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(57) ABSTRACT

An ultrasonic probe includes ultrasonic oscillators each
having first and second electrodes, a first transmitting circuit
that is connected to the first electrode to transmit an elec-
trical signal to the ultrasonic oscillator, and a second trans-
mitting circuit that is connected to the second electrode to

(22) Filed: Oct. 30, 2006 transmit an electrical signal to the ultrasonic oscillator.
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ULTRASONIC PROBE AND ULTRASONIC
DIAGNOSTIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from prior Japanese Patent Applications
No. 2005-317651, filed Oct. 31, 2003, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to an ultrasonic probe
including a transmitting circuit mounted therein and an
ultrasonic diagnostic apparatus.

[0004] 2. Description of the Related Art

[0005] An ultrasonic probe including a 1.5 dimensional
array or a two dimensional array having elements larger than
the number of channels (for example, 128 channels) of an
ultrasonic diagnostic apparatus main body has been devel-
oped.

[0006] In JP-A-2000-33087, an example that processes
signals by dividing an ultrasonic oscillator into groups of a
plurality of sub arrays.

[0007] In the above ultrasonic probe, it has been studied
for disposing a transmitting circuit or a receiving circuit
corresponding to the respective oscillators in a probe handle,
bundling receiving signals by dividing the vibrates into
groups of a plurality of sub arrays in the probe handle and
not increasing the number of connecting signals to the
ultrasonic diagnostic apparatus main body.

[0008] For example, in a two dimensional array probe
including 3200 elements, when a group consists of 25
receiving elements, it is possible to control 3200 elements by
128 groups, and further possible to connect the main body
having 128 channels. Further. in the groups, the electronic
scan can be performed by minutely controlling a delay time
corresponding to a direction of a receiving beam.

[0009] The delay time is controlled by a transmitting beam
former provided in the probe handle and a high voltage pulse
is generated from a transmitting circuit provided in every
element. By using a serial bus between the device main body
and the transmitting beam former, it is possible to transfer
delay data and waveform data via a plurality of control lines.

[0010] However, in the ultrasonic probe that includes a
transmitting and receiving circuit in the probe handle, heat
generated due to a conversion loss of the ultrasonic oscil-
lator and the heat generated due to the power consumption
of the electronic circuit can not be avoided. Therefore, it is
required to reduce the amount of the generated heat. Further,
it is required to reduce the size and the weight of the probe
handle so as to prevent the fatigue caused when grasping for
a long time. Therefore, a small and low power consumption
circuit is used as an electronic circuit in the probe, and the
transmitting circuit is configured by a simple monopolar
pulse driving circuit.

[0011] The clinical demand on harmonic imaging having
a high resolution increases, and a method such as a pulse
inversion imaging method is preferably used. The pulse

1. Field of the Invention
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inversion imaging method transmits twice a signal whose
phase is shifted by 180 degrees and adds two echo signals on
the basis of the twice transmission to extract only a harmonic
component and then create an image.

[0012] However, since the general monopolar pulse driv-
ing circuit can not output a bipolar waveform, the pulse
inversion imaging method can not used. Therefore, when the
transmitting circuit is configured by the monopolar pulse
driving circuit, a harmonic imaging method that uses a
filtering method for removing a fundamental wave by the
high pass filter is used. In the filtering method, the trans-
mitting fundamental wave is uncontrollably removed, and
the image quality is worse than that of the pulse inversion
imaging method.

[0013] In JP-A-2004-89694, it is disclosed that an elec-
trode opposite to an electrode of an ultrasonic oscillator to
which a transmitting circuit is connected to a receiving
circuit so that the pulse inversion imaging method can be
used in the monopolar pulse driving circuit.

[0014] However, according to the configuration disclosed
in JP-A-2004-89694, due to the difference in the character-
istics of the P channel transistor, the N channel transistor and
probe cable, the rising time and the falling time are different
from each other. Therefore, the symmetrical property of the
sinusoidal wave becomes deteriorated.

[0015] According to the related art, when the monopolar
pulse driving is used, the bipolar waveform can not be
output. Even when the bipolar waveform is output, the
symmetrical property of the waveform is bad, and it is
difficult to obtain a higher quality image than that of the
pulse inversion imaging method.

BRIEF SUMMARY OF THE INVENTION

[0016] Accordingly, it is desired to transmit a bipolar
waveform that is driven as a monopolar pulse, and has an
excellent symmetrical property of the polarity.

[0017] An ultrasonic probe according to a first aspect of
this invention includes ultrasonic oscillators each having
first and second electrodes a first transmitting circuit that
transmits an electrical signal to the first electrode and a
second transmitting circuit that transmits an electrical signal
to the second electrode.

