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Description
Technical Field

[0001] The present invention relates to an ultrasonic
probe apparatus and an ultrasonic diagnostic apparatus
which perform ultrasonic observation and diagnosis us-
ing a capacitive micromachined ultrasonic transducer
which is pivotably supported at an end of an insertion
section inserted into the body cavity.

Background Art

[0002] Prime importance is being placed on an ultra-
sonic diagnostic technology whereby for example, for-
ceps of an endoscope are inserted, an ultrasonic trans-
ducermounting partis caused to stick out atan end there-
of, make contact with body tissues, for example, a stom-
ach wall and thereby visualize information on the depth
of the stomach wall, for example, a layered structure of
the mucous membrane by means of ultrasound waves
with high resolution.

[0003] On the other hand, a harmonic imaging diag-
nosis using a harmonic signal is becoming a standard
diagnostic modality in recent years because it can obtain
a clear diagnostic image which could not be obtained by
a conventional B mode diagnosis.

[0004] The harmonic imaging diagnosis can be clas-
sified under two categories; (1) a tissue harmonic imag-
ing method of separating, when an ultrasound wave is
propagating in a body, harmonics superimposing on a
fundamental ultrasound wave under the nonlinear influ-
ence of the body tissue using various methods and con-
structing an image using this signal and (2) a contrast
harmonic imaging method of injecting contrast medium
bubbles into the body, receiving harmonics produced at
the moment bubbles burst or resonate through irradiation
of transmission ultrasound waves, separating harmonics
superimposed on fundamental ultrasound waves using
various methods and constructing an image using this
signal.

[0005] All these methods are proven to have such a
high S/N that cannot be obtained from a conventional B
mode tomogram and be able to obtain a diagnosticimage
with high resolution, thus contributing to improvement of
the accuracy of medical diagnostics.

[0006] As for an ultrasonic transducer which is used
for a conventional extracorporeal harmonic imaging di-
agnostic apparatus, for example, an identical transmis-
sion/reception dual-function ultrasonic transducer has
been used for both transmission of fundamental waves
and reception of harmonics. It is also possible to adopt
a structure whereby an echo of an ultrasonic pulse re-
flected from a body tissue is received through an ultra-
sonic transducer provided apart from the one for trans-
mission.

[0007] Since the signal level of a harmonic signal is
much smaller than that of a fundamental wave, it is nec-
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essary to efficiently remove a fundamental wave compo-
nent involved in deterioration of a harmonic image. For
this purpose, a publicly known harmonic component (es-
pecially second-order harmonic component) extraction
technology is used.

[0008] As an ultrasonic transducer, a capacitive mi-
cromachined ultrasonic transducer obtained by forming
on a silicon semiconductor substrate using silicon mi-
cromachine technology is becoming a focus of attention
in addition to a conventional piezoelectric type ultrasonic
transducer.

[0009] As examples of prior arts of the capacitive mi-
cromachined ultrasonic transducer, National Publication
of International Patent Application No. 2004-503312 and
National Publication of International Patent Application
No. 2004-503313 disclose the following. That is, each of
a plurality of capacitive micromachined ultrasonic trans-
ducers (hereinafter abbreviated as "c-MUT") has a
charged diaphragm and this charged diaphragm faces
an oppositely charged substrate so as to produce a ca-
pacitance in between. This diaphragm is attracted to the
substrate with bias charge. This substrate has a central
part which rises toward the center of the diaphragm so
that the charge of a cell has a maximum density in the
center of the movement of the diaphragm. For a harmonic
operation, a drive pulse applied to the cell is distorted
beforehand in view of a nonlinear operation of the appa-
ratus to reduce mixing of a distortion component of a
transmission signal into a harmonic frequency band. A
transmission ultrasound wave into which this distortion
component has been mixed contains a high frequency
component from the beginning, and therefore it is impos-
sible to distinguish whether the received high frequency
component detected is the high frequency component
mixed from the beginning or the high frequency compo-
nent is originated from the body. Since the c-MUT cell
can be worked on through a conventional semiconductor
process, it can be united with an auxiliary transducer cir-
cuit such as a bias charge regulator. The c-MUT cell can
be further processed through micro stereo lithography,
and therefore the cell can be formed using a variety of
polymers and other substances.

[0010] The c-MUT generally requires not only a RF
pulse signal but also a DC bias voltage to generate an
ultrasound wave during both transmission and reception.
Thatis, the c-MUT generates a signal composed of a DC
bias voltage superimposed on a RF pulse signal, applies
the signal to the c-MUT and thereby transmits/receives
ultrasound waves.

[0011] However, the c-MUT has the following prob-
lems. First, relatively high voltages (e.g., 100 V) are ap-
plied as the DC bias voltage and the RF pulse signal all
the time, and therefore the operating effective voltage
increases and when a type of the c-MUT that is inserted
into the body cavity is assumed, there are dimensional
limitations unlike the one for use outside the body and
the size needs to be reduced, and moreover the trans-
mission sensitivity is lower than that of a piezoelectric
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type ultrasonic transducer, the invasion depth of an ul-
trasound wave is low and the diagnostic region is nar-
rowed, making it difficult for harmonics to be produced
and making it impossible to take advantage of the wide-
band characteristic which is a feature of the c-MUT.
[0012] On the other hand, using a harmonic imaging
technology requires an ultrasonic transducer having a
wideband characteristic, and since the ¢c-MUT has a
wideband characteristic, it is suitable for a harmonic im-
aging diagnosis.

[0013] Therefore, in view of the above described prob-
lems or the like, it is an object of the present invention to
provide an ultrasonic probe apparatus and an ultrasonic
diagnostic apparatus using a c-MUT, operating a low op-
erating effective voltage, usable in the body cavity, hav-
ing high sensitivity and high depth-reaching capability,
applicable to a harmonic imaging diagnosis and with little
deterioration of the transducer.

Disclosure of the Invention

[0014] The ultrasonic probe apparatus according to
the present invention is an ultrasonic probe apparatus
which applies a RF pulse signal with a DC bias signal
superimposed thereon to a ¢c-MUT and transmits/re-
ceives an ultrasound wave, including bias adjustment
means provided for a transmission control system for ad-
justing a voltage value of the DC bias signal and frequen-
cy band pass filtering processing means provided for a
reception control system, which has a plurality of different
frequency band pass filtering characteristics including at
least those for a low pass filtering and a high pass filtering
and can select any one of the frequency band pass fil-
tering characteristics.

[0015] Inthe presentinvention, the plurality of different
frequency band pass filtering characteristics are three
frequency band pass filtering characteristics of a low fre-
quency band pass filtering characteristic, a high frequen-
cy band pass filtering characteristic and an intermediate
frequency band pass filtering characteristic which is in-
termediate between the low frequency band pass filtering
characteristic and the high frequency band pass filtering
characteristic.

[0016] Itis preferable to further include means for con-
trolling a voltage setting of the bias adjustment means in
conjunction with a frequency band pass filtering charac-
teristic selection of the frequency band pass filtering
processing means.

[0017] For example, the frequency band pass filtering
processing means is set to a low frequency band pass
filtering characteristic when the DC bias voltage is set to
be low and the frequency band pass filtering processing
means is set to a high frequency band pass filtering char-
acteristic when the DC bias voltage is set to be high.
[0018] Since the present applicant has experimentally
discovered that changing a DC bias voltage causes the
peak frequency (frequency at which the amplitude level
becomes a maximum) of a transmission ultrasound wave
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to change, the present invention uses this result. That is,
when a DC bias voltage is set to be low by a transmission
control system and a frequency band pass filtering
processing means is set to a low frequency band pass
filtering characteristic by the reception control system,
an ultrasound wave of a low frequency component is sent
and received (corresponding to Fig. 1A), and therefore
it is possible to observe the depth of a body tissue while
keeping sensitivity. On the other hand, when the DC bias
voltage is set to be high by the transmission control sys-
tem and the frequency band pass filtering processing
means is set to a high frequency band pass filtering char-
acteristic by the reception control system, an ultrasound
wave of a high frequency component is sent and received
(corresponding to Fig. 1C), and therefore it is possible to
perform an observation with increased resolution in a
near acoustic field.

[0019] Furthermore, in the present invention, the c-
MUT has an array structure made up of a plurality of
transducer elements, and comprises means for selecting
transmission transducer elements from the plurality of
array transducer element groups, drive means for apply-
ing a drive signal to each of the selected transmission
transducer elements, transmission delay means for per-
forming scanning with a transmission ultrasonic beam,
means for selecting reception transducer elements from
the plurality of array transducer element groups, ampli-
fication means for amplifying a reception signal from each
of the selected reception transducer elements, frequency
band pass filtering processing means for performing fre-
quency band pass filtering processing, analog/digital sig-
nal conversion means, beam synthesis means for syn-
thesizing a plurality of reception signals, image construct-
ing means and image display means.

[0020] The drive signal from the drive means is pref-
erably a pulse signal composed of a DC pulse signal
superimposed on a RF pulse signal.

[0021] According to the presentinvention, the DC bias
voltage is not applied all the time, but a drive pulse signal
composed of the DC pulse voltage superimposed on a
RF pulse signal is applied to the c-MUT with considera-
tion for a reduction of an operating effective voltage.
[0022] In the present invention, the DC pulse signal
draws a curve similar to a Gaussian function or a COS
function on a rising edge and a falling edge.

[0023] In this way, the DC pulse signal draws a curve
similar to a Gaussian function or a COS function on a
rising edge and/or afalling edge, and can thereby provide
a gentle inclination, prevent a precipitously high voltage
from adding to the c-MUT and prevent the capacitative
transducer from deteriorating, preventing the life thereof
from becoming short.

[0024] In the present invention, the RF pulse signal is
a spike-shaped pulse.

[0025] A sine pulse wave is normally used as the RF
pulse signal, but a spike pulse may be used and super-
imposed on the DC pulse signal instead. By adjusting
the DC bias component in this case, too, it is possible to
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obtain an amplitude characteristic dependent on the DC
bias voltage, spectral characteristic and amplitude char-
acteristic at each peak of the low frequency component
and the high frequency component as in the case where
a sine wave shaped pulse wave is used.

[0026] Furthermore, in the present invention, the volt-
age setting of the bias adjustment means and the fre-
quency band characteristic selection of the frequency
band pass filtering processing means are successively
changed, ultrasonic reception data obtained for each
change is temporarily stored in storage means, the data
are synthesized and image constructing means con-
structs an ultrasonic diagnostic image signal.

[0027] In the voltage setting of the bias adjustment
means, the frequency band pass filtering processing
means selects a low frequency band pass filtering char-
acteristic when selecting a low voltage setting and the
frequency band pass filtering processing means selects
a high frequency band pass filtering characteristic when
setting a high voltage.

