a gain exceeding one is
designated and set for the receive signal, is adapted
to provide an increase in sensitivity by the bias volt-
age within an acceptable range of the bias voltage
in priority to an increase in gain provided by an am-
plifier (22, 22a - 22c) that amplifies the receive signal.

Patentansprüche

1. Ultraschall-Beobachtungsvorrichtung (1, 1B), mit
der eine Ultraschallsonde (2, 2B) verbunden zu wer-
den vermag, wobei die Ultraschallsonde (2, 2B) ei-
nen kapazitiven, mikrobearbeiteten Ultraschall-
Wandler (9, 10) enthält, dessen Empfindlichkeit ge-
mäß einer angelegten Vorspannung gesteuert wer-
den kann, und wobei die Ultraschall-Beobachtungs-
vorrichtung (1, 1B) aufweist:

eine Sendeeinheit (21, 21a - 21c), die zum Aus-
führen einer Signalverarbeitung eingerichtet ist,
um ein Sendesignal an den kapazitiven, mikro-
bearbeiteten Ultraschall-Wandler (9, 10) auszu-
geben, das den kapazitiven, mikrobearbeiteten
Ultraschall-Wandler (9, 10) veranlasst, Ultra-
schall zu senden;
eine Empfangseinheit (23, 23a - 23c), die dazu
eingerichtet ist, eine Signalverarbeitung an ei-
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nem Empfangssignal auszuführen, das durch
den kapazitiven, mikroverarbeiteten Ultraschall-
Wandler (9, 10) empfangen wird, um das Emp-
fangssignal als ein Ultraschallbild anzuzeigen;
eine Vorspannung-Ausgabeeinheit (24, 24a -
24c), die dazu eingerichtet ist, die am kapaziti-
ven, mikroverarbeiteten Ultraschall-Wandler (9,
10) angelegte Vorspannung veränderbar aus-
zugeben;
eine Bildmodus-Einstelleinheit (28), die dazu
eingerichtet ist, einen Bildmodus zum Anzeigen
eines Ultraschallbildes entsprechend der Ultra-
schallabtastung durch den kapazitativen, mikro-
bearbeiteten Ultraschall-Wandler (9, 10) zu be-
stimmen und einzustellen;
eine Parameter-Einstelleinheit (29), die dazu
eingerichtet ist, einen Parameter für die Signal-
verarbeitung an dem Sendesignal oder dem
empfangenen Empfangssignal zu bestimmen
und einzustellen;
eine Betätigungseinheit (27), welche die Bild-
modus-Einstelleinheit (28) und die Parameter-
Einstelleinheit (29) enthält, wobei die Betäti-
gungseinheit (27) ein Bestimmungssignal aus-
gibt, das der Bestimmung und der Einstellung
des Bildmodus und des Parameters entspricht;
und
einen Steuerbereich (26), der dazu eingerichtet
ist, die Vorspannung auf der Basis des Bestim-
mungssignals von der Betätigungseinheit (27)
zu steuern,
wobei die Bildmodus-Einstelleinheit (28) dazu
eingerichtet ist, einen B-Mode zur Bildgebung
und zum Anzeigen einer Luminanz entspre-
chend einer Position und einer Amplitude des
Empfangssignals zu bestimmen und einzustel-
len, oder einen Doppler-Mode, um unter Ver-
wendung eines Doppler-Phänomens eine An-
zeige als ein Doppler-Bild zu liefern;
wobei die Parameter-Einstelleinheit (29) dazu
eingerichtet ist, mindestens eins von einer Ver-
stärkung des Empfangssignals, einem Anzeige-
bereich, welcher einem Anzeigebereich ent-
spricht, in dem das Ultraschallbild tatsächlich
angezeigt wird, einer zu fokussierende Brenn-
weite für den vom kapazitativen, mikrobearbei-
teten Ultraschall-Wandler (9, 10) gesendeten
Ultraschall, einer Wellenzahl des Sendesignals,
wenn das Sendesignal im Doppler-Mode gesen-
det wird, einer Scan-Art der Ultraschallsonde (2,
2B), einer Anzahl der Elemente des kapazitiven,
mikrobearbeiteten Ultraschall-Wandlers (9, 10),
die gleichzeitig betrieben werden, wenn die Ul-
traschallsonde (2, 2B) elektronisch scannend
ist, als einen Parameter zu bestimmen und ein-
zustellen; und
wobei der Steuerbereich (26) dazu eingerichtet
ist, die Vorspannung in Synchronisation mit dem

