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(54) ULTRASONOGRAPHIC DEVICE

(57)  The receive sensitivity of an ultrasound array
transducer structured with a diaphragm electro-acoustic
transducer (101) being a basic unit is affected by change
in a charge amount with elapsed time due to leakage or
the like, which causes drift of the primary beam sensitiv-
ity, degradation in the acoustic S/N ratio due to a rise in
the acoustic noise level, and degradation in the directivity
of an ultrasound beam. To addressing this problem, a
charge controller (charge monitor 211) is provided to con-
trol charge in an electro-acoustic transducer (101). A
charge monitoring section (102) monitors the change in
the charge amount. When change in the charge amount
is small, transmit sensitivity or receive sensitivity is cali-
brated by a controller (104) by, for example, multiplying
areceive signal by a calibration coefficient corresponding
to the change amount. Further, when the change in the
charge amount is large, for example, charges can be re-
emitted from a charge emitter (103). The series of oper-
ations is controlled by the controller (104), and thus sen-
sitivity variation caused by difference in the changes with
elapsed time, particularly between the plural transduc-
ers, is calibrated.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a transducer
for transmitting/receiving ultrasound, and particularly re-
lates to a silicon-based diaphragm ultrasound transduc-
er.

BACKGROUND ART

[0002] Although most ultrasound transducers for prac-
tical use are still piezoelectric ceramic ultrasound trans-
ducers (PZT), a fine diaphragm transducer has been re-
searched and developed since the 1990’s to take the
place of the ceramic ultrasound transducer by the use of
semiconductor micro-processing technology, such as
represented by the technology disclosed on pages
1241-1244 of "Proceedings of 1994 IEEE Ultrasonics
Symposium".

[0003] Although acoustic impedance is constant as a
physical property value unique to a material in the case
of a conventional piezoelectric transducer using PZT,
pseudo-acoustic impedance of a diaphragm structure re-
flects not only a material but also a structure. Thus, the
diaphragm transducer has a degree of freedom in design
suitable for a subject.

[0004] Recently, development has progressed, and a
diaphragm transducer has caught up with a conventional
piezoelectric transducer using PZT, also in terms of
transmit/receive sensitivity.

[0005] An electret transducer using a semiconductor
diaphragm structure is disclosed on pages 1297-1298 of
"J. Acoust. Soc. Am. Vol. 75 1984." In this transducer, a
silicon compound layer accumulating charge is provided
at at least one of a position between an electrode on a
diaphragm side and a cavity and a position between an
electrode on a substrate side and the cavity. As a material
of a charge accumulating type insulation layer, a silicon
compound, such as a silicon oxide film or a silicon nitride
film, or a lamination structure thereof, is adopted, as dis-
closed in the above pages 1297-1298 of "J. Acoust. Soc.
Am. Vol. 75 1984," and pages 494-498 of "IEEE Trans-
actions on Dielectrics and Electrical Insulation Vol. 3 No.
4.1966". An insulation layer of such a silicon compound
is formed by vapor phase epitaxial growth represented
by CVD (Chemical Vapor Deposition). However, charges
can be trapped not only on a surface of the compound
layer but also in the compound layer by controlling the
quantity of crystal defects. Thus, insulation layers are
used as an electro-acoustic transducer, for which a DC
bias voltage is unnecessary, by charging the insulation
layer in advance in a high electric field.

[0006] However, in reality, the charged state of an in-
sulation film is unstable and charges drift, while the in-
sulation film is used. Thus, there arises a problem that
electro-acoustic conversion efficiency drifts, the efficien-
cy being the most basic property as an electro-acoustic
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transducer.

[0007] When the conversion efficiency can hardly be
stabilized even in a range of a satisfactory level, a major
obstacle occurs with a practical use of insulation layers
as transducers. The drift of the conversion efficiency
causes a change with elapsed time in the device prop-
erties, and more particularly, it has a crucial effect on
constructing an array converter employing these types
of electro-acoustic transducers. The effect causes not
only drift of the sensitivity of the whole electro-acoustic
converter, but also arisk that, if the electro-acoustic con-
version properties of the transducers constituting an ar-
ray converter drift unevenly, the acoustic noise level is
extremely raised when operation for forming transmit and
receive beams is performed by the whole electro-acous-
tic converter.