[0028] Furthermore, in the voltage setting of the bias
adjustment means, the means for selecting a transmis-
siontransducer element selects a transmission transduc-
er element disposed in the vicinity of the periphery of an
ultrasonic transmission opening when selecting a low
voltage setting and the means for selecting a transmis-
sion transducer element selects a transmission transduc-
er element disposed in the vicinity of a central part of the
ultrasonic transmission opening when selecting a high
voltage setting.

[0029] According to the presentinvention, the DC bias
voltage is decreased so that an ultrasound wave of the
low frequency component is transmitted from the trans-
ducer element on the circumference of the opening of
the c-MUT and the DC bias voltage is controlled to be
high so that the ultrasound wave of the high frequency
component is transmitted from the transducer element
of the central part of the opening. Itis possible to maintain
sensitivity in the deep part at a low frequency, increase
resolution in a near acoustic field at a high frequency and
obtain a sound field with high sensitivity (that is, high
sound pressure) up to the deep part synthesizing both
over the entire opening.

[0030] Inthe above described configurations, it is pos-
sible to realize an ultrasonic probe apparatus using a c-
MUT, operating on a low operating effective voltage, us-
able in the body cavity, having a high degree of depth
reaching capability with high sensitivity, applicable to a
harmonic imaging diagnosis and with little deterioration
of the transducer.

[0031] The ultrasonic probe apparatus of the present
invention is a capacitative ultrasonic probe apparatus in-
cluding drive signal generation means for applying a RF
pulse signal with a DC bias voltage superimposed ther-
eon to an c-MUT, an ultrasound wave being transmitted/
received through the application of the drive signal,
wherein means for supplying the DC bias voltage com-
prises means for outputting a DC pulse signal at a pre-
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determined period and controlling pulse generation tim-
ing, pulse width and pulse voltage of the DC pulse signal.
[0032] According to the present invention, instead of
applying a DC bias voltage to the capacitative ultrasonic
probe apparatus all the time, a drive pulse with a DC
pulse voltage superimposed on a RF pulse signal is ap-
plied thereto. This reduces an operating effective voltage
and is also convenient from the standpoint of safety man-
agement.

[0033] Furthermore, in the ultrasonic probe apparatus
of the present invention, the drive signal generation
means generates a double pulse signal combining a first
superimposed pulse signal composed of a RF pulse sig-
nal superimposed on a DC pulse signal with one polarity
and a second superimposed pulse signal composed of
a RF pulse signal having the same shape as that of the
RF pulse signal used to form the first superimposed pulse
signal superimposed on a DC pulse signal having a po-
larity opposite to the polarity of the DC pulse signal used
to form the first superimposed pulse signal in such a way
that the two signals appear one after another with a pre-
determined time interval.

[0034] The presentinvention uses a technique where-
by a double pulse combining a pulse with a RF pulse
signal superimposed on a positive DC bias signal and a
pulse with a RF pulse signal superimposed on a negative
DC bias signal is used as a drive pulse, a preceding pulse
of a reception echo signal of the ultrasonic pulse (this,
too, is a double pulse) is temporarily stored in a memory,
and both pulses are added up at the same time as a
following pulse is generated to thereby separate a har-
monic component and construct an image, and this tech-
nique can be used for a harmonic imaging diagnosis.
[0035] Furthermore, the ultrasonic probe apparatus of
the presentinvention includes a c-MUT assembled using
a micromachine technology, drive control means con-
structed substantially integral therewith and signal trans-
mission means for exchanging signals.

[0036] According tothe presentinvention, itis possible
toreduce the size of the apparatus and use the apparatus
in the body cavity.

[0037] Furthermore, according to the ultrasonic diag-
nostic apparatus of the present invention, the ultrasonic
probe apparatus includes a c-MUT assembled using a
micromachine technology, drive control means con-
structed substantially integral therewith and signal trans-
mission means for exchanging signals, and the ultrasonic
diagnostic apparatus is constructed of this ultrasonic
probe apparatus and a main apparatus which processes
an output signal from the ultrasonic probe apparatus,
constructs an image signal and displays an ultrasonic
diagnostic image of the interior of the body cavity. The
ultrasonic probe apparatus is, for example, a radial scan-
ning array type transducer which performs scanning with
an ultrasonic beam around the insertion axis in the body
cavity.

[0038] According tothe presentinvention, itis possible
to realize an ultrasonic diagnostic apparatus using a c-
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MUT, operating on a low operating effective voltage, us-
able in the body cavity and also applicable to a harmonic
imaging diagnosis.

[0039] Inthe above described configurations, it is pos-
sible to realize an ultrasonic probe apparatus and an ul-
trasonic diagnostic apparatus using a c-MUT, operating
on a low operating effective voltage, usable in the body
cavity and also applicable to a harmonic imaging diag-
nosis.

Brief Description of the Drawings
[0040]

Fig. 1A illustrates an amplitude level characteristic
on the time axis of an ultrasonic pulse transmitted
when a transmission DC bias voltage applied to a c-
MUT is set to a low voltage area and a spectral char-
acteristic thereof;

Fig. 1B illustrates an amplitude level characteristic
on the time axis of an ultrasonic pulse transmitted
when a transmission DC bias voltage applied to a c-
MUT is set to a medium voltage area and a spectral
characteristic thereof;

Fig. 1C illustrates an amplitude level characteristic
on the time axis of an ultrasonic pulse transmitted
when a transmission DC bias voltage applied to a ¢c-
MUT is set to a high voltage area and a spectral
characteristic thereof;

Fig. 2 illustrates an amplitude characteristic versus
a variation in a DC bias voltage and an amplitude
characteristic at each peak frequency in a low fre-
quency componentand a high frequency component
created based on Figs. 1A to 1C;

Fig. 3 is a circuit diagram of a measurement circuit
when measuring the characteristics in Figs. 1Ato 1C;
Fig. 4 is a block diagram showing the configuration
of an ultrasonic probe apparatus according to a first
embodiment of the present invention;

Fig. 5 is a block diagram showing the configuration
of the filter circuit in Fig. 4;

Fig. 6 is a waveform diagram of a drive pulse signal
which is applied to the c-MUT from the drive circuit;
Fig. 7 is a block diagram showing the configuration
of an ultrasonic probe apparatus according to a sec-
ond embodiment of the present invention;

Fig. 8 is waveform diagram showing another exam-
ple of the drive pulse signal which is applied to the
c-MUT from the drive circuit;

Fig. 9 is a waveform diagram showing a further ex-
ample of the drive pulse signal which is applied to
the c-MUT from the drive circuit;

Fig. 10 is a cross-sectional view of a c-MUT which
is applied to an ultrasonic probe apparatus according
to a third embodiment of the present invention;

Fig. 11illustrates the configuration of a transmission/
reception isolated type c-MUT;

Fig. 12illustrates the configuration of a transmission/
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reception dual-function type c-MUT;

Fig. 13 shows a waveform of the c-MUT drive signal
according to the third embodiment of the present in-
vention;

Fig. 14 is a block diagram showing the configuration
of the ultrasonic probe apparatus using a c-MUT ar-
ray according to the third embodiment of the present
invention;

Fig. 15 is a waveform diagram of a control pulse sig-
nal and c-MUT element drive signal illustrating the
operation of Fig. 14;

Fig. 16 is awaveform diagram illustrating a harmonic
extraction technology;

Fig. 17 is a waveform diagram showing a modifica-
tion example of the c-MUT element drive signal;
Fig. 18 is waveform diagram showing another mod-
ification example of the c-MUT element drive signal;
and

Fig. 19 is a block diagram showing the configuration
of an ultrasonic diagnostic apparatus according to a
fourth embodiment of the present invention.

Best Mode for Carrying Out the Invention

[0041] With reference now to the attached drawings,
embodiments of the present invention will be explained
below.

<First embodiment>

[0042] Figs. 1A to 1C illustrate a variation in the am-
plitude level (shown by solid line) on the time axis of an
ultrasonic pulse transmitted when atransmission DC bias
voltage applied to a c-MUT is changed from low to me-
dium and high and a frequency characteristic (spectrum,
shown by dotted line) on the frequency axis obtained by
applying a Fourier transform to a real-time waveform
thereof. Here, these are measured values when the
transmission DC bias voltage is changed while assuming
that the reception DC bias voltage is 0. The present ap-
plicant has experimentally confirmed that reception is
possible even when the reception DC bias voltage is 0.
[0043] Fig. 2 illustrates a variation of the peak level of
the amplitude in a real-time waveform and a variation of
the amplitude level at each peak frequency (frequency
at which the amplitude level becomes a maximum) of the
low frequency component and the high frequency com-
ponent when the DC bias voltage on the horizontal axis
is changed.

[0044] Fig. 3 shows a circuit diagram of the measure-
ment circuit when performing measurement shownin Fig.
1A to Fig. 1C.

[0045] In Fig. 3, reference numeral 301 denotes a
transmission/reception dual-function c-MUT, 302 de-
notes a DC voltage cut-off capacitor, 303 denotes a trans-
mission/reception switchover switch, 304 denotes a var-
iable DC bias voltage power supply, 305 denotes a drive
signal input terminal and 306 denotes a drive signal, 307
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denotes a reception signal output terminal, 308 denotes
areception signal, 309 denotes a transmission ultrasonic
pulse and 310 denotes a reception ultrasonic pulse. The
measurements in Figs. 1A to 1C are conducted by meas-
uring the signal amplitude of the ultrasonic pulse 309
transmitted when using a RF pulse signal with a prede-
termined frequency and amplitude as the transmission
input signal 306 and changing the DC bias voltage power
304.

[0046] Fig. 1Ashowsacase where an ultrasoundwave
is transmitted/received with the DC bias voltage set to 0
for both transmission and reception. A solid line 102 in-
dicates the amplitude level with the horizontal axis ex-
pressing a time scale, a dotted line 101 indicates the
amplitude level with the horizontal axis expressing a fre-
quency. The spectral waveform 101 shown by dotted line
is obtained by applying a Fourier transform to the signal
waveform 102 on the time axis and converting it to a
waveform on the frequency axis. In Fig. 1A, the frequency
at which the amplitude of the spectrum waveform 101
becomes a maximum (hereinafter, referred to as a "peak
frequency") is relatively low on the frequency axis.
[0047] Fig. 1B shows a case where the transmission
DC bias voltage is increased a little compared to Fig. 1A
and when the transmission DC bias voltage is increased
little by little, the waveform amplitude level of the signal
on the time axis shown by the solid line becomes a min-
imum at a certain point. A solid line 113 of Fig. 1B shows
a state when the waveform amplitude level of the signal
on the time axis becomes a minimum. Even when the
waveform amplitude level becomes a minimum, it does
not mean that ultrasonic vibration is not obtained at all,
but a certain degree of amplitude is obtained. When a
spectrum obtained by applying a Fourier transform to this
is observed, the spectrum is as shown by dotted lines
111 and 112. When the part 111 indicated by dotted line
(low frequency part) is compared to the part 101 indicated
by dotted line (low frequency part) in Fig. 1A, the part
corresponding to 101 remains as the part indicated by
reference numeral 111 and at the same time, the level
ofthe high frequency partindicated by reference numeral
112 has increased.