Sendesignal und entsprechend der Bestim-
mung und der Einstellung des durch die Bildmo-
dus-Einstelleinheit (28) bestimmten Bildmodus
und des durch die Parameter-Einstelleinheit
(29) bestimmten Parameters zu steuern; und
wobei der Steuerbereich (26) dazu eingerichtet
ist, die Vorspannung so zu steuern, dass die
Vorspannung in einer Empfangsperiode einen
konstanten Wert aufweist, in der ein Abstand
vom kapazitiven, mikrobearbeiteten Ultraschall-
Wandler (9, 10) sich von einem Nahfeld zu ei-
nem Fernfeld ändert, wenn der Doppler-Mode
bestimmt und eingestellt ist, und einen Wert der
Vorspannung in der Empfangsperiode verän-
derbar so zu steuern, dass bei einer Änderung
des Abstands vom Nahfeld zum Fernfeld der
Wert zunimmt, wenn der B-Mode durch die Bild-
modus-Einstelleinheit (28) bestimmt und einge-
stellt ist.

2. Ultraschall-Beobachtungsvorrichtung (1, 1B) nach
Anspruch 1, wobei der Steuerbereich (26), wenn der
Doppler-Mode über die Bildmodus-Einstelleinheit
(28) bestimmt und eingestellt ist, dazu eingerichtet
ist, die Vorspannung entsprechend der Bestimmung
und Einstellung des Parameters der Wellenzahl des
Sendesignals von der Parameter-Einstelleinheit
(29) veränderbar einzustellen.

3. Ultraschall-Beobachtungsvorrichtung (1, 1B) nach
Anspruch 1, wobei der Steuerbereich (26), wenn der
Doppler-Mode über die Bildmodus-Einstelleinheit
(28) bestimmt und eingestellt ist, dazu eingerichtet
ist, eine veränderbare Steuerung so auszuführen,
dass ein Wert der Vorspannung in der Empfangspe-
riode zunimmt, wenn die Wellenzahl des Sendesi-
gnals entsprechend der Bestimmung und Einstel-
lung des Parameters der Wellenzahl des Sendesi-
gnals von der Parameter-Einstelleinheit (29) ab-
nimmt.

4. Ultraschall-Beobachtungsvorrichtung (1, 1B) nach
Anspruch 1, wobei der Steuerbereich (26), wenn der
Parameter der Brennweite über die Parameter-Ein-
stelleinheit (29) bestimmt und eingestellt ist, dazu
eingerichtet ist, eine Steuerung so auszuführen,
dass der Wert der Vorspannung in einer Empfangs-
periode, die einem Bereich um die Brennweite her-
um einschließlich der Brennweite entspricht, größer
ist als in einer Empfangsperiode für einen Bereich
ohne den Bereich um die Brennweite herum.

5. Ultraschall-Beobachtungsvorrichtung (1, 1B) nach
Anspruch 3, wobei der Steuerbereich (26), wenn der
Parameter der Brennweite über die Parameter-Ein-
stelleinheit (29) bestimmt und eingestellt ist, dazu
eingerichtet ist, eine Steuerung so auszuführen,
dass der Wert der Vorspannung in einer Empfangs-
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periode, die einem Bereich um die Brennweite her-
um einschließlich der Brennweite entspricht, größer
ist als in einer Empfangsperiode für einen Bereich
ohne den Bereich um die Brennweite herum.

6. Ultraschall-Beobachtungsvorrichtung (1, 1B) nach
Anspruch 1, wobei die Parameter-Einstelleinheit
(29) des Weiteren eine Frequenz des Sendesignals
als den Parameter bestimmt und einstellt und der
Steuerbereich (26) dazu eingerichtet ist, die Vor-
spannung in Synchronisation mit dem Sendesignal
und entsprechend der bestimmten und eingestellten
Frequenz veränderbar zu steuern.

