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A drive apparatus for an ultrasonic device includes a trans-
mission circuit for outputting a first through n-th (where n is
an integer 2 or greater) drive signal to first through n-th
driving electrode line belonging to the ultrasonic device, as
well as a control unit for controlling the transmission circuit.
In a case where the phase difference between an i-th (where i
is an integer 1=i=n-1) drive signal and an i+1-th drive signal
is a first phase difference, the transmission circuit outputs the
first through n-th drive signals at a greater voltage amplitude
than a case where the phase difference between the i-th drive
signal and the i+1-th drive signal is a second phase difference
greater than the first phase difference.
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DRIVE APPARATUS, ULTRASONIC PROBE,
AND ULTRASONIC DIAGNOSTIC
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Japanese Patent
Application No. 2012-122787 filed on May 30, 2012. The
entire disclosure of Japanese Patent Application No. 2012-
122787 1s hereby incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] Thepresent invention relates to a drive apparatus, an

ultrasonic probe, and an ultrasonic diagnostic apparatus, inter
alia.

[0004] 2. Related Art

[0005] Oneknownexample of an apparatus for insonifying
a subject with ultrasonic waves and receiving reflected waves
coming from an interfacial surface at which the acoustic
impedance is different within the interior of the subject is an
ultrasonic diagnostic apparatus for inspecting the interior ofa
human body. As an ultrasonic apparatus (ultrasonic probe) to
be used in an ultrasonic diagnostic apparatus, Patent Docu-
ment 1 discloses a technique for scanning a beam in a row
direction and in a column direction by arraying piezoelectric
elements in a matrix array shape and providing a wiring for
every row and column. With this technique, however, the
application of a drive signal to the piezoelectric elements
creates fluctuations in the electrical potential of a common
electrode line, and a problem therefore emerges in that the
intensity of ultrasonic waves changes depending on the beam
direction (steering angle) in a case where phase scanning is to
be carried out.

[0006] Japanese Laid-open Patent Publication No. 2006-
61252 (Patent Document 1) is an example of the related art.

SUMMARY

Problems to be Solved by the Invention

[0007] According to several modes of the invention, it is
possible to provide a drive apparatus, ultrasonic probe, and
ultrasonic diagnostic apparatus, inter alia, making it possible
to reduce changes in ultrasonic wave intensity during phase
scanning.

Means Used to Solve the Above-Mentioned
Problems

[0008] One mode of the invention relates to a drive appa-
ratus for an ultrasonic device, the drive apparatus including a
transmission circuit for outputting a first drive signal to an
n-th (where n is an integer 2 or greater) drive signal to a first
driving electrode line to n-th driving electrode line belonging
to the ultrasonic device, as well as a control unit for control-
ling the transmission circuit; wherein, in a case where the
phase difference between an i-th (where 1is an integer 1<i<n—
1) drive signal and an i+1-th drive signal from among the first
drive signal to n-th drive signal is a first phase difference, the
transmission circuit outputs the first drive signal to n-th drive
signal at a greater voltage amplitude than a case where the
phase difference between the i-th drive signal and the i+1-th
drive signal is a second phase difference greater than the first
phase difference.
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[0009] According to one mode of the invention, a smaller
phase difference between the i-th drive signal and the i+1-th
drive signal correlates to a greater voltage amplitude of the
first through n-th drive signals, and thus it is possible to
reduce the changes in the intensity of ultrasonic waves in a
case where the phase difference is being varied.

[0010] In one mode of the invention, the transmission cir-
cuit can output the first drive signal to n-th drive signal at a
greater voltage amplitude in a case of a frontal emission mode
than in a case of a phase scanning mode.

[0011] So doing makes it possible to reduce a difference in
the ultrasonic wave intensity between the case of the frontal
emission mode and the case of the phase scanning mode.
[0012] In one mode of the invention, the transmission cir-
cuit can have a gain amplifier for which the gain is controlled
by the control unit, the control unit controlling the voltage
amplitude of the first drive signal to n-th drive signal by
controlling the gain of the gain amplifier.

[0013] So doing allows the transmission circuit to change
the voltage amplitude of the first through n-th drive signals in
accordance with the phase difference between the i-th drive
signal and the i+1-th drive signal on the basis of the control of
the control unit.

[0014] In one mode of the invention, the transmission cir-
cuit can further include: a signal generation circuit; and a
delay circuit for which the delay time is controlled by the
control unit; wherein the gain amplifier amplifies a reference
signal coming from the signal generation circuit, and the
delay circuit generates the first drive signal to n-the drive
signal having the phase difference between the i-th drive
signal and the i+1-th drive signal by delaying the amplified
reference signal on the basis of the control of the control unit.
[0015] So doing allows the transmission circuit to output
the first through n-th drive signals having a desired phase
difference, on the basis of the control of the control unit.
[0016] In one mode of the invention, in a case where the
first drive signalis outputted ata first timing and the n-th drive
signal is outputted at an n-th timing, the gain of the gain
amplifier can be increased from the first timing toward a
timing intermediate between the first timing and the n-th
timing, and reduced from the intermediate timing toward the
n-th timing, whereby the voltage amplitude of the first drive
signal to n-th drive signal can be increased from the first
timing toward the intermediate timing and reduced from the
intermediate timing toward the n-th timing.

[0017] So doing allows the transmission circuit to output
the first through n-th drive signals for which the voltage
amplitude increases from the first timing toward the interme-
diate timing and is reduced from the intermediate timing
toward the n-th timing.

[0018] In one mode, the transmission circuit can have a
voltage selection circuit for selecting one from among a plu-
rality of voltages to serve as a selection voltage, the voltage
selection circuit outputting a signal for which the voltage
amplitude is the selected selection voltage, the control circuit
carrying out a control in which the selection voltage is
switched and thereby controlling the voltage amplitude of the
signal for which the voltage amplitude is the selection volt-
age, and the transmission circuit outputting the first drive
signal to n-th drive signal on the basis of the signal for which
the voltage amplitude is the selection voltage.

[0019] So doing allows the transmission circuit to change
the voltage amplitude of the first through n-th drive signals in
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accordance with the phase difference between the i-th drive
signal and the i+1-th drive signal on the basis of the control of
the control unit.

[0020] In one mode of the invention, the transmission cir-
cuit can further include: a signal generation circuit; and a
delay circuit for which the delay time is controlled by the
control unit, wherein the voltage selection circuit delays the
signal for which the voltage amplitude is the selection voltage
coming from the voltage selection circuit on the basis of the
control of the control unit, and the transmission circuit out-
puts the first drive signal to n-th drive signal having the phase
difference between the i-th drive signal and the i+1-th drive
signal on the basis of the delayed signal coming from the
delay circuit.

[0021] So doing allows the transmission circuit to output
the first through n-th drive signals having a desired phase
difference, on the basis of the control of the control unit.
[0022] In one mode of the invention, in a case where the
first drive signal is outputted ata first timing and the n-th drive
signal is outputted at an n-th timing, the selection voltage of
the voltage selection circuit can be increased from the first
timing toward a timing intermediate between the first timing
and the n-th timing, and reduced from the intermediate timing
toward the n-th timing, whereby the voltage amplitude of the
first drive signal to n-th drive signal can be increased from the
first timing toward the intermediate timing and reduced from
the intermediate timing toward the n-th timing.

[0023] So doing allows the transmission circuit to output
the first through n-th drive signals for which the voltage
amplitude increases from the first timing toward the interme-
diate timing and is reduced from the intermediate timing
toward the n-th timing.