[0048] Fig. 1C shows acase where the DC bias voltage
is further increased and the peak level at the part (low
frequency part) indicated by reference numerals 101 and
111 in Fig. 1A and Fig. 1B relatively decreases and in
contrast to this, the part corresponding to the part (high
frequency part) 112 shown in Fig. 1B becomes a high
level as indicated by reference numeral 122. In this way,
when the DC bias voltage is changed, the spectrum in-
dicated with dotted line on the frequency axis changes
as shown in Figs. 1A to 1C. Fig. 2 shows this situation
with the DC bias voltage expressed on the horizontal axis.
[0049] Fig. 2 shows the DC bias voltage on the hori-
zontal axis and a variation of the amplitude or the ampli-
tude level at a peak frequency on the vertical axis. Solid
line 201 shows a variation of peak voltages (amplitudes)
of a signal on the time axis such as 102, 113 and 123 in
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Figs. 1A to 1C according to the variation of the DC bias
voltage. In contrast, the curve shown by thin dotted line
202 shows the amplitude level at peak frequencies 101,
111 and 121 of the low frequency component on the fre-
quency axis in Figs. 1A to 1C, while the curve shown by
thick dotted line 203 shows the amplitude level at peak
frequencies 112 and 122 of the high frequency compo-
nent. In this way, the mode in which the peak level of the
low frequency component and the peak level of the high
frequency component change varies depending on the
DC bias voltage.

[0050] Therefore, changing a frequency distribution
(spectrum) by changing the DC bias voltage and using
a high frequency component for some cases and using
a low frequency component in other cases may provide
convenience when constructing an ultrasonic image as
shown below.

[0051] When a low frequency component is output
from a transducer element in the vicinity of the periphery
of the opening of the ultrasonic transducer and a high
frequency component is output from the vicinity of the
central part of the opening, sensitivity is kept in a deep
part at a low frequency and resolution can be increased
in a near acoustic field at a high frequency, and therefore
itis possible to obtain a sound field having high sensitivity
up to the deep part synthesizing both over the entire
opening.

[0052] Fig. 4 shows the configuration of an ultrasonic
probe apparatus according to the first embodiment of the
present invention.

[0053] The ultrasonic probe apparatus in Fig. 4 is pro-
vided with transducer elements 1-1 to 1-m which consti-
tute a c-MUT, a keyboard 2 as operation means which
can select a transmission/reception mode, an electronic
switch circuit 3 which switches between transmission and
reception, drive circuits 4-1 to 4-m which generate drive
signals to drive m transducer elements respectively,
transmission delay circuit 5-1 to 5-m which receive RF
pulse signals and function as transmission beam formers
which generate RF pulse signals given a time difference
by performing time delay control on each of the m trans-
ducer elements, bias regulators 6-1 to 6-m for generating
a low voltage DC bias voltage in such a way as to be
regulatable, a waveform generator 7 for generating a low
voltage RF pulse signal and supplying it to the above
described transmission delay circuit 5-1 to 5-m, a control
section 8 which can send out a control signal, amplifiers
(Amp) 9-1 to 9-n which amplify a reception signal (echo
signal), a frequency band pass filtering processing sec-
tion 10 made up of a plurality of filter circuits 10-1 to 10-
n having different frequency band pass filtering charac-
teristics, A/D converters 11-1 to 11-n for converting sig-
nals to digital signals, a beam synthesizing circuit 12
which synthesizes a plurality of signals into one signal,
a digital scan converter (DSC) 13 as image constructing
means for imaging, a monitor 14 as a display device (im-
age display means) and a frequency band pass control
section 15.
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[0054] The drive circuits 4-1 to 4-m have the function
of superimposing time delay controlled low voltage RF
pulse signals input from the transmission delay circuits
5-1 to 5-m on low voltage DC bias voltages input from
the bias regulators 6-1 to 6-m, thereby generating low
voltage drive signals and then amplifying these signals
to generate and output high voltage drive signals. Here,
the "low voltage" means a low voltage equal to or less
than 10V, while the "high voltage" means a high voltage
of approximately 150 to 200 V.

[0055] The keyboard 2, drive circuits 4-1 to 4-m, trans-
mission delay circuit 5-1 to 5-m, bias regulators 6-1 to 6-
m, waveform generator 7, control section 8 and frequen-
cy band pass control section 15 constitute a transmission
control system. Furthermore, the amplifiers 9-1 to 9-n,
frequency band pass filtering processing section 10, A/D
converters 11-1 to 11-n, beam synthesizing circuit 12,
digital scan converter (DSC) 13 and monitor 14 constitute
a reception control system.

[0056] As for the relationship between reference char-
acters m and n, 1 to m are used for the transducer ele-
ments and the transmission control system circuits, 1 to
n are used for the reception control system circuits, and
there is a relationship of m>n. As for the transducer ele-
ments 1-1 to 1-m, transmission is performed using all m
pieces during transmission and reception is performed
using only n of m pieces during reception. Therefore, m
circuits are involved in each circuit of a transmission op-
eration during transmission in the transmission control
system, while n circuits are involved in a reception oper-
ation in each circuit of the reception control system.
[0057] The array of c-MUT elements may be an array
of the ultrasonic transducer elements at the opening of
the ultrasonic transducer made up of the transducer el-
ements 1-1 to 1-m or may be an array of the respective
ultrasonic transducer elements in the periphery and cen-
tral part of the opening. The electronic switch circuit 3 is
needed to switch between transmission and reception.
The drive circuits 4-1 to 4-m supply the high-voltage drive
pulse signals with a DC bias voltage added to the RF
pulse signals to the same number of transducer elements
as the drive circuits 4-1 to 4-m. The electronic switch
circuit 3 selects m transducer elements and inputs drive
pulse signals from the m drive circuits 4-1 to 4-m in the
case of transmission, and selects n transducer elements
and outputs reception signals from n transducer ele-
ments in the case of reception.

[0058] The transmission delay circuit 5-1 to 5-m are
means for focusing an ultrasonic beam on a point of an
object to be observed and correspond to beam forming
for transmission. The beam synthesizing circuit 12 is
used for beam forming for reception.

[0059] The bias regulators 6-1 to 6-m generate low
voltage DC bias voltages in such a way as to be regulat-
able and the waveform generator 7 is the circuit which
generates low voltage RF pulse signals. Low voltage sig-
nals are used at the waveform generator 7, bias regula-
tors 6-1 to 6-m and transmission delay circuit 5-1 to 5-
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m, and the interior of each drive circuit4-1to4-mreceives
a low voltage signal from the preceding section, adds up
the DC bias voltage from the bias regulator 6-1 to 6-m
and the RF pulse signal from the transmission delay cir-
cuit 5-1 to 5-m in a low voltage condition, amplifies this
addition signal and outputs it as a high voltage signal.
[0060] As described above, by changing the DC bias
voltage, it is possible to change the frequency spectrum
of the ultrasound wave, and therefore a DC bias voltage
is set at the bias regulators 6-1 to 6-m to specifically gen-
erate a spectrum and filtering that matches the spectrum
is performed during reception in accordance with the
spectrum. When, for example, a DC bias voltage is set
to a relatively high value to generate a high frequency
component signal, the filter circuits making up the fre-
quency band pass filtering processing section 10 select
a high pass filter (HPF) for passing a high frequency area
of the reception signal, while when a DC bias voltage is
set to a relatively low value to generate a low frequency
component signal, the filter circuits making up the fre-
quency band pass filtering processing section 10 select
a low pass filter (LPF) for passing a low frequency area
of the reception signal. In this way, a frequency pass
band (referred to as a "frequency band pass filtering char-
acteristic") of the filter circuits making up the frequency
band passfiltering processing section 10 on the receiving
side is selected in conjunction with the level of the DC
bias voltage. The plurality of signals which have passed
through the plurality of filter circuits 10-1 to 10-n making
up the frequency band pass filtering processing section
10 are converted to a plurality of digital signals respec-
tively at the A/D converters 11-1 to 11-n, supplied to the
beam synthesizing circuit 12 and synthesized into a sin-
gle signal. The single signal obtained at the beam syn-
thesizing circuit 12 is converted to an image by the digital
scan converter (DSC) 13 and then presented, that is,
displayed on the monitor 14.

[0061] In Fig. 4, the A/D converters 11-1 to 11-n are
provided after the frequency band pass filtering process-
ing section 10, but the positions of the A/D converters
need not be after the frequency band pass filtering
processing section 10. For example, the A/D converters
11-1 to 11-n may be provided after the amplifiers 9-1 to
9-n and the plurality of filter circuits 10-1 to 10-n making
up the frequency band pass filtering processing section
10 may be constructed of n digital filter circuits.

[0062] The frequency band pass filtering processing
section 10 is provided with n filter circuits 10-1 to 10-n,
the number of which is equivalent to the number of trans-
ducer elements received, and one filter circuit of which,
for example, the filter circuit 10-n is constructed as shown
in Fig. 5.

[0063] The filter circuit 10-n shown in Fig. 5 is con-
structed of three kinds of filters 17-1, 17-2 and 17-3 of
different frequency band passing and multiplexers 16-1
and 16-2 provided on the input side and the output side
of these three kinds of filters 17-1, 17-2 and 17-3 respec-
tively to select one of the three kinds of filters 17-1, 17-2
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and 17-3. The two multiplexers 16-1 and 16-2 are con-
trolled by a control signal from the frequency band pass
control section 15 so as to select the input/output of the
same filter at the same time from among the three kinds
of filters 17-1, 17-2 and 17-3. The frequency band of the
three kinds of filters 17-1, 17-2 and 17-3 may be a low
pass filter LPF or high pass filter HPF or band pass filter
BPF which is an intermediate frequency band between
the low-frequency band and the high-frequency band.
For the filter circuit 10-n, a signal from the amplifier 9-n
which corresponds to the transducer element 1-nis input
to the multiplexer 16-1, passes through any one of the
three kinds of filters 17-1, 17-2 and 17-3 selected by the
control signal from the frequency band pass control sec-
tion 15, passes through the multiplexer 16-2 and is output
to the following A/D converter 11-n. The same applies to
the other filter circuits 10-1 to 10-n-1, too.