[0008] Accordingly, particularly in order to constructan
array converter using charge accumulating type dia-
phragm electro-acoustic transducers and raise the prop-
erties to a practical level, overcoming the problem of drift-
ing is a second significant issue along with the first sig-
nificant issue of obtaining a large electro-acoustic con-
version efficiency.

DISCLOSURE OF THE INVENTION

[0009] In the present invention, a charge controller is
provided, and a charge amount in each electro-acoustic
transducer is controlled. When change in the charge
amount is small, transmit sensitivity and/or receive sen-
sitivity is calibrated by the controller by, for example, mul-
tiplying a receive signal by a calibration coefficient cor-
responding to the change amount. Further, when the
change inthe charge amountislarge, forexample, charg-
es can be re-emitted from a charge emitter. The series
of operations is controlled by the controller, and thus sen-
sitivity variation caused by difference in the changes with
elapsed time, and particularly in the changes with
elapsed time between the plural transducers, is calibrat-
ed.

[0010] Accordingtothe presentinvention, drift of trans-
ducer properties being a main cause of variation in trans-
ducer sensitivities can be suppressed more compared
with conventional transducers. Further, in an aspect of
the present invention, there is provided an ultrasono-
graphic device capable of suppressing deterioration in a
transmit/receive ultrasound beam and preventing a lat-
eral resolution of an image and a dynamic range from
dropping.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]
Fig. 1 is a conceptual view of a semiconductor dia-
phragm electro-acoustic transducer;

Fig. 2 is a cross sectional view of a silicon-based
diaphragm electro-acoustic transducer according to
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an embodiment of the present invention;

Fig. 3 is a diagram showing a charge accumulator
of the silicon-based diaphragm electro-acoustic
transducer according to the embodiment of the
present invention;

Fig. 4 is a cross sectional view of a silicon-based
diaphragm electro-acoustic transducer according to
another embodiment of the present invention;

Fig. 5is a cross sectional view of the charged silicon-
based diaphragm electro-acoustic transducer, the
view taken during charge emission according to the
embodiment of the present invention;

Fig. 6 is a cross sectional view of the silicon-based
diaphragm electro-acoustic transducer according to
the embodiment of the present invention, the view
taken during when the transducer transmits/receives
ultrasound;

Figs. 7A and 7B are diagrams showing the frequency
spectrum of impedance of a diaphragm in another
embodiment of the present invention;

Fig. 8 is a block diagram of an ultrasonographic de-
vice including a charge monitor;

Fig. 9 is a graph indicating a calculation result of an
ultrasound beam in an effect of the present invention;
Fig. 10 is a block diagram of a charge monitor; and
Fig. 11 is a cross sectional view of a silicon-based
diaphragm electro-acoustic transducer according to
another embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0012] Embodiments of the present invention will be
described below in detail with reference to the accompa-
nying drawings.