[0024] One mode of the invention can include a common
voltage monitoring circuit for monitoring the voltage of the
common electrode line belonging to the ultrasonic device, the
control unit controlling the voltage amplitude of the first drive
signal to n-th drive signal on the basis of a monitoring result
from the common voltage monitoring circuit.

[0025] In this case, the transmission circuit is able to
change the voltage amplitude of the first through n-th drive
signals in accordance with a change in the voltage of the
common electrode line.

[0026] In one mode of the invention, the control unit can
carry out a control in which a greater amplitude of the voltage
of the common electrode line correlates to increasing the
voltage amplitude of the first drive signal to n-th drive signal,
on the basis of the monitoring result from the common volt-
age monitoring circuit.

[0027] In this case, it is possible to reduce changes in the
intensity of the ultrasonic waves arising due to changes in the
amplitude of the voltage of the common electrode line.
[0028] Inonemode of the invention, the first drive signal to
n-th drive signal can be m (where m is a natural multiple of
0.5) sinusoidal wave(s) or square wave(s).

[0029] In this case, it is possible to control the voltage
amplitude of the first through n-th drive signals in accordance
with the phase difference of the sinusoidal waves or the tim-
ing difference of the square waves.

[0030] Another mode of the invention relates to an ultra-
sonic probe including any of the drive apparatuses described
above.

[0031] Another mode of the invention relates to an ultra-
sonic diagnostic apparatus including any of the drive appara-
tuses described above, as well as a display unit for displaying
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image data for display generated on the basis of a received
signal coming from the ultrasonic device.

[0032] Another mode of the invention relates to a drive
apparatus for an ultrasonic device, the drive apparatus includ-
ing a transmission circuit for outputting a first pulse signal to
n-th (where n is an integer 2 or greater) pulse signal to a first
driving electrode line to n-th driving electrode line belonging
to the ultrasonic device, as well as a control unit for control-
ling the transmission circuit, wherein the transmission circuit
outputs in a first mode an i-th (where i is an integer 1<i<n-1)
pulse signal and an i+1-th signal from among the first pulse
signal to n-th pulse signal at an identical timing, and outputs
in a second mode the i+1-th pulse signal at a timing that is
delayed from the timing at which the i-th pulse signal is
outputted, the i-th pulse signal to n-th pulse signal being
outputted in the first mode at a greater pulse signal voltage
amplitude than in the second mode.

[0033] According to the other mode of the invention, the
transmission circuit is able to output the first through n-th
pulse signals at a greater pulse signal voltage amplitude in the
first mode than in the second mode, and thus it is possible to
reduce the difference in ultrasonic wave intensity between the
case of the first mode and the case of the second mode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Referring now to the attached drawings which form
a part of this original disclosure:
[0035] FIGS. 1A and 1B are an example of a basic configu-
ration for an ultrasonic element;

[0036] FIG. 2 is an example of a configuration for an ultra-
sonic device;
[0037] FIG. 3isa drawing for describing phase scanning in

an ultrasonic device;

[0038] FIGS.4A, 4B, and 4C are drawings for describing a
change in the electrical potential of a common electrode line
during phase scanning;

[0039] FIGS. 5A and 5B are one example of voltage fluc-
tuations of a common electrode line and a drive signal wave-
form;

[0040] FIGS. 6A and 6B are one example of voltage fluc-
tuations of a common electrode line and a drive signal wave-
form;

[0041] FIG. 7 is a first configuration example for a drive
apparatus;
[0042] FIGS.8A and 8B are examples ofa signal waveform

of a drive signal;

[0043] FIG. 9is a second configuration example for a drive
apparatus;
[0044] FIG. 10 is one example of control in the first con-

figuration example of the drive apparatus, as well as a con-
figuration example for a transmission circuit;

[0045] FIG. 11 is one example of control in the second
configuration example of the drive apparatus, as well as a
configuration example for a transmission circuit;

[0046] FIGS. 12A to 12D are a first example for a gain
control;
[0047]
control;
[0048] FIG. 14 is an example of a basic configuration for an
ultrasonic probe and an ultrasonic diagnostic apparatus; and
[0049] FIGS. 15A and 15B are an example of a specific
configuration for an ultrasonic diagnostic device; and FIG.
15C is an example of a specific configuration for an ultrasonic
probe.

FIGS. 13A to 13D are a second example for a gain
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DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0050] The following describes in greater detail a preferred
embodiment of the invention. The present embodiment
described below is not, however, meant to gratuitously limit
the content of the invention described in the claims, nor is the
entire configuration described in the present embodiment
necessarily essential in terms of the solution of the invention.

1. Ultrasonic Elements

[0051] FIGS. 1A and 1B illustrate an example of a basic
configuration of an ultrasonic element UE included in an
ultrasonic apparatus of the present embodiment. The ultra-
sonic element UE of the present embodiment has a vibrating
film (a membrane or support member) MB and a piezoelectric
element part. The piezoelectric element part has a lower elec-
trode (first electrode layer) EL1, a piezoelectric body film (a
piezoelectric body layer) PE, and an upper electrode (a sec-
ond electrode layer) EL2. The ultrasonic element of the
present embodiment is not limited to being the configuration
of FIG. 1, but rather a variety of modifications can be imple-
mented, such as omitting a part of the constituent elements
thereof, replacing same with other constituent elements, or
adding other constituent elements.

[0052] FIG.1A is aplan view of the ultrasonic element UE,
which is formed on a substrate (a silicon substrate) SUB, the
plan view being viewed from a direction perpendicular to the
substrate on an element formation surface side. FIG. 1Bis a
cross-sectional view illustrating a cross-section taken along
the A-A' line in FIG. 1A.

[0053] Theultrasonic element UE is provided to each open-
ing ofa plurality of openings OP arranged in an arrayed shape
on the substrate SUB. The ultrasonic elements UE have the
vibrating film MB, which closes off the opening OP, and the
piezoelectric element part, which is provided atop the vibrat-
ing film MB. The piezoelectric element section has: the lower
electrode EL1, which is provided atop the vibrating film MB;
the piezoelectric body film PE, which is provided so as to at
least partially cover the lower electrode FL1; and the upper
electrode EL2, which is provided so as to at least partially
cover the piezoelectric body film PE.

[0054] The first electrode layer EU is formed of, for
example, a metal thin film on an upper layer of the vibrating
film MB. The first electrode layer EU extends to the outside of
an element formation region, as illustrated in FIG. 1A, and
can be a wiring that is connected to an adjacent ultrasonic
element UE.

[0055] The piezoelectric body film PE is formed of, for
example, lead zirconate titanate (PZT), and is provided so as
to at least partially cover the first electrode layer ELL The
material of the piezoelectric body film PE, however, is not
limited to being PZT, but rather, for example, lead titanate
(PbTi03), lead zirconate (PbZrO3), lanthanum lead titanate
(Pb, La)Ti03), or the like can be used.

[0056] The second electrode layer EL2 is formed of, for
example, a metal thin film, and is provided so as to at least
partially cover the piezoelectric body film PE. The second
electrode layer EL2 extends to the outside of the element
formation region, as illustrated in FIG. 1A, and can be a
wiring that is connected to an adjacent ultrasonic element UE.
[0057] The vibrating film (membrane) MB is provided so
as to close off the opening OP with a two-layered structure of,
for example, an Si02 thin film and a ZrO2 thin film. The
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vibrating film MB supports the piezoelectric body film PE
and the first and second electrode layers EL1,EL2,and is also
able to vibrate and generate ultrasonic waves according to
contraction or expansion of the piezoelectric body film PE.
[0058] A cavity region CAV is formed by reactive ion etch-
ing (RIE) or the like from a back surface of the silicon sub-
strate SUB (the surface on which the element is not formed).
Ultrasonic waves are emitted from the opening OP of the
cavity region CAV.

