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(57) ABSTRACT

[Object] To provide an array-type ultrasornic vibrator, which
is excellent in productivity and practicability and has a
two-dimensional array structure capable of improving a
focusing property of an ultrasonic beam in a slice direction,
an ultrasonic probe, an ultrasonic catheter, a hand-held
surgical instrument, and a medical apparatus. [Solving
Means] An array-type ultrasonic vibrator according to an
embodiment of the present technology includes a vibrator
array and a resistor. The vibrator array is a vibrator array in
which ultrasonic vibrator elements constitute a two-dimen-
sional array including a plurality of element rows in which
a plurality of ultrasonic vibrator elements are arranged in a
slice direction. The resistor is electrically connected
between a pair of arbitrary ultrasonic vibrator elements in
the element row.
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ARRAY-TYPE ULTRASONIC VIBRATOR,
ULTRASONIC PROBE, ULTRASONIC
CATHETER, HAND-HELD SURGICAL

INSTRUMENT, AND MEDICAL APPARATUS

TECHNICAL FIELD

[0001] The present technology relates to an array-type
ultrasonic vibrator, an ultrasonic probe, an ultrasonic cath-
eter, a hand-held surgical instrument, and a medical appa-
ratus, which can be used for generating an ultrasonic diag-
nosis image.

BACKGROUND ART

[0002] In ultrasonic imaging for the use in the medical
field and the like, an ultrasonic probe including an ultrasonic
vibrator array radiates an ultrasonic wave to an object to be
observed. The ultrasonic probe detects a reflected wave
thereof. An ultrasonic image of the object to be observed is
thus generated. The ultrasonic imaging makes a biological
tissue visible from outside. The ultrasonic imaging is suit-
able for grasping a blood stream and the position and shape
of a tumor or finding a nerve associated with a blood vessel,
for example.

[0003] An ultrasonic beam width in a slice direction
(depth direction of the ultrasonic image) in the ultrasonic
imaging acts on slice resolution and contrast. Therefore, in
recent years, reduction of this beam width has been devel-
oped. For example, in a one-dimensional array in which
ultrasonic vibrators are arranged in one row, the beam width
in the slice direction can be made narrower by focusing an
ultrasonic beam through an acoustic lens.

[0004] On the other hand, in a two-dimensional array in
which the ultrasonic vibrators are arranged in a flat state,
technologies such as apodization and phase adjustment are
used for improving a focusing property of the ultrasonic
beam in the slice direction. The apodization is a technology
of reducing the outputs of the vibrators at the ends of the
two-dimensional array. In the apodization, the focusing
property of the beam is improved by reducing components
of side lobes (ultrasonic waves travelling in a direction
deviated from a main radiation direction). Further, in the
phase adjustment, the focusing property of the beam is
improved by voluntarily adjusting a phase difference
between the vibrators (e.g., Patent Literature 1).

[0005] In addition, there is also well known a structure
called Hanafy lens. In this structure, the focusing property of
the beam is improved by making the thickness of the
vibrators different to thereby form the entire two-dimen-
sional array in the lens-like shape.

CITATION LIST

Patent Literature

[0006] Patent Literature 1: Japanese Patent Application
Laid-open No. 2014-097157

DISCLOSURE OF INVENTION

Technical Problem

[0007] However, in order to realize the above-mentioned
apodization and phase adjustment, it is necessary to indi-
vidually control the output of each of the ultrasonic vibra-
tors, and the number of wirings to be connected to the
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respective vibrator increases. Therefore, the manufacture
complication and the manufacture cost increase. Further, it
becomes necessary to introduce a multiplexer and the like
into the ultrasonic probe, and the structure of the ultrasonic
probe is complicated.

[0008] Also in a case where the Hanafy lens structure is
formed, it becomes necessary to machine the vibrators. In
particular, in a case where the vibrators are thin, it is difficult
to make the thickness of the vibrators different and it is not
easy to cause the vibrators to have a higher frequency and a
smaller height.

[0009] Inview of the above-mentioned circumstances, it is
an object of the present technology to provide an array-type
ultrasonic vibrator, which is excellent in productivity and
practicability and has a two-dimensional array structure
capable of improving a focusing property of an ultrasonic
beam in a slice direction, an ultrasonic probe, an ultrasonic
catheter, a hand-held surgical instrument, and a medical
apparatus.

Solution to Problem

[0010] Inorder to accomplish the above-mentioned object,
an array-type ultrasonic vibrator according to an embodi-
ment of the present technology includes a vibrator array and
a resistor.

[0011] The vibrator array is a vibrator array in which
ultrasonic vibrator elements constitute a two-dimensional
array including a plurality of element rows in which a
plurality of ultrasonic vibrator elements are arranged in a
slice direction.

[0012] The resistor is electrically connected between a
pair of arbitrary ultrasonic vibrator elements in the element
row.

[0013] In accordance with this configuration, when the
wiring connected to the element row is supplied with a
driving signal of the ultrasonic vibrator element, the driving
signal is attenuated by the resistor and the intensity of the
driving signal supplied to the ultrasonic vibrator element at
the end portion of the element row is thus lowered, and the
output of the ultrasonic wave radiated from the ultrasonic
vibrator element at the end portion of the element row
becomes smaller (apodization). In this manner, the beam
width of the ultrasonic beam in the slice direction can be
reduced, and the slice resolution and contrast of the ultra-
sonic diagnosis image can be enhanced. Further, it is only
necessary to connect the single wiring to the single element
row and it is unnecessary to connect the wiring to each of the
ultrasonic vibrator elements. Therefore, the number of wir-
ings can be greatly reduced.