[0018] An ultrasonic diagnostic apparatus according to a
second aspect of this invention includes a ultrasonic probe
that transmits an ultrasonic wave and receives an ultrasonic
echo, and an image generating unit that generates an image
on the basis of the ultrasonic echo received by the ultrasonic
probe, wherein the ultrasonic probe includes ultrasonic
oscillators each having first and second electrodes a first
transmitting circuit that transmits an electrical signal to the
first electrode and a second transmitting circuit that trans-
mits an electrical signal to the second electrode.

[0019] An ultrasonic probe according to a third aspect of
this invention includes a piezoelectric element that radiates
an ultrasonic wave from an ultrasonic wave radiating surface
a first electrode that is provided on an ultrasonic wave
radiating surface of the piezoelectric element a second
electrode that is provided on a surface opposite to the
ultrasonic wave radiating surface of the piezoelectric ele-
ment a switching unit that switches between the first elec-
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trode and the second electrode with respect to a first poten-
tial point and a second potential point a transmitting control
unit that transmits ultrasonic waves having different phases
plural times by switching the switching unit to drive the
ultrasonic oscillators and a harmonic wave extracting unit
that extracts a harmonic receiving signal component with
respect to an ultrasonic fundamental wave at the time of
transmitting the ultrasonic waves, on the basis of a plurality
of ultrasonic echo signals obtained by transmitting ultra-
sonic waves plural times.

[0020] An ultrasonic diagnostic apparatus according to a
fourth aspect of this invention includes an a piezoelectric
element that radiates an ultrasonic wave from an ultrasonic
wave radiating surface a first electrode that is provided on an
ultrasonic wave radiating surface of the piezoelectric ele-
ment a second electrode that is provided on a surface
opposite to the ultrasonic wave radiating surface of the
piezoelectric element a switching unit that switches between
the first electrode and the second electrode with respect to a
first potential point and a second potential point a transmit-
ting control unit that transmits ultrasonic waves having
different phases plural times by switching the switching unit
to drive the ultrasonic oscillators and a harmonic wave
extracting unit that extracts a harmonic receiving signal
component with respect to an ultrasonic fundamental wave
at the time of transmitting the ultrasonic waves, on the basis
of a plurality of ultrasonic echo signals obtained by trans-
mitting ultrasonic waves plural times.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0021] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
embodiments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

[0022] FIG. 1 is a diagram showing a configuration of an
ultrasonic diagnostic apparatus according to a first embodi-
ment of this invention;

[0023] FIG. 2 is a timing chart showing a sequence that
transmits waveforms that are inverted at 180 degrees in first
and second transmitting processes in the first embodiment;

[0024] FIG. 3 is a view showing a path of a pulse current
in the oscillator set shown in FIG. 1;

[0025] FIG. 4 is a view showing a path of a pulse current
in the oscillator set shown in FIG. 1;

[0026] FIG.5isa view showing a path in the oscillator set
shown in FIG. 1 through which an echo signal flows;

[0027] FIG. 6 is a timing chart showing a modification of
a sequence transmitting a wave form that is inverted at 180
degrees in first and second transmitting processes in the first
embodiment;

[0028] FIG. 7 is a timing chart showing a modification of
a sequence transmitting a wave form that is inverted at 180
degrees in first and second transmitting processes in the first
embodiment;

[0029] FIG. 8 is a diagram showing a configuration of an
ultrasonic diagnostic apparatus according to a second
embodiment of this invention;
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[0030] FIG. 9 is a diagram showing a configuration of an
ultrasonic diagnostic apparatus according to a third embodi-
ment of this invention,

[0031] FIG. 10 is a diagram showing a configuration of an
ultrasonic diagnostic apparatus according to a fourth
embodiment of this invention; and

[0032] FIG. 11 is a timing chart showing a modification of
a sequence transmitting a wave form that is inverted at 180
degrees in first and second transmitting processes in the
fourth embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

[0033] Preferred embodiments of this invention will be
described with reference to accompanying drawings.

First Embodiment

[0034] FIG. 1 is a diagram showing a configuration of an
ultrasonic diagnostic apparatus according to a first embodi-
ment of this invention.

[0035] The ultrasonic diagnostic apparatus according to
the first embodiment includes a main body 100 and an
ultrasonic probe 200.

[0036] The main body 100 includes a system controller 1,
a beam former 2, a scan converter 3, and a display device 4.
The ultrasonic probe 200 includes a transmitting beam
former 5, a sub array beam former 6, and a plurality of
oscillator sets 7.

[0037] The system controller 1 transmits delay data and
transmitting waveform data to the transmitting beam former
5. The transmitting beam former 5 controls the plurality of
oscillator sets 7 so as to form a predetermined ultrasonic
beam on the basis of the delay data and the transmitting
waveform data.

