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Description
Technical Field

[0001] The present invention relates to an ultrasonic probe having multiple transducers, each of which transmits or
receives ultrasonic waves to or from a subject, set in array.

Background Art

[0002] Ultrasonic probes have multiple transducers, each of which converts an electric signal fed from an ultrasonic
diagnosis apparatus into ultrasonic waves and transmits the ultrasonic waves to a subject, or receives reflected echoes
generated from the subject and converts the echoes into a received signal, setin array. As the transducer, what employs
a vibrational element whose ultrasound transmitting/receiving sensitivity varies depending on an applied bias voltage is
known.

[0003] Herein, by controlling the bias voltage to be applied to electrodes of the vibrational element, the ultrasound
transmitting/receiving sensitivity can be controlled (refer to, for example, patent document 1).

Patent document 1: JP-A-2004-274756

[0004] US 6 461 299 B1 discloses a method and system for generating transmit pulses for use with an electrostatic
transducer in harmonic imaging. The excitation waveforms are pre-distorted to account for the non-linear output of the
electrostatic transducer. Additionally, the force on a multiple element electrostatic transducer array is measured. A bias
voltage is applied to the electrostatic transducer wherein the bias voltage is responsive to the measured force.

[0005] US 2005/094490 A1 relates to an integrated switch matrix for reconfiguring sub-elements of a mosaic sensor
array to form elements. The switch matrix includes access switches that connect sub-elements to bus lines and matrix
switches that connect sub-elements to sub-elements. Each sub-element has a unit switch cell comprising at least one
access switch, at least one matrix switch, a respective memory element for storing the future state of each switch, and
a respective control circuit for each switch. The access and matrix switches are of a type having the ability to memorize
control data representing the current switch state of the switch, which control data includes a data bit input to turn-on/off
circuits incorporated in the control circuit.

[0006] In GB 1023 549 A each element or each group of elements of an array of piezo-electric transducers is connected
to one end of a balanced winding on a transformer, there existing a transformer for each element or group thereof, the
other end of the balanced winding is connected to a balancing network, and the balance point of the winding is connected
to means for applying an input pulse to the transformers in a predetermined time sequence.

[0007] According to WO 2005/032374 A1 an ultrasonic probe consists of a plurality of transducers for converting a
drive signalinto an ultrasonic wave, sending itto an examinee, receiving an ultrasonic wave generated from the examinee,
and converting it into an electric signal. Each of the transducers has a plurality of oscillation elements, and each of the
oscillation elements has a characteristic that the electromechanical coupling coefficient changes according to the intensity
of the DC bias superimposed to the drive signal to be applied. Electrodes of the respective oscillation elements are
connected to terminals to which the drive signal is supplied.

Disclosure of the Invention
Problems that the Invention is to Solve

[0008] However, in the above conventional technology, even when the same bias voltage is applied, a variance in
transmitting/receiving sensitivity occurs between multiple vibrational elements or transducers due to a variance derived
from manufacture of the vibrational elements or a residual stress or the like. Consequently, image unevenness, deteri-
oration of image quality, or an artifact phenomenon takes place in an ultrasonic image.

[0009] The patent document 1 implies that a variance in transmitting/receiving sensitivity of each vibrational element
derived from a residual stress or the like can be corrected by adjusting a bias voltage to be applied to an ultrasonic
transducer (capacitive micromachined ultrasonic transducer (cMUT)) that is produced through micromachining for con-
structing a vibrational element or a transducer. However, a concrete means or adjustment method for adjusting the bias
voltage is not described therein. In the patent document 1, a proposal is made of a high-voltage switching circuit in which:
multiple compact electronic switches are connected in series with an ultrasonic driver; ultrasonic transducers are con-
nected between the electronic switches; and the electronic switch groups are controlled in order to selectively drive the
ultrasonic transducers. However, the switching circuit is a circuit for selecting an ultrasonic transducer to be driven but
does not correct a variance in transmitting/receiving sensitivity of each ultrasonic transducer.

[0010] An object of the present invention is to provide a concrete means and for correcting a variance in transmit-
ting/receiving sensitivity between multiple vibrational elements, vibrational element groups, or transducers which are
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included in an ultrasonic probe.
Means for Solving the Problems

[0011] Inview of solving the foregoing problem, the present invention provides an ultrasonic probe having the features
of claim 1. Preferred embodiments of the invention are described in the dependent claims.

[0012] Accordingtoan aspect, an ultrasonic probe has multiple transducers, each of which includes multiple vibrational
elements that each transmit or receive ultrasonic waves by converting ultrasonic waves and an electric signal into each
other with a bias voltage applied thereto, set in array, and includes a transmitting/receiving sensitivity correction means
that independently adjusts a bias voltage to be applied to at least two vibrational elements among the multiple vibrational
elements, and corrects a variance in transmitting/receiving sensitivity between the at least two vibrational elements.
[0013] Moreover, according to an aspect an ultrasonic diagnosis apparatus includes: an ultrasonic probe that has
multiple transducers, each of which includes at least one vibrational element that transmits or receives ultrasonic waves
by converting ultrasonic waves and an electric signal into each other with a bias voltage applied thereto, set in array; a
bias means that generates a DC voltage for use in feeding a bias voltage; and a transmission/reception control means
that transmits or receives an electric signal to or from multiple vibrational elements. Between the bias means and the at
least two vibrational elements among the multiple vibrational elements, a transmitting/receiving sensitivity correction
means that independently adjusts the bias voltage to be applied to the at least two vibrational elements so as to correct
a variance in transmitting/receiving sensitivity between the at least two vibrational elements is interposed.

[0014] Moreover, according to an aspect a transmitting/receiving sensitivity correction method is implemented in an
ultrasonic diagnosis apparatus including: an ultrasonic probe that has multiple transducers, each of which includes
multiple vibrational elements that each transmit or receive ultrasonic waves by converting ultrasonic waves and an
electric signal into each other with a bias voltage applied thereto, set in array; a bias means that generates a DC voltage
for use in feeding the bias voltage; and a transmitting/receiving sensitivity correction means that corrects a variance in
transmitting/receiving sensitivity between at least two vibrational elements among the multiple vibrational elements, and
includes: a step of measuring the capacities of at least two vibrational elements; a step of selecting a reference vibrational
element from the at least two vibrational elements; a step of obtaining a correction coefficient, which is needed to correct
a variance in transmitting/receiving sensitivity between the at least two vibrational elements, on the basis of the capacity
of the other vibrational element with respect to the capacity of the reference vibrational element; a step of calculating
control data, which is needed to adjust the bias voltage, on the basis of the correction coefficients for the at least two
vibrational elements, and storing the control data; and a step of transmitting or receiving ultrasonic waves by applying
the adjusted bias voltage to each of the at least two vibrational elements on the basis of the control data.

[0015] Moreover, according to an aspect a transmitting/receiving sensitivity correction method further includes: a step
of detecting a received signal, which is based on transmission or reception of ultrasonic waves to or from each of at
least two vibrational elements, with the same bias voltage applied to each of the at least two vibrational elements; a step
of obtaining a magnitude of a change in a transmitting/receiving sensitivity of each of the at least two vibrational elements
on the basis of the received signal of each of the at least two vibrational elements; a step of updating control data so as
to correct the magnitude of the change of each of the at least two vibrational elements and storing the resultant control
data; and a step of transmitting or receiving ultrasonic waves by applying the adjusted bias voltage to each of the at
least two vibrational elements on the basis of the updated control data for each of the at least two vibrational elements.
[0016] In the above description, even when the vibrational element is replaced with a vibrational element group, a
transducer, or a transducer group, the same applies thereto.

Advantage of the Invention

[0017] According to the present invention, a variance in transmitting/receiving sensitivity between multiple vibrational
elements, vibrational element groups, or transducers that are included in an ultrasonic probe can be readily and highly
precisely corrected. As a result, a high-quality ultrasonic image can be acquired.

Best Mode for Carrying Out the Invention

[0018] Referring to the drawings, embodiments of ultrasonic probes to which the present invention is applied will be
described below.

First Embodiment

[0019] Fig. 1 shows an ultrasonic probe and an ultrasonic diagnosis apparatus to which the first embodiment of the
present invention is applied.
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[0020] Asshownin Fig. 1, an ultrasonic probe includes a vibrational element 1 whose ultrasound transmitting/receiving
sensitivity varies depending on an applied bias voltage, and an upper electrode 1-a and a lower electrode 1-b disposed
with the vibrational element 1 between them.