[0059] The first electrode (lower electrode) of the ultra-
sonic elements UE is formed of the first electrode layer EL1,
and the second electrode (upper electrode) is formed of the
second electrode layer EL2. More specifically, a portion of
the first electrode layer EU that is covered by the piezoelectric
body film PE forms the first electrode, and a portion of the
second electrode layer EL2 that covers the piezoelectric body
film PE forms the second electrode. That is, the piezoelectric
body film PE is provided sandwiched between the first elec-
trode and the second electrode.

[0060] When a voltage is applied between the first elec-
trode and the second electrode, i.e., between the first elec-
trode layer EL1 and the second electrode layer EL2, the
piezoelectric body film PE is thereby contracted or extended
in the in-plane direction. One of the surfaces of the piezoelec-
tric body film PE is bonded to the vibrating film MB via the
first electrode layer EL1, while the second electrode layer
EL2 is formed on the other surface , though no other layer is
formed atop the second electrode layer EL2. For this reason,
the side of the piezoelectric body film PE closer to the vibrat-
ing film MB is less readily contracted or expanded, and the
side closer to the second electrode layer EL.2 is more readily
contracted or expanded. As such, when a voltage is applied to
the piezoelectric body film PE, a flexure that is convex toward
the cavity region CAV is created, causing the vibrating film
MB to be flexed. Applying an alternating current voltage to
the piezoelectric body film PE causes the vibrating film MB to
vibrate with respect to a film thickness direction, and the
vibration of the vibrating film MB causes ultrasonic waves to
be emitted from the opening OP. The voltage that is applied to
the piezoelectric body film PE is, for example, 10 to 30V, and
the frequency is, for example, 1 to 10 MHz.

2. Ultrasonic Device

[0061] FIG. 2 illustrates an example of a configuration for
an ultrasonic device 100 of the present embodiment. The
ultrasonic device 100 of the present configuration example
includes a plurality of the ultrasonic elements UE arranged in
an arrayed shape, first through n-th (where n is an integer two
or greater) driving electrode lines DL1 to DLn, and first
through m-th (where m is an integer two or greater) common
electrode lines CL1 to CLm. FIG. 2 illustrates a case where
m=8 and n=12, by way of example, but other values can be
used. The ultrasonic device 100 of the present embodiment is,
however, not limited to being the configuration of FIG. 2, but
rather a variety of modifications can be implemented, such as
omitting a part of the constituent elements thereof, replacing
same with other constituent elements, or adding other con-
stituent elements.

[0062] The plurality of ultrasonic elements UE are
arranged in a matrix shape with m rows and n columns. As
illustrated in, for example, FI1G. 2, the ultrasonic elements are
arranged in eight rows along a first direction D1 and 12
columns along a second direction D2 that intersects with the
first direction D1.
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[0063] Theultrasonic elements UE can adopt, for example,
the configurations illustrated in FIGS. 1A and 2B. In the
description that follows, in a case where the position of an
ultrasonic element UE within the array is to be specified, then,
for example, an ultrasonic element positioned in the fourth
row and the sixth column would be denoted by UE4-6. For
example, eight ultrasonic elements UE1-6, UE2-6, ..., UE7-
6, UE8-6 are arranged in the sixth column. As another
example, 12 ultrasonic elements UE4-1,UE4-2, ..., UE4-11,
UEA4-12 are arranged in the fourth row.

[0064] The first through twelfth (more broadly, n-th) driv-
ing electrode lines DL1 to DL12 are wired along the first
direction D1. Of the first through twelfth driving electrode
lines DL1 to DL12, the j-th (where j is an integer 1<j<12)
driving electrode line DL is connected to the first electrode
belonging to each of the ultrasonic elements UE arranged in
the j-th column.

[0065] During a transmission period for issuing forth ultra-
sonic waves, a first through twelfth drive signal VDR1 to
VDRI12 outputted by a drive device 200 (description to fol-
low) is supplied to respective ultrasonic elements via the
driving electrode lines DL1 to DL12. During a receiving
period for receiving an ultrasonic wave echo signal, a
received signal coming from the ultrasonic elements UE is
outputted via the driving electrode lines DL1 to DL12. A
more detailed description of the drive signals VDR1 to
VDR12 is to follow.

[0066] The first through eighth (more broadly, m-th) com-
mon electrode lines CL1 to CL8 are wired along the second
direction D2. The second electrodes belonging to the ultra-
sonic elements UE are connected to any of the first through
m-th common electrode lines CL1 to CLm. More specifically,
as illustrated in, for example, FIG. 2, an i-th (where i is an
integer 1=i=8) common electrode line CLi of the first through
eighth common electrode lines CL1 to CL8 is connected to
the second electrodes belonging to the ultrasonic electrodes
UE arranged in the i-th column.

[0067] A common voltage VCOM is supplied to the first
through eighth common electrode lines CL1 to CL8. The
common voltage should be a constant direct current voltage,
and need not be 0 V, i.e., the ground potential.

[0068] For example, as regards the ultrasonic element
UE1-1 illustrated in FIG. 2, the first electrode is connected to
the driving electrode line D1, and the second electrode is
connected to the first common electrode line CL1. Also, as
regards the ultrasonic element UE4-6 illustrated in FIG. 2, the
first electrode is connected to the sixth driving electrode line
DL6, and the second electrode is connected to the fourth
common electrode line CL4.

[0069] Itwouldbe possible to provide a voltage monitoring
wiring for monitoring a voltage VM of the common electrode
lines CL1 to CL8 of the first through eighth (more broadly,
m-th) common electrode lines CL1 to CL8. So doing would
make it possible to monitor the voltage of the common elec-
trode lines CL1 to CL8 using a common voltage monitoring
circuit 250 (description to follow).

[0070] The arrangement of the ultrasonic elements UE,
however, is not limited to being the matrix arrangement of m
rows and n columns illustrated in FIG. 2. For example, the
configuration can be a so-called staggered arrangement in
which m ultrasonic elements are arranged in odd-numbered
ultrasonic element columns, and m-1 ultrasonic elements are
arranged in even-numbered ultrasonic element columns.
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[0071] A voltage of the difference between the drive signal
voltage and the common voltage is applied to each of the
ultrasonic elements UE, and ultrasonic waves of a predeter-
mined frequency are emitted. For example, a difference
VDR1-VCOM between the drive signal voltage VDRI sup-
plied to the driving electrode line DL1 and the common
voltage VCOM supplied to the common electrode line CL1 is
applied to the ultrasonic element UE1-1 in FIG. 2. Similarly,
a difference VDR6-VCOM between the drive signal voltage
VDRG6 supplied to the driving electrode line DL6 and the
common voltage VCOM supplied to the common electrode
line CL4 is applied to the ultrasonic element UE4-6.

[0072] In a case where the phases of the first through
twelfth drive signals VDR1 to VDR12 are matched to each
other, the ultrasonic waves that are emitted from each of the
ultrasonic elements are composited together, and ultrasonic
waves emitted in a direction perpendicular to the element
array plate of the ultrasonic device 100 (the normal direction
of the array plane) are formed. In a case where the drive
signals VDR1 to VDR12 have a phase difference from each
other, however, then the composited ultrasonic waves are
emitted in a direction shifted away from the normal direction
of the array plane in accordance with the phase difference.
When this phenomenon is made use of, it is possible to
change the emission direction of the ultrasonic waves by
changing the phase difference of the drive signals. Scanning
the emission direction (beam direction) of the ultrasonic
waves by controlling the phase difference of the drive signals
is called “phase scanning” or “beam steering”.