[0038] The sub array beam former 6 minutely delays and
adds echo signals output from the plurality of oscillator sets
7 in sub groups formed by dividing the plurality of oscillator
sets 7 into a plurality of groups. The sub array beam former
6 transmits the added echo signal obtained for every sub
group to the beam former 2. The beam former 2 delays and
adds all added echo signal obtained for every sub group to
obtain an echo signal relating to a predetermined receiving
beam. Further, the beam former 2 extracts a harmonic wave
component from the echo signal, when applying a pulse
inversion imaging method. That is, the beam former 2 adds
two echo signals on the basis of two transmission processes
in which phases are shifted by 180 degrees and offset a
fundamental wave to extract the harmonic wave component.
The scan converter 3 converts the echo signal obtained by
the beam former 2 into data suitable for displaying on the
display device 4. The display device 4 displays an ultrasonic
image on the basis of the data converted by the scan
converter 3.

[0039] The plurality of oscillator sets 7 have the same
configuration. That is, each of the oscillator sets 7 includes
an ultrasonic oscillator 71, first to fourth transistors 72-1 to
72-4, driving circuits 74-1 and 74-2, first to fourth diodes
73-1 to 73-4, and a receiving amplifier 75.

[0040] Each of the ultrasonic oscillators 71 includes first
and second electrodes 71a and 715, and emits an ultrasonic
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wave according to the change in voltage applied between the
two electrodes. The first electrode 71a is disposed on an
ultrasonic wave radiating surface of the ultrasonic oscillator
and the second electrode 715 is disposed on a surface
opposite to ultrasonic wave radiating surface of the ultra-
sonic oscillator. The ultrasonic oscillators 71 provided in the
plurality of oscillator sets 7 are arranged to form a 1.5
dimensional array or a two dimensional array.

[0041] The first transistor 72-1 is disposed between a
potential point P1 whose voltage is Vpp and the first
electrode 7la. The second transistor 72-2 is disposed
between a potential point P2 that is a ground potential and
the first electrode 71a. The third transistor 72-3 is disposed
between the potential point P1 and the second electrode 715.
The fourth transistor 72-4 is disposed between a potential
point P3 that is a ground potential and the second electrode
71b. Gates of the first and second transistors 72-1 and 72-2
are connected to the driving circuit 74-1. Gates of the third
and fourth transistors 72-3 and 72-4 are connected to the
driving circuit 74-2. All of the first to fourth transistors 72-1
to 72-4 are formed of the same elements. In detail, the first
to fourth transistors 72-1 to 72-4 have the same character-
istics. In this embodiment, the same type of P channel
transistors may be used.

[0042] Both the first and second diodes 73-1 and 73-2 are
disposed between the potential point P2 and the second
transistor 72-2. The first and second diodes 73-1 and 73-2
are reversely parallel to each other. Both the third and fourth
diodes 73-3 and 73-4 are disposed between the potential
point P3 and the fourth transistor 72-4. The third and fourth
diodes 73-3 and 73-4 are reversely parallel to each other.

[0043] A control signal output from the transmitting beam
former 5 1s input to the driving circuits 74-1 and 74-2. The
driving circuit 74-1 transmits driving signals S1 and S2 to
the first and second diodes 73-1 and 73-2 on the basis of the
control signal. The driving circuit 74-2 transmits driving
signals S3 and S4 to the third and fourth diodes 73-3 and
73-4 on the basis of the control signal.

[0044] The receiving amplifier 75 is a differential ampli-
fier circuit and includes two input terminals. One of the input
terminals is connected to the first electrode 71a via the
second transistor 72-2. The other input terminal is connected
to the second electrode 715 via the fourth transistor 72-4.
That is, the echo signal received by the ultrasonic oscillator
71 is input to the receiving amplifier 75 via the second and
fourth transistors 72-2 and 72-4. The receiving amplifier 75
amplifies the echo signal and then transmits to the sub array
beam former 6.

[0045] Next, the operation of the ultrasonic diagnostic
apparatus as constructed above will be described. The dif-
ference between the operations of this ultrasonic diagnostic
apparatus and the conventional one is in the driving opera-
tion of the ultrasonic oscillator 71 when transmitting and
receiving the ultrasonic wave. Hereinafter, the driving
operation will be described and the description of the other
operation will be omitted.

[0046] FIG. 2 is a timing chart showing a sequence that
transmits waveforms that are inverted at 180 degrees in first
and second transmitting processes.