[0021] Herein, the ultrasonic probe of the present embodiment has a transmitting/receiving sensitivity control circuit
7, which corrects a variance in transmitting/receiving sensitivity of the vibrational element 1, interposed between the
vibrational element 1 and a bias means 2. Incidentally, the vibrational element 1 is generally called a cell. The number
of vibrational elements 1 is not limited to one but may be increased if necessary.

[0022] The thus configured ultrasonic probe is connected to a transmission means 4 that is included in an ultrasonic
diagnosis apparatus and feeds an electric signal, a reception means 5 that processes a received signal outputted from
the ultrasonic probe, and the bias means 2 that includes a bias power supply (DC power supply) for applying a bias
voltage to the ultrasonic probe. The transmission means 4 and reception means 5 transmit or receive a signal to or from
the ultrasonic probe via a transmission/reception separation means 6. For example, a signal line and a signal return line
are AC-coupled between the transmission/reception separation means 6 and vibrational element 1.

[0023] Herein, the vibrationalelement 1inthe presentembodimentis an ultrasonic transducer whose electromechanical
coupling coefficient varies depending on an applied bias voltage. For example, Fig. 1 shows an example in which a
cMUT is adopted as the vibrational element 1.

[0024] The cMUT has a so-called capacitor structure having a drum-like vibrational film formed on a semiconductor
substrate and having the semiconductor substrate and vibrational film sandwiched between the upper electrode 1-a and
the lower electrode 1-b. When a bias voltage is applied from the bias means 2 to the cMUT, an electric field is generated
between the upper electrode 1-a and the lower electrode 1-b. This brings the vibrational film to a tensed state.

[0025] In this state, when an electric signal transmitted from the transmission means 4 is applied to across the upper
electrode 1-a and the lower electrode 1-b, the vibrational film vibrates. Ultrasonic waves derived from the vibrations of
the vibrational film are transmitted to a subject. When reflected echoes generated from the subject are inputted to the
cMUT, the vibrational film vibrates to vary an internal space. Therefore, a change in the capacitance of the cMUT can
be converted into as an electric signal.

[0026] Moreover, since the tension of the vibrational film varies depending on a bias voltage applied to the cMUT,
when the intensity of ultrasonic waves transmitted from the cMUT to the subject is weighted by controlling the bias
voltage, whether the ultrasonic waves are intense or feeble can be controlled. Likewise, a receiving sensitivity at which
the cMUT receives ultrasonic waves reflected from the subject can be controlled by controlling the bias voltage. Quali-
tatively, the bias voltage and the transmitted wave intensity or receiving sensitivity have a substantially proportional
relationship. In other words, as the bias voltage is raised, the transmitted wave intensity or receiving sensitivity increases.
As the bias voltage is lowered, the transmitted wave intensity or receiving sensitivity decreases.

[0027] Although a description has been made by taking the cMUT for instance, the present invention is not limited to
the example. The present invention can be applied to an element formed using an electrostrictive material characteristic
of having the electromechanical coupling coefficient varied depending on a bias voltage.

[0028] The vibrational element 1 has the upper electrode 1-a formed on the apex thereof and has the lower electrode
1-b formed on the bottom thereof. The upper electrode 1-a is connected to the positive electrode side of the bias means
2 through a terminal 2-a. The lower electrode 1-b is connected to the negative electrode side of the bias means 2 through
a terminal 2-b. The transmitting/receiving sensitivity control circuit 7 serving as a transmitting/receiving sensitivity cor-
rection means is interposed between the vibrational element 1 and the bias means 2 on a conductor over which a bias
voltage is applied to the vibrational element 1 on the basis of a DC voltage fed from the bias means 2. Preferably, the
transmitting/receiving sensitivity control circuit 7 is disposed on the side of the bias means 2 beyond a connected position,
at which the transmission means 4 or reception means 5 and the transmission/reception separation means 6 are con-
nected to the vibrational element 1, on the conductor.

[0029] An equivalent circuit of the vibrational element 1 is, as shown in Fig. 1, expressed with a model having a
capacitor Ccell and a resistor Rcell connected in parallel with each other. The capacitance Ccap of the capacitor Ccell
is expressed by an equation (1) below on the assumption that a dielectric constant is ¢, an electrode area is S, and an
inter-electrode distance is d.

Ccap = £5/d - ()

[0030] A charge Q stored in the capacitor Ccell has a relationship of Q=Ccap-Vdc established with the capacitance
Ccap of the vibrational element 1 and a voltage Vdc fed from the bias means 2. An equation (2) below is drawn out using
the equation (1).
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Q0 = CcapVdc = & (S/d)-Vdc (2)

[0031] Herein, assuming that the equation (2) expresses the property of a reference vibrational element, a vibrational
element whose inter-electrode distance or electrode area is slightly different from that of the reference vibrational element
may be produced due to an effect of a residual stress or the like occurring at a step of sputtering or the like in the process
of manufacturing the cMUT cell. Assuming that the capacitive componentis C’cap, a charge Q’ present in the vibrational
element whose inter-electrode distance or electrode area is slightly different from that of the reference vibrational element
is expressed by an equation (3) below.

Q' = C'capVdc - ' : ' (3)

[0032] Specifically, since the capacitance of each vibrational element is slightly different from another, a charge stored
therein is slightly different. In order to eliminate the effect of a variance in transmitting/receiving sensitivity, the charge
Q’ has to be controlled and approached to the charge Q serving as a reference. When a certain coefficient k is used to
express the relationship between Q and Q’, an equation (4) below is deduced. Herein, k denotes a correction coefficient
between vibrational elements.

Q = kQ’ S v (4)

[0033] Next, the equation (2) is deformed using the equations (3) and (4), whereby an equation (5) below is obtained.

Q = Ccépﬂdc
= k'Q’ = k'(C’cap'vdc) =. C’cap;U¢VdcY (5)

According to the equation (5), it is understood that a variance in transmitting/receiving sensitivity between vibrational
elements or even between the reference vibrational element and a vibrational element whose capacitance is different
from that of the reference vibrational element can be suppressed by controlling a bias voltage, which is applied to the
vibrational element, so that the bias voltage will be a product of k-Vdc. From the equation (5), k is generally expressed
as follows:

k = Ccap/C’cap | - (6)

Consequently, k is determined with the ratio between the capacitance of the reference vibrational element and the
capacitance of another vibrational element.

[0034] Fig. 1 shows the firstembodiment of the transmitting/receiving sensitivity control circuit 7 of the present invention.
The present embodiment corrects a variance in transmitting/receiving sensitivity of a vibrational element by disposing
a resistive element between the vibrational element and bias means and adjusting a bias voltage to be applied to the
vibrational element.

[0035] To be more specific, as shown in Fig. 1, a resistor 9 whose resistance value is Rs is disposed in series between
the vibrational element 1 and the positive electrode of the bias means 2. In this case, assuming that a bias voltage is
Vdc, an inter-electrode voltage of the vibrational element 1 is V, and the resistance value of the vibrational element 1 is
Rcell, V is expressed by an equation (7) below.

V = Rcell-Vdc/ (Rs+Rcell) (7)
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Specifically, due to voltage division by the series resistor Rs and the resistor Rcell of the vibrational element, the voltage
V lower than Vdc is applied to the vibrational element (that is, a bias voltage to be applied to the vibrational element is
controlled with a voltage drop caused by the series resistor Rs). Consequently, by adjusting the resistance value of the
resistor Rs, the bias voltage V to be applied to the vibrational element 1 can be controlled. Eventually, a variance in a
charge to be stored in each vibrational element is corrected, and the charge becomes equal to a charge stored in the
reference vibrational element. A variance in transmitting/receiving sensitivity between multiple vibrational elements can
be suppressed. As a result, a high-quality ultrasonic image can be acquired. Adjustment of the resistance value of the
resistor Rs will be described later.

[0036] Incidentally, k is expressed by an equation (8) below on the basis of the equations (5) and (7).

k = Rcell/ (Rs+Rcell) (8)

Specifically, when a bias voltage is, like in the present embodiment, corrected by inserting the resistor Rs in series, k<1
is established, and Ccap<C’ cap is deduced from the equation (6). In the present embodiment, a vibrational element
whose capacitance Ccell is minimum is selected as the reference vibrational element. Namely, other vibrational elements
are adapted to the vibrational element whose capacitance is minimum.