[0073] FIG. 3 is a drawing for describing the phase scan-
ning in the ultrasonic device 100 of the present embodiment.
For the sake of simplicity, FIG. 3 describes four ultrasonic
elements UEL to UE4. The ultrasonic elements UE1 to UE4
are arranged at equal intervals d. The drive signals VDR1 to
VDR4 supplied thereto are phased so that the drive signal
VDRI is earliest, and the drive signals VDR2, VDR3, and
VDR4 are delayed in the stated order by a predetermined
phase difference. That is, the drive signals VDR1 to VDR4 are
supplied in association with a predetermined time difference
At in the stated order VDR1, VDR2, VDR3, and VDR4.
[0074] FIG. 3 illustrates wavefronts W1 to W4 at a given
time of the ultrasonic waves emitted from the ultrasonic ele-
ments UE1 to UE4. The ultrasonic waves emitted from the
ultrasonic elements are composited together to form a wave-
front WT of the composited ultrasonic waves. A normal direc-
tion DT of the wavefront WT serves as the emission direction
(beam direction) of the composited ultrasonic waves. An
angle 8s formed by the beam direction DT and the normal
direction of the array plane is given by:

sin Ox=cxAt/d [0y

Herein, ¢, At, and d are the speed of sound, the time difference
of the drive signals, and the element spacing, respectively.

[0075] This manner of phase scanning, i.e., changing the
phase difference (time difference) of the drive signals sup-
plied to the ultrasonic elements makes it possible to change
the beam direction. More specifically, in, for example, the
configuration example illustrated in FIG. 2, changing the
phase difference (time difference) of the drive signals VDR1
to VDR12 supplied to the driving electrode lines DL1 to
DL12 makes it possible to scan the beam direction along a
second direction D2. Namely, the second direction D2 is a
scan direction for phase scanning, and the first direction D1 is
a slice direction.
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[0076] FIGS. 4A, 4B, and 4C are drawings for describing
the changes in electrical potential for the common electrode
lines CL1 to CL8 during phase scanning. For the sake of
simplicity, the description shall relate to the six ultrasonic
elements UE and driving electrode lines DL1 to DL6 of the
i-th row and the i-th common electrode line CLi.

[0077] FIG. 4A illustrates an equivalent circuit of the com-
mon electrode line CLi and the ultrasonic elements UE. Elec-
trically, the ultrasonic elements UE can be regarded as capaci-
tative elements (capacitors) CE. The common electrode line
CLi has a wiring resistance RCOM, and thus the common
voltage VCOM is applied to the ultrasonic elements UE viaa
resistor element RCOM. The common electrode line CLi is
connected to the driving electrode lines DL1 to DL6 via the
capacitances CE belonging to the ultrasonic elements UE,
and thus the drive signals VDR1 to VDR inputted to the
driving electrode lines DL1 to DL6 cause the electrical poten-
tial of the common electrode line CLi to change.

[0078] FIG. 4B illustrates one example of waveforms of the
drive signals VDR1 to VDR6 in frontal emission, i.e., a case
where the beam direction of the ultrasonic waves is the nor-
mal direction of the array plane (a first mode or frontal emis-
sion mode). During frontal emission, drive signals of the
same phase are inputted at the same timing, and thus the six
ultrasonic elements are driven at the same time. That is, the
drive signals VDR1 to VDR6 are inputted at first through
sixth times T1 to T6, and the overlapping degree of the first
through sixth times T1 to T6 is 6.

[0079] FIG.4C illustrates one example of waveforms of the
drive signals VDRI to VDRG® in a case where the beam direc-
tion of the ultrasonic waves is a direction that has been shifted
from the normal direction of the array plane (a second mode
or phase scanning mode). In such a case, the drive signals are
inputted accompanied by a phase difference (time difference)
from each other. At times TB1, TB3, there is one ultrasonic
element that is driven at the same time, while at a time TB2
there are two ultrasonic elements that are driven at the same
time. That is, the drive signals VDR1 to VDR are inputted at
the first through sixth times T1 to T6, and at the times TBI,
TB3, the overlapping degree is 1, while at the time TB2 the
overlapping degree is 2.

[0080] In this manner, in the case of the front emission
mode illustrated in FIG. 4B, all of the ultrasonic elements
connected to a single common electrode line are driven at the
same time, and thus there are considerable changes in the
electrical potential (voltage fluctuations) of the common elec-
trode line. In the case of the phase scanning mode illustrated
in FIG. 4C, however, fewer ultrasonic elements are driven at
the same time, and thus the changes in electrical potential
(voltage fluctuations) of the common electrode line are
smaller than the case of FIG. 4B. The description above
relates to a single common electrode line, but the same is also
true of a case where there are a plurality of the common
electrode lines.

[0081] FIGS.5A, 5B, 6A, and 6B illustrate one example of
drive signal waveforms and also of voltage fluctuations of the
common electrode line, given by circuit simulation. More
specifically, the drive signal waveform is the waveform of the
drive signal VDR3 in FIG. 4A, and the voltage of the common
electrode line is a voltage V(N3) of a common electrode node
(N3 in FIG. 4A) of an ultrasonic element into which the drive
signal VDR3 is inputted.

[0082] FIG. 5A illustrates the case of a first steering angle
(the angle formed by the beam direction and the normal
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direction of the array plane) 61; FIG. 5B illustrates the case of
a second steering angle 62 (<01); and FIG. 6A illustrates the
case of frontal emission (where the steering angle is 0).
[0083] As will be understood from FIGS. 5A, 5B, and 6A,
a smaller steering angle, i.e., a smaller phase difference (time
difference) in the drive signals correlates to greater voltage
fluctuations in the common electrode line. This is because, as
stated above, a smaller phase difference (time difference) in
the drive signals correlates to a greater number of ultrasonic
elements being driven at the same time, and, conversely, a
greater phase difference (time difference) in the drive signals
correlates to a lesser number of ultrasonic elements being
driven at the same time.

[0084] FIG. 6B illustrates a voltage (effective voltage)
VDR3-V(N3) applied to the ultrasonic elements. In a case
where the steering angle is 61, the amplitude of the effective
voltage becomes the largest, as illustrated by Al. In the case
of the steering angle 82 (<61), the amplitude of the effective
voltage becomes smaller than that of the case of the steering
angle 01, as illustrated by A2, while in the case of frontal
emission the amplitude of the effective voltage becomes the
smallest, as illustrated by A3. In this manner, a smaller steer-
ing angle, i.e., a smaller phase difference (time difference) in
the drive signals correlates to a smaller amplitude of the
effective voltage, and, conversely, a greater steering angle,
i.e., a greater phase difference (time difference) in the drive
signals correlates to a greater amplitude of the effective volt-
age.

[0085] Should the amplitude of the effective voltage be
changed depending on the steering angle, the intensity of the
ultrasonic waves being emitted would be changed depending
on the steering angle. For example, in the case of phase
scanning with an ultrasonic diagnostic apparatus, the ultra-
sonic wave intensity being emitted changes depending on the
beam direction, and thus the intensity of the echo signal also
changes depending on the direction. As a result, problems
emerge such as in that it is difficult to obtain an accurate echo
image.

[0086] A drive apparatus 200 of the present embodiment is
intended to provide a means for resolving this problem.
According to the drive apparatus 200 of the present embodi-
ment, it is possible to change the voltage amplitude of the
drive signals in accordance with the phase difference (time
difference) in the first through n-th drive signals VDRI to
VDRn. So doing makes it possible to reduce changes in the
ultrasonic intensity corresponding to the steering angle, or
alternatively to have a substantially constant intensity, during
the phase scanning mode.