7. Ultraschall-Beobachtungsvorrichtung (1, 1B) nach
Anspruch 3, wobei die Parameter-Einstelleinheit
(29) des Weiteren eine Frequenz des Sendesignals
als den Parameter bestimmt und einstellt und der
Steuerbereich (26) dazu eingerichtet ist, die Vor-
spannung in Synchronisation mit dem Sendesignal
und entsprechend der bestimmten und eingestellten
Frequenz veränderbar zu steuern.

8. Ultraschall-Beobachtungsvorrichtung (1, 1B) nach
Anspruch 7, die des Weiteren eine Speichereinheit
aufweist, die dazu eingerichtet ist, eine Mehrzahl von
Organen oder Stellen von lebenden Körpern als mit-
tels Ultraschall zu beobachtende Gewebe und ent-
sprechende Ultraschall-Kenndaten in Zuordnung
zueinander zu speichern, wobei die Betätigungsein-
heit (27) des Weiteren so ausgebildet ist, dass sie
eine Auswahleinheit (62) aufweist, die dazu einge-
richtet ist, ein Organ oder eine Stelle eines lebenden
Körpers auszuwählen, das/die tatsächlich mittels Ul-
traschall beobachtet werden soll, und der Steuerbe-
reich (26) dazu eingerichtet ist, die Vorspannung in
Synchronisation mit dem Sendesignal und entspre-
chend den Ultraschall-Kenndaten des durch die
Auswahleinheit (62) ausgewählten Organs oder  der
durch die Auswahleinheit (62) ausgewählten Stelle
des lebenden Körpers veränderbar zu steuern.

9. Ultraschall-Beobachtungsvorrichtung (1, 1B) nach
Anspruch 7, wobei der Steuerbereich (26) dazu ein-
gerichtet ist, eine veränderbare Steuerung so aus-
zuführen, dass bei einer höheren bestimmten und
eingestellten Frequenz der Wert der Vorspannung
in der Empfangsperiode zunimmt.

10. Ultraschall-Beobachtungsvorrichtung (1, 1B) nach
Anspruch 3, wobei der Steuerbereich (26), wenn der
Anzeigebereich bestimmt und eingestellt ist, dazu
eingerichtet ist, eine veränderbare Steuerung so
auszuführen, dass der Wert der Vorspannung in ei-
ner Empfangsperiode (Rb, Rc) entsprechend dem
bestimmten und eingestellten Anzeigebereich grö-
ßer ist als in einer Empfangsperiode, die nicht die
Empfangsperiode (Rb, Rc) ist.

11. Ultraschall-Beobachtungsvorrichtung (1, 1B) nach
Anspruch 7, die des Weiteren ein erstes Verbin-
dungsteil (8a) und ein zweites Verbindungsteil (8b)
aufweist, mit denen eine mechanische Abtast-Ultra-
schallsonde (2), die den kapazitiven, mikrobearbei-
teten Ultraschall-Wandler (9) beinhaltet, und eine
elektronische Abtast-Ultraschallsonde, die eine
Mehrzahl der kapazitiven, mikrobearbeiteten Ultra-
schall-Wandlern (9a, 9b, 9c, ... 9n) beinhaltet, wahl-
weise und abnehmbar verbunden sind,
wobei die Sendeeinheit (21, 21a - 21c) eine erste
Sendeeinheit (21), die das Sendesignal für den ka-
pazitiven, mikrobearbeiteten Ultraschall-Wandler
(9) zu erzeugen vermag, der in der mechanischen
Abtast-Ultraschallsonde (2) vorgesehen ist, und eine
zweite Sendeeinheit (21a - 21c) aufweist, die das
Sendesignal für die Vielzahl der kapazitiven, mikro-
bearbeiteten Ultraschall-Wandler (9a, 9b, 9c, ..., 9n)
zu erzeugen vermag, die in der elektronischen Ab-
tast-Ultraschallsonde (2B) vorgesehen sind; und
wobei die Empfangseinheit (23, 23a - 23c) eine erste
Empfangseinheit (23), die eine Signalverarbeitung
am Empfangssignal von dem kapazitiven, mikrobe-
arbeiteten Ultraschall-Wandler (9) auszuführen ver-
mag, der in der mechanischen Abtast-Ultraschall-
sonde (2) vorgesehen ist, und eine zweite Emp-
fangseinheit (23a - 23c) aufweist, die eine Signal-
verarbeitung am Empfangssignal von der Mehrzahl
der kapazitiven, mikrobearbeiteten Ultraschall-
Wandler (9a, 9b, 9c, ..., 9n) auszuführen vermag,
die in der elektronischen Abtast-Ultraschallsonde
(2B) vorgesehen sind.