[0037] The vibrational element 1 in Fig. 1 has been described so far. The same applies to a vibrational element group
3including, as shown in Fig. 2, multiple vibrational elements 1 with electrodes used in common, or a transducer 8 formed,
as shown in Fig. 3, by gathering multiple vibrational element groups 3. Namely, since the vibrational element group 3 is
a setof multiple vibrational elements 1 and the transducer 8 is a set of multiple vibrational element groups 3, the vibrational
element group or transducer can be regarded as one large vibrational element as a whole. The transmitting/receiving
sensitivity control circuit 7 is interposed between the electrodes of the vibrational element group 3 or the electrodes of
the transducer 8 and the bias means 2. The transmitting/receiving sensitivity of the vibrational element group 3 or
transducer 8 can be controlled by controlling a bias voltage to be applied to the vibrational element group or transducer.
[0038] The transducer can be adapted to a 1D- (where D stands for dimension), 1.5D-, or 2D-array probe transducer
by modifying a connection pattern for the vibrational element group 3. Herein, a 1D array refers to a structure having an
ultrasonic transducer arrayed on a one-dimensional line (straight line or a curve) . A 1. 5D refers to a structure having
an ultrasonic transducer arrayed on a two-dimensional plane (flat plane or curved plane) defined with in a one-dimensional
array direction (long-axis direction) and a direction (short-axis direction) orthogonal to the one-dimensional array direction,
having ultrasonic scan and focus control performed in the long-axis direction (one-dimensional array direction), and
having focus control performed in the short-axis direction (direction orthogonal to the long-axis direction).

[0039] Moreover, a 2D refers to a structure having an ultrasonic transducer arrayed on a two-dimensional plane (flat
plane or curved plane), and having ultrasonic scan and focus control performed in an arbitrary direction. Namely, when
all the vibrational element groups 3 of a transducer are connected to one another, the 1D-array transducer is formed.
When the vibrational element groups 3 are independently handled, the 1.5D-array transducer is formed. By separating
the vibrational element groups into finer vibrational element groups, the 2D-array probe transducer can be formed. What
type of transducer is produced is determined in the process of manufacturing a transducer by modifying a connection
pattern for vibrational element groups constituting the transducer. Incidentally, aluminum wires or the like are used to
interconnect the vibrational element groups constituting the transducer.

[0040] Fig. 4 shows as another example of arrangement a case where the transmitting/receiving sensitivity control
circuit 7 is connected to each of multiple transducers. Fig. 5 shows a case where one transmitting/receiving sensitivity
control circuit 7 is connected to a transducer group 24 including multiple transducers. As mentioned above, the trans-
mitting/receiving sensitivity of the transducer group 24 can be controlled by controlling a bias voltage to be applied to
the transducer group 24.

[0041] Otherwise, the transmitting/receiving sensitivity of each vibrational element, each vibrational element group,
or each transducer may be independently controlled in order to control a variance in transmitting/receiving sensitivity.
Fig. 6 shows this example. Fig. 6 shows a case where a variance in transmitting/receiving sensitivity is corrected by
independently controlling the transmitting/receiving sensitivity of each vibrational element. The illustration of the trans-
mission means 4, reception means 5, and transmission/reception separation means 6 is omitted. In this arrangement,
a resistor Rsx (where x denotes an index for each vibrational element) is added in association with each vibrational
element in order to control the transmitting/receiving sensitivity of each vibrational element. Naturally, an arrangement
in which the resistor Rsx is added in association with each vibrational element group or each transducer instead of each
vibrational element in order to correct a variance in transmitting/receiving sensitivity of each vibrational element group
or each transducer will do. Incidentally, adjustment of the resistance value of the resistor Rsx will be described later.
[0042] Now, a variance in transmitting/receiving sensitivity of each transducer will be described below. A transducer
is formed by connecting multiple vibrational element groups, which are fabricated and arranged in a strip-shaped sem-



10

15

20

25

30

35

40

45

50

55

EP 1 949 856 B1

iconductor wafer, to one another. Therefore, in the transducer 8 formed in the wafer, a variance in transmitting/receiving
sensitivity occurs depending on a formed place in the wafer. Namely, a variance occurs within each transducer 8. After
the transducer 8 is formed in the wafer, or at a step of assembling or mounting the completed transducer 8 in a probe,
the capacitance characteristic of each of the vibrational element groups 3 constituting the transducer 8 with respect to
a bias voltage is measured. Fig. 7A and Fig. 7B show examples of the results of the measurement. Fig. 7A is a graph
indicating a change in a capacitance of each of the vibrational element groups d to g with respect to a bias voltage. Fig.
7B is a graph indicating a bias voltage maximizing the capacitance of each of the vibrational element groups. Based on
the results of the measurement, a vibrational element group whose capacitance is maximized with a minimum bias
voltage is selected. In this case, the vibrational element group g related to the minimum bias voltage Vg is selected.
[0043] Thereafter, a voltage value (hereinafter, a use permissible voltage value) designated to be slightly lower than
the minimum bias voltage Vg is recorded in a memory included together with the transducer in the probe. The same
measurement is performed on other transducers, and use permissible voltage values are recorded in memories included
in respective probes. Thus, the use permissible voltage value inherent to the transducer of each probe is recognized.
Moreover, by grasping the voltage values, a distribution of permissible use voltages of transducers fabricated using the
same wafer can be grasped.

[0044] Fig. 7C shows an example. Fig. 7C is a graph indicating a distribution of use permissible voltage values of
transducers within a wafer. The distribution characteristic of use permissible voltage values is used to control a variance
in sensitivity between transducers. Specifically, a transducer relevant to the lowest permissible use voltage value is
selected, and the permissible use voltage values of the other transducers are controlled to be equal to the permissible
use voltage value of the selected transducer. In other words, an upper limit value of a bias voltage to be controlled for
each transducer in order to correct a variance in transmitting/receiving sensitivity of each transducer is set to the per-
missible use voltage value for the transducer relevant to the lowest permissible use voltage value. In the example shown
in Fig. 7C, since the permissible use voltage value relevant to the transducer G is minimum, the transducer G is selected
and the permissible use voltage value is regarded as the upper limit of the bias voltage. Consequently, a variance in
transmitting/receiving sensitivity between transducers within the same wafer can be suppressed with safe. The control
can be attained by attaching the aforesaid transmitting/receiving sensitivity control circuit to a transducer for which a
use permissible voltage should be adjusted, and controlling a bias voltage to be applied to the transducer. Adjustment
of a resistance value in the control circuit will be described later.

[0045] In the above description, correction of the transmitting/receiving sensitivity of each transducer has been intro-
duced. The transmitting/receiving sensitivity of each transducer may be corrected so that it will be equal to the transmit-
ting/receiving sensitivity of a standard probe. What is referred to as the standard probe will be described below. In the
same wafer, multiple transducer groups each of which can be mounted in a probe (hereinafter, probe transducer groups)
are formed. A variance in transmitting/receiving sensitivity of each probe transducer group is measured, and a mean
value of variances is then worked out. A probe transducer whose variance in transmitting/receiving sensitivity is closest
to the mean value of variances is regarded as the standard probe.

[0046] Hereinafter, a vibrational element, a vibrational element group, a transducer, and a transducer group will be
represented by the transducer. Noted is that even if the transducer is replaced with the vibrational element, vibrational
element group, or transducer group, the same thing would be said.

Second Embodiment

[0047] Fig. 8 shows the second embodiment of the transmitting/receiving sensitivity control circuit 7 of the present
invention. As illustrated, the present embodiment adopts as the transmitting/receiving sensitivity control circuit 7 a con-
stant voltage circuit realized with an emitter follower including a transistor 10 and variable resistors R4(11) and R5(12),
and has the transmitting/receiving sensitivity control circuit 7 interposed between the bias means 2 and transducer 8.
In this circuit, a bias voltage V to be applied to the transducer 8 can be controlled by adjusting the ratio between the
resistance values of the variable resistors R4(11) and R,(12), and a variance in transmitting/receiving sensitivity between
multiple transducers can be suppressed. Adjustment of the resistance values of the variable resistors R4(11) and R5(12)
will be described later.

[0048] Even in the present embodiment, since the bias voltage V to be applied to the transducer 8 drops to be lower
than the bias voltage of the bias means 2, a transducer whose capacitance is minimum is selected as a reference
transducer. The selection of the transducer, of which capacitance is minimum, as the reference transducer will be equally
applied to the other embodiments to be described later.

Third Embodiment

[0049] Fig. 9 shows the third embodiment of the transmitting/receiving sensitivity control circuit 7 of the present inven-
tion. As illustrated, the present embodiment adopts as the transmitting/receiving sensitivity control circuit 7 a constant
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voltage circuit including an operational amplifier 13 and variable resistors R3(14) and R,4(15), and has the transmitting/re-
ceiving sensitivity control circuit 7 interposed between the bias means 2 and transducer 8. Even in the present embod-
iment, similarly to the first and second embodiments, the bias voltage V to be applied to the transducer 8 can be controlled
by adjusting the resistance values of the variable resistors R3(14) and R4(15), and a variance in transmitting/receiving
sensitivity between multiple transducers can be suppressed. The adjustment of the resistance values of the variable
resistors R3(14) and R4(15) will be described later.