[0014] The resistor may be electrically connected between
all ultrasonic vibration elements in the element row.
[0015] By the resistor being arranged between all the
ultrasonic vibration elements, the outputs of the ultrasonic
waves radiated from the respective ultrasonic vibrator ele-
ments that constitute the element row can be made slightly
different from one another.

[0016] The array-type ultrasonic vibrator may further
include a grounding resistor connected between an ultra-
sonic vibration element at an end of the element row and a
ground.

[0017] By providing the grounding resistor, an escape path
for electric charges can be ensured at the end portion of the
element row and electric charges can be prevented from
being accumulated at that end portion.
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[0018] The vibrator array may include a substrate that
supports the ultrasonic vibrator elements, and the resistor
may be implemented on a surface of the substrate or inside
the substrate.

[0019] In accordance with this configuration, the vibrator
array and the resistor can be configured integrally with each
other, and the size and height of the array-type ultrasonic
vibrator can be reduced.

[0020] The ultrasonic vibrator elements may be connected
to a wiring for driving the ultrasonic vibrator elements in
each of the element rows.

[0021] In accordance with this configuration, the outputs
of the ultrasonic waves emitted from the ultrasonic elements
in each element row can be adjusted. It should be noted that
the outputs of the ultrasonic waves emitted from the ultra-
sonic elements are adjusted by the resistor in each element
row.

[0022] Inorder to accomplish the above-mentioned object,
an ultrasonic catheter according to an embodiment of the
present technology includes an array-type ultrasonic vibra-
tor.

[0023] The array-type ultrasonic vibrator includes a vibra-
tor array in which ultrasonic vibrator elements constitute a
two-dimensional array including a plurality of element rows
in which a plurality of ultrasonic vibrator elements are
arranged in a slice direction, and a resistor electrically
connected between a pair of arbitrary ultrasonic vibration
elements in the element row.

[0024] In order to accomplish the above-mentioned object,
a hand-held instrument according to an embodiment of the
present technology includes an array-type ultrasonic vibra-
tor.

[0025] The array-type ultrasonic vibrator includes a vibra-
tor array in which ultrasonic vibrator elements constitute a
two-dimensional array including a plurality of element rows
in which a plurality of ultrasonic vibrator elements are
arranged in a slice direction, and a resistor electrically
connected between a pair of arbitrary ultrasonic vibration
elements in the element row.

[0026] In order to accomplish the above-mentioned object,
a medical apparatus according to an embodiment of the
present technology includes an array-type ultrasonic vibra-
tor and a position sensor.

[0027] The array-type ultrasonic vibrator includes a vibra-
tor array in which ultrasonic vibrator elements constitute a
two-dimensional array including a plurality of element rows
in which a plurality of ultrasonic vibrator elements are
arranged in a slice direction, and a resistor electrically
connected between a pair of arbitrary ultrasonic vibration
elements in the element row.

[0028] The position sensor detects a position of the array-
type ultrasonic vibrator.

[0029] In the medical apparatus, an ultrasonic volume
image may be generated on the basis of outputs of the
array-type ultrasonic vibrator and the position sensor.
[0030] In the array-type ultrasonic vibrator, in each of the
element rows, a total resistance value of the resistor and the
grounding resistor may be larger than a resistance value of
a signal wiring that connects the ultrasonic vibrator element
to a driving power supply.

[0031] By setting the total resistance value of the resistor
and the grounding resistor to be larger than the resistance
value of the signal wiring, a voltage drop in each vibrator
element can be reduced.
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[0032] In the array-type ultrasonic vibrator, in each of the
element rows, provided that a frequency of a driving voltage
of the ultrasonic vibrator element is f [Hz], a product of a
total resistance value of the resistor and a total value of
capacitance of the ultrasonic vibrator elements may be
smaller than 5 f.

[0033] By setting the product of the total resistance value
of the resistor and the total value of capacitance of the
ultrasonic vibrator elements to be smaller than % f, an RC
delay (phase offset) of the ultrasonic wave emitted from each
ultrasonic vibrator element can be prevented.

[0034] In the array-type ultrasonic vibrator, in each of the
element rows, a resistance value of the grounding resistor
may be smaller than a total resistance value of the resistor.
[0035] By setting the resistance value of the grounding
resistor to be smaller than the total resistance value of the
resistor, the dynamic range of the ultrasonic waves in the
element row can be made larger.

Advantageous Effects of Invention

[0036] As described above, in accordance with the present
technology, it is possible to provide an array-type ultrasonic
vibrator, which is excellent in productivity and practicability
and has a two-dimensional array structure capable of
improving a focusing property of an ultrasonic beam in a
slice direction, an ultrasonic probe, an ultrasonic catheter, a
hand-held surgical instrument, and a medical apparatus. It
should be noted that the effects described here are not
necessarily limitative and any effect described in the present
disclosure may be provided.

BRIEF DESCRIPTION OF DRAWINGS

[0037] FIG. 1 A perspective view of an array-type ultra-
sonic vibrator according to an embodiment of the present
technology.