In a typical basic structure of an ultrasound transducer
using diaphragm electro-acoustic transducers, as shown
in Fig. 1, a bottom electrode 2 and a top electrode 3 form
a capacitor, the electrodes 2 and 3 being provided re-
spectively on a substrate 1 and a diaphragm 5, with a
cavity 4 therebetween. When a voltage is applied be-
tween the electrodes 2 and 3, charges are induced in
both the electrodes 2 and 3 respectively with opposite
polarities, and attract each other, thus the diaphragm 5
being displaced. If the outside of the diaphragm 5 is in
contact with water or an organism at this time, a sound
wave is radiated into the medium. This is the principle of
electro-mechanical conversion in transmission. On the
other hand, if a DC bias voltage is applied to induce a
certain amount of charges in the electrodes 2 and 3, and
oscillation is forcibly applied to the diaphragm from a me-
dium in contact with the diaphragm 5, thereby displacing
the diaphragm 5, then an additional voltage is generated
in accordance with the displacement. This principle of
mechanical-electro conversion in reception of oscillation
is the same as that of a DC bias type capacitor micro-
phone adopted as a micro-phone for an audible band.
Even being made of a mechanically hard material such
as silicon, since it has a diaphragm structure having a
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cavity on the back side, it has a feature capable of achiev-
ing an excellent acoustic impedance matching with a me-
chanically soft material such as an organism or water.
[0013] Fig.2is across sectional view showing a silicon
(Si)-based electro-acoustic transducer in an exemplary
embodiment of the present invention. An n-type silicon
(Si) substrate 1 serving also as a bottom electrode (see
the reference symbol 2 in Fig. 1), afirst silicon compound
layer 6, a cavity layer 4, a second silicon compound layer
5, a top electrode 3 of aluminum, and the silicon com-
pound layer 6 are disposed upward in this order. In the
present embodiment, the thicknesses of the first silicon
compound layer 6 positioned on the lower side of the
cavity, the cavity layer 4, the second silicon compound
layer 5, the top electrode 3 and the first silicon compound
layer 6 positioned on the top electrode are 30 nm, 100
nm, 200 nm, 200 nm and 1500 nm, respectively, and the
inner diameter of the cavity layer 4 positioned on the low-
er side of the diaphragm is 50 wm. The first silicon com-
pound layer 6 is formed of common silicon nitride SizNy,
and the mechanical strength of the diaphragm is mainly
held by the layer 6 positioned on the top electrode 3. A
charge layer 8 having a thickness of 50 nm is implanted
in the second silicon compound layer 5. The second sil-
icon compound layer 5 surrounding the charge layer 8 is
formed of SiO, or the like so that generation of a leak
current between the charge layer 8 and the electrode is
prevented. As shown in Fig. 4, regarding the charge layer
8, the layer between the bottom electrode 1 and the cavity
layer 4 may be arranged as a second silicon compound
layer 7 to be implanted in the first silicon compound layer
6. To implant the charge layer 8 in this case, the only
alterations are that the thickness of the first silicon com-
pound layer 6 is changed from 30 nm (in the example
shown in Fig. 2) to 200 nm, the material thereof is
changed to that of the second silicon compound, the
thickness of the second silicon compound layer 5 is
changed from 200 nm to approximately 50 nm (as thin
as possible within a range of produceability) and the ma-
terial thereof is changed to that of the first silicon com-
pound. An object of the present invention can be
achieved regardless of whether the charge layer 8 is dis-
posed above or below the cavity layer 4.

[0014] Fig. 3 shows a concrete structure of the charge
layer 8. In an example shown in Fig. 3, a silicon nitride
Si3N, layer 13 containing many defects is formed in the
second silicon compound layer 5. In the case where a
silicon nitride SisNy4 layer 13 containing many defects is
used, compared with the case where a single float gate
is used for a charge layer 8, the risk that the entire charge
amount is lost in one leakage is smaller, however, it is
disadvantageous in that it is difficult to emit charge with
even distribution. This is not only because the charge is
accumulated spatially at random, causing variation
among transducers, but also because, since the cavity
thicknesses of the center portion and end portion of the
film are different from each other, the electric field inten-
sities of the center portion and end portion are different
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from each other and charge is emitted only at the center
portion of the film when a charge is emitted by the Fowler-
Nordheim type tunnel current described below.