Fourth Embodiment

[0050] Fig. 10 shows the fourth embodiment of the transmitting/receiving sensitivity control circuit 7 of the present
invention. As illustrated, the presentembodiment adopts as the transmitting/receiving sensitivity control circuit 7 a voltage
limit circuit including a variable resistor R5(16) and a Zener diode 17, and has the transmitting/receiving sensitivity control
circuit 7 interposed between the bias means 2 and transducer 8. The voltage limit circuit uses a Zener voltage characteristic
of the Zener diode to control the bias voltage to be applied to the transducer 8. In other words, the resistance value of
the variable resistor R5(16) is adjusted in order to adjust a current value, which flows into the Zener diode 17, so as to
control the Zener voltage Vz. A variance in transmitting/receiving sensitivity between multiple transducers can therefore
be suppressed. The adjustment of the resistance value of the variable resistor R5(16) will be described later.

[0051] As a variant of the embodiment 4, as shown in Fig. 11, the transmitting/receiving sensitivity control circuit 7
may be formed with a resistor 18, a Zener diode 17, and a constant current source 19. In this case, a current that flows
into the Zener diode 17 corresponds to the sum of a current which flows from a bias power supply for the bias means
2 and a current which flows from the constant current source 19 for which a quantity of a current can be adjusted.
Consequently, the Zener voltage Vz can be controlled by adjusting the quantity of a current flowing from the constant
current source 19. The adjustment of the current value of the constant current source 19 will be described later.

Fifth Embodiment

[0052] Fig. 12 shows the fifth embodiment of the transmitting/receiving sensitivity control circuit 7 of the present
invention. As illustrated, the present embodiment has the transmitting/receiving sensitivity control circuit 7 formed with
aresistor 18, a constant current source 19, and a variable resistor Rg(20), and has the transmitting/receiving sensitivity
control circuit 7 interposed between the bias means 2 and transducer 8. In this circuit, similarly to the circuit of the variant
of the embodiment 4, by adjusting a quantity of a current flowing from the constant current source 19, a current that
flows into the variable resistor Rg(20) is adjusted or the resistance value of the variable resistor 20 is adjusted. Conse-
quently, the bias voltage V to be applied to the transducer 8 can be controlled, and a variance in transmitting/receiving
sensitivity between multiple transducers can be suppressed. The adjustment of the resistance value of the variable
resistor Rg(20) will be described later.

[0053] Next, a adjustment means and method for the resistance value of a variable resistor employed in the first to
fifth embodiments will be described below. The same applies to adjustment of the current value of the constant current
source 19 in the fourth embodiment. The adjustment means includes a variable resistor serving as a variation means
that adjusts a bias voltage and a memory in which the transmitting/receiving sensitivity characteristics of vibrational
elements are stored, adjusts the variation means according to information read from the memory, and determines a
value with which a variance in transmitting/receiving sensitivity can be corrected. The variation means of the adjustment
means is not limited to the variable resistor. Any other means can be adopted in the same manner as long as the means
can adjust the bias voltage.

[0054] A predetermined bias voltage is applied to a transducer at the time of manufacture, an impedance meter 21 is
used to measure a reactance offered at a predetermined frequency. The reactance component is equivalent to the
parallel capacitance between the inter-electrode capacitance of a vibrational element or a transducer and a parasitic
capacitance. At this time, the capacitance is expressed by an equation (9) below.

c = l1/0x - (9

where © denotes an angular frequency.

[0055] According to the equation (9), the capacitance of a transducer is obtained based on the result of measurement
of the reactance component of the transducer. The obtained capacitance and the capacitance of a transducer serving
as a reference are compared with each other according to the equation (6), whereby a correction coefficient k is deter-
mined. Based on the correction coefficient k, a bias voltage to be applied to the transducer and a resistance value for
obtaining the bias voltage are determined. As shown in Fig. 13, a resistor pattern produced in advance in the same
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wafer as the transducer is produced is subjected to trimming processing using a laser generator 22 or the like described
in the publication JP-A-2004-273679 or the like. Thus, a desired resistance value is obtained.

[0056] Moreover, a variable resistive element, for example, a temperature-coefficient thermistor may be formed in a
wafer. The resistance value of the thermistor itself may be adjusted by controlling the temperature of the thermistor or
a current that flows into the thermistor. This utilizes the characteristic of the thermistor that the resistance value thereof
varies depending on a change in temperature, and can be realized by forming a positive (or negative) temperature-
coefficient thermistor and a heater in a semiconductor wafer. As an example of the heater, one employing a Peltier
element and a constant current circuit is cited. The Peltier element is an element whose heating or cooling can be
controlled based in the direction of a current and can have the degree thereof controlled with a quantity of a current.
The combination of the constant current circuit and Peltier element provides a heater of a desired temperature and can
adjust the resistance value of the thermistor. Incidentally, the present embodiment has cited the thermistor as an example
of a variable resistor. Alternatively, the value of a switch-on resistor may be adjusted by controlling a gate-source voltage
Vgs of a FET or the like using a DAC or the like, or a resistance value may be adjusted by controlling a current that flows
into a diode.

[0057] Next, Fig. 14 shows the first control example of the transmitting/receiving sensitivity control circuit 7 of the
present invention. The transmitting/receiving sensitivity control circuit 7 includes a control means 25, a memory 23, a
digital-to-analog converter (hereinafter, DAC) 26, and a variable resistor 27 realized with a thermistor or the like. The
memory 23 stores control data and is connected to the control means 25 over a data bus (hereinafter, bus) . Moreover,
the data output of the memory 23 is inputted to the DAC 26. The DAC 26 converts digital data read from the memory
23 into an analog signal, outputs the analog signal, and is connected to the variable resistor 27 formed with a thermistor
or the like. Since the other components are identical to those shown in Fig. 3, the description of the components will be
omitted.

[0058] Now, concrete actions in the first control example will be described based on the flowchart of Fig. 16. The
example of actions includes a transducer manufacture process, a probe assembly process, and an operation process.
Programs associated with steps described below are stored in advance. When the programs associated with respective
steps are read and run, the steps are automatically or semi-automatically implemented.

[0059] To begin with, the transducer manufacture process 601 to 605 will be described below. In the transducer
manufacture process, control of a variance in transmitting/receiving sensitivity of each vibrational element is corrected.
[0060] At step 601, a reactance of each vibrational element at a predetermined frequency is measured in a wafer
production process, and a capacitance of each vibrational element is acquired from the result of measurement.

[0061] Atstep 602, a reference vibrational element for use in correcting a variance in transmitting/receiving sensitivity
of each vibrational element is selected. For example, a vibrational element whose capacitance is minimum is selected
as the reference vibrational element.

[0062] At step 603, a correction coefficient k for use in correcting a variance in transmitting/receiving sensitivity of
each vibrational element is obtained. Namely, the correction coefficient k for each vibrational element is obtained from
the ratio between the capacitance of the selected reference vibrational element and the capacitance of another vibrational
element.

[0063] At step 604, for each vibrational element, a resistance value (Rs) of a resistive element for use in correcting a
variance in transmitting/receiving sensitivity is obtained based on the correction coefficient k. The resistance value (Rs)
may be obtained using the correction coefficient k and the resistance value (Rcell) of the vibrational element according
to the equation (8).

Rs = {(1-k)/k}Rcell o ) ' (10)

[0064] At step 605, for each vibrational element, the resistive element exhibiting the resistance value (Rs) obtained
at step 604 is mounted in the same wafer. The mounting method is, as mentioned above, a method in which the laser
generator 22 or the like described in the publication JP-A-2004-273679 is used to perform trimming processing in order
to obtain a desired resistance value.

[0065] At step 606, a probe transducer group is cut and extracted from the wafer.

[0066] Next, the probe assembly process 607 to 612 will be described below. In the probe assembly process, control
of a variance in transmitting/receiving sensitivity of each transducer is corrected.

[0067] At step 607, a probe transducer group cut and extracted at step 606 is incorporated into a probe.

[0068] At step 608, a reactance of each transducer at a predetermined frequency is measured, and a capacitance of
each transducer is acquired from the result of the measurement.

[0069] At step 609, a reference transducer for use in correcting a variance in transmitting/receiving sensitivity of each
transducer is selected. As the reference transducer, for example, a transducer whose capacitance is minimum s selected.