12. Ultraschall-Beobachtungsvorrichtung (1, 1B) nach
Anspruch 11,
wobei die zweite Sendeeinheit (21a - 21c) eine vor-
gegebene Anzahl von Sendeschaltungen (21a - 21c)
aufweist, die eine vorgegebene Anzahl von Sende-
signalen zu erzeugen vermögen, wobei die vorge-
gebene Anzahl von Sendesignalen eine vorgegebe-
ne Anzahl von kapazitiven, mikrobearbeiteten Ultra-
schall-Wandlern gleichzeitig zu betreiben vermag,
und die vorgegebene Anzahl einer Zahl entspricht,
die gleich oder kleiner als eine Gesamtzahl von Ele-
menten in der Mehrzahl von kapazitiven, mikrobe-
arbeiteten Ultraschall-Wandlern (9a, 9b, 9c, ..., 9n)
ist;
wobei die zweite Empfangseinheit (23a - 23c) eine
vorgegebene Anzahl von Empfangsschaltungen
(23a - 23c) aufweist, die dazu eingerichtet sind, eine
gleichzeitige Signalverarbeitung an einer vorgege-
benen Anzahl von Empfangssignalen zu erlauben,
die durch eine vorgegebene Anzahl von kapazitiven,
mikrobearbeiteten Ultraschall-Wandlern empfan-
gen werden, und die vorgegebene Anzahl einer Zahl
entspricht, die gleich oder kleiner als die Gesamtzahl
von Elementen in der Mehrzahl von kapazitiven, mi-
krobearbeiteten Ultraschall-Wandlern (9a, 9b,
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9c, ..., 9n) ist.

13. Ultraschall-Beobachtungsvorrichtung (1, 1B) nach
Anspruch 1, die eine Empfindlichkeitsrangfolge-Ein-
stelleinheit (29i) aufweist, welche, wenn eine Ver-
stärkung größer als Eins für das Empfangssignal be-
stimmt und eingestellt ist, dazu eingerichtet ist, eine
Anhebung der Empfindlichkeit durch die Vorspan-
nung innerhalb eines annehmbaren Bereichs der
Vorspannung bereitzustellen mit Vorrang gegen-
über einer Anhebung der Verstärkung, die durch ei-
nen Verstärker (22, 22a - 22c) bereitgestellt wird, der
das Empfangssignal verstärkt.

14. Ultraschall-Beobachtungsvorrichtung (1, 1B) nach
Anspruch 7, die eine Empfindlichkeitsrangfolge-Ein-
stelleinheit (29i) aufweist, welche, wenn eine Ver-
stärkung größer als Eins für das Empfangssignal be-
stimmt und eingestellt ist, dazu eingerichtet ist, eine
Anhebung der Empfindlichkeit durch die Vorspan-
nung innerhalb eines annehmbaren Bereichs der
Vorspannung bereitzustellen mit Vorrang gegen-
über einer Anhebung der Verstärkung, die durch ei-
nen Verstärker (22, 22a - 22c) bereitgestellt wird, der
das Empfangssignal verstärkt.