[0038] FIG. 2 A perspective view of a partial configuration
of the array-type ultrasonic vibrator.

[0039] FIG. 3 A plan view of vibrator elements of the
array-type ultrasonic vibrator.

[0040] FIG. 4 A cross-sectional view of the array-type
ultrasonic vibrator.

[0041] FIG. 5 A schematic diagram showing an array of
the vibrator elements of the array-type ultrasonic vibrator.
[0042] FIG. 6 A schematic diagram showing an electric
connection relationship of an element row of the array-type
ultrasonic vibrator.

[0043] FIG. 7 A schematic diagram showing an operation
of the element row of the array-type ultrasonic vibrator.
[0044] FIG. 8 A schematic diagram showing resistors of
the array-type ultrasonic vibrator.

[0045] FIG. 9 A schematic diagram showing independent
wirings of the array-type ultrasonic vibrator.

[0046] FIG. 10 A schematic diagram showing an electric
connection relationship of the element row of the array-type
ultrasonic vibrator.

[0047] FIG. 11 A schematic diagram showing an electric
connection relationship of the element row of the array-type
ultrasonic vibrator.

[0048] FIG. 12 A cross-sectional view of an ultrasonic
probe of the array-type ultrasonic vibrator.

[0049] FIG. 13 A cross-sectional view of the ultrasonic
probe of the array-type ultrasonic vibrator.
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[0050] FIG. 14 A graph showing a beam profile of the
ultrasonic probe of the array-type ultrasonic vibrator.
[0051] FIG. 15 A schematic diagram of an ultrasonic
catheter including the array-type ultrasonic vibrator accord-
ing to the embodiment of the present technology.

[0052] FIG. 16 A graph showing a beam profile of the
ultrasonic catheter of the array-type ultrasonic vibrator.
[0053] FIG. 17 A schematic diagram of a surgical instru-
ment of the array-type ultrasonic vibrator according to the
embodiment of the present technology.

[0054] FIG. 18 A schematic diagram showing an electric
circuit configuration of each element array of the array-type
ultrasonic vibrator according to the embodiment of the
present technology.

[0055] FIG. 19 A graph showing percentage of resistance
values of resistors 133 and a grounding resistor in the
array-type ultrasonic vibrator.

[0056] FIG. 20 A graph showing simulation results of a
voltage time history waveform with each of the vibrator
elements in the element row of the array-type ultrasonic
vibrator.

[0057] FIG. 21 A graph showing simulation results of the
voltage time history waveform with each of the vibrator
elements in the element row of the array-type ultrasonic
vibrator.

[0058] FIG. 22 A graph showing simulation results of the
voltage time history waveform with each of the vibrator
elements in the element row of the array-type ultrasonic
vibrator.

[0059] FIG. 23 A graph showing simulation results of the
voltage time history waveform with each of the vibrator
elements in the element row of the array-type ultrasonic
vibrator.

[0060] FIG. 24 A graph showing simulation results of the
voltage time history waveform with each of the vibrator
elements in the element row of the array-type ultrasonic
vibrator.

[0061] FIG. 25 Simulation results of a sound pressure
beam profile of the array-type ultrasonic vibrator (opening
width: 5 mm).

[0062] FIG. 26 A graph showing a beam width with the
sound pressure beam profile shown in FIG. 25.

[0063] FIG. 27 A graph showing a dynamic range with the
sound pressure beam profile shown in FIG. 25.

[0064] FIG. 28 Simulation results of a sound pressure
beam profile of the array-type ultrasonic vibrator (opening
width: 2 mm).

[0065] FIG. 29 A graph showing a beam width with the
sound pressure beam profile shown in FIG. 28.

[0066] FIG. 30 A graph showing a dynamic range with the
sound pressure beam profile shown in FIG. 28.

[0067] FIG. 31 A graph showing an apodization intensity
distribution in the element row of the array-type ultrasonic
vibrator.

[0068] FIG. 32 A schematic diagram showing a structure
of the array-type ultrasonic vibrator.

[0069] FIG. 33 A graph showing a hamming window
function.
[0070] FIG. 34 Simulation results of a sound pressure

beam profile of the array-type ultrasonic vibrator (opening
width: 5 mm).

[0071] FIG. 35 A graph showing a beam width with the
sound pressure beam profile shown in FIG. 34.
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[0072] FIG. 36 A graph showing a dynamic range with the
sound pressure beam profile shown in FIG. 34.

[0073] FIG. 37 Simulation results of a sound pressure
beam profile of the array-type ultrasonic vibrator (opening
width: 2 mm).

[0074] FIG. 38 A graph showing a beam width with the
sound pressure beam profile shown in FIG. 37.

[0075] FIG. 39 A graph showing a dynamic range with the
sound pressure beam profile shown in FIG. 37.

MODE(S) FOR CARRYING OUT THE
INVENTION

[0076] An array-type ultrasonic vibrator according to this
embodiment will be described.

[Configuration of Array-Type Ultrasonic Vibrator]

[0077] FIG. 1 is a perspective view of an array-type
ultrasonic vibrator 100 according to this embodiment. FIG.
2 is a perspective view of a partial configuration of the
array-type ultrasonic vibrator 100. FIG. 3 is a plan view of
a partial configuration of the array-type ultrasonic vibrator
100. FIG. 4 is a cross-sectional view of the array-type
ultrasonic vibrator 100, which is a cross-sectional view
taken along the A-A line of FIG. 3. In each figure, three
directions orthogonal to one another are denoted by an X
direction, a Y direction, and a Z direction.