10

15

20

25

30

35

40

45

50

55

EP 1 949 856 B1

[0070] At step 610, a correction coefficient k for use in correcting a variance in transmitting/receiving sensitivity of
each transducer is obtained. Namely, the correction coefficient k for each vibrational element is obtained from the ratio
between the capacitance of the selected reference transducer and the capacitance of another transducer.

[0071] At step 611, based on the correction coefficient k for each transducer, control data of a bias voltage to be
applied to each transducer is calculated, and stored in the memory over the bus. Moreover, control data for each
transducer and the date of production of the control data are recorded in a log file in the memory 23. Specifically, from
the correction coefficient k, control data such as a current value, a voltage value, or an amount of heat (in a case where
a Peltier element is adopted as a heat source, a current value that is a control factor) for use in controlling a control
factor such as a resistance value is calculated for a control device such as the variable resistor 27 (for example, a
thermistor) of the transmitting/receiving sensitivity control circuit 7. The control data is then stored in the memory 23
over the bus. The control data is also used to correct a variance in transmitting/receiving sensitivity after delivery of a
product.

[0072] At step 612, based on the control data, the bias voltage adjusted for each transducer is applied in order to
transmit or receive ultrasonic waves. When ultrasonic waves are transmitted or received, the control means 25 reads
the control data stored in the memory 23, and outputs it to the DAC 26. The DAC 26 controls a current value or the like
according to the value of the inputted control data so as to control the resistance value of the variable resistor 27.
Specifically, when the variable resistor 27 includes a negative-temperature coefficient thermistor and a Peltier element,
a current controlled by the DAC 26 is caused to flow into the Peltier element. Thus, the resistance value can be indirectly
controlled through direct temperature control of the negative-temperature coefficient thermistor.

[0073] Now, a voltage applied to across the transducer 8 is a fraction of a voltage value, which is fed from the bias
means 2, produced based on the resistance value Rs of the variable resistor 27 and the resistance value R of the
transducer 8. Namely, a variance in transmitting/receiving sensitivity for ultrasonic waves is corrected by adjusting an
electromechanical coupling coefficient dependent on an electric-field intensity. Thus, control is extended so that trans-
ducers will exhibit the same transmitting/receiving sensitivity. When transmitting/receiving sensitivity correction is per-
formed, a display signifying that sensitivity correction is under way may appear on the screen of the ultrasonic diagnosis
apparatus.

[0074] Finally, the operation process 613 to 618 will be described below. In the operation process, a deviation in control
of a variance in transmitting/receiving sensitivity of each transducer derived from a time-sequential change in transmit-
ting/receiving sensitivity of the transducer is corrected.

[0075] At step 613, the transmitting/receiving sensitivity of each transducer is measured. After delivery of a product,
since it is technically hard to directly measure the capacitance of a transducer incorporated in an ultrasonic probe, the
transmitting/receiving sensitivity of the transducer is indirectly measured. As an example, with the ultrasonic probe
abutted against a predetermined phantom, the control means 25 detects the voltage of a response signal for a bias
voltage inputted to each transducer. Thus, the control means 25 can measure the transmitting/receiving sensitivity of
each transducer.

[0076] At step 614, whether a variance in transmitting/receiving sensitivity of each transducer has to be corrected is
decided. For example, whether the transmitting/receiving sensitivity of each transducer falls within a range of threshold
values (for example, = 1 dB of a mean of transmitting/receiving sensitivities of transducers obtained at step 613) is
determined. If the transmitting/receiving sensitivity of each transducer falls outside the range, a decision is made that
variance correction is needed, and processing proceeds to step 615. If the transmitting/receiving sensitivity of each
transducer falls within the range of threshold values, a decision is made that variance correction is not needed, and
processing proceeds to step 618.

[0077] At step 615, a reference transducer is selected for use in correcting a deviation in correction of a variance in
transmitting/receiving sensitivity of each transducer. As the reference transducer, for example, a transducer whose
transmitting/receiving sensitivity is minimum is selected.

[0078] At step 616, a correction coefficient k is obtained for use in correcting a deviation in correction of a variance in
transmitting/receiving sensitivity of each transducer. In other words, the correction coefficient k for each vibrational
element is obtained from the ratio between the transmitting/receiving sensitivity of the selected reference transducer
and the transmitting/receiving sensitivity of another transducer.

[0079] At step 617, based on the correction coefficient k for each transducer, control data for a bias voltage to be
applied to each transducer is updated and stored in the memory 23 over the bus. Specifically, for a transducer whose
sensitivity is degraded, control data is modified so that the bias voltage to be applied to the transducer will be increased.
On the other hand, for a transducer whose sensitivity is upgraded, control data is updated so that the bias voltage to be
applied to the transducer will be decreased. The control means 25 updates, as mentioned above, the control data stored
in the memory 23 in advance, and can thus highly precisely correct a variance in transmitting/receiving sensitivity all the
time. After the control data is updated, processing returns to step 613, and the transmitting/receiving sensitivity of each
transducer is measured again.

[0080] At the time of updating control data, control data for each transducer and a date of update are recorded in a
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log file, and the data is recorded in the memory 23. Due to a time-sequential change in transmitting/receiving sensitivity
of each transducer, control data for use in controlling a control device is updated properly. The frequency or cycle of
update is calculated in the control means 25 on the basis of the log file produced at the time of update. The results of
the calculation can be displayed on the screen of the apparatus by depressing a button disposed on an operating console
of the ultrasonic diagnosis apparatus.

[0081] Otherwise, at the time of updating control data, relative values of the transmitting/receiving sensitivities of other
transducers with respect to the transmitting/receiving sensitivity of the reference transducer may be displayed on the
screen, and the control data may be updated through the screen. Fig. 17 shows an example. Fig. 17 shows an example
in which a data list 701 of a time-sequential change in a variance in transmitting/receiving sensitivity of each transducer,
and two control buttons 702 and 703 are displayed on the screen. The data list 701 lists an ID number of each transducer,
a time-sequential change of a relative value of transmitting/receiving sensitivity thereof with respect to the reference
transducer from one to another, and a magnitude of calibration (%) of control data. The time-sequential change of the
relative value of the transmitting/receiving sensitivity from one to another refers to time-sequential display of an initial
value at the time of manufacture or assembly and relative values of transmitting/receiving sensitivities measured there-
after. If the measurement button 702 is depressed in this state, the steps 613 to 616 are executed. The relative value
of the transmitting/receiving sensitivity of each transducer is measured, and a magnitude of calibration (%) of control
data for bringing the relative value to 1 is calculated and displayed. After measurement of the relative values of trans-
mitting/receiving sensitivities of all transducers and calculation of magnitudes of calibration of control data items are
completed, if the application button 703 is depressed, the calculated magnitudes of calibration are reflected on the
respective control data items. Moreover, the measured relative values of transmitting/receiving sensitivities are stored
together with date-of-measurement data items in the memory means, and displayed on the screen at the next time of
updating control data.

[0082] At step 618, based on updated control data, a adjusted bias voltage is applied to each transducer in order to
transmit or receive ultrasonic waves.

[0083] At step 619, if correction of a deviation in control of a variance in transmitting/receiving sensitivity of each
transducer derived from a time-sequential change in transmitting/receiving sensitivity of the transducer is repeated at
regular or irregular intervals, processing returns to step 613. The steps 613 to 618 are then repeated.

[0084] As mentioned above, updated control data is used to control the transmitting/receiving sensitivity in order to
transmit or receive ultrasonic waves. Consequently, with a variance in transmitting/receiving sensitivity corrected highly
precisely, a high-quality ultrasonicimage can be acquired all the time. In the description of the probe manufacture process
and operation process, an example in which the reference transducer is selected and a variance in transmitting/receiving
sensitivity of each transducer is corrected has been cited. However, the transmitting/receiving sensitivity of a standard
probe may be regarded as a reference, and a variance in transmitting/receiving sensitivity between probes may be
corrected.

[0085] The concrete action flow of the first control example has been described so far.

[0086] In this example, the negative-temperature coefficient thermistor is employed. Alternatively, a positive-temper-
ature coefficient thermistor may be employed. Moreover, in the present example, the temperature-coefficient thermistor
and Peltier element are used to control a resistance value. Alternatively, a current may be caused to directly flow into a
self-current control thermistor. If correction of a time-sequential change at the steps 613 to 617 is not performed, control
datais needed only in a wafer production process or in the probe assembly process succeeding chip formation. Therefore,
the memory 23 can have the function thereof limited to reading from a nonvolatile memory element such as a ROM. A
circuit scale can be reduced.