Revendications

1. Appareil d’observation ultrasonore (1, 1B) auquel
une sonde ultrasonore (2, 2B) peut être connectée,
la sonde ultrasonore (2, 2B) comprenant un trans-
ducteur ultrasonore micro-usiné capacitif (9, 10)
dont la sensibilité peut être commandée conformé-
ment à une tension de polarisation appliquée, l’ap-
pareil d’observation ultrasonore (1, 1B)
comprenant :

une section de transmission (21, 21a à 21c) qui
est adaptée pour réaliser un traitement de signal
destiné à délivrer en sortie un signal de trans-
mission destiné à amener le transducteur ultra-
sonore micro-usiné capacitif (9, 10) à transmet-
tre des ultrasons, sur le transducteur ultrasono-
re micro-usiné capacitif (9, 10) ;
une section de réception (23, 23a à 23c) qui est
adaptée pour réaliser un traitement de signal
sur un signal de réception reçu par le transduc-
teur ultrasonore micro-usiné capacitif (9, 10),
pour afficher le signal de réception en tant
qu’image ultrasonore ;
une section de sortie de tension de polarisation
(24, 24a à 24c) qui est adaptée pour délivrer en
sortie de manière variable la tension de polari-
sation appliquée au transducteur ultrasonore
micro-usiné capacitif (9, 10) ;
une section d’établissement de mode image
(28) qui est adaptée pour désigner et établir un

mode image destiné à afficher une image ultra-
sonore correspondant à un balayage ultrasono-
re par le transducteur ultrasonore micro-usiné
capacitif (9, 10) ;
une section d’établissement de paramètre (29)
qui est adaptée pour désigner et établir un pa-
ramètre pour le traitement de signal sur le signal
de transmission ou le signal de réception reçu ;
une section opérationnelle (27) incluant la sec-
tion d’établissement de mode image (28) et la
section d’établissement de paramètre (29), la
section opérationnelle (27) délivrant en sortie un
signal de désignation correspondant à la dési-
gnation et à l’établissement du mode image et
du paramètre ; et
une section de commande (26) qui est adaptée
pour commander la tension de polarisation sur
la base du signal de désignation provenant de
la section opérationnelle (27),
dans lequel la section d’établissement de mode
image (28) est adaptée pour désigner et établir
un mode B pour imaginer et afficher une lumi-
nance correspondant à une position et à une
amplitude du signal de réception ou un mode
Doppler pour fournir un affichage comme une
image Doppler en utilisant un phénomène
Doppler ;
dans lequel la section d’établissement de para-
mètre (29) est adaptée pour désigner et établir
au moins l’un parmi un gain pour le signal de
réception, une plage d’affichage qui correspond
à une plage d’affichage dans laquelle l’image
ultrasonore est réellement affichée, une lon-
gueur focale pour les ultrasons transmis depuis
le transducteur ultrasonore micro-usiné capaci-
tif (9, 10) devant être focalisé, un nombre d’on-
des du signal de transmission lorsque le signal
de transmission est transmis dans le mode Dop-
pler, un type de balayage de la sonde ultraso-
nore (2, 2B), un nombre d’éléments de trans-
ducteurs ultrasonores micro-usinés capacitifs
(9, 10) simultanément attaqués si la sonde ul-
trasonore (2, 2B) est une sonde à balayage élec-
tronique, comme paramètre ; et
dans lequel la section de commande (26) est
adaptée pour commander la tension de polari-
sation en synchronisation avec le signal de
transmission et conformément à la désignation
et à l’établissement du mode image désigné par
la section d’établissement de mode image (28)
et du paramètre par la section d’établissement
de paramètre (29) ; et
dans lequel la section de commande (26) est
adaptée pour commander la tension de polari-
sation de sorte que la tension de polarisation
présente une valeur constante dans une période
de réception dans laquelle une distance depuis
le transducteur ultrasonore micro-usiné capaci-
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tif (9, 10) varie d’un champ proche à un champ
éloigné si le mode Doppler est désigné et établi,
et pour commander de manière variable une va-
leur de la tension de polarisation dans la période
de réception de façon à augmenter la valeur à
mesure que la distance varie du champ proche
au champ éloigné si le mode B est désigné et
établi par la section d’établissement de mode
image (28).

2. Appareil d’observation ultrasonore (1, 1B) selon la
revendication 1, dans lequel, si le mode Doppler est
désigné et établi via la section d’établissement de
mode image (28), la section de commande (26) est
adaptée pour établir de manière variable la tension
de polarisation conformément à la désignation et à
l’établissement du paramètre du nombre d’ondes du
signal de transmission provenant de la section d’éta-
blissement de paramètre (29).