[0064] The operation of the first embodiment of the
present invention will be explained with reference to Fig.
1 to Fig. 5.

[0065] The operator selects a mode of transmitting/
receiving an ultrasound wave from the keyboard 2 and
sends transmission/reception mode information to the
control section 8. The control section 8 sends out the
above mentioned transmission/reception information to
the frequency band pass control section 15 as a control
signal. The frequency band pass control section 15 sends
out a selection signal for selecting a voltage value of the
DC bias signal which corresponds to the above men-
tioned control signal to the bias regulators 6-1 to 6-m and
sends out a selection signal for selecting a filter which
corresponds to the above mentioned control signal to the
filter circuits 10-1 to 10-n of the frequency band pass
filtering processing section 10 at the reception section.
[0066] Here, the selection of a transmission/reception
mode will be explained. The frequency band of the trans-
mission pulse of the c-MUT can be changed by adjusting
the DC bias voltage as described in Fig. 1 and Fig. 2.
When a low bias is applied to the transmission signal as
shown in Fig. 1A, it is possible to transmit an ultrasound
wave having a peak in the low frequency area. By in-
creasing the above described bias voltage, it is possible
to transmit an ultrasound wave having a high-frequency
component as shown in Fig. 1B. When the bias voltage
is further increased, it is possible to transmit an ultra-
sound wave having a wideband characteristic as shown
in Fig. 1C.

[0067] Transmission of an ultrasonic signal according
to the region to be observed is performed using a varia-
tion in the frequency band of the transmission ultrasound
waveform caused by a variation in the bias voltage ap-
plied to the transmission RF pulse signal.

[0068] For example, to observe a region located in a
relatively deep part, the bias voltages of the bias regula-
tors 6-1 to 6-m in Fig. 4 are set so as to have the trans-
mission frequency band of Fig. 1A and the frequency
band pass filtering processing section 10 in Fig. 4 selects
such a filter that includes a peak in the low-frequency
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area. Furthermore, in a mode in which priority is given to
resolution, the bias voltages of the bias regulators 6-1 to
6-m in Fig. 4 are set so as to have a transmission fre-
quency band in Fig. 1B and the frequency band pass
filtering processing section 10 in Fig. 4 selects a filter
having a wideband characteristic. When catching har-
monics represented by "harmonic", the bias voltages of
the bias regulators 6-1 to 6-m are set so as to have the
transmission frequency band in Fig. 1C and the frequen-
cy band pass filtering processing section 10 in Fig. 4 se-
lects a filter having a frequency band that can extract
only the high-frequency component. Here, the case
where the same sound beam is processed in a single
transmission is explained, but it is also possible to suc-
cessively switch (change) the above described voltage
setting of the bias regulators 6-1 to 6-m in Fig. 4 and
frequency band pass filtering characteristic selection of
the frequency band pass filtering processing section 10
in Fig. 4 for each transmission in a mode in which the
same sound beam is transmitted a plurality of times. For
example, it is possible to carry out a first transmission of
the same sound beam with the frequency band in Fig.
1A, a second transmission with the frequency band in
Fig. 1B and extract only harmonics by differentiating the
received data obtained. In these operations, a buffer
memory is necessary as storage means for temporarily
storing received data obtained in each transmission.
[0069] To realize these operations, the filter circuit 10-
nin Fig. 5 selects any one filter out of the group of filters
17-1 to 17-3 using the multiplexer (MUX) 16-1 and mul-
tiplexer (MUX) 16-2 according to the control signal sent
from the frequency band pass control section 15 in Fig.
4 above.

[0070] Returning to the explanationin Fig. 4, when the
start of transmission/reception is instructed from the key-
board 2, a transmission trigger signal is sent from the
control section 8 to the waveform generator 7, a trans-
mission signal (RF pulse signal) is output from the wave-
form generator 7, the bias regulators 6-1 to 6-m apply
the bias voltages set by the above described frequency
band pass control section 15 to a transmission signal,
the transmission delay circuits 5-1 to 5-m add a delay to
the transmission signal whose bias voltage is regulated
so as to form an arbitrary focus on a patient, the drive
circuits 4-1 to 4-m amplify the signal, the electronic switch
circuit 3 switches between the transducer elements to be
driven and, for example, the transducer elements 1-1 to
1-m radiate ultrasound waves into the body of the patient.
The ultrasound waves reflected from the radiation target
are received by the transducer elements 1-1 to 1-n,
switched to the reception control system by the electronic
switch circuit 3, amplified by the amplifiers 9-1 to 9-n,
introduced into the filter circuits 10-1 to 10-n of the fre-
quency band pass filtering processing section 10, pass
through a filter of the set frequency band, converted to
digital signals by the A/D converters 11-1 to 11-n, syn-
thesized into a beam by the beam synthesizing circuit
12, converted to an image signal by the DSC 13 where
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an image is built, and the image is displayed on the mon-
itor 14.

[0071] In the first embodiment in Fig. 4, through the
combination of the bias regulators (6-1 to 6-m) and the
frequency band pass filtering processing section 10,
when the bias regulators 6-1 to 6-m are indicating a low
voltage bias, the frequency band pass filtering process-
ing section 10 selects a filter according to the instruction
from the frequency band pass control section 15 so that
the LPF operates. In this setting, the electronic switch
circuit 3 makes a selection so that a drive voltage is ap-
plied to the transducers in the periphery (=periphery area
of the opening) of the array of the array transducers, and
as for the reception signal, the transmission/reception
signal (low frequency component) from the periphery of
the opening is also handled. This signal provides a deep
penetration diagnostic image signal which penetrates to
deep area.

[0072] On the other hand, when the bias regulators
(6-1 to 6-m) are indicating a high voltage bias, the fre-
quency band pass filtering processing section 10 selects
a filter according to the instruction from the frequency
band pass control section 15 so that the HPF operates.
In this setting, the electronic switch circuit 3 makes a
selection so that a drive voltage is applied to the trans-
ducer in the central part (=central part of the opening) of
the array of the array transducers, and as for the recep-
tion signal, the transmission/reception signal (high fre-
quency component) from the central part of the opening
is also handled. This signal does not reach a deep part
but provides a high resolution diagnostic image in a near
acoustic field.

[0073] Fig. 6 shows a waveform diagram of the drive
pulse signal which is applied to the c-MUT from the above
described drive circuits 4-1 to 4-m.

[0074] The DC bias voltage generation means at each
of the drive circuits 4-1 to 4-m generates a DC bias com-
ponent Vbias as a DC pulse signal 19 having a prede-
termined pulse width for a predetermined period and with
a small effective voltage, and superimposes an original
RF pulse signal 20 as a burst wave within the pulse width
period of this signal 19. "trf" denotes a RF pulse signal
period. In this way, the drive circuits 4-1 to 4-m each
generate a drive pulse signal composed of the DC pulse
signal 19 having the DC bias component Vbias of a pre-
determined period superimposed on the RF pulse signal
20, applies the drive pulse signal to the c-MUT and there-
by transmits and receives ultrasound wave. In this case,
the DC bias voltage generation means may also be pro-
vided with the function of generating the DC pulse signal
19 having the DC bias voltage component Vbias of a
predetermined period and controlling the pulse genera-
tion timing, pulse width and pulse voltage Vbias of the
DC pulse signal 19.

[0075] By adjusting the DC bias component Vbias in
this way, it is possible to obtain the amplitude character-
istic which is dependent on the DC bias voltage, spectral
characteristic and amplitude characteristic at each peak
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of the low frequency component and the high frequency
component as shown in Fig. 1A to Fig. 1C and Fig. 2.
[0076] Furthermore, by blunting a rising edge 21 and
a falling edge 22 of the DC pulse signal 19 and trans-
forming them into gentle inclinations and thereby pre-
venting a precipitously high voltage from applying to the
ultrasonic transducers, it is possible to prevent the capa-
citative transducers from deteriorating and prevent the
life as the transducers from shortening. More specifically,
by causing the DC pulse signal to draw a curve similar
toa Gaussian function or COS function on the rising edge
21 and falling edge 22, it is possible to obtain gentle in-
clinations with tailing.

[0077] Notethatin Fig. 4, ultrasonic diagnosticimages
are simply visualized such as the high frequency com-
ponent and the low frequency component individually in
correspondence with the central part and periphery of
the opening. In contrast to this, an embodiment whereby
both signals of the high frequency component and the
low frequency component corresponding to the central
part and periphery of the opening are synthesized so as
to obtain an ultrasonic diagnostic image which facilitates
diagnosis over the entire area (entire opening) will be
explained below.

<Second embodiment>

[0078] Fig. 7 shows the configuration of an ultrasonic
probe apparatus according to a second embodiment of
the present invention.

[0079] In Fig. 7, what is different from Fig. 4 is that a
memory circuit 18 is provided before a beam synthesizing
circuit 12. The rest of the configuration is the same as
that in Fig. 4.

[0080] The memory circuit 18 is provided so that when
a high frequency component and a low frequency com-
ponent corresponding to the central part and periphery
of the opening respectively are detected at certain time
intervals, if, for example, the high frequency component
is extracted first, it can be stored in the memory circuit
18 and when the low frequency component comes later,
both components are synthesized and the synthesized
signal is supplied to the beam synthesizing circuit 12.
The memory circuit 18 is provided as means for causing
a temporally preceding signal to temporally coincide with
a following signal to link both signals. That is, the high
frequency component signal is received and stored in
the memory circuit 18 first and when the following low
frequency component signal comes, both signals are
treated as one set of signals at the same time and sub-
jected to beam forming.

[0081] In the second embodiment in Fig. 7 as in the
case of the first embodiment in Fig. 4, in the combination
of bias regulators (6-1 to 6-m) and a frequency band pass
filtering processing section 10, when the bias regulators
6-1to 6-mareindicating alow voltage bias, the frequency
band pass filtering processing section 10 selects a filter
according to the instruction from a frequency band pass
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control section 15 so that an LPF operates. In this setting,
an electronic switch circuit 3 makes a selection so that a
drive voltage is applied to transducers in the periphery
(=periphery of the opening) of an array of array transduc-
ers, and as for the reception signal, the transmission/
reception signal (low frequency component) from the pe-
riphery of the opening is also handled. This signal pro-
vides a deep penetration diagnostic image signal which
penetrates to deep area.

[0082] On the other hand, when the bias regulators
(6-1 to 6-m) are indicating a high-voltage bias, the fre-
quency band pass filtering processing section 10 selects
a filter according to the instruction from the frequency
band pass control section 15 so that an HPF operates.
In this setting, the electronic switch circuit 3 makes a
selection so that a drive voltage is applied to the trans-
ducer of the central part (=central part of the opening) of
the array of the array transducers, and as for the recep-
tion signal, the transmission/reception signal (high fre-
quency component) from the central part of the opening
is also handled. This signal does not reach a deep part
but provides a high resolution diagnostic image in a near
acoustic field.