[0087] According to the first control example, correction of a variance in transmitting/receiving sensitivity of each
transducer can be performed continuously and most optimally all the time. Moreover, since a control device includes a
thermistor and a Peltier element, a temperature characteristic can be readily adjusted based on a kind of dopant (an
impurity to be mixed, for example, boron (dope), SiC (thin film), Ge (thin film), or Ni (metal)) employed in a semiconductor
process, a quantity thereof, or a thin film.

[0088] Next, Fig. 15 shows the second control example of the transmitting/receiving sensitivity control circuit 7 of the
present invention. Differences from the first control example lie in that a data latch circuit 28 is substituted for the DAC
26 and that an analog switch switching type variable resistor which switches multiple analog switches realized with MOS
switches or mechanical relays so as to control a resistance value is adopted as a type of variable resistor instead of the
thermistor. The variable resistor can be realized with, for example, a micro-relay based on a MEMS technology or a
ladder resistor. Since the other components are identical to those of the first control example, the illustration of the
transducer 8 and bias means 2 will be omitted.

[0089] Now, concrete actions in the second control example will be described. An action flow in the second control
example is identical to that in the first control example except the contents of control data at step 611 and the contents
of step 612. Only the different parts will be described below.

[0090] Atstep 611, an action that the control means 25 stores control data in the memory 23 is identical to that in the
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first control example. However, the control data stored in the memory 23 is control data for switching switches of an
analog switch switching type variable resistor.

[0091] Atstep 612, when ultrasonic waves are transmitted or received, the control means 25 reads control data stored
in the memory 23 and outputs it to the data latch circuit 28. The data latch circuit 28 holds multiple values of control data
items inputted at the timing of a latch clock, alternates the openings and closings of the analog switches according to
the multiple values of control data items, and thus controls the resistance value of the variable resistor.

[0092] Even in the second control example, similarly to the first control method, if the transmitted/received signal
intensity of each transducer is measured after the assembly process, correction of a variance can be performed according
to a time-sequential change in each element.

[0093] Owing to the second control example, a variance in transmitting/receiving sensitivity of each transducer can
be corrected without being affected by an external factor such as ambient temperature.

[0094] Incidentally, the first and second control examples can be achieved either online or offline.

[0095] As another example of correction of a variance in transmitting/receiving sensitivity after delivery of a product,
verification of the situation of a variance in transmitting/receiving sensitivity of a probe and correction processing of the
variance in transmitting/receiving sensitivity may be performed remotely. For this purpose, the ultrasonic diagnosis
apparatus includes a communication means capable of communicating with an external control means, which is installed
outside the apparatus (for example, a host computer at a remote center), over a network. The ultrasonic diagnosis
apparatus is connected to a host computer, which holds correction information on the transmitting/receiving sensitivity
of each probe, over the network in order to perform verification of the situation of the transmitting/receiving sensitivity
dependent on a time-sequential change in each probe, update of control data inherent to the probe, and correction
processing of a variance in transmitting/receiving sensitivity.

[0096] Finally, in the description of the present invention, a variance in transmitting/receiving sensitivity of each vibra-
tional element, each vibrational element group, or each transducer is corrected. Alternatively, the transmitting/receiving
sensitivity of each vibrational element, each vibrational element group, or each transducer may be corrected so that it
will be equal to the sensitivity of a standard probe.

Brief Description of the Drawings
[0097]

[Fig. 1] Fig. 1 shows the first embodiment of an ultrasonic probe, an ultrasonic diagnosis apparatus, and a trans-
mitting/receiving sensitivity control circuit to which the present invention is applied;

[Fig. 2] Fig. 2 shows a vibrational element shown in Fig. 1 as a vibrational element group;

[Fig. 3] Fig. 3 shows the vibrational element shown in Fig. 1 as a transducer;

[Fig. 4] Fig. 4 shows a case where a transmitting/receiving sensitivity control circuit 7 is connected to each of multiple
transducers;

[Fig. 5] Fig. 5 shows the vibrational element shown in Fig. 1 as a transducer group;

[Fig. 6] Fig. 6 shows a case where a control resistor Rx is connected to each of multiple vibrational elements;
[Fig. 7A] Fig. 7A shows the results of voltage-vs.-capacitance measurement performed on a vibrational element
group;

[Fig. 7B] Fig. 7B shows a maximum applied voltage value for each of vibrational element groups;

[Fig. 7C] Fig. 7C shows a permissible use voltage value for each of transducers;

[Fig. 8] Fig. 8 shows the second embodiment of the transmitting/receiving sensitivity control circuit;

[Fig. 9] Fig. 9 shows the third embodiment of the transmitting/receiving sensitivity control circuit;

[Fig. 10] Fig. 10 shows the fourth embodiment of the transmitting/receiving sensitivity control circuit;

[Fig. 11] Fig. 11 shows a variant of the fourth embodiment of the transmitting/receiving sensitivity control circuit;
[Fig. 12] Fig. 12 shows the fifth embodiment of the transmitting/receiving sensitivity control circuit;

[Fig. 13] Fig. 13 shows a scene where a laser generator is used to perform trimming processing on a resistor formed
on the same wafer as a vibrational element is;

[Fig. 14] Fig. 14 shows the first control example of the transmitting/receiving sensitivity control circuit of the present
invention;

[Fig. 15] Fig. 15 shows the second control example of the transmitting/receiving sensitivity control circuit of the
present invention;

[Fig. 16] Fig. 16 is a flowchart presenting concrete actions in the first control example of the transmitting/receiving
sensitivity control circuit shown in Fig. 14; and

[Fig. 17] Fig. 17 shows a list of relative values of transmitting/receiving sensitivities of transducers other than a
reference transducer with respect to the transmitting/receiving sensitivity of the reference transducer.
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Description of Reference Numerals and Signs

[0098]

o)

N AN

Vibrational Element

Upper Electrode

Lower Electrode

Bias Means

Transmission Means

Reception Means

Transmission/Reception separation Means
Transmitting/Receiving Sensitivity Control Circuit

Claims

1.

An ultrasonic probe having a plurality of transducers (8), each of which includes a plurality of vibrational elements
(1) that each is configured to transmit or receive ultrasonic waves by converting ultrasonic waves and an electric
signal into each other with a bias voltage applied thereto, set in array, comprising:

a transmitting/receiving sensitivity correction means (7) configured to correct a variance in transmitting/receiving
sensitivity between at least two vibrational elements (1) among the plurality of vibrational elements (1) by
independently adjusting the bias voltage to be applied to the at least two vibrational elements (1),
characterized in that the transmitting/receiving sensitivity correction means (7) is configured to correct, based
on the capacitance of a reference vibrational element (1) selected from the at least two vibrational elements (1)
and the capacitance of the other vibrational element (1), the transmitting/receiving sensitivity of the other vibra-
tional element (1).

The ultrasonic probe according to Claim 1, wherein according to the transmitting/receiving sensitivities of the at
least two vibrational elements (1), the transmitting/receiving sensitivity correction means (7) is configured to convert
a DC voltage, which is fed from an externally installed bias means (2), into a bias voltage of a voltage different from
the DC voltage, and is configured to apply the converted bias voltage to each of the at least two vibrational elements

(1)

The ultrasonic probe according to Claim 2, wherein the transmitting/receiving sensitivity correction means (7) includes
at least one resistive element (11, 12; 14, 15; 16; 20), and is configured to adjust the resistance value of at least
one resistive element (11, 12; 14, 15; 16; 20) out of the at least one resistive element (11, 12; 14, 15; 16; 20) so as
to adjust the voltage of the bias voltage into which the DC voltage is converted.

The ultrasonic probe according to Claim 3, wherein the transmitting/receiving sensitivity correction means (7) is
configured to use the at least one resistive element to be adjusted (11, 12; 14, 15; 16; 20) to perform voltage division
on the DC voltage and to convert it into the bias voltage.

The ultrasonic probe according to Claim 3, wherein the transmitting/receiving sensitivity correction means (7) is
configured to use an emitter follower circuit, which includes at least one resistive element to be adjusted (11, 12)
and a transistor (10), to convert the DC voltage into the bias voltage.

The ultrasonic probe according to Claim 3, wherein the transmitting/receiving sensitivity correction means (7) is
configured to use a constant voltage circuit, which includes at least one resistive element to be adjusted (14, 15)
and an operational amplifier (13), to convert the DC voltage into the bias voltage.

The ultrasonic probe according to Claim 3, wherein the transmitting/receiving sensitivity correction means (7) is
configured to use a voltage limit circuit, which includes at least one resistive element to be adjusted (16) and a Zener
diode (17), to convert the DC voltage into the bias voltage.