[0078] As shown in FIG. 4, the array-type ultrasonic
vibrator 100 includes a substrate 101, piezoelectric layers
102, upper electrode layers 103, lower electrode layers 104,
backing layers 105, acoustic matching lenses 106, an acous-
tic matching lens 107, and an acoustic lens 108.

[0079] The piezoelectric layers 102, the upper electrode
layers 103, the acoustic matching lenses 106, the lower
electrode layers 104, and the backing layers 105 are partially
separated from each other, each of which constitutes vibrator
elements 150. That is, the array-type ultrasonic vibrator 100
is an array of the vibrator elements 150. It should be noted
that although the number of vibrator elements 150 are
different between FIGS. 2 and 3, illustration of a predeter-
mined number of vibrator elements 150 is omitted in FIG. 2.
[0080] The substrate 101 is a wiring board such as a rigid
printed board and a flexible printed circuits (FPC) board
including glass epoxy and the like. The substrate 101
supports and electrically connects the vibrator elements 150.
The substrate 101 is provided with a substrate built-in
resistor 121, wirings 122, an independent wiring 123, and a
pad 124.

[0081] The pad 124 is provided on the surface of the
substrate 101 and each of the vibrator elements 150 is
electrically connected thereto. The wirings 122 electrically
connect the pad 124 to the substrate built-in resistor 121.
Fach of the vibrator elements 150 is connected to the
substrate built-in resistor 121 via the wirings 122 and the pad
124. The independent wiring 123 is electrically connected to
the substrate built-in resistor 121. Electric connection of
each of the vibrator elements 150 will be described later.
[0082] The piezoelectric layers 102 include a piezoelectric
material such as lead zirconate titanate (PZT). The piezo-
electric layers 102 are provided between the lower electrode
layers 104 and the upper electrode layers 103. When a
voltage is applied between the lower electrode layers 104
and the upper electrode layers 103, vibrations due to an
inverse piezoelectric effect are generated and ultrasonic
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waves are generated. Further, when reflected waves from an
object to be diagnosed enters the piezoelectric layers 102,
polarization due to the piezoelectric effect occurs. Although
the size of the piezoelectric layer 102 is not particularly
limited, 250 um square, for example, can be set.

[0083] The upper electrode layers 103 are provided on the
piezoelectric layers 102. The upper electrode layers 103
include an electrically conductive material. The upper elec-
trode layers 103 are metal films deposited by plating,
sputtering, or the like, for example. It should be noted that
the upper electrode layers 103 may be separated for each of
the vibrator elements 150 as shown in FIG. 4 and do not
need to be separated.

[0084] The lower electrode layers 104 are provided on the
backing layers 105. The lower electrode layers 104 include
an electrically conductive material. The lower electrode
layers 104 are metal films deposited by plating, sputtering,
or the like, for example. The lower electrode layers 104 are
electrically connected to the substrate 101 via wirings 125.

[0085] The backing layers 105 are provided on the sub-
strate 101 and absorb unnecessary vibrations of the vibrator
elements 150. The backing layers 105 generally include a
material in which a filler and a synthetic resin are mixed and
the like. In the backing layers 105, the wirings 125 that
connect the lower electrode layers 104 to the pad 124 are
provided.

[0086] The acoustic matching lenses 106 and the acoustic
matching lens 107 reduce an acoustic impedance difference
between the object to be diagnosed and the vibrator elements
150 and prevent reflection of ultrasonic waves from being
reflected to the object to be diagnosed. The acoustic match-
ing lenses 106 include a synthetic resin and a ceramic
material. As shown in FIG. 4, the acoustic matching lenses
106 can be separated for each of the vibrator elements 150
and the acoustic matching lens 107 can be set not to be
separated, though not limited thereto.

[0087] The acoustic lens 108 is brought into contact with
the object to be diagnosed. The acoustic lens 108 focuses
ultrasonic waves generated in the piezoelectric layers 102.
The acoustic lens 108 includes a silicone rubber and the like,
for example, and the size and shape thereof are not particu-
larly limited.

[Regarding Array of Vibrator Elements]

[0088] As shown in FIGS. 2 and 3, the vibrator elements
150 are arranged in two directions of the X direction and the
Y direction as viewed in a thickness direction (7 direction)
of the vibrator elements 150.

[0089] A shorter side direction (X direction) of the array-
type ultrasonic vibrator 100 will be referred to as a slice
direction (or elevation direction) and the resolution in that
direction is equivalent to a resolution in a depth direction in
the ultrasonic diagnosis image. The number of vibrator
elements 150 in the slice direction is not particularly limited
and only needs to be plural.

[0090] A longer side direction (Y direction) of the array-
type ultrasonic vibrator 100 will be referred to as an azimuth
direction and the resolution in that direction is equivalent to
a resolution of an azimuth-based direction in the ultrasonic
diagnosis image. The number of vibrator elements 150 in the
azimuth direction is not particularly limited and only needs
to be plural.
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[0091] It should be noted that a resolution in the thickness
direction (Z direction) of the vibrator elements 150 is
equivalent to a resolution in the distance direction in the
ultrasonic diagnosis image.