[0087] The drive apparatus 200 of the present embodiment
can also be applied to a bulk ultrasonic element (an ultrasonic
element using a bulk vibrator), but is applied by driving
thin-film ultrasonic elements such as are illustrated in FIGS.
1A and 1B. This is because with a thin-film ultrasonic ele-
ment, the capacitance CE illustrated in FIG. 4A would be
larger than with a bulk ultrasonic element, and therefore the
changes in electrical potential of the common electrode line
would be larger.

3. Drive Apparatus

[0088] FIG. 7illustrates afirst configuration example of the
drive apparatus 200 of the present embodiment. The drive
apparatus 200 of the first configuration example is a drive
apparatus for the ultrasonic device 100, and includes a trans-
mission circuit 210, a control unit 220, and a switch unit 230.
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The drive apparatus 200 of the present embodiment is not
limited to being the configuration of FIG. 7, but rather a
variety of modifications can be implemented, such as omit-
ting a part of the constituent elements thereof, replacing same
with other constituent elements, or adding other constituent
elements.

[0089] The transmission circuit 210 outputs the first
through n-th drive signals VDR1 to VDRn to the first through
n-th (where nis an integer 2 or greater) driving electrode lines
DL1 to DLn belonging to the ultrasonic device 100. A
description of the configuration of the transmission circuit
210 is to follow.

[0090] The control unit 220 controls the transmission cir-
cuit 210 and the switch unit 230. More specifically, the con-
trol unit 220 controls the voltage amplitude and phase differ-
ence (timing) of the drive signals VDRI to VDRn outputted
by the transmission circuit 210. The control unit 220 also
controls switching between a drive signal and a received
signal, which is carried out by the switch unit 230.

[0091] The switch unit 230 includes switch circuits SW1 to
SWh, and carries out switching between a drive signal and a
received signal. For example, the switch circuit SW1 outputs
the drive signal VDR1, coming from the transmission circuit
210, to the driving electrode line DL1 of the ultrasonic device
100 during a transmission period, and outputs a received
signal, coming from the driving electrode line DL1, to a
receiver unit 240 (not shown) during a reception period.
[0092] Inacase where the phase difference between ani-th
(where 1 is an integer 1=<i=n-1) drive signal VDRI and an
i+1-th drive signal VDRi+!1 of the first through n-th drive
signals VDR1 to VDRa is a first phase difference, the trans-
mission circuit 210 outputs the first through n-th drive signals
VDRI to VDR at a greater voltage amplitude than that of a
case where the phase difference between the i-th drive signal
VDRI and the i+1-th drive signal VDRi+1 is a second phase
difference greater than the first phase difference.

[0093] So doing makes it possible to having an increasingly
greater voltage amplitude of the drive signals VDR1 to VDRn
with an increasingly smaller phase difference between the
drive signals VDRiand VDRi+1, and thus makes it possible to
minimize a drop in voltage (effective voltage) applied to the
ultrasonic elements in a case where the phase difference is
small. As a result, it is possible to reduce the difference in
ultrasonic waveintensity arising due to a variance in the phase
difference between drive signals (a variance in the steering
angle).

[0094] In the case of the frontal emission mode, the trans-
mission circuit 210 outputs the first through n-th drive signals
VDRI1 to VDRn at a greater voltage amplitude than that of the
case of the phase scanning mode. So doing makes it possible
to increase the voltage amplitude of the drive signals VDRI to
VDRn in the case of the frontal emission mode, and thus
makes it possible to reduce the difference in voltages (effec-
tive voltages) applied to the ultrasonic elements between the
case of the frontal emission mode and the case of the phase
scanning mode. As aresult, it is possible to reduce the differ-
ence in ultrasonic wave intensity arising between the case of
the frontal emission mode and the case of the phase scanning
mode.

[0095] Though the foregoing description describes a sinu-
soidal signal by way of example as the drive signals VDRI to
VDR, the drive signals are not limited to being sinusoidal.
For example, a square-wave pulse signal can be used. For
example, the transmission circuit 210 would output at the
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same timing an i-th (where i is an integer 1=<i=n-1) pulse
signal and an i+1-th pulse signal from among first through
n-th pulse signals during a first mode (the frontal emission
mode). During a second mode (the phase scanning mode), the
i+1-th pulse signal would be outputted at a timing that is
delayed from the timing at which the i-th pulse signal is
outputted.

[0096] FIGS. 8A and 8B illustrate examples of the signal
waveforms of the drive signals. FIG. 8A is a sinusoidal drive
signal, and illustrates by way of example half of a sinusoidal
wave, one full sinusoidal wave, and 1.5 sinusoidal waves.
FIG. 8B is a square-wave drive signal, and illustrates by way
of example half of a square wave, one full square wave, and
1.5 square waves. “VA” is indicative of the voltage amplitude
of each of the signals.

[0097] 1t is thus possible to use k (where k is a natural
multiple of0.5,1.e.,k=0.5,1, 1.5, 2, . .. ) sinusoidal waves or
square waves as the drive signals VDR1 to VDRn.

[0098] The changes in the amplitude of the effective volt-
age arising due to the steering angle described in FIGS. 4A to
4C,5A and 5B, and 6 A and 6B take place in the same manner
in a case where the drive signals are square waves, as well.
Namely, a smaller steering angle, i.e., a smaller timing dif-
ference in the drive signals correlates to a smaller amplitude
of the effective voltage, and, conversely, a greater steering
angle, i.e., a greater timing difference in the drive signals
correlates to a greater amplitude of the effective voltage.
[0099] Similarly with respect to the case of a sinusoidal
wave, outputting in the first mode (the frontal emission mode)
the first through n-th pulse signals of a greater pulse signal
voltage amplitude than that of the second mode (the phase
scanning mode) allows the transmission circuit 210 to reduce
the difference in the effective voltage between the case of the
frontal emission mode and the case of the phase scanning
mode.

[0100] FIG. 9illustrates a second configuration example of
the drive apparatus 200 of the present embodiment. The drive
apparatus 200 of the second configuration example is a drive
apparatus for the ultrasonic device 100, and includes a trans-
mission circuit 210, a control unit 220, a switch unit 230, and
a common voltage monitoring circuit 250. The drive appara-
tus 200 of the present embodiment is not limited to being the
configuration of FIG. 9, but rather a variety of modifications
canbe implemented, such as omitting a part of the constituent
elements thereof, replacing same with other constituent ele-
ments, or adding other constituent elements.

[0101] Thetransmission circuit 210 and the switch unit 230
are the same as those of the first configuration example (FIG.
7), which has already been described, and thus a more
detailed description thereof has been omitted herein.

[0102] The common voltage monitoring circuit 250 moni-
tors the voltage VM of the common electrode lines CL1 to
CL8 belonging to the ultrasonic device 100.

[0103] The control unit 220, similarly with respect to the
first configuration example, controls the transmission circuit
210 and the switch unit 230. In particular, in the second
configuration example, the voltage amplitude of the first
through n-th drive signals VDR1 to VDRn is controlled on the
basis of a monitoring result of the common voltage monitor-
ing circuit 250.

[0104] FIG. 10 illustrates one example of the control in the
configuration example of the transmission circuit 210 and the
first configuration example of the drive apparatus 200. The
transmission circuit 210 includes a signal generation circuit
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S_GEN, gain amplifiers G_AMP1 to G_AMPn (or voltage
selection circuits VSEL1 to VSELn), and delay circuits DLY1
to DLYn. The transmission circuit 210 of the present embodi-
ment is not limited to being the configuration of FIG. 10, but
rather a variety of modifications can be implemented, such as
omitting a part of the constituent elements thereof, replacing
same with other constituent elements, or adding other con-
stituent elements.