The ultrasonic probe according to Claim 3, wherein the transmitting/receiving sensitivity correction means (7) is

configured to use at least one resistive element to be adjusted (20) and a constant current source (19) to convert
the DC voltage into the bias voltage.
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9. Theultrasonicprobe according to Claim 2, wherein the transmitting/receiving sensitivity correction means (7) includes
at least one resistive element (18), a Zener diode (17), and a constant current source (19), and is configured to
control the constant current source so as to convert the DC voltage into the bias voltage.

10. The ultrasonic probe according to Claim 3, wherein:

the at least one resistive element to be adjusted includes a variable resistive element (27); and

the transmitting/receiving sensitivity correction means (7) includes a resistance value control means (25) that
is configured to control the resistance value of the variable resistive element, (27), and is configured to control
the resistance value of the variable resistive element (27) so as to adjust the voltage of the bias voltage into
which the DC voltage is converted.

11. The ultrasonic probe according to Claim 3, wherein:

the resistive element (27) includes a plurality of analog switches; and
the resistance value control means (25) is configured to control the resistance value of the resistive element by
switching the switches.
12. The ultrasonic probe according to Claim 1, wherein:
the plurality of vibrational elements (1) each includes electrodes (1-a, 1-b);
at least one vibrational element group (3) in which the electrodes (1-a, 1-b) of at least one vibrational element
(1) among the plurality of vibrational elements (1) are connected in common is formed; and
the transmitting/receiving sensitivity correction means (7) is included in the at least one vibrational element
group (3), and is configured to apply the bias voltage to each of the common electrodes (1-a, 1-b) of the at least
one vibrational element group (3).

13. The ultrasonic probe according to Claim 1, wherein:
the plurality of vibrational elements (1) each includes electrodes (1-a, 1-b);
the electrodes (1-a, 1-b) of a plurality of vibrational elements (1) constituting a transducer (8) are connected in
common; and
the transmitting/receiving sensitivity correction means (7) is included in at least one transducer (8) among the
plurality of transducers (8), and is configured to applies the bias voltage to each of the common electrodes (1-
a, 1-b) of the at least one transducer (8).

14. An ultrasonic diagnosis apparatus comprising: an ultrasonic probe according to claim 1,
a bias means (2) that is configured to generate a DC voltage for use in feeding the bias voltage; and
a transmission/reception control means that is configured to transmit or receive the electric signal to or from
the plurality of vibrational elements (1), wherein:

the transmitting/receiving sensitivity correction means (7) is interposed between the bias means (2) and at
least two vibrational elements (1) among the plurality of vibrational elements (1).
Patentanspriiche
1. Ultraschallsonde, die mehrere Wandler (8) besitzt, von denen jeder mehrere Vibrationselemente (1) enthalt, von

denen jedes konfiguriert ist, mit einer daran angelegten Vorspannung Ultraschallwellen durch Umsetzen von Ultra-
schallwellen und eines elektrischen Signals ineinander zu senden oder zu empfangen, und die regelmafig ange-
ordnet sind, wobei die Ultraschallsonde umfasst:

Korrekturmittel (7) fur die Sende/Empfangs-Empfindlichkeit, die konfiguriert sind, eine Varianz der Sende/Emp-
fangs-Empfindlichkeit zwischen wenigstens zwei Vibrationselementen (1) unter den mehreren Vibrationsele-
menten (1) durch unabhangiges Einstellen der Vorspannung, die an die wenigstens zwei vibrierenden Elemente
(1) angelegt werden soll, zu korrigieren,

dadurch gekennzeichnet, dass die Korrekturmittel (7) fur die Sende/Empfangs-Empfindlichkeit konfiguriert
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sind, basierend auf der Kapazitat eines Referenzvibrationselements (1), das aus den wenigstens zwei Vibra-
tionselementen (1) ausgewahlt ist, und der Kapazitatdes anderen Vibrationselements (1), die Sende/Empfangs-
Empfindlichkeit des anderen Vibrationselements (1) zu korrigieren.

Ultraschallsonde nach Anspruch 1, wobei gemaR den Sende/Empfangs-Empfindlichkeiten der wenigstens zwei
Vibrationselemente (1) die Korrekturmittel (7) fir die Sende/Empfangs-Empfindlichkeit konfiguriert sind, eine Gleich-
spannung, die von extern installierten Vorspannungsmitteln (2) zugefiihrt wird, in eine Vorspannung mit einer Span-
nung, die sich von der Gleichspannung unterscheidet, umzusetzen und konfiguriert sind, die Vorspannung an jedes
der wenigstens zwei Vibrationselemente (1) anzulegen.

Ultraschallsonde nach Anspruch 2, wobei die Korrekturmittel (7) fir Sende/Empfangs-Empfindlichkeit wenigstens
ein Widerstandselement (11, 12; 14, 15; 16; 20) enthalten und konfiguriert sind, den Widerstandswert wenigstens
eines Widerstandselements (11, 12; 14, 15; 16; 20) aus den wenigstens einen Widerstandselementen (11,12; 14,15;
16; 20) einzustellen, um die Spannung der Vorspannung, in die die Gleichspannung umgesetzt wird, einzustellen.

Ultraschallsonde nach Anspruch 3, wobei die Korrekturmittel (7) fur die Sende/Empfangs-Empfindlichkeit konfiguriert
sind, das wenigstens eine Widerstandselement (11, 12; 14, 15; 16; 20), das eingestellt werden soll, zu verwenden,
um eine Spannungsteilung fiir die Gleichspannung auszufiihren und sie in die Vorspannung umzusetzen.

Ultraschallsonde nach Anspruch 3, wobei die Korrekturmittel (7) fur die Sende/Empfangs-Empfindlichkeit konfiguriert
sind, eine Emitterfolgerschaltung, die wenigstens ein Widerstandselement, das eingestellt werden soll (11, 12), und
einen Transistor (10) enthalt, zu verwenden, um die Gleichspannung in die Vorspannung umzusetzen.

Ultraschallsonde nach Anspruch 3, wobei die Korrekturmittel (7) fur die Sende/Empfangs-Empfindlichkeit konfiguriert
sind, eine Konstantspannungsschaltung, die wenigstens ein Widerstandselement, das eingestellt werden soll (14,
15), und einen Operationsverstarker (13) enthalt, zu verwenden, um die Gleichspannung in die Vorspannung um-
zusetzen.

Ultraschallsonde nach Anspruch 3, wobei die Korrekturmittel (7) fur die Sende/Empfangs-Empfindlichkeit konfiguriert
sind, eine Spannungsbegrenzungsschaltung, die wenigstens ein Widerstandselement, das eingestellt werden soll
(16), und eine Zener-Diode (17) enthalt, zu verwenden, um die Gleichspannung in die Vorspannung umzusetzen.

Ultraschallsonde nach Anspruch 3, wobei die Korrekturmittel (7) fir Sende/Empfangs-Empfindlichkeit konfiguriert
sind, wenigstens ein Widerstandselement, das eingestellt werden soll (20), und eine Konstantstromquelle (19) zu
verwenden, um die Gleichspannung in die Vorspannung umzusetzen.

Ultraschallsonde nach Anspruch 2, wobei die Korrekturmittel (7) fir Sende/Empfangs-Empfindlichkeit wenigstens
ein Widerstandselement (18), eine Zener-Diode (17) und eine Konstantstromquelle (19) enthalten und konfiguriert
sind, die Konstantstromquelle zu steuern, um die Gleichspannung in die Vorspannung umzusetzen.

Ultraschallsonde nach Anspruch 3, wobei:
das wenigstens eine Widerstandselement, das eingestellt werden soll, ein variables Widerstandselement (27)
enthéalt; und
die Korrekturmittel (7) fir Sende/Empfangs-Empfindlichkeit Widerstandswertsteuermittel (25) enthalten, die
konfiguriert sind, den Widerstandswert des variablen Widerstandselements (27) zu steuern, und konfiguriert
sind, den Widerstandswert des variablen Widerstandselements (27) zu steuern, um die Spannung der Vor-
spannung, in die die Gleichspannung umgesetzt wird, einzustellen.

Ultraschallsonde nach Anspruch 3, wobei:
das Widerstandselement (27) mehrere analoge Schalter enthalt; und
die Widerstandswertsteuermittel (25) konfiguriert sind, den Widerstandswert des Widerstandselements durch
Schalten der Schalter zu steuern.

Ultraschallsonde nach Anspruch 1, wobei:

jedes der mehreren Vibrationselemente (1) Elektroden (1-a, 1-b) enthalt;
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wenigstens eine Vibrationselementegruppe (3), in der die Elektroden (1-a, 1-b) wenigstens eines Vibrationse-
lements (1) unter den mehreren Vibrationselementen (1) gemeinsam verbunden sind, gebildet wird; und

die Korrekturmittel (7) fir Sende/Empfangs-Empfindlichkeit in der wenigstens einen Vibrationselementegruppe
(3) enthalten sind und konfiguriert sind, die Vorspannung an jede der gemeinsamen Elektroden (1-a, 1-b) der
wenigstens einen Vibrationselementegruppe (3) anzulegen.