[0092] The beam width of the ultrasonic beam in the slice
direction acts on the slice resolution and contrast of the
ultrasonic diagnosis image. Therefore, it is favorable that
this beam width is smaller. In a one-dimensional array-type
ultrasonic vibrators in which vibrator elements are arranged
in one row in the azimuth direction, the beam width in the
slice direction can be reduced by using an acoustic lens.
[0093] On the other hand, in a two-dimensional array-type
ultrasonic vibrator in which a plurality of vibrator elements
are arranged also in the slice direction like the array-type
ultrasonic vibrator 100, it is difficult to sufficiently reduce
the beam width in the slice direction by using only the
acoustic lens. Therefore, in general, keeping the outputs of
the vibrator elements at array end portions small (apodiza-
tion) or reducing the beam width in the slice direction by
adjusting a phase difference of ultrasonic vibrations of the
vibrator elements are performed.

[0094] That apodization or phase adjustment can be real-
ized by providing a wiring in the electrodes (corresponding
to the upper electrode layer 103 and the lower electrode
layer 104 in this embodiment) for each vibrator element and
controlling the voltage and phase for each vibrator element.
However, in a case where wirings are provided in all the
individual vibrator elements, the number of wirings extend-
ing from the array-type ultrasonic vibrator increases, which
results in complication of manufacturing processes and an
increase in cost. In addition, a processor (multiplexer and the
like) for controlling vibrations of each of the vibrator
elements needs to be installed near the array-type ultrasonic
vibrator, and it is difficult to utilize it in a case where the
ultrasonic probe has a limited inner space, for example.
[0095] In contrast, in the array-type ultrasonic vibrator
100 according to this embodiment, the wirings are provided
in a manner shown below. Beam focusing in the slice
direction is realized while avoiding the problem as described
above.

[Regarding Wiring of Vibrator Element]

[0096] FIG. 5is a schematic diagram showing an array of
the vibrator elements 150 in the array-type ultrasonic vibra-
tor 100. As shown in the figure, it is assumed that a row of
the vibrator elements 150 in the slice direction (X direction)
is an element row S. The array-type ultrasonic vibrator 100
is constituted by a plurality of element rows S. The number
of vibrator elements 150 and the number of element rows S
which constitute the element rows S are not particularly
limited and both need to be plural.

[0097] FIG. 6 is a schematic diagram showing an electric
connection relationship of one of the element rows S. In the
figure, the piezoelectric layers 102, the upper electrode
layers 103, and the lower electrode layers 104 are schemati-
cally shown with respect to the respective vibrator elements
150.

[0098] As shown in the figure, the upper electrode layers
103 are connected to each other via a wiring 131 and are
connected to a ground G. Further, the lower electrode layers
104 are connected to each other via a wiring 132 and are
connected to the independent wiring 123. Resistors 133 are
electrically connected between the vibrator elements 150
that constitute the element row S. It should be noted that the
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wiring 132 is realized by the wirings 125, the pad 124, and
the wirings 122 in FIG. 4 and the resistors 133 are realized
by the substrate built-in resistor 121. Tt should be noted that
the resistance values of the respective resistors 133 may be
identical to one another or may be different from one
another. For example, the resistance values of the respective
resistors 133 may be configured to be gradually higher from
a center portion to end portions of the element row S.
[0099] The plurality of element rows S that constitute the
array-type ultrasonic vibrator 100 each have the configura-
tion shown in FIG. 6 and are not electrically connected
between the element rows S. Therefore, in the array-type
ultrasonic vibrator 100, the single independent wiring 123 is
connected to each of the element rows S.

[0100] By providing the wirings in the vibrator elements
150 in the above-mentioned manner, the driving signal is
supplied from the independent wiring 123 for each element
row S and vibrations of the piezoelectric layers 102 are
controlled for each element row S in the array-type ultra-
sonic vibrator 100.

[0101] FIG. 7is a schematic diagram showing an output of
an ultrasonic wave radiated from the vibrator elements 150
in the array-type ultrasonic vibrator 100. In the figure, the
magnitude of the output of the ultrasonic wave radiated from
the vibrator element is indicated by the length of the arrow.
[0102] In each of the element rows S, a driving signal
supplied from the independent wiring 123 is supplied to the
vibrator elements 150 connected via the resistors 133 while
the driving signal is being attenuated by the resistors 133. In
this manner, as shown in FIG. 7, the output of the ultrasonic
wave generated in the piezoelectric layers 102 becomes
smaller with respect to the vibrator elements 150 closer to
the end portions of each element row S.

[0103] As described above, the output of the ultrasonic
wave is smaller at the end portions of each of the element
rows S of the array-type ultrasonic vibrator 100. Therefore,
the apodization is realized and the beam width in the slice
direction is reduced.

[0104] Further, the independent wiring 123 is connected to
each of the element rows S. Therefore, ultrasonic vibrations
can be controlled in accordance with the driving signal in
each element row S. That is, with respect to the azimuth
direction, the apodization and the phase control can be
realized in accordance with the driving signal.