3. Appareil d’observation ultrasonore (1, 1B) selon la
revendication 1, dans lequel, si le mode Doppler est
désigné et établi via la section d’établissement de
mode image (28), la section de commande (26) est
adaptée pour réaliser une commande variable de
sorte qu’à mesure que le nombre d’ondes du signal
de transmission conformément à la désignation et à
l’établissement du paramètre du nombre d’ondes du
signal de transmission provenant de la section d’éta-
blissement de  paramètre (29) diminue, une valeur
de la tension de polarisation dans la période de ré-
ception augmente.

4. Appareil d’observation ultrasonore (1, 1B) selon la
revendication 1, dans lequel, si le paramètre de la
longueur focale est désigné et établi via la section
d’établissement de paramètre (29), la section de
commande (26) est adaptée pour réaliser une com-
mande de sorte que la valeur de la tension de pola-
risation est plus importante dans une période de ré-
ception correspondant à une zone autour de la lon-
gueur focale incluant la longueur focale que dans
une période de réception pour une zone exceptée
la zone autour de la longueur focale.

5. Appareil d’observation ultrasonore (1, 1B) selon la
revendication 3, dans lequel, si le paramètre de la
longueur focale est désigné et établi via la section
d’établissement de paramètre (29), la section de
commande (26) est adaptée pour réaliser une com-
mande de sorte que la valeur de la tension de pola-
risation est plus importante dans une période de ré-
ception correspondant à une zone autour de la lon-
gueur focale incluant la longueur focale que dans
une période de réception pour une zone exceptée
la zone autour de la longueur focale.

6. Appareil d’observation ultrasonore (1, 1B) selon la

revendication 1, dans lequel la section d’établisse-
ment de paramètre (29) désigne et établit en outre
une fréquence du signal de transmission en tant que
paramètre, et la section de commande (26) est adap-
tée pour commander de manière variable la tension
de polarisation en synchronisation avec le signal de
transmission et conformément à la fréquence dési-
gnée et établie.

7. Appareil d’observation ultrasonore (1, 1B) selon la
revendication 3, dans lequel la section d’établisse-
ment de paramètre (29) désigne et établit en outre
une fréquence du signal de transmission en tant que
paramètre, et la section de commande (26) est adap-
tée pour commander de manière variable la tension
de polarisation en synchronisation avec le signal de
transmission et conformément à la fréquence dési-
gnée et établie.

8. Appareil d’observation ultrasonore (1, 1B) selon la
revendication 7, comprenant en outre une section
de mémoire qui est adaptée pour mémoriser une
pluralité d’organes ou de sites de corps vivant com-
me des tissus devant être observés en utilisant des
ultrasons, et de caractéristiques ultrasonores cor-
respondantes en association les uns avec les autres,
dans lequel la section  opérationnelle (27) est en
outre configurée pour inclure une section de sélec-
tion (62) qui est adaptée pour sélectionner un organe
ou un site de corps vivant destiné à être soumis à
une observation ultrasonore réelle, et la section de
commande (26) est adaptée pour commander de
manière variable la tension de polarisation en syn-
chronisation avec le signal de transmission et con-
formément aux caractéristiques ultrasonores de l’or-
gane ou du site de corps vivant sélectionné par la
section de sélection (62).

9. Appareil d’observation ultrasonore (1, 1B) selon la
revendication 7, dans lequel la section de comman-
de (26) est adaptée pour réaliser une commande
variable de sorte qu’à mesure que la fréquence dé-
signée et établie augmente, la valeur de la tension
de polarisation dans la période de réception aug-
mente.

10. Appareil d’observation ultrasonore (1, 1B) selon la
revendication 3, dans lequel, si la plage d’affichage
est désignée et établie, la section de commande (26)
est adaptée pour réaliser une commande variable
de sorte que la valeur de la tension de polarisation
est plus importante dans une période de réception
(Rb, Rc) correspondant à la plage d’affichage dési-
gnée et établie que dans une période de réception
autre que la période de réception (Rb, Rc).