[0105] The signal generation circuit S_GEN outputs a ref-
erence signal VRF. The reference signal VRF can be a sinu-
soidal wave, or can be a square wave.

[0106] With the gain amplifiers G_AMP1 to G_AMPn,
gain is controlled by the control unit 220. The gain amplifiers
G_AMP1 to G_AMPn amplify the reference signal VRF by
the gain that has been set by the control unit 220, and output
amplified reference signals VRA1 to VRAn. That is, control-
ling the gain of the gain amplifiers G_AMP1 to G_AMPn
allows the control unit 220 to control the voltage amplitude of
the first through n-th drive signals VDR1 to VDRa.

[0107] With the delay circuits DLY1 to DLYn, the delay
time is controlled by the control unit 220. By delaying the
amplified reference signals VRA1 to VR An on the basis of the
control of the control unit 220, the delayed circuits DLY1 to
DLYn generate first through n-th drive signals VDRI to
VDR having a desired phase difference (timing difference).
That is, first through n-th drive signals VDR1 to VDRn having
a phase difference between the i-th (where 1 is an integer
1=i=n-1) drive signal VDRi and the i+1-th drive signal
VDRi+1 are generated.

[0108] The gain amplifiers G_AMP1 to G_AMPn can be
replaced by the voltage selection circuits V_SEL1 to
V_SELn. The voltage selection circuits V_SEL1 to V_SELn
select one of a plurality of voltages to serve as a selection
voltage on the basis of the control of the control unit 220.
Then, in synchronization with the reference signal VRF com-
ing from the signal generation circuit S_GEN, signals VRA1
to VRAn for which the voltage amplitude is the selection
voltage are outputted. That is, carrying out a control for
switching the selection voltage allows the control unit 220 to
control the voltage amplitude of the first through n-th drive
signals VDR1 to VDRn.

[0109] By delaying the signals VRA1 to VRAn for which
the voltage amplitude is the selection voltage coming from
the voltage selection circuits V_SEL1 to V_SELn on the basis
of the control unit 220, the delay circuits DLY1 to DLYn
generate the first through n-th drive signals VDR1 to VDRn
having a desired phase difference (timing difference). That is,
the first through n-th drive signals VDR1 to VDRn having a
phase difference between the i-th (where i is an integer
1=i=n-1) drive signal VDRi and the i+1-th drive signal
VDRi+1 are generated.

[0110] The control unit 220 has a register (storage circuit)
in which a gain table is stored, and is able to set the gain of the
gain amplifiers G_AMP1 to G_AMPn on the basis of the gain
table. The gain table can be, for example, a table indicative of
a relationship between the steering angle and the gain, or can
be a table indicative of a relationship between the phase
difference (timing difference) and the gain.

[0111] Further, in the configuration in which the voltage
selection circuits V_SEL1 to V_SELn are used, instead of the
gain table, a table indicative of, for example a relationship
between the steering angle and the selection voltage can be
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used, or a table indicative of a relationship between the phase
difference (timing difference) and the selection voltage can
be used.

[0112] FIG. 11 illustrates one example of the control in the
configuration example of the transmission circuit 210 and the
second configuration example of the drive apparatus 200. The
transmission circuit 210 is the same as the configuration
illustrated in FIG. 10, and thus a more detailed description
thereof has been omitted herein.

[0113] The control unit 220 controls the voltage amplitude
of the first through n-th drive signals VDRI to VDRn on the
basis of the monitoring result of the common voltage moni-
toring circuit 250. More specifically, the control unit 220
carries out a control in which a greater amplitude of the
voltage VM of the common electrode line correlates to a
greater voltage amplitude of the drive signals VDR1 to
VDRa. So doing makes it possible to minimize changes in the
effective voltage, and thus makes it possible to reduce the
difference in ultrasonic wave intensity arising due to a vari-
ance in the phase difference (timing difference) of the drive
signals during the phase scanning mode. It is also possible to
reduce the difference in ultrasonic wave intensity between the
frontal emission mode and the phase scanning mode.

[0114] FIGS. 12A to 12D illustrate a first example of gain
control by the control unit 220. The description herein relates
to the first through third drive signals VDR1 to VDR3, for the
sake of simplicity. The control unit 220 sets the gainto 1,2, or
3, in accordance with the overlapping degree of the drive
signals. FIGS. 12A to 12D illustrates sinusoidal drive signals
by way of example, but the gain could be set in a similar
manner with square waves as well.

[0115] FIG. 12A illustrates the case of the frontal emission
mode; the phase difference between each of the drive signals
for the first through third drive signals VDR1 to VDR3 is 0°.
In such a case, the overlapping degree ofthe drive signals is 3,
and the voltage fluctuations of the common electrode line are
the largest, and thus the control unit 220 sets the gain to 3.
[0116] FIG. 12B illustrates the case of the phase scanning
mode. The phase difference between each of the drive signals
for the first through third drive signals VDR1 to VDR3 is 90°.
In such a case, the steering angle is small and therefore the
overlapping degree of the drive signals changes over time to
1,2,3,2, and 1. In correspondence therewith, the control unit
220 causes the gain to change over time to 1, 2, 3, 2, and 1.
That is, in a case where the first drive signal VDR1 is output-
ted at a first timing tb1 and the third drive signal VDR3 (more
broadly, the n-th drive signal VDRn) is outputted at a third
timing tb3 (more broadly, an n-th timing tbn), then the gain of
the gain amplifiers G_AMP1 to G_AMPn is increased from
the first timing th1 toward a timing thm intermediate between
the first timing tbl and the third timing th3. The gain is then
reduced from the intermediate timing tbm toward the third
timing th3. So doing causes the voltage amplitude of the first
through third drive signals VDRI to VDR3 to increase from
the first timing th1 toward the intermediate timing tbm, and to
decrease from the intermediate timing thm toward the third
timing th3.

[0117] FIG. 12C is also of the case of the phase scanning
mode, but the steering angle is greater than that of the case of
FIG. 12B. The phase difference between each of the drive
signals for the first through third drive signals VDR1 to VDR3
is 180°. In such a case, the overlapping degree of the drive
signals changes over time to 1, 2, and 1. In correspondence
therewith, the control unit 220 causes the gain to change over
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timeto 1,2, and 1. Thatis, ina case where the first drive signal
VDRI is outputted at a first timing tcl and the third drive
signal VDR3 (more broadly, the n-th drive signal VDRn) is
outputted at a third timing tc3 (more broadly, an n-th timing
ten), then the gain of the gain amplifiers G_AMP1 to
G_AMPn is increased from the first timing tcl toward a
timing tem intermediate between the first timing tc1 and the
third timing tc3. The gain is then reduced from the interme-
diate timing tcm toward the third timing tc3. So doing causes
the voltage amplitude of the first through third drive signals
VDR1 to VDR3 to increase from the first timing tcltoward the
intermediate timing tern, and to decrease from the interme-
diate timing tcm toward the third timing tc3.

[0118] FIG. 12D is also of the case of the phase scanning
mode, but the steering angle is even greater than that of the
case of FIG. 12C. The phase difference between each of the
drive signals for the first through third drive signals VDRI to
VDR3 is 360°. In such a case, the overlapping degree of the
drive signals is 1, and thus the control unit 220 sets the gain to
L.