[0047] In a period Pa for a time T from a timing point t1
when the first transmitting process starts, the driving circuits
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74-1 and 74-2 make the driving signals S1 and S4 be high
levels and the driving signals S2 and S3 be low levels. The
time T corresponds to a % wavelength. For example, when
the frequency of the ultrasonic oscillator is 2 MHz, the time
T is 250 nsec. The first transistor 72-1 and the fourth
transistor 72-4 are turned on. In this case, as shown in FIG.
3, a pulse current flows from the potential point P1 to the
potential point P3 via the first transistor 72-1, the ultrasonic
oscillator 71, the fourth transistor 72-4, and the fourth diode
73-4.

[0048] 1In a period Pb for a time T from a timing point t2
that the period Pa is terminated, the driving circuits 74-1 and
74-2 make the driving signals S2 and S3 be high levels and
the driving signals S1 and S4 be low levels. The second
transistor 72-2 and the third transistor 72-3 are turned on. In
this case, as shown in FIG. 4, a pulse current flows from the
potential point PI to the potential point P2 via the third
transistor 72-3, the ultrasonic oscillator 71, the second
transistor 72-2, and the first diode 73-1.

[0049] As described above, during the period Pa and Pb,
even though the same voltage is applied to the ultrasonic
oscillator 71, the directions of the pulse currents are reversed
to each other. Therefore, as seen from the waveform of the
transmitting sound pressure shown in FIG. 2, the polarities
of the sound output are opposite to each other in the periods
Pa and Pb.

[0050] In periods Pc and Pf when the sound is not output,
the driving circuits 74-1 and 74-2 make the driving signals
S2 and S4 be high levels and the driving signals S1 and S3
be low levels. The second transistor 72-2 and the fourth
transistor 72-4 are turned on. In this case, as shown in FIG.
5, an echo signal generated from an ultrasonic echo received
by the ultrasonic oscillator 71 is input to the receiving
amplifier 75 via the second transistor 72-2 or the fourth
transistor 72-4. The first to fourth diodes 73-1 to 73-4 input
the echo signal from the ultrasonic oscillator 71 to the
receiving amplifier 75 in a high impedance mode. That is,
the first to fourth diodes 73-1 to 73-4 serve as T/R switches.

[0051] In aperiod Pd for a time T from a timing point t3
when the second transmitting process starts, the driving
circuits 74-1 and 74-2 make the driving signals S2 and S3 be
high levels and the driving signals S1 and S4 be low levels.
Therefore, the state in the period Pd is the same as in the
period Pb.

[0052] In a period Pe for a time T from a timing point t4
that the period Pd is terminated, the driving circuits 74-1 and
74-2 make the driving signals S1 and S4 be high levels and
the driving signals S2 and S3 be low levels. Therefore, the
state in the period Pe is the same as in the period Pa. Further,
as seen from the waveform of the transmitting sound pres-
sure shown in FIG. 2, the phases of the sound output are
inverted at 180 degrees to each other in the periods Pa and
Pb and the periods Pd and Pe.

[0053] According to the first embodiment, since all of the
driving signals S1 to S4 output from the driving circuits 74-1
and 74-2 are monopolar pulses, the sound output may have
a bipolar waveform shown in FIG. 2, and the phase of the
bipolar waveform may be inverted at 180 degrees. There-
fore, even when transmitting any of waveforms whose phase
are shifted by 180 degrees from each other, since the
transistors that form a rising curve of the waveform have the
same characteristics, the symmetrical property of the both
waveforms is excellent.
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[0054] In the imaging method that performs harmonic
imaging by two transmitting and receiving processes, the
symmetrical property of the transmitting waveform that is
inverted at 180 degrees has a large influence on the image
quality. Therefore, according to the ultrasonic diagnostic
apparatus of the first embodiment, it is possible to improve
the image quality at the time of the harmonic imaging.

[0055] For example, in a monopolar driving circuit
according to the related art, in order to output the transmit-
ting voltage of 100 Vp-p, the required power supply voltage
is 100 V. However, in the first embodiment, the required
power supply voltage is only 50 V. Further, in order to output
the transmitting voltage of 100 Vp-p also from the bipolar
driving circuits, two types of voltage supplies of +50 V and
-50 V are required in the related art. But, in this embodi-
ment, only one voltage supply of 50 V is sufficient. That is,
according to the first embodiment, the voltage output of the
power supply circuit is preferably half of the peak value of
the transmitting voltage.

[0056] Further, when the transmitting voltage is 100 Vp-p,
a withstanding voltage of transistors of 100 V or more is
required to form the monopolar driving circuit according to
the related art. But, according to the first embodiment,
withstanding voltages of the first to fourth transistors 72-1 to
72-4 are preferably 50 V. That is, according to the first
embodiment, the withstanding voltages of the first to fourth
transistors 72-1 to 72-4 are preferably half of the peak value
of the transmitting voltage. When the power supply voltage
is half of the peak value, the current is half of the peak value.
Therefore, it is possible to use cheap and small elements as
the first to fourth transistors 72-1 to 72-4.