[0105] As described above, in the array-type ultrasonic
vibrator 100, with respect to the azimuth direction, the
output of the ultrasonic wave can be adjusted in accordance
with the driving signal for each element row S. With respect
to the slice direction, the output of the ultrasonic wave is
passively adjusted by the resistors 133. The wiring required
in the array-type ultrasonic vibrator 100 is a single wiring for
the single element rows S. Therefore, the number of wirings
can be greatly reduced as compared to a case where the
wiring is provided in each of the vibrator elements 150.
[0106] Tt should be noted that substantially a low pass
filter is formed by the resistors 133 between the respective
vibrator elements 150. However, a phase offset generated in
each element row S can be reduced by being used at a cut-off
frequency or less of the low pass filter.

[Specific Structure of Wiring of Vibrator Element]

[0107] In the array-type ultrasonic vibrator 100, one
capable of realizing the connection relationship as shown in
FIG. 6 only needs to be provided and a specific structure is
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not particularly limited. However, as shown in FIG. 4, it is
favorable to utilize the substrate built-in resistor 121.
[0108] FIG. 8 is a schematic diagram showing the sub-
strate built-in resistors 121. FIG. 8 shows the vibrator
elements 150, the substrate built-in resistors 121, and the
wirings 131. The substrate built-in resistor 121 includes an
electrically conductive material having a higher electric
resistance. As shown in the figure, the substrate built-in
resistor 121 is formed in such a shape that the width is
gradually narrower toward the end portions of the element
row S, that is, the electric resistance increases. The resistors
133 shown in FIG. 6 can be thus realized by the substrate
built-in resistor 121.

[0109] Itshould be noted that the substrate built-in resistor
121 can be formed by depositing a Ni film, a NiCr film, a
Ni—P element, a NiCrAlSi film, or the like by plating or
sputtering and patterning it.

[0110] It should be noted that the resistors 133 can also be
realized by utilizing an element other than the substrate
built-in resistor 121 and, for example, a resistor compatible
for a small-height embedded passive device (EPD) can also
be utilized.

[0111] FIG. 9 is a schematic diagram showing the inde-
pendent wirings 123. FIG. 9 shows the vibrator elements
150, the independent wirings 123, and the wirings 131. As
shown in the figure, the independent wiring 123 are provided
to extend in the slice direction (X direction).

[Regarding Other Configurations of Array-Type Ultrasonic
Vibrator]

[0112] The configuration of the array-type ultrasonic
vibrator 100 is not limited to the above. FIGS. 10 and 11 are
schematic diagrams showing array-type ultrasonic vibrators
100 having other configurations.

[0113] As shown in FIG. 10, the resistors 133 do not need
to be electrically connected between all the vibrator ele-
ments 150 and may be electrically connected between pairs
of some of the vibrator elements 150. Also in this structure,
the output of the ultrasonic wave at the end portions of the
element row S becomes smaller. Therefore, the apodization
is realized and the beam width in the slice direction is
reduced.

[0114] Further, as shown in FIG. 11, the array-type ultra-
sonic vibrator 100 may include grounding resistors 134. The
grounding resistors 134 are electrically connected between
the vibrator elements 150 positioned at both the ends of the
element row S and the ground G.

[0115] In such a configuration, there is a fear that electric
charges accumulated at the end portions of the element row
S remain also after the driving signal is input. In contrast, by
providing the grounding resistors 134, it is possible to ensure
an escape path for electric charges at the end portions of the
element row S and to prevent electric charges from being
accumulated at the end portions of the element row S.
[0116] Itshouldbe noted that if the resistance values of the
grounding resistors 134 are too low, electric charges escape
when the driving signal is input. On the other hand, if the
resistance values of the grounding resistors 134 are too high,
the provision of the grounding resistors 134 becomes a
waste. Therefore, it is necessary to set a suitable resistance
value. Further, the grounding resistors 134 may be provided
with respect to the configuration in which the resistors 133
are provided between pairs of some of the vibrator elements
150, which is shown in FIG. 10.



US 2020/0060651 A1

[Application Example of Array-Type Ultrasonic Vibrator]

[0117] An application example of the array-type ultrasonic
vibrator 100 according to this embodiment will be
described.

[0118] FIGS. 12 and 13 each are a schematic diagram of
an ultrasonic probe 11 including the array-type ultrasonic
vibrator 100. As shown in the figure, the ultrasonic probe 11
includes the array-type ultrasonic vibrator 100, a casing 171
that houses the array-type ultrasonic vibrator 100, and a
wiring connection portion 172. The independent wirings 123
are connected to the wiring connection portion 172.

[0119] As described above, the array-type ultrasonic
vibrator 100 only needs to connect the single independent
wiring 123 to the single element row S. Therefore, the
number of wirings can be greatly reduced as compared to a
structure in which the wiring is provided in each of the
vibrator elements 150.

[0120] FIG. 14 is a graph showing simulation results of
intensity of the ultrasonic wave radiated from the ultrasonic
probe. FIG. 14 shows a beam profile at a measurement depth
of 3.5 cm while the opening width of the ultrasonic probe in
the slice direction (X direction) is set to 5 mm.

[0121] The “element row driving” in the figure indicates
the intensity of the ultrasonic wave in a case where the
apodization is carried out by utilizing the array-type ultra-
sonic vibrator 100 according to this embodiment. The “inde-
pendent element driving” in the figure indicates the intensity
of the ultrasonic wave in a case where the apodization is
carried out by utilizing the array-type ultrasonic vibrator in
which the wiring is connected to each of the vibrator
elements. The “acoustic lens” in the figure indicates the
intensity of the ultrasonic wave in a case where only the
focusing effect by the acoustic lens is provided without
utilizing the apodization.