[0015] Next, a method for emitting a charge will be de-
scribed. Before voltage is applied between the top and
bottom electrodes (between the top electrode 3 and the
substrate 1 as the bottom electrode) shown in Fig. 4,
when DC bias (approximately 100V) is applied, the center
portion of the diaphragm is the most largely deformed,
as shownin Fig. 5, and comes into contact with a surface
of the second silicon compound layer 7 when the applied
voltage exceeds a voltage called the collapse voltage.
When voltage is further raised in this state, the length of
the contact part increases with an increase in voltage.
The distance between the top and bottom electrodes
which was approximately 350 nm before the contact is
reduced to 250 nm after the contact. Consequently, the
electric field intensity becomes 1.4 times as large as the
intensity before the contact. Thus, the electric field inten-
sity between the charge layer 8 and the bottom electrode
(substrate 1) increases in the contact part, a band struc-
ture of a tunnel barrier layer between the charge layer 8
and the bottom electrode is deformed, the Fowler-Nord-
heim (FN) type tunnel current flows, and charge is accu-
mulated in the charge layer 8. When the DC bias is re-
duced in this state, the upper film is separated from the
lower layer again as shown in Fig. 6, which has the effect
of reduction in the voltage between the top and bottom
electrodes and also the effect of an increase in the dis-
tance between the electrodes. Accordingly, the electric
field intensity decreases and no FN tunnel occurs. Thus,
the charge once locally present in the charge layer 8 can
remain therein for a relatively long time. Thereafter, with-
out applying a DC bias but by applying only AC pulses,
the diaphragm oscillates by the amplitudes of the AC
pulses and an amplitude proportional to an accumulated
charge amount, and thus ultrasound can be transmitted.
On the other hand, when an ultrasound is received from
the outside, current flows between the top and bottom
electrodes evenifno DC bias is applied, the current being
proportional to the change in the accumulated charge
amount and a change in the capacitance by deformation
of the diaphragm, and thus the transducer can be used
as an ultrasound sensor. Although a method using hot
electrons is applicable, in addition to the method using
the FN tunnel, as a method for emitting a charge, a ded-
icated transistor is required to be incorporated.

[0016] Next, change in charge with elapsed time will
be described. Since an ultrasound should be transmitted
with an excellent ratio of signal to noise as much as pos-
sible, it is described above that an ultrasound transducer
is used in a state shown in Fig. 6. However, actually in
most cases, AC pulses are used with a high voltage
where the voltage becomes close to the collapse voltage.
In this case, the thickness of the cavity layer 4 becomes
zero momentarily as shown in Fig. 5. In the case of a
resonance frequency of 10 MHz, the contact time is ap-
proximately one tenth of one cycle period, that is, approx-
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imately 10 ns. Since the contact is repeated for each
transmission of ultrasound, charge accumulated through
aprocessreverse to a process for emitting charge returns
to the top or bottom electrode.

[0017] Asacharge monitoring mechanisminthe trans-
ducer, for example, a source electrode and drain elec-
trode may be provided in the substrate. The resistance
of an electron conductive channel between the source
and a drain is proportional to the amount of charge ac-
cumulated in the charge layer 8. This is because the
transducer has the same structure as a field effect tran-
sistor for which a charge layer 8 serves as a gate. Ac-
cordingly, periodic measurement of the resistance be-
tween the source and drain electrodes allows estimation
of the charge amount remaining in the charge layer 8.
Thisis because, since the transducer has the same struc-
ture as a field effect transistor in which a charge layer 8
serves as a gate, a current Isd between the source and
drain is approximately proportional to gate voltage Vg,
such as Isd « Q (= Vg), wherein Q represents a charge
amount accumulated in the charge layer 8. Therefore,
the periodic measurement of the resistances between
the source and drain electrodes allows estimation of the
charge amount remaining in the charge layer 8. An em-
bodiment, in which source and drain electrodes are ar-
ranged, will be described below with reference to Fig. 11.
Corresponding to a change in charge amount, when the
change is small, the change can be used for definition of
a calibration coefficient and for calibration of a receive
signal. When the change is large, the change can be
used as a reference for determination on re-emitting. Al-
though charge may be, of course, periodically and re-
peatedly emitted without monitoring, repetition of over-
applying of current to an insulated layer serving as a tun-
nel path causes deterioration in the quality of the insu-
lated layer. Therefore, re-emitting is desired to be re-
duced to the necessity minimum. A structure similar to
that of the field effect transistor is described above as a
monitoring method of the charge amount. However, an-
other monitoring method, as shownin Fig. 7, is applicable
that evaluates the frequency spectrum of impedance of
a diaphragm. When electro-mechanical conversion effi-
ciency of the diaphragm is large, the distance between
the minimum point and the maximum point of amplitude
of the impedance is increased. A difference Af between
frequencies at the minimum point and maximum point of
the amplitude of the impedance is monitored so that the
electro-mechanical conversion efficiency, that is, charge
amount, of the diaphragm can be monitored. Further,
monitoring can be performed by the use of a phase of
the impedance. When the electro-mechanical conver-
sion efficiency is high, that is, at a frequency close to a
resonance frequency (fc), as the charge amount is large,
the diaphragm acts as an inductance in terms of an elec-
tric circuit since a conversion rate from electrical energy
to mechanical energy is high. At a frequency not close
to the resonance frequency (fc), the diaphragm mostly
acts as a capacitor since the conversion rate greatly
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drops. Thus, as indicated by a solid line in Fig. 7, a phase
component of the impedance is -90°at a frequency not
close to the resonance frequency (fc), and is 90°at a fre-
quency close to the resonance frequency (fc). As the
charge amount is reduced, the phase component is re-
duced from a peak of +90° as indicated by the dotted line
in Fig. 7, and thus a change in the charge amount can
be detected.