[0057] Referring to FIG. 6, when the driving circuits 74-1
and 74-2 make the driving signals S1 and S4 be high levels
in the first transmitting process, and make only the driving
signals S2 and S3 be high levels in the second transmitting
process, a broadband pulse having a positive wave in the
first transmitting process and a negative wave in the second
transmitting process can be inverted at 180 degrees to be
transmitted.

[0058] Further, referring to FIG. 7, when the driving
circuits 74-1 and 74-2 generate pulse width modulated
pulses as driving signals, it is possible to transmit a limited
harmonic wave and assign functions to every transmitting
channel to wait the transmission.

Second Embodiment

[0059] FIG. 8 is a diagram showing a configuration of an
ultrasonic diagnostic apparatus according to a second
embodiment of this invention. In FIG. 8, the same elements
as elements of FIG. 1 are not shown or denoted by the same
reference numerals. Further, the detailed description thereof
will be omitted. The ultrasonic diagnostic apparatus accord-
ing to the second embodiment is different from that of the
first embodiment in that oscillator sets 8 are provided as
substitute for the oscillator sets 7. Therefore, in FIG. 8, the
configuration of only one oscillator set 8 is shown.

[0060] Each of the oscillator sets 8 includes an ultrasonic
oscillator 71, first to fourth transistors 72-1 to 72-4, driving
circuits 74-1 and 74-2, first and second diodes 73-1 and
73-2, and a receiving amplifier 75.
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[0061] That is, in the oscillator set 8, the third and fourth
diodes 73-3 and 73-4 of the oscillator set 7 are omitted, and
the fourth diode 72-4 is directly connected to a potential
point P3.

[0062] Therefore, an output of the receiving amplifier 75
is fed back to an inverting input terminal of the receiving
amplifier 75, and a non-inverting input terminal of the
receiving amplifier 75 is connected to the first electrode 71a
via the second transistor 72-2.

[0063] Even though the oscillator sets 7 are substituted by
the oscillator sets 8 having the above configuration, the same
effect as the first embodiment can be obtained.

[0064] Detection of the receiving echo can be realized also
by one side input to the receiving amplifier 75 as shown in
FIG. 8.

Third Embodiment

[0065] FIG. 9 is a diagram showing a configuration of an
ultrasonic diagnostic apparatus according to a third embodi-
ment of this invention. In FIG. 9, the same elements as
elements of FIG. 1 are not shown or denoted by the same
reference numerals. Further, the detailed description thereof
will be omitted. The ultrasonic diagnostic apparatus accord-
ing to the third embodiment is different from that of the first
embodiment in that oscillator sets 9 are provided as substi-
tute for the oscillator sets 7. Therefore, in FIG. 9, the
configuration of only one oscillator set 9 is shown.

[0066] Each of the oscillator sets 9 includes an ultrasonic
oscillator 71, first to fourth transistors 72-1 to 72-4, driving
circuits 74-1 and 74-2, first to fourth diodes 73-1 to 73-4, a
receiving amplifier 75, capacitors 91-1 and 91-2, and resis-
tors 92-1 and 92-2.

[0067] That is, in the oscillator set 9, the capacitors 91-1
and 91-2, and the resistors 92-1 and 92-2 are added to the
configuration of the oscillator set 7. The capacitors 91-1 and
91-2 are disposed between the second and fourth diodes
72-2 and 72-4 and two input terminals of the receiving
amplifier 75, respectively. The resistors 92-1 and 92-2 are
disposed between the two input terminals of the receiving
amplifier 75 and a ground potential point.

[0068] In the oscillator set 9, the first electrode 71a is
connected to a potential point P4 whose voltage is Vnn via
the second transistor 72-2, the first and second diode 73-1
and 73-2. The second electrode 71a is connected to a
potential point P4 via the fourth transistor 72-4, the third and
fourth diode 73-3 and 73-4. The voltage Vnn has a value
different from that of the voltage Vpp.

[0069] With this configuration, excepting that two types of
voltage supplies are required, it is possible to obtain the
same effect as the first embodiment.

[0070] Further, the echo signal is sent to the receiving
amplifier 75 via an alternate current coupling configured by
the capacitor 91-1 and the resistor 92-1 or the capacitor 91-2
and the resistor 92-2. Fourth embodiment FIG. 10 is a
diagram showing a configuration of an ultrasonic diagnostic
apparatus according to a fourth embodiment of this inven-
tion. In FIG. 10, the same elements as elements of F1G. 1 are
not shown or denoted by the same reference numerals.
Further, the detailed description thereof will be omitted. The
ultrasonic diagnostic apparatus according to the fourth



US 2007/0106159 A1

embodiment is different from that of the first embodiment in
that oscillator sets 10 are provided as substitute for the
oscillator sets 7. Therefore, in FIG. 10, the configuration of
only one oscillator set 10 is shown.