[0083] Afeatureofthis second embodimentisthatboth
the high frequency component and the low frequency
component signals corresponding to the central part and
periphery of the above described opening are synthe-
sized using the memory circuit 18 and it is thereby pos-
sible to obtain an ultrasonic diagnostic image which fa-
cilitates a diagnosis over the entire area (entire opening).
As described above, this is made possible by temporarily
storing the preceding reception signal in the memory cir-
cuit 18 at the time of synthesis.

[0084] Therefore, this second embodiment can be ex-
pressed as follows. It is possible to successively change
voltage settings of the bias adjustment means and fre-
quency band pass filtering characteristic selections of
the frequency band pass filtering processing means, tem-
porarily store ultrasonic reception data obtained for each
change in the storage means, synthesize them by the
synthetic means, and then construct an ultrasonic diag-
nosticimage signal using the image constructing means.
[0085] Inthe above described first and second embod-
iments, a drive signal with a RF pulse signal 20, which
is a burst wave, superimposed within the pulse width of
the DC pulse signal 19 as shown in Fig. 6 is used as the
drive pulse signal. Instead of such a burst wave, it is also
possible to superimpose a spike wave 23 on the DC pulse
signal 19 as shown in Fig. 8 as the drive pulse signal.
Even when the drive pulse signal as shown in Fig. 8 is
used, by adjusting a DC bias component Vbias, it is pos-
sible to obtain the amplitude characteristic which is de-
pendent on the DC bias voltage, spectral characteristic
and amplitude characteristic at each peak of the low fre-
quency component and the high frequency component
as shown in Fig. 1A to Fig. 1C and Fig. 2.

[0086] On the other hand, in the case of a signal com-
posed of a high frequency signal superimposed on the
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DC pulse signal, the high frequency signal may also be
a comb-like square wave 24 as shown in Fig. 9.

[0087] Inordertoobtainaharmonicimaging diagnostic
image using the above described harmonic signal ex-
traction technology with the above described circuit in
Fig. 4 of the first embodiment and the circuit in Fig. 7 of
the second embodiment, a memory circuit is used after
the beam synthesizing circuit 12 in Fig. 4 or Fig. 7 to
generate one set of fundamental wave double-pulses of
an ultrasonic fundamental wave (preceding pulse) and
an inverted wave (following pulse) obtained by inverting
the polarity thereof at a predetermined interval, send it
to a diagnostic target, receive a double-pulse ultrasonic
echo signal reflected by and returned from the diagnostic
target, and separate and extract only the second-order
harmonic component included in the reception signal
from the fundamental wave component. This memory
circuit to be used for extracting second-order harmonics
is preferably disposed after the beam synthesizing circuit
12in Fig. 4 or Fig. 7. That is, in order to use a harmonic
imaging diagnostic technology, it is possible to dispose
the memory circuit after the beam synthesizing circuit 12
in Fig. 4 or Fig. 7, temporarily store the preceding pulse
of the received double-pulse ultrasonic echo signal in the
memory circuit, and when the following pulse comes, add
this to the stored preceding pulse, thereby erase the fun-
damental wave component, and double and extract the
second-order harmonic component.

<Third embodiment>

[0088] Fig. 10 shows a cross-sectional view of an ul-
trasonic transducer which is applied to an ultrasonic
probe apparatus according to a third embodiment of the
present invention.

[0089] In Fig. 10, one transducer element 32 is con-
structed of a plurality of (two in the figure) transducer
cells 31 and these transducer elements 32 are integrated
on a silicon substrate 33 two-dimensionally in the hori-
zontal and depth directions.

[0090] First, a silicon substrate 33 is provided and a
lower electrode 34 is formed thereon for each cell, a cav-
ity 35 which is an air or vacuum cavity is formed thereon,
a vibrating film called a "membrane 36" is formed so as
to be supported by a support section 37 and an upper
electrode 38 is formed on the membrane 36. The support
section 37 is formed using silicon or silicon nitride as a
material thereof. The side of the upper electrode 38 from
which an ultrasound wave is output is grounded and a
conductive connection hole 39 is provided, for example,
in the center of the silicon substrate 33 and support sec-
tion 37 for each element in such a way as to penetrate
from the upper electrode 38 to an electrode 40 on the
back side of the silicon substrate 33 to bring both elec-
trodes into conduction. Though not shown, since the sil-
icon substrate 33 has very high conductivity, when form-
ing the connection hole 39, the silicon substrate is insu-
lated before forming the conductive film, an insulated ar-
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ea is formed and then the conductive connection hole 39
is formed.

[0091] On the other hand, a signal is input and output
to/from the lower electrode 34 through an electrode ter-
minal (not shown). That is, the upper electrode 38 is
grounded element by element and a signal is also input/
output to/from the lower electrode 34 element by ele-
ment. Note that the neighboring elements are insulated
from each other.

[0092] There are two ways of use of the ultrasonic
transducer; a transmission/reception split type configu-
ration as shown in Fig. 11 whereby a c-MUT for trans-
mission 411 and a c-MUT for reception 412 are formed
as independent bodies and a transmission/reception du-
al-function type configuration as shown in Fig. 12 where-
by transmission and reception are carried out by switch-
ing one transmission/reception dual-function type c-MUT
423 using a transmission/reception switchover switch
424.

[0093] In the transmission/reception split type ultra-
sonic transducer in Fig. 11, reference numeral 411 de-
notes the c-MUT for transmission, 412 denotes the c-
MUT for reception, 413 denotes a DC bias power supply
for transmission, 414 denotes a DC bias power supply
for reception, 401 and 402 denote DC blocking capaci-
tors, 415 denotes a RF pulse signal for transmission, 416
denotes a received pulse echo signal, 417 denotes a
transmission drive input terminal, 418 denotes a pulse
echo signal output terminal, 419 denotes a transmission
ultrasound wave, 420 denotes a pulse echo signal, 421
denotes a body tissue and 422 denotes an abnormal tis-
sue.

[0094] Of the RF pulse signal 415 for transmission in-
put from the transmission drive input terminal 417, only
a high frequency component remains after passing
through the DC blocking capacitor 401, is superimposed
on the DC bias voltage from the DC bias power for trans-
mission 413 and applied as a drive pulse signal to the c-
MUT for transmission 411. With the application of this
drive pulse signal, the ultrasound wave 419 is transmitted
from the c-MUT for transmission 411, and when, for ex-
ample, it reaches the abnormal tissue 422 of the body
tissue 421, the ultrasound wave 419 is reflected on the
tissue, returned as the pulse echo signal 420 and re-
ceived by the c-MUT for reception 412. The ¢c-MUT for
reception 412 is made ready for reception with the DC
bias voltage from the DC bias power supply for reception
414 at least at timing of receiving the pulse echo signal
420 and when the capacitance changes with the pulse
echo signal 420, the c-MUT for reception 412 outputs the
pulse echo signal as an electric signal. The DC blocking
capacitor 402 causes only the AC component of the high
frequency electric signal to be output from the pulse echo
signal output terminal 418. In the above described oper-
ation, the pulse echo signal 420 is received while chang-
ing the position of the body tissue 421 to which the trans-
mission ultrasound wave 419 is transmitted, and it is
thereby possible to recognize the abnormal tissue 422
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through a variation in the intensity of the pulse echo signal
420 according to the condition of the body tissue 421 at
the position of reflection.

[0095] Furthermore, in the transmission/reception du-
al-function type ultrasonic transducer in Fig. 12, refer-
ence numeral 413 denotes a DC bias power supply for
transmission, 414 denotes a DC bias power supply for
reception, 401 and 402 denote DC blocking capacitors,
415 denotes a RF pulse signal for transmission, 416 de-
notes areceived pulse echo signal, 417 denotes a trans-
mission drive input terminal, 418 denotes a pulse echo
signal output terminal, 423 denotes the transmission/re-
ception dual-function c-MUT and 424 denotes the trans-
mission/reception switchover switch.

[0096] In the case of Fig. 12, the transmission/recep-
tion switchover switch 424 switches between transmis-
sion timing at which a drive pulse signal composed of the
RF pulse signal for transmission 415 superimposed on
the DC bias voltage from the DC bias power supply for
transmission 413 is applied to the transmission/reception
dual-function c-MUT 423, and reception timing at which
the DC bias voltage for reception is applied from the DC
bias power supply forreception 414, and in this way trans-
mission and reception are performed using one c-MUT
423 during both transmission and reception.

[0097] Bothtypesofthe ultrasonictransducerbasically
require a DC bias voltage for transmission and a DC bias
voltage for reception, but the present applicant has ex-
perimentally confirmed that reception is possible even
by eliminating the DC bias power supply for reception
and without any DC bias voltage during reception.
[0098] Fig. 13 shows a waveform example of the ul-
trasonic transducer drive signal during transmission ac-
cording to the third embodiment of the present invention.
The means for supplying a DC bias voltage has a DC
bias component "Vbias" with a predetermined amplitude
at a predetermined period "trepeat" to reduce the effec-
tive voltage of the DC bias and generates a DC pulse
signal 151 having a predetermined pulse width "tbias" as
the DC bias amplitude. It also superimposes an original
RF pulse signal 161 within the pulse width period of this
DC pulse signal 151. Reference character "trf" denotes
a RF pulse signal period superimposed within the pulse
width tbias of the DC pulse signal. In this way, during
transmission, the DC pulse signal 151 of a predetermined
period having the DC bias component Vbias is superim-
posed on the RF pulse signal 161, a drive pulse signal
is thereby generated, applied to the c-MUT, an ultra-
sound wave is thereby generated and transmitted to the
body tissue.

[0099] At this time, the means for supplying the DC
bias voltage DC, that is, DC bias power supply means is
provided with the function of outputting the DC pulse sig-
nal 151 having the DC bias voltage component Vbias at
the predetermined period trepeat and also provided with
the function of controlling the pulse generation timing,
pulse width tbias and pulse voltage Vbias of the DC pulse
signal 151.
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[0100] As for the DC bias voltage required during re-
ception, it is also possible to carry out reception by gen-
erating the DC bias component Vbias at the predeter-
mined period trepeat as the DC pulse signal 151 having
the pulse width tbias according to the timing of reception
and applying it to the c-MUT. During reception, the RF
pulse is not superimposed.