[0018] It is also possible to consider a method which
makes a determination by monitoring a current between
the top and bottom electrodes and using an integration
value of the current. Any of the above-described methods
enables an object of the present invention to be achieved.
[0019] Inan ultrasonographic device, transmission/re-
ception of ultrasound is not always carried out. For ex-
ample, regarding a high frequency linear probe for ob-
serving a thyroid gland or carotid, a case of a depth of
10 cm, a visual range of 5 cm in a lateral direction, and
a scan line density of 3 lines/mm in the lateral direction
will be described. Since acoustic velocity in an organism
is approximately 1500 m/s, it takes approximately 0.13
ms (= 20 cm (a turn around distance per return)/1500
m/s) for a sound to travel to and return from a point at a
depth of 10 cm. In order to obtain a single image, trans-
mission/reception of sound wave is repeated 166 times
(visual range width of 5 cm)/interval between scan lines
of 0.3 mm) and thus one frame is produced. Consequent-
ly, it takes 22 ms to produce one frame. Even if it takes
only a time of ms order to monitor the charge amount
and re-emit charge for one transducer, it takes time re-
quired for approximately 10 frames, to perform this op-
eration on each of approximately 200 transducers. Ac-
cordingly, monitoring each frame is impractical. It is pos-
sible to select a method of performing calibration for each
patient, or a method of performing calibration even for
one patient in a case of replacing the probe.

[0020] An ultrasonographic device according to the
present invention will be described below with reference
to Fig. 8, the device including the above described elec-
tro-acoustic transducers and a charge controller for con-
trolling charge amounts accumulated in the electro-
acoustic transducers. Based on control by a transmit and
receive sequence controller 201 programmed in ad-
vance, in a selector of transmit delay and weight 203,
values of transmit delay and weighting function for each
channel are selected to be provided to a transmit beam
former 204. The transmit beam former 204 provides a
transmit pulse to an electro-acoustic transducer 101
based on these values via a transmit/receive selector
205. At this time, a bias voltage is also applied to the
electro-acoustic transducer 101 by a bias voltage con-
troller 202, and consequently, ultrasound is transmitted
from the electro-acoustic transducer 101 to a subject (not
shown). A part of the ultrasound reflected by a scatterer
in the subject is received by the electro-acoustic trans-
ducer 101. The transmit and receive sequence controller
201 then controls a receive beam former 206 to start a
receive mode after a predetermined elapsed time from
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a timing of the transmission. The predetermined time is,
for example, a sound turn around time per return for 1
mm in the case of obtaining an image at a depth deeper
than 1 mm of the subject. The receive mode is not started
immediately after transmission, because it is necessary
toreceive a voltage having an extremely small value gen-
erally in a range of one hundredth to one thousandth of
the amplitude of a transmit voltage. The receive beam
former 206 continuously controls the delay and weighting
function in accordance with an arrival time of the reflected
ultrasound, the control being called dynamic focus. Data
after the dynamic focus is converted into an image signal
by an image former including a filter 207, an envelope
detector 208, a scan converter 209 and the like, and then
displayed on adisplay 210 as an ultrasound tomographic
image. The present invention has a feature that the
charge amount of the charge layer 8 in an electro-acous-
tic transducer 101 is monitored by a charge monitor 211
(charge controller). As described above, the charge
amount is not required to be always monitored. It is pref-
erable to carry out monitoring at the time of replacement
of a probe, switching of a photographing mode even in
the same probe, or the like, that is, at a timing of causing
no trouble even in a charge monitoring and charge re-
emitting process taking several 100 ms. As shown in Fig.
10, the charge monitor 211 has a charge monitoring sec-
tion 102, a charge emitter 103 and a controller 104. Es-
timating from a phase change of impedance of each
channel of the electro-acoustic transducers 101 of which
change in the charge amount for each channel has been
described above, when, for example, variation in the sen-
sitivity of electro-acoustic transducers 101 is greater than
2 to 3 dB that is allowable as sensitivity variation in the
transducers, charge is re-emitted by the charge emitter
103, the charge amount is re-monitored by the charge
monitor 211, and this process can be repeated until it is
confirmed that the sensitivity is within a desired sensitivity
variation range.