[0071] Each of the oscillator sets 10 includes an ultrasonic
oscillator 71, first to sixth transistors 72-1 to 72-6, first to
fourth diodes 73-1 to 73-4, driving circuits 74-3 and 74-4,
and a receiving amplifier 75.

[0072] That is, in the oscillator set 10, the fifth and sixth
transistors 72-5 and 72-6 are added to the configuration of
the oscillator set 7, and the driving circuits 74-1 and 74-2 are
substituted by the driving circuits 74-3 and 74-4.

[0073] The fifth transistor 72-5 is disposed between a
potential point P5 whose voltage is Vnn and the first
electrode 71a. The sixth transistor 72-6 is disposed between
the potential point P5 and the second electrode 715. Gates of
the first, second and fifth transistors 72-1, 72-2, and 72-5 are
connected to the driving circuit 74-3. Gates of the third,
fourth and sixth transistors 72-3, 72-4, and 72-6 are con-
nected to the driving circuit 74-4. The elements of the first
to fourth transistors 72-1 to 72-4 are the same as those of the
fifth and sixth transistors 72-5 and 72-6. The polarity of the
voltage Vn is opposite to the polarity of the voltage Vpp.

[0074] A control signal output from a transmitting beam
former 5 is input to the driving circuit 74-3 and 74-4. The
driving circuit 74-3 transmits driving signals S1, S2 and S5
to the first, second and fifth diodes 73-1, 73-2, and 73-5 on
the basis of the control signal. The driving circuit 74-4
transmits driving signals S3, S4, and S6 to the third, fourth,
and sixth diodes 73-3, 73-4, and 73-6 on the basis of the
control signal.

[0075] Next, the operation of the ultrasonic diagnostic
apparatus as constructed above will be described. The dif-
ference between the operations of this ultrasonic diagnostic
apparatus and the conventional one is the driving operation
of the ultrasonic oscillator 71 when transmitting the ultra-
sonic wave. Hereinafter, the driving operation will be
described and the description of the other operation will be
omitted.

[0076] FIG. 11 is a timing chart showing a sequence that
transmits waveforms that are inverted at 180 degrees in first
and second transmitting processes.

[0077] 1Ina period Pg for a time T from a timing point t11
when the first transmitting process starts, the driving circuits
74-3 and 74-4 make the driving signals S1 and S4 be high
levels and the other driving signals S2, S3, S5, and S6 be low
levels. Therefore, the first transistor 72-1 and the fourth
transistor 72-4 are turned on. In this case, a pulse current
flows from the potential point P1 to the potential point P3 via
the first transistor 72-1, the ultrasonic oscillator 71, the
fourth transistor 72-4, and the fourth diode 73-4, which is
same as FIG. 3.

[0078] Ina period Ph for a time T from a timing point t12
that the period Pg is terminated, the driving circuits 74-3 and
74-4 make the driving signals S4 and S5 be high levels and
the other driving signals S1, S2, S3, and S6 be low levels.
The fourth transistor 72-4 and the fifth transistor 72-5 are
turned on. In this case, a pulse current flows from the
potential point P5 to the potential point P3 via the fifth
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transistor 72-5, the ultrasonic oscillator 71, the fourth tran-
sistor 72-4, and the fourth diode 73-4.

[0079] As described above, during the periods Pg and Ph,
even though the directions of the pulse currents in the
ultrasonic oscillator 71 are equal to each other, the polarities
of voltages that are applied to the ultrasonic oscillator 71 are
opposite to each other. Therefore, as seen from the wave-
form of the transmitting sound pressure shown in FIG. 11,
the polarities of the sound output are opposite to each other
in the periods Pg and Ph.

[0080] Inperiods Piand Pm when the sound is not output,
the driving circuits 74-3 and 74-4 make the driving signals
S2 and S4 be high levels and the other driving signals S1, S3,
5, and S6 be low levels. The second transistor 72-2 and the
fourth transistor 72-4 are turned on, which is the same as in
FIG. 5.

[0081] In a period Pj for a time T from a timing point t13
when the second transmitting process starts, the driving
circuits 74-3 and 74-4 make the driving signals S2 and S3 be
high levels and the other driving signals S1, S4, S5, and S6
be low levels. The second transistor 72-2 and the third
transistor 72-3 are turned on. In this case, a pulse current
flows from the potential point P1 to the potential point P2 via
the third transistor 72-3, the ultrasonic oscillator 71, the
second transistor 72-2, and the first diode 73-1, which is the
same as FIG. 4.