[0101] Fig. 14 shows a block diagram of an ultrasonic
probe apparatus constructed using a transmission/re-
ception dual-function type c-MUT array. Fig. 14 shows
the configuration without the DC bias voltage on the re-
ceiving side. In this regard, the present applicant has
experimentally confirmed that reception is possible even
by eliminating the DC bias power supply for reception
and without any DC bias voltage during reception about
the c-MUT.

[0102] In Fig. 14, reference numeral 47 denotes a c-
MUT array constructed by arranging a plurality of trans-
mission/reception dual-function type c-MUT elements
45. As for each c-MUT element 45, one terminal is
grounded, the other terminal is connected to a transducer
terminal a of each transmission/reception switchover cir-
cuit 56 which constitutes a transmission/reception
switchover switch array 46. The transmission/reception
switchover circuit 56 is provided with the transducer ter-
minal a connected to the c-MUT element 45, a transmit-
ting side terminal b connected to the transmitting side
circuit and a receiving side terminal c connected to the
receiving side circuit. Reference numeral 63 denotes a
ground (GND).

[0103] The c-MUT element 45 is, for example, a radial
scan array type transducer which performs scanning with
an ultrasonic beam around the insertion axis in the body
cavity. The plurality of transmission/reception switchover
circuits 56 which make up the transmission/reception
switchover switch array 46 switch between transmission
and reception according to a transmission/reception
switching control signal 59.

[0104] Reference numeral 48 denotes a transmission
beam former, 49 denotes a drive circuit array made up
of a plurality of drive signal generators arranged, 50 de-
notes a DC bias generation circuit for transmission which
is means for supplying a DC bias voltage and 51 denotes
a RF pulse generation circuit.

[0105] The RF pulse generation circuit 51 has the func-
tion of generating a RF pulse signal having a low ampli-
tude level equal to orless than 10 V. This RF pulse signal
has a frequency of 1 kHz to 10 kHz and is generated with
information on a frequency, pulse width and repeat time
based on the control by a control circuit 93 composed of
a processor and the like.

[0106] The transmission beam former 48 is construct-
ed of a plurality of delay circuits corresponding to the
plurality of c-MUT elements 45 respectively making up
the c-MUT array 47, receives a RF pulse signal from the
RF pulse generation circuit 51, generates a RF pulse
signal having a time difference, that is, a delay time for
each of the plurality of delay circuits under the control of
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the above described control circuit 93 based on the RF
pulse signal and outputs them to each channel corre-
sponding to each transducer element.

[0107] The transmission beam former 48 sets a delay
time for each ultrasonic transducer element and this de-
lay time setting makes it possible to scan the focus po-
sition in a sector shape or change the focus position in
a far-to-near direction.

[0108] The DC bias generation circuit 50 has the func-
tion of generating a DC pulse signal provided with a pre-
determined pulse width having a low voltage level equal
to or less than 10 V at a predetermined period. The DC
bias generation circuit 50 generates a DC bias signal,
that is, a DC pulse signal at delay timing that matches
delay timing of each RF pulse signal output from each
delay circuit which makes up the transmission beam
former 48 based on the control by the control circuit 93
and supplies the signal to the drive circuit array 49. That
is, a plurality of output lines (not shown) corresponding
to the plurality of drive signal generation circuits which
correspond in number to the transducer elements which
constitute the drive circuit array 49 are drawn out of the
DC bias generation circuit 50, and delay DC pulse signals
that match the delay timings of the transmission RF pulse
signals are sequentially generated and supplied to the
plurality of drive signal generation circuits.

[0109] Each drive circuit array 49 is constructed of a
plurality of drive signal generation circuits, each drive sig-
nal generation circuit adds up a low voltage DC pulse
signal having a delay that matches each channel from
the DC bias generation circuit 50 and a low voltage RF
pulse signal output from each delay circuit of the trans-
mission beam former 48, generates a low voltage drive
pulse signal, and then amplifies the drive pulse signal to
generate 150 V to 200 V high voltage drive pulse signals
for driving the ultrasonic transducer elements and sup-
plies them to the transmitting side terminal b of each
transmission/reception switchover circuit 56 of the trans-
mission/reception switchover switch array 46.

[0110] Each transmission/reception switchover circuit
56 of the transmission/reception switchover switch array
46 is provided with the transmitting side terminal b which
inputs a drive pulse signal from each drive signal gener-
ation circuit of the drive circuit array 49 during transmis-
sion, the receiving side terminal ¢ which outputs a pulse
echo signal from each c-MUT element 45 of the c-MUT
array 47 during reception and the common terminal a for
inputting or outputting a signal to/from each c-MUT ele-
ment 45 of the c-MUT array 47 when switched to the
transmitting side terminal b or the receiving side terminal
¢ during transmission or reception.

[0111] The plurality of transmission/reception switch-
over circuits 56 making up the transmission/reception
switchover switch array 46 have a one-to-one corre-
spondence with the plurality of c-MUT elements 45 mak-
ing up the c-MUT array 47. At respective transmission
timings, the plurality of transmission/reception switcho-
ver circuits 56 send the above described high voltage
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drive pulse signals of for driving the ultrasonic transducer
elements to the corresponding c-MUT elements 45 and
generate ultrasound waves.

[0112] Inresponse to the ultrasound wave transmitted
from each c-MUT element 45 of the c-MUT array 47, an
echo signal is returned from the body tissue. The echo
signal is received by each ultrasonic transducer element
45 of the ultrasonic transducer array 47 according to the
reception timing and sent to each charge amplifier mak-
ing up a charge amplifier array 52 and preamplified.
[0113] This charge amplifier array 52 has the imped-
ance conversion function of realizing impedance-match-
ing between the high impedance c-MUT element 45 be-
fore the charge amplifier and the low impedance circuit
system after the charge amplifier and the amplification
function of amplifying the voltage of a minute signal from
the c-MUT element 45. That is, the c-MUT element 45
has very high output impedance, and therefore the trans-
ducer element echo output signal is sent to each charge
amplifier of the charge amplifier array 52 which operates
as a preamplifier having high input impedance and am-
plified. Furthermore, the ultrasonic signal which returns
as an echo signal is very feeble and the output echo
signal from the c-MUT element 45 is also as small as 0.5
V to0 0.0051 when converted to a voltage and the voltage
thereof needs to be amplified, for example, 100 to 1000
times.

[0114] The output signal of the charge amplifier array
52 is sent to a filter array 53 where various noise com-
ponents including high frequency noise are removed,
then sent to an A/D converter 54, converted to a digital
signal and sent to a reception beam former 55 in the next
stage. The reception beam former 55 is made up of a
digital beam former which performs digital beam forming.
[0115] In Fig. 14, since the c-MUT array 47 in which
the plurality of c-MUT elements 45 are arranged is used,
many ultrasonic transducer elements 45 can receive in-
dividual echo signals and the reception beam former 55
is used to put together those many reception echo sig-
nals.

[0116] As for beam forming, the transmission beam
former 48 also exists on the transmitting side and when
a delay time is controlled appropriately by a delay time
control signal, it is possible to determine the focal length
of an ultrasound wave in the body tissue which corre-
sponds to the delay time.

[0117] The reception beam former 55 is made up of a
plurality of delay circuits which correspond to the plurality
of c-MUT elements 45 making up the c-MUT array 47
and sets a delay time for each transducer element and
this delay time setting allows an ultrasound wave to be
received from a target focal length.

[0118] Eachtransducer element of the reception beam
former 55 receives an ultrasound wave from the target
focal length and the respective delay circuits then match
their phases and then put them together.

[0119] When subjected to beam forming at the recep-
tion beam former 55, the ultrasound waves are trans-
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formed into a unified beam and output as a reception
signal 42.

[0120] The reception signal 42 from the reception
beam former 55 is input to a phase inversion synthetic
circuit 97 as a harmonic signal processing circuit. The
phase inversion synthetic circuit 97 extracts a second-
order harmonic signal in the reception signal using a sec-
ond-order harmonic extraction technology which will be
explained in Fig. 16 later and generates a signal for a
harmonic imaging diagnosis.

[0121] An ultrasonic pulse signal transmitted to the
body tissue from the c-MUT element 45 is a signal which
only includes a fundamental wave of a frequency f0, but
when the fundamental wave fO propagates in the body
tissue, harmonics are generated due to nonlinearity of
the body tissue. These harmonics enter the echo signal
which is a reflected signal and are returned and received
by the c-MUT elements 45. The phase inversion synthetic
circuit 97 extracts a second-order harmonic signal from
the reflected echo signal.

[0122] A digital scan converter 98 then converts the
signal to an image using a signal for a harmonic imaging
diagnosis and displays it on amonitor 99, and can thereby
perform an ultrasonic diagnosis.

[0123] The control circuit 93 controls generation of RF
pulse at the RF pulse generation circuit 51, performs de-
lay control of the DC bias generation circuit 50, transmis-
sion beam former 48 and reception beam former 55, con-
trols the drive circuit array 49, the charge amplifier array
52, thefilter array 53, the phase inversion synthetic circuit
97 and the digital scan converter 98, and further controls
the selection of the transducer elements for transmission
and transducer elements for reception at the plurality of
transmission/reception switchover circuits 56 making up
the transmission/reception switchover switch array 46 by
the transmission/reception switching control signal 59.
[0124] Next, the operation of the c-MUT array in Fig.
14 will be explained with reference to Fig. 15.

[0125] The upper part of Fig. 15 shows the waveform
of a control pulse signal 65 which is generated at the
control circuit 93 to control the drive circuit array 49. The
lower part of Fig. 15 shows the waveform of a low voltage
ultrasonictransducer elementdrive pulse signal 66 which
is generated at each drive signal generation circuit of the
drive circuit array 49.

[0126] Under the control of the control pulse signal 65
in the upper part of Fig. 15, each drive signal generation
circuit of the drive circuit array 49 adds up the low voltage
DC pulse signal with a delay corresponding to each trans-
mission channel from the DC bias generation circuit 50
and the low voltage RF pulse signal output from each
delay circuit of the transmission beam former 48, gener-
ates a low voltage drive pulse signal 66 shown in the
lower part of Fig. 15, amplifies the drive pulse signal 66,
generates a drive pulse signal 67 for driving the high volt-
age ultrasonic transducer element and supplies it to the
transmitting side terminal b of each transmission/recep-
tion switchover circuit 56 of the transmission/reception
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switchover switch array 46.