[0021] Further, more precise monitoring can be per-
formed by providing electrodes 14, 15 for the charge
monitor as shown in Fig. 11. The precise monitoring can
be realized by making the charge layer 8 correspond to
a gate of afield effect transistor, and similarly making the
electrodes for monitor 14, 15 correspond to the source
and drain electrodes of the field effect transistor respec-
tively. In a case of a field effect transistor, the resistance
between the source and drain (between the electrodes
14 and 15) is determined based on the gate voltage. Like-
wise, the charge amount of the charge layer 8 can be
measured by monitoring the resistance between elec-
trodes 14 and 15 according to a constitution shown in
Fig. 11. That s, in the present invention, as an example,
an electro-acoustic transducer can be employed, the
transducer having: a silicon-based or silicon compound-
based substrate; a first electrode formed on or in the sub-
strate; a silicon-based or silicon compound-based thin
film formed on the substrate; a second electrode formed
on or in the thin film; a cavity layer provided between the
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first and second electrodes; a charge layer for accumu-
lating charges emitted from the first and second elec-
trodes, the charge layer being provided between the first
and second electrodes; and a source electrode and drain
electrode for measuring a charge amount of the charge
layer.

[0022] An effect of the present invention will be de-
scribed with reference to Fig. 9. Fig. 9 shows a beam
pattern of an ultrasound, wherein the horizontal axis in-
dicates a lateral direction, the vertical axis indicates re-
ceive sensitivity with a unit of dB, and the beam pattern
is normalized by the maximum value of the sensitivity.
Resolution in the lateral direction of an image is deter-
mined by sharpness of the center of the ultrasound beam,
and it is first important that the main beam is sharp at 0
mm of the lateral direction. Further, since a dynamic
range of the image is determined by a noise level at a
part other than the center of the beam, the noise level at
a part other than the center of the beam is also a signif-
icant evaluation factor. This is because, when the dy-
namic range of the image is small, all structures, each of
which being positioned around scatterers with a large
reflection brightness and having a small reflection bright-
ness, are obscured by a noise level of the periphery of
the scatterers having the large reflection brightness, and
do not appear in the image. The solid line and dotted line
in Fig. 9 indicate sensitivity variations of the transducers
of 1 dB (solid line) and 6 dB (dotted line) respectively.
That is, although an excellent beam pattern as indicated
by the solid line in Fig. 9 is always obtained when the
charge amount is monitored, a beam pattern as indicated
by the dotted line in Fig. 9 is obtained and the dynamic
range of the image is largely deteriorated when the
change in the charge amount is not monitored.

Claims
1. An ultrasonographic device comprising:

an ultrasound probe having a plurality of dia-
phragm electro-acoustic transducers for trans-
mitting and receiving ultrasound, each electro-
acoustic transducer having a charge layer;

an image former for forming an image from a
signal received by the ultrasound probe;

a display for displaying the image; and

a charge controller for controlling the charge
amount of each charge layer.

2. The ultrasonographic device according to claim 1,
wherein the charge controller comprises:

a charge monitor for monitoring the charge
amount of each charge layer;

a charge emitter for emitting charge to each
charge layer; and

a controller for controlling each charge amount
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to be emitted by the charge emitter, based on
the corresponding charge amount monitored by
the charge monitor.