[0122] In the “element row driving” according to this
embodiment, side lobes (ultrasonic waves travelling in a
direction deviated from a main radiation direction) are
greatly reduced as compared to the “acoustic lens”, and a
beam profile similar to that of the “independent element
driving” is obtained.

[0123] Therefore, in the “element row driving”, an ultra-
sonic image excellent in the visibility can be generated
having a dynamic range equivalent to that of the “indepen-
dent element driving” while greatly reducing the number of
wirings relative to the “independent element driving”.
[0124] FIG. 15 is a schematic diagram of an ultrasonic
catheter 12 including the array-type ultrasonic vibrator 100.
The ultrasonic catheter 12 is an intracardiac ultrasonic
catheter, for example. The ultrasonic catheter 12 includes a
main body 124 and a catheter 1256. The array-type ultrasonic
vibrator 100 is mounted on a distal end of the catheter 124.
[0125] FIG. 16 is a graph showing simulation results of the
intensity of the ultrasonic wave radiated from the ultrasonic
catheter. FIG. 16 shows a beam profile in a case where the
opening width of the ultrasonic probe in the slice direction
(X direction) is set to 2 mm.

[0126] The “element row driving”, the “independent ele-
ment driving”, and the “acoustic lens” have the same mean-
ings as those described above. Also with the ultrasonic
catheter, in the “element row driving”, the side lobes are
greatly reduced as compared to the “acoustic lens”, and a
beam profile similar to that of the “independent element
driving” is obtained.
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[0127] Further, regarding the ultrasonic catheter, it is
necessary to bend and operate the catheter. Meanwhile, in
the array-type ultrasonic vibrator in which the wiring is
connected to each of the vibrator elements, the number of
wirings inside the catheter increases, which becomes an
obstacle to the operation. If the multiplexer and the like are
mounted on the distal end portion of the catheter, the number
of wirings inside the catheter can be reduced. However, it is
not easy to do so because the mounting space of the distal
end portion of the catheter is limited. Also in view of this,
the array-type ultrasonic vibrator 100 which requires a
smaller number of wirings is favorable.

[0128] FIG. 17 is a schematic diagram of a surgical
instrument 13 including the array-type ultrasonic vibrator
100. The surgical instrument 13 is an incision tool or forceps
and has a distal end portion on which the array-type ultra-
sonic vibrator 100 is mounted. In a case where the array-type
ultrasonic vibrator is mounted on the surgical instrument in
this manner, the housing space is smaller and the opening
diameter is also smaller. Therefore, the dynamic range is
deteriorated.

[0129] In contrast, the array-type ultrasonic vibrator 100
according to this embodiment has a higher dynamic range as
described above. Therefore, the image quality of the ultra-
sonic diagnosis can be improved.

[0130] Further, the array-type ultrasonic vibrator 100 can
be mounted on the ultrasonic probe together with a position
sensor. The position sensor is a sensor that acquires the
position of the ultrasonic probe and can be a magnetic
sensor, for example. With such a configuration, on the basis
of a relationship between a two-dimensional ultrasonic
diagnosis image generated by the array-type ultrasonic
vibrator 100 and the position of the ultrasonic probe, which
is output from the position sensor, a three-dimensional
volume image can be generated (see Japanese Patent Appli-
cation Laid-open No. 2008-178500).

[0131] As described above, the array-type ultrasonic
vibrator 100 according to this embodiment is capable of
generating an ultrasonic diagnosis image having a high
contrast. Therefore, a three-dimensional volume image hav-
ing a high contrast can be generated by mounting the
array-type ultrasonic vibrator 100 together with the position
Sensor.

[Regarding Details of Resistance Value]

[0132] Details of the resistance values of the resistors 133
and the grounding resistors 134 in the array-type ultrasonic
vibrator 100 including the resistors 133 and the grounding
resistors 134, which are shown in FIG. 11, will be described.
[0133] FIG. 18 is a schematic diagram showing an electric
circuit configuration of each of the element rows S of the
array-type ultrasonic vibrator 100. In the figure, capaci-
tances formed by the respective vibrator elements 150 (see
FIG. 11) are denoted by C1 to C16, resistances by the
resistors 133 are denoted by R1 to R14, and resistances by
the grounding resistors 134 are denoted by Rgl and Rg2. It
should be noted that the number of vibrator elements 150
and the number of resistors 133 are not limited to those
shown in FIG. 18.

[0134] FIG. 19 is a graph showing the percentage of the
resistance values of the resistors 133 and the grounding
resistors 134 and is a graph showing the percentage of the
resistance values of the resistors 133 and the grounding
resistors 134, assuming that a total resistance value of the
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resistors 133 and the grounding resistors 134 is 100%. In the
figure, the bracketed portion denotes a position of each of
the resistors 133 and the grounding resistors 134.

[0135] Further, in FIG. 18, a configuration of a power
supply circuit 180 connected to the element row S via the
independent wiring 123 is shown. The power supply circuit
180 includes a driving power supply 181, an inductor 182,
an inductor 183, a resistor 184, a resistor 185, a resistor 186,
a resistor 187, a capacitor 188, and a capacitor 189. In
addition, a wiring between the element row S and the driving
power supply 181 is defined as a signal wiring 190. The
signal wiring 190 is a coaxial cable. A resistance value
thereof is 143 Q, for example.