[0082] Ina period Pk for a time T from a timing point t14
that the period Pj is terminated, the driving circuits 74-3 and
74-4 make the driving signals S2 and S6 be high levels and
the other driving signals S1, S3, S4, and S5 be low levels.
Therefore, the second transistor 72-2 and the sixth transistor
72-6 are turned on. In this case, a pulse current flows from
the potential point P5 to the potential point P2 via the sixth
transistor 72-6, the ultrasonic oscillator 71, the second
transistor 72-2, and the first diode 73-1.

[0083] As described above, during the periods Pj and Pk,
even though the directions of the pulse currents in the
ultrasonic oscillator 71 are equal to each other, the polarities
of voltages that are applied to the ultrasonic oscillator 71 are
opposite to each other. Therefore, as seen from the wave-
form of the transmitting sound pressure shown in FIG. 11,
the polarities of the sound output are opposite to each other
in the periods Pj and Pk.

[0084] Therefore, during the periods Pj and Pk, the direc-
tions of the pulse currents are reversed to those of the
periods Pg and Ph and the changed amount of applied
voltage is same as that of the periods Pg and Ph. As a result,
as seen from the waveform of the transmitting sound pres-
sure shown in FIG. 11, the phases of the sound output are
inverted at 180 degrees to each other in the periods Pg and
Ph and the periods Pj and Pk.

[0085] Therefore, according to the fourth embodiment,
since all of the driving signals S1 to S6 output from the
driving circuits 74-3 and 74-4 are monopolar pulses, the
sound output may have a bipolar waveform shown in FIG.
11, and the phase of the bipolar waveform may be inverted
at 180 degrees. Therefore, even when transmitting any of
waveforms whose phases are shifted by 180 degrees from
each other, since the transistors that form a rising curve of
the waveform have the same characteristics, the symmetrical
property of the both waveforms is excellent.
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[0086] The following modifications with respect to the
above embodiments can be made.

[0087] Some of circuits mounted in an ultrasonic probe
200 can be provided in the main body 100. For example, it
is possible to connect signals output from both poles of the
ultrasonic oscillator 71 to the main body, and to provide
circuits other than the ultrasonic oscillator 71 in the main
body 100.

[0088] The first and third transistors 72-1 and 72-3 may be
connected to different potential points whose voltage is Vpp.
The fifth and sixth transistors 72-5 and 72-6 may be con-
nected to different potential points whose voltage is Vnn.

[0089] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
present invention in its broader aspects is not limited to the
specific details and representative embodiments shown and
described herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the
general inventive concept as defined by the appended claims
and their equivalents.

What is claimed is:
1. An ultrasonic probe comprising:

ultrasonic oscillators each having first and second elec-
trodes;

a first transmitting circuit that transmits an electrical
signal to the first electrode; and

a second transmitting circuit that transmits an electrical
signal to the second electrode.
2. The ultrasonic probe according to claim 1,

wherein the first and second transmitting circuits have
substantially same characteristics.
3. The ultrasonic probe according to claim 1,

wherein the first transmitting circuit includes a first
switching element connected between a first power
supply and the first electrode and a second switching
element connected between a second power supply or
a ground potential point and the first electrode, and

the second transmitting circuit includes a third switching
element connected between the first power supply and
the second electrode and a fourth switching element
connected between a second power supply or a ground
potential point and the second electrode.
4. The ultrasonic probe according to claim 3, further
comprising:

a receiving circuit whose input terminal is connected to
the first or second electrode via any one of the first and
second switching elements or any one of the third and
fourth switching elements.

5. The ultrasonic probe according to claim 3, further

comprising:

a differential receiving circuit whose two input terminals
are connected to the first and second electrodes via one
of the first and second switching elements and one of
the third and fourth switching elements.

6. The ultrasonic probe according to claim 1,

wherein a plurality of the ultrasonic oscillators are
arranged in a two dimensional array shape and a
plurality of the first transmitting circuits and a plurality
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of the second transmitting circuits are provided so as to
correspond to each of the ultrasonic oscillators.
7. An ultrasonic diagnostic apparatus, comprising:

a ultrasonic probe that transmits an ultrasonic wave and
receives an ultrasonic echo, and

an image generating unit that generates an image on the
basis of the ultrasonic echo received by the ultrasonic
probe,

wherein the ultrasonic probe includes:

ultrasonic oscillators each having first and second elec-
trodes;

a first transmitting circuit that transmits an electrical
signal to the first electrode; and

a second transmitting circuit that transmits an electrical
signal to the second electrode.
8. The ultrasonic diagnostic apparatus according to claim

wherein the first transmitting circuit includes a first
switching element connected between a first power
supply and the first electrode and a second switching
element connected between a second power supply or
a ground potential point and the first electrode, and

the second transmitting circuit includes a third switching
element connected between the first power supply and
the second electrode and a fourth switching element
connected between a second power supply or a ground
potential point and the second electrode.