The ultrasonographic device according to claim 2,
wherein each electro-acoustic transducer comprises
a source electrode and a drain electrode; and
wherein the charge monitor monitors a charge
amount of each charge layer by measuring a resist-
ance between the source electrode and the drain
electrode.

The ultrasonographic device according to claim 2,
wherein the charge monitor monitors each charge
amount by evaluating frequency spectrum of a phase
component of impedance of the corresponding elec-
tro-acoustic transducer.

The ultrasonographic device according to claim 2,
wherein the charge monitor monitors each charge
amount by evaluating frequency spectrum of an am-
plitude component of impedance of the correspond-
ing electro-acoustic transducer.

The ultrasonographic device according to claim 2,
wherein each electro-acoustic transducer comprises
a top electrode and a bottom electrode, and
wherein the charge monitor monitors each charge
amount by monitoring an integrated value of a cur-
rent between the top and bottom electrodes.

The ultrasonographic device according to claim 2,
wherein the controller controls the charge emitter so
that difference between the charge amounts of the
plurality of electro-acoustic transducers is within a
predetermined range.

The ultrasonographic device according to claim 1,
wherein the charge controller calibrates each re-
ceive sensitivity of the ultrasound probe, based on
the charge amount of the corresponding charge lay-
er.

An ultrasonographic device comprising:

an ultrasound probe having a plurality of dia-
phragm electro-acoustic transducers, each
electro-acoustic transducer having a charge lay-
er;

atransmit and receive selector connected to the
ultrasound probe;

a transmit beam former for transmitting a trans-
mit signal to the transmit and receive selector;

a bias voltage controller for controlling a bias
voltage of each electro-acoustic transducer in
the ultrasound probe via the transmit and re-
ceive selector;

a receive beam former for processing a receive
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signal from the transmit and receive selector;
an envelope detector for processing a phasing
signal from the receive beam former;

a scan converter for outputting a video signal by
a use of an output of the envelope detector;

a display for displaying an output of the scan
converter as an image; and

a charge controller for controlling a charge
amount of each charge layer via the transmit
and receive selector.

The ultrasonographic device according to claim 9,
wherein the charge controller comprises:

a charge monitor for monitoring the charge
amount of each charge layer;

a charge emitter for emitting charge to each
charge layer; and

a controller for controlling each charge amount
to be emitted by the charge emitter, based on
the corresponding charge amount monitored by
the charge monitor.

The ultrasonographic device according to claim 10,
wherein each electro-acoustic transducer has a
source electrode and a drain electrode, and
wherein the charge monitor monitors a charge
amount of each charge layer by measuring a resist-
ance between the source electrode and the drain
electrode.

The ultrasonographic device according to claim 10,
wherein the charge monitor monitors each charge
amountby evaluating frequency spectrum of a phase
component ofimpedance of the corresponding elec-
tro-acoustic transducer.

The ultrasonographic device according to claim 10,
wherein the charge monitor monitors each charge
amount by evaluating frequency spectrum of an am-
plitude component of impedance of the correspond-
ing electro-acoustic transducer.

The ultrasonographic device according to claim 10,
wherein

each electro-acoustic transducer comprises a top
electrode and a bottom electrode, and

the charge monitor monitors each charge amount by
monitoring an integrated value of a current between
the top and bottom electrodes.

The ultrasonographic device according to claim 10,
wherein the controller controls the charge emitter so
that difference between the charge amounts of the
plurality of electro-acoustic transducers is within a
predetermined range.

The ultrasonographic device according to claim 9,
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wherein the charge controller calibrates each re-
ceive sensitivity of the ultrasound probe, based on
the charge amount of the corresponding charge lay-
er.

Amended claims under Art. 19.1 PCT

17. The ultrasonographic device according to claim
1,

wherein the ultrasound probe comprises a top elec-
trode, a bottom electrode and a silicon compound
layer provided between the top and bottom elec-
trodes, and

wherein the charge layer is provided in the silicon
compound layer.

18. The ultrasonographic device according to claim
9,

wherein the ultrasound probe comprises a top elec-
trode, a bottom electrode, and a silicon compound
layer provided between the top and bottom elec-
trodes, and

wherein the charge layer is provided in the silicon
compound layer.
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