[0127] In the upper part of Fig. 15, reference numeral
381 denotes a +DC bias start-up timing pulse, 382 de-
notes a high frequency signal generation timing pulse,
383 denotes a +DC bias stop timing pulse, 384 denotes
a -DC bias start-up timing pulse, 385 denotes a high fre-
quency signal generation timing pulse, 386 denotes a
-DC bias stop timing pulse, Vrf denotes a RF pulse signal
voltage to specify a RF pulse signal generation period
trf, Vdc+ denotes a +DC bias start-up/stop pulse voltage
and Vdc- denotes a -DC bias start-up/stop pulse voltage.
[0128] In the lower part of Fig. 15, reference numeral
151 denotes a+DC pulse signal, 152 denotes a-DC pulse
signal, 161 and 162 denote RF pulse signals, trf denotes
a RF pulse signal generation period, tbias denotes a DC
bias signal generation period, Vdc+ denotes a +DC bias
start-up/stop pulse voltage, Vdc- denotes a -DC bias
start-up/stop pulse voltage, Vbias+ denotes a +DC bias
voltage and Vbias-denotes a -DC bias voltage.

[0129] The pulse width trf of the positive voltage pulses
382 and 385 of the control pulse signal 65 shown in the
upper part of Fig. 15 specifies the period during which
RF pulse signals 161 and 162 in the lower part of Fig. 15
are being output. The negative voltage pulses 381 and
383 in the upper part of Fig. 15 specify timings of starting
and stopping application of the positive DC bias voltage
Vbias+ in the lower part of Fig. 15, the negative voltage
pulses 384 and 386 in the upper part of Fig. 15 specify
timing of starting and stopping application of the negative
DC bias voltage Vbias- in the lower part of Fig. 15 and
these negative voltage pulses 381, 383, 384 and 386
have polarities opposite to those of the pulses 382 and
385 which corresponded to the high frequency signal out-
put periods. Furthermore, the difference (Vdc+ and Vdc-)
in the magnitude of the voltage value in the upper part
of Fig. 15 specifies the difference in the polarity between
the DC bias voltages Vbias+ and Vbias- shown in the
lower part of Fig. 15.

[0130] Whendriven by the signal waveform in the low-
er partof Fig. 15, an ultrasonic signal of an inverted phase
is transmitted. When watching the first peak of the pulse,
the first peak of the preceding pulse is Vbias+ + Vop (=
maximum value of amplitude) and that of the following
pulse is Vbias- + Vop (= minimum value of amplitude)
and the phase is inverted. Here, Vop denotes the ampli-
tude of the RF pulse signals 161 and 162.

[0131] Each drive signal generation circuit of the drive
circuit array 49 has the function of generating a drive
pulse signal 66 with the RF pulse signals 161 and 162
superimposed on the DC pulse signals 151 and 152, gen-
erates a double pulse signal which combines a first su-
perimposed pulse signal composed of the RF pulse sig-
nal 161 superimposed on the DC pulse signal 151 having
one polarity, for example, positive polarity and a second
superimposed pulse signal with the RF pulse signal 162
having the same amplitude, frequency and polarity and
the same shape as those of the RF pulse signal 161 used
toform the first superimposed pulse signal superimposed
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on the DC pulse signal 152 having a polarity opposite to
the polarity of the DC pulse signal used to form the first
superimposed pulse signal, for example, negative polar-
ity, in such a way that the two signals appear one after
another with a predetermined time interval and outputs
them as the ultrasonic transducer element drive pulse
signal 66.

[0132] When the ultrasonic transducer element drive
pulse signal 66 which has a double pulse signal waveform
as shown in the lower part of Fig. 15 is applied from each
drive signal generation circuit of the drive circuit array 49
to each ultrasonic transducer element 45 through each
transmission/reception switchover circuit 56, as for the
ultrasonic signal output from each ultrasonic transducer
element 45, an ultrasonic signal which corresponds to
the first RF pulse signal and an ultrasonic signal which
corresponds to the following RF pulse signal of the above
described double pulse signal have mutually opposite
phases such as pulses A and B illustrated in the upper
part of Fig. 16 when modeled with two waves. When such
a double-pulse signal combining pulses with inverted
phases is transmitted to the body tissue, harmonics su-
perimpose on a fundamental wave ultrasound wave in-
fluenced by nonlinearity of the body tissue. In this case,
the response of the fundamental wave is first-order, that
is, first power, and that of the second-order harmonic is
a square. The "square" means that a negative compo-
nent also becomes positive. Since the fundamental wave
is the first power, positive remains positive and negative
remains negative. Therefore, the fundamental wave of
the ultrasonic signal which is received at each ultrasonic
transducer element 45 is similar to the transmission ul-
trasonic signal in the upper part of Fig. 16 as shown in
the middle row of Fig. 16, but the second-order harmonic
component of the reception ultrasonic signal has only
positive components as shownin the lower part of Fig. 16.
[0133] Therefore, when the receiving side circuit sys-
tem reduces to 0 the time difference "td" between pulse
A and pulse B which make up the double pulse in the
reception ultrasonic signal and calculates the sum of the
two, the fundamental wave component is eliminated with
the addition of the positive component and the negative
component, while the second-order harmonic compo-
nent doubles with the addition of the positive component
and the positive component. In other words, only the sec-
ond-order harmonic component can be extracted. This
is the harmonic component extraction technology of the
harmonic imaging technology for a c-MUT. Using such
a harmonic component extraction technology, the har-
monic component which has a small sound pressure of
10 to 20 dB with respect to the sound pressure of the
fundamental wave component can be separated and ex-
tracted from a reception signal in which both components
are mixed.

[0134] For example, as means for reducing the time
difference td to 0, the above described phase inversion
synthetic circuit 97 temporarily saves the first pulse A in
a memory and calculates the sum when the following
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pulse B arrives. In this way, when a double pulse which
combines a pair of pulses of opposite phases is applied
to a body tissue, the response of the fundamental wave
(to be exact, all odd-orders) is the first-order, that is, first
power and that of the second-order harmonic (to be ex-
act, all even-orders) has no negative signals, and there-
fore when both pulses are added up with their respective
phase equalized, the fundamental wave (to be exact, all
odd-orders) is eliminated and only the second-order har-
monics (to be exact, all even-orders) remain.

[0135] In an actual ultrasonic diagnosis, not only har-
monics but also a fundamental wave must be observed.
The fundamental wave will be extracted using different
means which is conventionally practiced. Eventually,
both extracted images are added up to construct an ul-
trasonic image.

[0136] The DC pulse signals which are the DC bias
signals shown in Fig. 13 or Fig. 15 have substantially
vertical pulse rising and falling edges. Applying or stop-
ping to apply such a precipitously high DC bias voltage
(approximately 100 V) to the ultrasonic transducer may
cause the capacitative transducer to easily deteriorate
and shorten the life as the transducer.

[0137] On the other hand, as for the RF pulse signal
shown in Fig. 13 or Fig. 15, when the high frequency
component of a signal increases, there is a possibility
that the load on the drive signal generation circuit may
increase.

[0138] Therefore, remedial actions for these problems
will be explained with reference to Fig. 17 and Fig. 18
below.

[0139] Fig. 17 shows a modification example of the
waveform of a c-MUT element drive signal. Blunting a
rising edge 155 and a falling edge 156 of a DC pulse
signal 151 and transforming them into gentle inclinations
prevents a precipitously high voltage from applying to the
ultrasonic transducers. Vbias denotes a DC bias compo-
nent and trf denotes a RF pulse signal period.

[0140] Fig. 18 shows another modification example of
the waveform of a c-MUT element drive signal. In addition
to transforming the rising edge 155 and the falling edge
156 into gentle inclinations asin Fig. 17, a RF pulse signal
161 is formed into a burst wave multiplied by a window
function 157. As the window function 157, any one of
Gaussian, Hamming, Hanning and Blackman functions
may be used. Applying the window function eliminates
the high frequency component of the signal, reduces the
load on high voltage output amplifier in the drive signal
generator and reduces the load on the drive signal gen-
erator (pulsar). Furthermore, it is possible to suppress
the occurrence of a time axis side lobe, make the most
of the original wideband characteristic of the c-MUT and
obtain a high resolution ultrasonic diagnostic image.
[0141] As described above, the third embodiment of
the present invention can realize an ultrasonic probe ap-
paratus using a c-MUT operating on a low operating ef-
fective voltage, usable in the body cavity and applicable
to a harmonic imaging diagnosis.
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28
<Fourth embodiment>

[0142] Fig. 19 shows ablock diagram showing the con-
figuration of an ultrasonic diagnostic apparatus accord-
ing to a fourth embodiment of the present invention. This
fourth embodiment is constructed of an ultrasonic probe
apparatus 80 using the ultrasonic transducer array in Fig.
14 in the third embodiment and a main apparatus 90
which processes an output signal from the ultrasonic
probe apparatus, generates an ultrasonic image signal
and displays it on a display device. The outside of the
ultrasonic probe apparatus 80 is covered with a protec-
tion sheath.

[0143] The ultrasonic probe apparatus 80 is construct-
ed of a plurality of c-MUT elements 45 assembled on a
silicon substrate using, for example, a micromachining
technology, drive control means constructed substantial-
ly integral therewith and signal transmitting means for
exchanging signals. The c-MUT elements 45 are, for ex-
ample, radial scan array type transducers which perform
scanning with an ultrasonic beam around an insertion
axis in the body cavity.

[0144] The ultrasonic probe apparatus 80 is provided
with an ultrasonic transducer array 47 made up of the
plurality of c-MUT elements 45, a transmission/reception
processing section 91 as drive control means for per-
forming transmission processing on an ultrasonic drive
signal for each c-MUT element 45 of the ultrasonic trans-
ducer array 47 or performing reception processing on an
echo signal output from each c-MUT element 45 and a
selector 92 as signal transmitting means for transmitting
a pulse signal to a predetermined instructed ultrasonic
transducer element 45 based on an operation instruction
signal of a CPU 93 in the main apparatus 90.

[0145] The transmission/reception processing section
91 is at least provided with a transmission delay circuit
131, a bias signal application circuit 132, a drive signal
generation circuit 133, a transmission/reception switch-
over circuit 134, a preamplifier 135 and a beam former
136.

[0146] The main apparatus 90 processes an output
signal from the ultrasonic probe apparatus 80, constructs
an image signal and displays an ultrasonic diagnostic
image of the interior of the body cavity on a monitor which
is a display device.

[0147] The main apparatus 90 is provided with the
CPU 93, a trigger signal generation circuit 94, an echo
signal processing circuit 95, a Doppler signal processing
circuit 96, a harmonic signal processing circuit 97 and an
ultrasonic image processing section 98.

[0148] The CPU 93 outputs operation instruction sig-
nals to various circuits and processing sections provided
for this ultrasonic diagnostic apparatus, receives feed-
back signals from the various circuits and processing
sections and carries out various types of control.

[0149] The trigger signal generation circuit 94 outputs
repeat pulse signals which are transmission and recep-
tion timing signals when driving each ultrasonic trans-
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ducer element 45.