9. The ultrasonic diagnostic apparatus according to claim

8, further comprising:

a driving circuit that turns on the first switching element
and the third switching element during a transmitting
period of the first transmitting circuit, and turns on the
second switching element and the fourth switching
element during a transmitting period of the second
transmitting circuit.

10. The ultrasonic diagnostic apparatus according to

claim 7, further comprising:

a transmitting control unit that transmits ultrasonic waves
having different phases plural times by switching
between the first transmitting circuit and the second
transmitting circuit to drive the ultrasonic oscillators,
and

a harmonic wave extracting unit that extracts a harmonic
receiving signal component with respect to an ultra-
sonic fundamental wave at the time of transmitting
ultrasonic wave, on the basis of a plurality of ultrasonic
echo signals obtained by transmitting ultrasonic waves
plural times.

11. The ultrasonic diagnostic apparatus according to claim

wherein a plurality of the ultrasonic oscillators are
arranged in a two dimensional array shape and a
plurality of the first transmitting circuits and a plurality
of the second transmitting circuits are provided so as to
correspond to each of the ultrasonic oscillator.

12. An ultrasonic probe, comprising:

a piezoelectric element that radiates an ultrasonic wave
from an ultrasonic wave radiating surface;
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a first electrode that is provided on an ultrasonic wave
radiating surface of the piezoelectric element;

a second electrode that is provided on a surface opposite
to the ultrasonic wave radiating surface of the piezo-
electric element;

a switching unit that switches between the first electrode
and the second electrode with respect to a first potential
point and a second potential point;

a transmitting control unit that transmits ultrasonic waves
having different phases plural times by switching the
switching unit to drive the ultrasonic oscillators; and

a harmonic wave extracting unit that extracts a harmonic
receiving signal component with respect to an ultra-
sonic fundamental wave at the time of transmitting the
ultrasonic waves, on the basis of a plurality of ultra-
sonic echo signals obtained by transmitting ultrasonic
waves plural times.

13. An ultrasonic diagnostic apparatus, comprising:

a piezoelectric element that radiates an ultrasonic wave
from an ultrasonic wave radiating surface;
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a first electrode that is provided on an ultrasonic wave
radiating surface of the piezoelectric element;

a second electrode that is provided on a surface opposite
to the ultrasonic wave radiating surface of the piezo-
electric element;

a switching unit that switches between the first electrode
and the second electrode with respect to a first potential
point and a second potential point;

a transmitting control unit that transmits ultrasonic waves
having different phases plural times by switching the
switching unit to drive the ultrasonic oscillators; and

a harmonic wave extracting unit that extracts a harmonic
receiving signal component with respect to an ultra-
sonic fundamental wave at the time of transmitting the
ultrasonic waves, on the basis of a plurality of ultra-
sonic echo signals obtained by transmitting ultrasonic
waves plural times.



patsnap

TREBHR(OF) B 7 R R Sk R 75 R 12 (X
[F(2E)F US20070106159A1 [ (r&)B 2007-05-10
BiES US11/554417 RiEH 2006-10-30

FRIBREEFRAGE) IWAMAET
i (E R AGR) IWAMAS 1T

HAHRBEEIR)ARE) KAt RZ
REZETRENT

[#RI&Z B A IWAMA NOBUYUKI

REAA IWAMA, NOBUY UKI
IPCHEE A61B8/14

CPCH¥%(= B06B1/023

i £ 2005317651 2005-10-31 JP
H 20 FF 32k usS8030822

SNEBEEHE Espacenet  USPTO
RE(GR)

~-200

BERRLEESEAEAE - NE R MWEBF IR | EEIE -
BRARBRESEAIBERIRTRNE —CRER  URERIE-
BRAMEREFHNE—ARER. E5IBFERIKERSH.

~5 wp

1

SYSTEM CONTROLLER

Py T2 733 "3>75_‘ r

HINHOH Wv3d
HILHIANOD NYIS
J0IA3C AVdSIA

[umnuoawvaa s ans | [uaneos wvas LS J

o
o
re



https://share-analytics.zhihuiya.com/view/94586536-a113-4009-8841-fddbc69f4f0f
https://worldwide.espacenet.com/patent/search/family/038042926/publication/US2007106159A1?q=US2007106159A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220070106159%22.PGNR.&OS=DN/20070106159&RS=DN/20070106159