13. Ultraschallsonde nach Anspruch 1, wobei:

jedes der mehreren Vibrationselemente (1) Elektroden (1-a, 1-b) enthalt;

die Elektroden (1-a, 1-b) von mehreren Vibrationselementen (1), die einen Wandler (8) bilden, gemeinsam
verbunden sind; und

die Korrekturmittel (7) fir Sende/Empfangs-Empfindlichkeit in wenigstens einem Wandler (8) unter den meh-
reren Wandlern (8) enthalten ist und konfiguriert ist, die Vorspannung an jede der gemeinsamen Elektroden
(1-a, 1-b) des wenigstens einen Wandlers (8) anzulegen.

14. Ultraschalldiagnosevorrichtung, die umfasst:

eine Ultraschallsonde nach Anspruch 1,

Vorspannungsmittel (2), die konfiguriert sind, eine Gleichspannung zum Gebrauch zum Speisen der Vorspan-
nung zu erzeugen; und

Sende/Empfangssteuermittel, die konfiguriert sind, elektrische Signale zu oder von den mehreren Vibrations-
elementen (1) zu senden oder zu empfangen, wobei:

die Korrekturmittel (7) fir Sende/Empfangs-Empfindlichkeit zwischen den Vorspannungsmitteln (2) und
wenigstens zwei Vibrationselementen (1) unter den mehreren Vibrationselementen (1) zwischengeschaltet
sind.

Revendications

Sonde a ultrasons ayant une pluralité de transducteurs (8), dont chacun inclut une pluralité d’éléments vibratoires
(1), dont chacun est configuré pour transmettre recevoir des ondes ultrasonores en convertissant des ondes ultra-
sonores et un signal électrique l'un/les unes dans l'autre/les autres via un voltage de polarisation appliqué a ceux-
ci, placés en réseau, comprenant :

un moyen de correction de sensibilité d’émission/réception (7) configuré pour corriger une variance dans la
sensibilité d’émission/réception entre au moins deux éléments vibratoires (1) parmi la pluralité d’éléments vi-
bratoires (1) en ajustantindépendamment le voltage de polarisation a appliquer auxdits au moins deux éléments
vibratoires (1),

caractérisée en ce que le moyen de correction de sensibilité d’émission/réception (7) est configuré pour
corriger, sur la base de la capacité d’'un élément vibratoire de référence (1) sélectionné parmi lesdits au moins
deux éléments vibratoires (1) et la capacité de I'autre élément vibratoire (1), la sensibilité d’émission/réception
de l'autre élément vibratoire (1).

Sonde a ultrasons selon la revendication 1, dans laquelle en accord avec les sensibilités d’émission/réception
desdits au moins deux éléments vibratoires (1), le moyen de correction de sensibilité d’émission/réception (7) est
configuré pour convertir un voltage a courant continu, qui est alimenté depuis un moyen de polarisation (2) installé
de facon externe, en un voltage de polarisation ayant un voltage différent du voltage a courant continu, et est
configuré pour appliquer le voltage de polarisation converti a chacun desdits au moins deux éléments vibratoires (1).

Sonde a ultrasons selon la revendication 2, dans laquelle le moyen de correction de sensibilité d’émission/réception
(7) inclut au moins un élément résistif (11, 12 ; 14, 15 ; 16 ; 20) et est configuré pour ajuster la valeur de résistance
d’au moins un élément résistif (11, 12 ; 14, 15; 16 ; 20) autre que ledit au moins un élément résistif (11, 12 ; 14,
15; 16 ; 20) de maniére a ajuster le voltage du voltage de polarisation dans lequel le voltage a courant continu est
converti.

Sonde a ultrasons selon la revendication 3, dans laquelle le moyen de correction de sensibilité d’émission/réception
(7) est configuré pour utiliser ledit au moins un élément résistif a ajuster (11, 12; 14, 15; 16 ; 20) pour exécuter
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une division de voltage sur le voltage a courant continu, et est configuré pour le convertir dans le voltage de
polarisation.

5. Sonde a ultrasons selon la revendication 3, dans laquelle le moyen de correction de sensibilité d’émission/réception
(7) est configuré pour utiliser un circuit suiveur d’émetteur, qui inclut au moins un élément résistif a ajuster (11, 12)
et un transistor (10), pour convertir le voltage a courant continu dans le voltage de polarisation.

6. Sonde a ultrasons selon la revendication 3, dans laquelle le moyen de correction de sensibilité d’émission/réception
(7) est configuré pour utiliser un circuit a voltage constant, qui inclut au moins un élément résistif a ajuster (14, 15)
et un amplificateur opérationnel (13), pour convertir le voltage a courant continu dans le voltage de polarisation.

7. Sonde a ultrasons selon larevendication 3, dans laquelle le moyen de correction de sensibilité d’émission/réception
(7) est configuré pour utiliser un circuit de limitation de voltage, qui inclut au moins un élément résistif a ajuster (16)
et une diode Zener (17), pour convertir le voltage a courant continu dans le voltage de polarisation.

8. Sonde a ultrasons selon la revendication 3, dans laquelle le moyen de correction de sensibilité d’émission/réception
(7) est configuré pour utiliser au moins un élément résistif a ajuster (20) et une source a courant constant (19) pour
convertir le voltage a courant continu dans le voltage de polarisation.

9. Sonde a ultrasons selon larevendication 2, dans laquelle le moyen de correction de sensibilité d’émission/réception
(7) inclut au moins un élément résistif (18), une diode Zener (17), et une source de courant constant (19), et est
configuré pour commander la source de courant constant de maniére a convertir le voltage a courant continu dans
le voltage de polarisation.

10. Sonde a ultrasons selon la revendication 3, dans laquelle :

ledit au moins un élément résistif a ajuster inclut un élément résistif variable (27) ; et

le moyen de correction de sensibilité d’émission/réception (7) inclut un moyen de commande de valeur de
résistance (25) qui est configuré pour commander la valeur de résistance de I’élément résistif variable (27), et
est configuré pour commander la valeur de résistance de I'élément résistif variable (27) de fagon a ajuster le
voltage du voltage de polarisation dans lequel est converti le voltage a courant continu.

11. Sonde a ultrasons selon la revendication 3, dans laquelle :

I'élément résistif (27) inclut une pluralité de commutateurs analogiques ; et
le moyen de commande de valeur de résistance (25) est configuré pour commander la valeur de résistance de
I'élément résistif en commutant les commutateurs.

12. Sonde a ultrasons selon la revendication 1, dans laquelle :

la pluralité d’éléments vibratoires (1) incluent chacun des électrodes (1-a, 1-b) ;

au moins un groupe d’éléments vibratoires (3), dans lequel les électrodes (1-a, 1-b) d’au moins un élément
vibratoire (1) parmi la pluralité d’éléments vibratoires (1) sont connectées en commun, est formé ; et

le moyen de correction de sensibilité d’émission/réception (7) estinclus dans ledit au moins un groupe d’éléments
vibratoires (3) et est configuré pour appliquer le voltage de polarisation a chacune des électrodes communes
(1-a, 1-b) dudit au moins un groupe d’éléments vibratoires (3).

13. Sonde a ultrasons selon la revendication 1, dans laquelle :

la pluralité d’éléments vibratoires (1) incluent chacun des électrodes (1-a, 1-b) ;

les électrodes (1-a, 1-b) d’'une pluralité d’éléments vibratoires (1) constituant un transducteur (8) sont connectées
en commun ; et

le moyen de correction de sensibilité d’émission/réception (7) est inclus dans au moins un transducteur (8)
parmi la pluralité de transducteurs (8), et est configuré pour appliquer le voltage de polarisation a chacune des
électrodes communes (1-a, 1-b) dudit au moins un transducteur (8).

14. Appareil de diagnostic a ultrasons comprenant :
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une sonde a ultrasons selon la revendication 1,

un moyen de polarisation (2) qui est configuré pour générer un voltage a courant continu a utiliser pour alimenter
le voltage de polarisation ; et

un moyen de commande d’émission/réception qui est configuré pour émettre pour recevoir le signal électrique
vers ou venant de la pluralité d’éléments vibratoires (1), dans lequel :

le moyen de correction de sensibilité d’émission/réception (7) est interposé entre le moyen de polarisation
(2) et au moins deux éléments vibratoires (1) parmi la pluralité d’éléments vibratoires (1).
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