11. Appareil d’observation ultrasonore (1, 1B) selon la
revendication 7, comprenant en outre une première
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partie de connexion (8a) et une deuxième partie de
connexion (8b) auxquelles une sonde ultrasonore à
balayage mécanique (2) incluant le transducteur ul-
trasonore micro-usiné capacitif (9) et une sonde ul-
trasonore à balayage électronique incluant une plu-
ralité de transducteurs ultrasonores micro-usinés
capacitifs (9a, 9b, 9c,... 9n) sont connectées de ma-
nière sélective et détachable,
dans lequel la section de transmission (21, 21a à
21c) comprend une première section de transmis-
sion (21) qui est adaptée pour générer le signal de
transmission pour le transducteur ultrasonore micro-
usiné capacitif (9) prévu dans la sonde ultrasonore
à balayage mécanique (2), et une deuxième section
de transmission (21a à 21c) qui est adaptée pour
générer le signal de transmission pour la pluralité de
transducteurs ultrasonores micro-usinés capacitifs
(9a, 9b, 9c,... 9n) prévus dans la sonde ultrasonore
à balayage électronique (2B) ; et
dans lequel la section de réception (23, 23a à 23c)
comprend une première section de réception (23)
qui est adaptée pour réaliser un traitement de signal
sur le signal de réception provenant du transducteur
ultrasonore micro-usiné capacitif (9) prévu dans la
sonde ultrasonore à balayage mécanique (2), et une
deuxième section  de réception (23a à 23c) qui est
adaptée pour réaliser un traitement de signal sur le
signal de réception provenant de la pluralité de trans-
ducteurs ultrasonores micro-usinés capacitifs (9a,
9b, 9c,... 9n) prévus dans la sonde ultrasonore à
balayage électronique (2B).

12. Appareil d’observation ultrasonore (1, 1B) selon la
revendication 11,
dans lequel la deuxième section de transmission
(21a à 21c) comprend un nombre prédéterminé de
circuits de transmission (21a à 21c) qui sont adaptés
pour générer un nombre prédéterminé de signaux
de transmission, le nombre prédéterminé de signaux
de transmission étant capables d’attaquer un nom-
bre prédéterminé de transducteurs ultrasonores mi-
cro-usinés capacitifs simultanément, le nombre pré-
déterminé étant un nombre égal ou inférieur à un
nombre total d’éléments dans la pluralité de trans-
ducteurs ultrasonores micro-usinés capacitifs (9a,
9b, 9c,... 9n) ;
dans lequel la deuxième section de réception (23a
à 23c) comprend un nombre prédéterminé de circuits
de réception (23a à 23c) qui sont adaptés pour per-
mettre un traitement de signal simultané sur un nom-
bre prédéterminé de signaux de réception reçus par
un nombre prédéterminé de transducteurs ultraso-
nores micro-usinés capacitifs, le nombre prédéter-
miné étant un nombre égal ou inférieur au nombre
total d’éléments dans la pluralité de transducteurs
ultrasonores micro-usinés capacitifs (9a, 9b, 9c,...
9n).

13. Appareil d’observation ultrasonore (1, 1B) selon la
revendication 1, comprenant une section d’établis-
sement de priorité de sensibilité (29i) qui si un gain
dépassant un est désigné et établi pour le signal de
réception, est adaptée pour délivrer une augmenta-
tion de sensibilité par la tension de polarisation à
l’intérieur d’une plage acceptable de la tension de
polarisation en priorité sur une augmentation de gain
fournie par un amplificateur (22, 22a à 22c) qui am-
plifie le signal de réception.

14. Appareil d’observation ultrasonore (1, 1B) selon la
revendication 7, comprenant une section d’établis-
sement de priorité de sensibilité (29i) qui si un gain
dépassant un est désigné et établi pour le signal de
réception, est adaptée pour délivrer une augmenta-
tion de sensibilité par la tension de polarisation à
l’intérieur d’une plage acceptable de la tension de
polarisation en priorité sur une augmentation de gain
fournie par un amplificateur (22, 22a à 22c) qui am-
plifie le signal de réception.
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