[0119] As will be understood from FIGS. 12B and 12C, in
a case where the phase difference between each of the drive
signals is 90°, the maximum gain is 3, and in a case where the
phase difference between each of the drive signals is 180°, the
maximum gain is 2. As such, in a case where the phase
difference between each of the drive signals is 90° (more
broadly, is the first phase difference), the transmission circuit
210 outputs drive signals of a greater voltage amplitude than
a case where the phase difference between each of the drive
signals is 180° (more broadly, is the second phase difference),
which is greater than the first phase difference. The same is
also true of FIGS. 12B and 12D, and of FIGS. 12C and 12D.

[0120] It would still be possible to carry out a similar con-
trol with a configuration in which the voltage selection cir-
cuits V_SEL1 to V_SELn are used instead of the gain ampli-
fiers G_AMP1 to G_AMPn. Instead of the gain control
illustrated in FIGS. 12A to 12D, the control unit 220 could
carry out a control in which, for example, a first, second, or
third selection voltage is selected. In this case, the selection
voltage of the voltage selection circuits V_SEL1 to V_SELn
increases from the first timing toward the timing intermediate
between the first timing and the n-th timing. The gain is then
reduced from the intermediate timing toward the third timing.

[0121] FIGS.13Ato 13D llustrate a second example of the
gain control by the control unit 220. The description herein
relates to the first through third drive signals VDR1 to VDR3,
for the sake of simplicity. FIGS. 13A to 13D illustrate sinu-
soidal drive signals by way of example, but the same also
applies to square waves.

[0122] In the second example, the control unit 220 can
control the gain by taking into account not only the overlap-
ping degree of the drive signals but also the phase. More
specifically, in a case where the three signals are in the same
phase and overlap, the gain will be set to a maximum 4; ina
case where two signals are in the same phase and overlap, the
gain will be set to 3; in a case where three signals overlap but
two of the signals are of inverse phase, the gain will be set to
2; in a case where the signals do not overlap, the gain will be
set to 2; and in a case where two signals of inverse phase
overlap, the gain will be set to 1. So doing makes it possible
to carry out a control gain that takes into consideration the fact
that overlapping of drive signals at inverse phase has a can-
cellation effect.
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[0123] FIG. 13A illustrates the case of the frontal emission
mode. In such a case, three signals are of the same phase and
overlap, and the voltage fluctuations in the common voltage
line are the greatest, and thus the control unit 220 sets the gain
to the maximum gain 4.

[0124] FIG. 13B illustrates the case of the phase scanning
mode. In such a case, the control unit 220 causes the gain to
change over time to 2, 3,2, 3, and 2.

[0125] FIG. 13C also is the case of the phase scanning
mode, but the steering angle is greater than the case in FIG.
13B. In such a case, the control unit 220 causes the gain to
change over time to 2, 1, and 2.

[0126] FIG. 13D also is the case of the phase scanning
mode, but the steering angle is even greater than the case in
FIG. 13C. In such a case, the control unit 220 sets the gain to
2.

[0127] In a configuration in which the voltage selection
circuits V_SEL1 to V_SELn are used instead of the gain
amplifiers G_AMP1 to G_AMPn, then carrying out a control
in which, for example, one from among the first through
fourth selection voltages is selected instead of the gain control
would still make it possible to carry out a similar control.

[0128] As described above, according to the drive appara-
tus 200 of the present embodiment, it is possible to control the
voltage amplitude of the drive signals in accordance with the
phase difference (time difference) of the drive signals. So
doing makes it possible to reduce changes in the ultrasonic
intensity corresponding to the steering angle, or alternatively
to have a substantially constant ultrasonic wave intensity,
during the phase scanning mode. Also, it is possible to
increase the voltage amplitude of the drive signals in the case
oft he frontal emission mode, and thus it is possible to reduce
the difference in ultrasonic wave intensity between the case of
the frontal emission mode and the case of the phase scanning
mode. As aresult, it is possible to reduce changes in intensity
imparted by the beam direction of the ultrasonic waves, and
thus a highly accurate echo image can be obtained.

4. Ultrasonic Probe and Ultrasonic Diagnostic Apparatus

[0129] FIG. 14 illustrates a basic configuration example of
an ultrasonic probe 300 and ultrasonic diagnostic apparatus
400 of the present embodiment. The ultrasonic probe 300
includes the ultrasonic device 100, the drive apparatus 200,
and the receiver unit 240.

[0130] Thereceiverunit (ananalog frontend) 240 amplifies
received signals, sets the gain, sets the frequency, carries out
A/D conversion (analog/digital conversion), and so forth, and
sends output to a processing unit 320 as detection data (detec-
tion information). The receiver unit 240 can be constituted of,
for example, a low-noise amplifier, voltage controlled attenu-
ator, programmable gain amplifier, low-pass filter, A/D con-
verter, and the like.

[0131] The control unit controls the transmission circuit
210 and the switch unit 230 in the same manner as described
above, and also controls the receiver unit 240 such as by
setting the frequency of received signals and controlling the
gain. The control unit 220 can be implemented with, for
example, a field-programmable gate array (FPGA).

[0132] The control carried out by the control unit 220 can
also be partially carried out by a main control unit 310 of the
ultrasonic diagnostic apparatus 400.
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[0133] The ultrasonic diagnostic apparatus 400 includes
the ultrasonic probe 300, the main control unit 310, the pro-
cessing unit 320, a user interface (UT) unit 330, and a display
unit 340.

[0134] The main control unit 310 controls the ultrasonic
probe 300 by controlling the transmission and receipt of
ultrasonic waves, and controls the processing unit 320 by
controlling image processing of detection data and the like.
The processing unit 320 receives the detection data coming
from the receiver unit 240 and carries out the necessary image
processing, generates image data for display, and so forth.
The UI unit 330 outputs a required instruction (command) to
the main control unit 310 on the basis of an operation carried
out by the user (for example, a touch panel operation or the
like). The display unit 340 is, for example, a liquid crystal
display or the like, and displays image data for display com-
ing from the processing unit 320. The control carried out by
the main control unit 310 can also be partially carried out by
the control unit 220 of the drive apparatus 200.

[0135] FIGS. 15A and 15B illustrates a specific configura-
tion example for the ultrasonic diagnostic apparatus 400 of
the presentembodiment. FIG. 15A illustrates a portable ultra-
sonic diagnostic apparatus 400, and FIG. 15B illustrates a
stationary ultrasonic diagnostic apparatus 400.

[0136] Both the portable and stationary ultrasonic diagnos-
tic apparatuses 400 include the ultrasonic probe 300, a cable
CB, and an ultrasonic diagnostic apparatus body 410. The
ultrasonic probe 300 is connected to the ultrasonic diagnostic
apparatus body 410 by the cable CB. The ultrasonic diagnos-
tic apparatus body 410 includes the display unit 340 for
displaying the image data for display.

[0137] FIG. 15C illustrates a specific configuration
example for the ultrasonic probe 300 of the present embodi-
ment. The ultrasonic probe 300 includes a probehead 301 and
a probe body 302; as illustrated in FIG. 13C, the probe head
301 is detachable from the probe body 302.

[0138] The probe head 301 includes the ultrasonic device
100, a support member SUP, a contact member 130 for mak-
ing contact with a subject, a protective member (protective
film) PF for protecting the ultrasonic device 100, a connector
CNa, and a probe housing 140. The ultrasonic device 100 is
provided between the contact member 130 and the support
member SUP.

[0139] The probe body 302 includes a processing device
201, and a probe body-side connector CNb. The processing
device 201 includes the drive apparatus 200 and the receiver
unit 240. The probe body-side connector CNb is connected to
the probe head-side connector CNa. The probe body 302 is
connected to the ultrasonic diagnostic apparatus body by the
cable CB.