[0150] Theechosignal processingcircuit 95 generates
B mode image data which is a visible image based on a
received beam signal which is an ultrasound wave output
from each ultrasonic transducer element 45 and then re-
flected on an organ in a body and a boundary thereof or
the like, returned to and received by the ultrasonic trans-
ducer element 45.

[0151] The Doppler signal processing circuit 96 ex-
tracts a mobile component of a tissue, that is, a blood
flow component from the received beam signal output
from the ultrasonic transducer element 45 using a Dop-
pler effect and generates color data to color the positions
of the blood flow in an ultrasonic tomogram.

[0152] The above described harmonic signal process-
ing circuit 97 has the same function as that of the phase
inversion synthetic circuit 97 (Fig. 14), uses a filter whose
central frequency is a second-order harmonic frequency
(or a third-order harmonic frequency) to extract a signal
of that frequency component from the received beam sig-
nal output from each ultrasonic transducer element 45,
amplifies the signal and generates image data for a har-
monic imaging diagnosis.

[0153] Theabove described ultrasonicimage process-
ing section 98 is constructed of, for example, a digital
scan converter and constructs a B mode image, Doppler
image, harmonic imaging image or the like based on im-
age data generated by, for example, the echo signal
processing circuit 95, Doppler signal processing circuit
96 and harmonic signal processing circuit 97 or the like,
respectively. At the same time, the ultrasonic image
processing section 98 also performs character overlay
of characters or the like through the CPU 93. Itis possible
to output the video signal built by this ultrasonic image
processing section 98 to a monitor 99 and display an
ultrasonic tomogram which is one of observed images
on the screen of the monitor 99.

[0154] The above described transmission delay circuit
131 determines timing at which a drive voltage is applied
to each c-MUT element 45 and makes a setting so as to
perform predetermined sector scanning or the like.
[0155] The above described bias signal application cir-
cuit 132 applies a predetermined bias signal to the above
described drive signal generation circuit 133. Examples
of this bias signal include one that uses the same DC
voltage during both transmission and reception, one that
sets a high voltage during transmission and changes it
to a low voltage during reception or one that superimpos-
es an AC component on a DC component to take, for
example, a correlation.

[0156] The DC bias voltage is necessary to obtain an
ultrasonic transmission waveform having the same
waveform as the transmission voltage waveform during
transmission. Note that the DC bias voltage is not always
necessary during reception as described above.

[0157] The above described drive signal generation
circuit 133 generates a burst wave which is a drive pulse
signal corresponding to a desired ultrasound waveform
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based on the output signal from the above described
transmission delay circuit 131.

[0158] The above described transmission/reception
switchover circuit 134 switches one c-MUT element 45
between a transmission state and a reception state. In
the transmission state, the transmission/reception
switchover circuit 134 applies the above described drive
pulse signal to the c-MUT element 45, while in the recep-
tion state, it receives the above described echo informa-
tion and outputs a charge signal thereby generated be-
tween the electrodes of the c-MUT element 45 to the
preamplifier 135.

[0159] The above described preamplifier 135 converts
the charge signal output from the transmission/reception
switchover circuit 134 to a voltage signal and amplifies it.
[0160] The above described beam former 136 outputs
a received beam signal obtained by synthesizing each
ultrasonic echo signal output from the above described
preamplifier 135 with the same delay as that at the above
described transmission delay circuit 131 or a different
delay time.

[0161] Itis possible to perform an ultrasonic observa-
tion using an ultrasound wave set to the above described
focal length by giving a predetermined phase difference
based on an operation instruction signal from the CPU
93, driving the respective c-MUT elements 45, transmit-
ting an ultrasound wave set to a predetermined focal
length from the scanning plane of the ultrasound wave
of the c-MUT array 47, adding a delay similar to the delay
at the transmission delay circuit 131 and synthesizing
the signals using the above described beam former 136
and outputting it as the received beam signal.

[0162] The fourth embodiment of the presentinvention
can realize an ultrasonic diagnostic apparatus using c-
MUTs operating with a low operating effective voltage,
usable in the body cavity and also applicable to a har-
monic imaging diagnosis.

Industrial Applicability

[0163] Itgoes without saying that the presentinvention
is applicable not only to an ultrasonic probe apparatus
and an ultrasonic diagnostic apparatus using this but also
to an ultrasonic endoscopic diagnostic apparatus which
simultaneously obtains an endoscopic image and an ul-
trasonic image by combining an electronic endoscopic
apparatus and an ultrasonic diagnostic apparatus.

Claims

1. An ultrasonic probe apparatus which applies a RF
pulse signal with a DC bias signal superimposed
thereon to a c-MUT and transmits/receives an ultra-
sound wave, comprising:

bias adjustment means provided for a transmis-
sion control system for adjusting a voltage value
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of the DC bias signal; and

frequency band pass filtering processing means
provided for a reception control system, which
has a plurality of different frequency band pass
filtering characteristics including at least those
for a low pass filtering and a high pass filtering
and can select any one of the frequency band
pass filtering characteristics.

The ultrasonic probe apparatus according to claim
1, wherein the plurality of different frequency band
pass filtering characteristics are three frequency
band pass filtering characteristics of a low frequency
band pass filtering characteristic, a high frequency
band pass filtering characteristic and an intermedi-
ate frequency band pass filtering characteristic
which is intermediate between the low frequency
band pass filtering characteristic and the high fre-
quency band pass filtering characteristic.

The ultrasonic probe apparatus according to claim
1, further comprising means for controlling a voltage
setting of the bias adjustment means in conjunction
with a frequency band pass filtering characteristic
selection of the frequency band pass filtering
processing means.

The ultrasonic probe apparatus according to claim
3, wherein the frequency band passfiltering process-
ing means is set to a low frequency band pass filter-
ing characteristic when the DC bias voltage is set to
be low and the frequency band pass filtering
processing means is set to a high frequency band
pass filtering characteristic when the DC bias voltage
is set to be high.

The ultrasonic probe apparatus according to claim
1, wherein the c-MUT has an array structure made
up of a plurality of transducer elements, and com-
prises means for selecting transmission transducer
elements from the plurality of array transducer ele-
ment groups, drive means for applying a drive signal
to each of the selected transmission transducer el-
ements, transmission delay means for performing
scanning with a transmission ultrasonic beam,
means for selecting reception transducer elements
from the plurality of array transducer element groups,
amplification means for amplifying a reception signal
from each of the selected reception transducer ele-
ments, frequency band pass filtering processing
means for performing frequency band pass filtering
processing, analog/digital signal conversion means,
beam synthesis means for synthesizing a plurality
of reception signals, image constructing means and
image display means.

The ultrasonic probe apparatus according to claim
5, wherein the drive signal from the drive means is
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10.

1.

12

13.

32

a pulse signal composed of a DC pulse signal su-
perimposed on a RF pulse signal.

The ultrasonic probe apparatus according to claim
6, wherein the DC pulse signal draws a curve similar
to a Gaussian function or a COS function on a rising
edge and a falling edge.

The ultrasonic probe apparatus according to claim
6, wherein the RF pulse signal is a spike-shaped
pulse.

The ultrasonic probe apparatus according to claim
1, wherein the voltage setting of the bias adjustment
means and the selection of the frequency band pass
filtering processing means are successively
changed, ultrasonic reception data obtained for each
change is temporarily stored in storage means, the
data are synthesized and image constructing means
constructs an ultrasonic diagnostic image signal.

The ultrasonic probe apparatus according to claim
9, wherein in the voltage setting of the bias adjust-
ment means, the frequency band pass filtering
processing means selects a low frequency band
pass filtering characteristic when selecting a low volt-
age setting and the frequency band pass filtering
processing means selects a high frequency band
pass filtering characteristic when setting a high volt-
age.

The ultrasonic probe apparatus according to claim
9, wherein in the voltage setting of the bias adjust-
ment means, the means for selecting a transmission
transducer element according to claim 5 selects a
transmission transducer element disposed in the vi-
cinity of the periphery of an ultrasonic transmission
opening when selecting a low voltage setting and
the means for selecting a transmission transducer
element according to claim 5 selects a transmission
transducer element disposed in the vicinity of a cen-
tral part of the ultrasonic transmission opening when
selecting a high voltage setting.

A capacitative ultrasonic probe apparatus compris-
ing drive signal generation means for applying a RF
pulse signal with a DC bias voltage superimposed
thereon to a c-MUT, an ultrasound wave being trans-
mitted/received through the application of the drive
signal,

wherein means for supplying the DC bias voltage
comprises means for outputting a DC pulse signal
at a predetermined period and controlling pulse gen-
eration timing, pulse width and pulse voltage of the
DC pulse signal.

The ultrasonic probe apparatus according to claim
12, wherein the drive signal generation means com-
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prises means for performing control in such a way
that the RF pulse signal is located within the pulse
width of the DC pulse signal.

The ultrasonic probe apparatus according to claim
13, further comprising means for switching a polarity
of the DC pulse signal by an instruction signal from
outside.

The ultrasonic probe apparatus according to claim
13, further comprising control means for reducing
the voltage of the DC pulse signal to zero by an in-
struction signal from outside.

The ultrasonic probe apparatus according to claim
12, wherein the drive signal generation means gen-
erates a double pulse signal combining a first super-
imposed pulse signal composed of a RF pulse signal
superimposed on a DC pulse signal with one polarity
and a second superimposed pulse signal composed
of a RF pulse signal having the same shape as that
of the RF pulse signal used to form the first super-
imposed pulse signal superimposed on a DC pulse
signal having a polarity opposite to the polarity of the
DC pulse signal used to form the first superimposed
pulse signalin such away that the two signals appear
one after another with a predetermined time interval.

The ultrasonic probe apparatus according to claim
12, further comprising:

ac-MUT assembled using a micromachine tech-
nology;

drive control means constructed substantially in-
tegral therewith; and

signal transmission means for exchanging sig-
nals.

The ultrasonic probe apparatus according to claim
17, wherein the c-MUT is a radial scanning array
type transducer which performs scanning with an ul-
trasonic beam around an insertion axis in a body
cavity.

The ultrasonic probe apparatus according to claim
17, wherein the ultrasonic probe apparatus is cov-
ered with a protection sheath.

The ultrasonic probe apparatus according to claim
12, wherein the DC pulse signal has a gentle incli-
nation on the rising edge and the falling edge.

The ultrasonic probe apparatus according to claim
12, wherein the RF pulse signal is a burst wave mul-

tiplied by a window function.

An ultrasonic diagnostic apparatus, comprising:
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the ultrasonic probe apparatus according to
claim 17 or 18; and

a main apparatus which processes an output
signal from the ultrasonic probe apparatus, con-
structs an image signal and displays an ultra-
sonic diagnostic image of the interior of the body
cavity.
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