[0140] Though an embodiment has been described in
greater detail above, it shall be readily understood by a person
skilled in the art that there are numerous possible modifica-
tions which do not substantially depart from the novel matter
and effects of the invention. As such, the modification
examples of such description are understood to all also be
included in the scope of the invention. For example, in the
specification or accompanying drawings, a phrase mentioned
at least once together with a different phrase of broader or
similar meaning can also be replaced with the difference
phrase in any portion in the specification or accompanying
drawings. The configurations and operations of the drive
apparatus, the ultrasonic probe, and the ultrasonic diagnostic
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apparatus are not limited to being what is described in the
present embodiment, but rather a variety of modifications can
be implemented.

What is claimed is:

1. A drive apparatus for an ultrasonic device, the drive

apparatus, comprising;

a transmission circuit for outputting a first drive signal to
n-th (where n is an integer 2 or greater) drive signal to a
first driving electrode line to n-th driving electrode line
belonging to the ultrasonic device; and

a control unit for controlling the transmission circuit,
wherein:

in acase where the phase difference between an i-th (where
iis aninteger 1 <i<n-1)drive signal toi+1-th drive signal
from among the first drive signal to n-th drive signal is a
first phase difference,

the transmission circuit

outputs the first drive signal to n-th drive signal at a greater
voltage amplitude than a case where the phase difference
between the i-th drive signal and the i+1-th drive signal
is a second phase difference greater than the first phase
difference.

2. The drive apparatus as set forth in claim 1, wherein

the transmission circuit outputs the first drive signal to n-th
drive signal at a greater voltage amplitude in the case of
a frontal emission mode than the case of a phase scan-
ning mode.

3. The drive apparatus as set forth in claim 1, wherein

the transmission circuit has a gain amplifier for which the
gain is controlled by the control unit, and

the control unit controls the voltage amplitude of the first
drive signal to n-th drive signal by controlling the gain of
the gain amplifier.

4. The drive apparatus as set forth in claim 3, wherein

the transmission circuit further includes:

a signal generation circuit; and

a delay circuit for which the delay time is controlled by the
control unit, wherein:

the gain amplifier amplifies a reference signal coming from
the signal generation circuit, and

the delay circuit generates the first drive signal to n-th drive
signal having the phase difference between the i-th drive
signal and the i+1-th drive signal by delaying the ampli-
fied reference signal on the basis of the control of the
control unit.

5. The drive apparatus as set forth in claim 3, wherein

in a case where the first drive signal is outputted at a first
timing and the n-th drive signal is outputted at an n-th
timing,

the gain ofthe gain amplifier increases from the first timing
toward a timing intermediate between the first timing
and the n-th timing and decreases from the intermediate
timing toward the n-th timing, whereby

the voltage amplitude of the first drive signal to the n-th
drive signal increases from the first timing toward the
intermediate timing, and decreases from the intermedi-
ate timing toward the n-th timing.

6. The drive apparatus as set forth in claim 1, wherein

the transmission circuit has a voltage selection circuit for
selecting one from among a plurality of voltages to serve
as a selection voltage, wherein:

the voltage selection circuit outputs a signal for which the
voltage amplitude is the selected selection voltage,
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the control unit controls the voltage amplitude of the signal
for which the voltage amplitude is the selection voltage
by carrying out a control in which the selection voltage
is switched, and

the transmission circuit outputs the first drive signal to n-th
drive signal on the basis of the signal for which the
voltage amplitude is the selection voltage.

7. The drive apparatus as set forth in claim 6, wherein

the transmission circuit further includes:

a signal generation circuit; and

adelay circuit for which the delay time is controlled by the
control unit, wherein

the voltage selection circuit outputs the signal for which the
voltage amplitude is the selection voltage in synchroni-
zation with a reference signal coming from the signal
generation circuit,

the delay circuit delays the signal for which the voltage
amplitude is the selection voltage coming from the volt-
age selection circuit on the basis of the control of the
control unit, and

the transmission circuit outputs the first drive signal to n-th
drive signal having the phase difference between the i-th
drive signal and the i+1-th drive signal on the basis of the
delayed signal coming from the delay circuit.

8. The drive apparatus as set forth in claim 5, wherein

in a case where the first drive signal is outputted at a first
timing and the n-th drive signal is outputted at an n-th
timing,

the selection voltage of the voltage selection circuit
increases from the first timing toward a timing interme-
diate between the first timing and the n-th timing and
decreases from the intermediate timing toward the n-th
timing, whereby

the voltage amplitude of the first drive signal to n-th drive
signal increases from the first timing toward the inter-
mediate timing and decreases from the intermediate tim-
ing toward the n-th timing.

9. The drive apparatus as set forth in claim 1, further com-

prising:

a common voltage monitoring circuit for monitoring the
voltage of a common electrode line belonging to the
ultrasonic device, wherein

the control unit

controls the voltage amplitude of the first drive signal to
n-th drive signal on the basis of a monitoring result from
the common voltage monitoring circuit.

10. The drive apparatus as set forth in claim 9, wherein

the control unit carries out a control in which a greater
amplitude of voltage of the common electrode line cor-
relates to increasing the voltage amplitude of the first
drive signal to n-th drive signal on the basis of the moni-
toring result from the common voltage monitoring cir-
cuit.
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11. The drive apparatus as set forth in claim 1, wherein

the first drive signal to n-th drive signal are m (where m is
a natural multiple of 0.5) sinusoidal waves or square
waves.

12. An ultrasonic probe, characterized by comprising the

drive apparatus as set forth in claim 1.

13. An ultrasonic diagnostic apparatus, comprising:

the drive apparatus as set forth in claim 1; and

a display unit for displaying image data for display gener-
ated on the basis of a received signal coming from the
ultrasonic device.

14. A drive apparatus for an ultrasonic device, the drive

apparatus being characterized by comprising:

a transmission circuit for outputting a first pulse signal to
n-th (where n is an integer 2 or greater) pulse signal
outputted to a first driving electrode line to n-th driving
electrode line belonging to the ultrasonic device; and

a control unit for controlling the transmission circuit,
wherein:

the transmission circuit,

in a first mode

outputs at an identical timing an i-th (where 1 is an integer
1=i=n-1) pulse signal to i+1-th pulse signal from among
the first pulse signal to n-th pulse signal, and

in a second mode

outputs the i+1-th pulse signal at a timing that is delayed
from the timing at which the i-th pulse signal is output-
ted, and

in the first mode

outputs the first pulse signal to n-th pulse signal at a greater
pulse signal voltage amplitude than in the second mode.

15. A drive apparatus for an ultrasonic device in which a

first ultrasonic element to n-th (where n is an integer 2 or
greater) ultrasonic element provided with a piezoelectric ele-
ment in which a piezoelectric body is arranged between two
electrodes are arranged in a rectilinear fashion, the drive
apparatus being characterized by comprising:

a transmission circuit for outputting a first drive signal to
n-th drive signal to a first driving electrode line to n-th
driving electrode line connected to either of the two
electrodes of each of the first ultrasonic element to n-th
ultrasonic element; and

a control unit for controlling the transmission circuit,
wherein:

in a case where there is no phase difference between an i-th
(where iis an integer 1 <i=n-1)drive signal and an i+1-th
drive signal from among the first drive signal to n-th
drive signal,

the transmission circuit outputs a drive signal of a greater
voltage amplitude than the voltage amplitude of a drive
signal of a case where the phase difference between the
i-th drive signal and the i+1-th drive signal is in the range
90° to 180°.
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