[0136] Here, it is favorable that, for the resistors 133 and
the grounding resistors 134, a total resistance value (Rgl+
Rg2+R1 +. .. +R14) of the resistors 133 and the grounding
resistors 134 in the element row S is larger than a resistance
value of the signal wiring 190.

[0137] In addition, provided that the frequency of the
driving voltage of the driving power supply 181 is f [Hz], it
is favorable that a product (hereinafter, RC) of the total
resistance value of (R1+ . . . +R14) of the resistors 133 in the
element row S and the total value (C1+ . . . +C16) of the
capacitance of the vibrator elements 150 is smaller than %
f.

[0138] FIGS. 20 to 24 are graphs showing simulation
results of a voltage time history waveform with each of the
vibrator elements 150 in the element row S. In each figure,
the “element at center” indicates the vibrator element 150
corresponding to C8 or C9 in FIG. 18 and the “fifth element
from end” indicates the vibrator element 150 corresponding
to C5 or C12 in the figure. The “element at end” indicates the
vibrator element 150 corresponding to C1 or C16 in the
figure.

[0139] The total resistance value (hereinafter, total resis-
tance value) of the resistors 133 and the grounding resistors
134 is 10 Q, in FIG. 20, 100 Q, in FIG. 21, 1 Q in FIG. 22,
10 €, in FIGS. 23, and 100 ©, in FIG. 24.

[0140] The analysis condition of the simulation is as
follows: the vibrator element width in the azimuth direction
(Y direction) is 90 wm; the array-type ultrasonic vibrator
width (opening width) in the slice direction (X direction) is
5 mm; the number of vibrator elements in the slice direction
(X direction) is 16; the thickness of the array-type ultrasonic
vibrator is 120 pm; and the applied voltage waveform is 100
V, 7 MHz, Sin wave, 1 wave.

[0141] As shown in FIGS. 20 and 21, in a case where the
total resistance value is smaller than the resistance value of
the signal wiring 190 (143 Q), a maximum voltage is about
3 Vor 20 V with respect to an applied voltage of 100 V and
a voltage drop of each of the vibrator elements 150 is too
large.

[0142] On the other hand, as shown in FIGS. 22 to 24, in
a case where the total resistance value is larger than the
resistance value of the signal wiring 190 (143 ), a maxi-
mum voltage is about 60 V or 80 V with respect to an applied
voltage of 100 V and a voltage drop of each of the vibrator
elements 150 is not large.

[0143] Therefore, it is favorable that the total resistance
value is larger than the resistance value of the signal wiring
190.

[0144] Further, the RC (product of the total resistance
value of (R1+ . . . +R14) of the resistors 133 and the total
value (C1+ . .. +C16) of the capacitance of the vibrator
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elements 150) is larger than 2 f, an RC delay (phase offset)
is generated as shown in FIGS. 23 and 24.

[0145] Therefore, it is favorable that the RC is smaller
than % f. It should be noted that in FIGS. 20 to 24, R 1s the
“total resistance value” shown in the figure and C is 65.8 pF
in any cases. While 4 fat 7 MHz is 71.4 nsec, the RC value
is 0.658 pF under the condition of FIG. 20, 6.58 pF under the
condition of FIG. 21, 65.8 pF under the condition of FIG. 22,
658 pF under the condition of FIGS. 23, and 6.58 nF under
the condition of FIG. 24.

[0146] For this reason, it is favorable that the total resis-
tance value is larger than the resistance value of the signal
wiring 190 and it is favorable that the RC is smaller than %
f. In a case where those conditions are satisfied as shown in
FIG. 22 (total resistance value: 1 k€2), a voltage drop of each
of the vibrator elements 150 is small and generation of the
RC delay is also prevented.

[0147] FIG. 25 shows simulation results of a sound pres-
sure beam profile of the array-type ultrasonic vibrator 100 in
a case where the width (opening width) in the X direction is
5 mm. Here, the focal distance is 35 mm.

[0148] FIG. 26 is a graph showing a beam width (width at
the time of lowering by -3 dB and -6 dB) with the sound
pressure beam profile shown in FIG. 25. FIG. 27 is a graph
showing a dynamic range with the sound pressure beam
profile shown in FIG. 25.

[0149] As shown in those figures, in a case of the opening
width 5 mm, the effects of the improvement of the dynamic
range (in FIG. 25, the arrow A) and the reduction of the
beam width (in FIG. 25, the arrow B) are obtained when the
total resistance value is 1 kQ.

[0150] FIG. 28 shows other simulation results of the sound
pressure beam profile of the array-type ultrasonic vibrator
100 in a case where the width (opening width) in the X
direction is 2 mm. Here, the focal distance is 35 mm.
[0151] FIG. 29 is a graph showing a beam width (width at
the time of lowering by -3 dB and -6 dB) with the sound
pressure beam profile shown in FIG. 28. FIG. 30 is a graph
showing the dynamic range with the sound pressure beam
profile shown in FIG. 28.

[0152] As shown in those figures, in a case where the
opening width is 2 mm, the effect of the improvement of the
dynamic range (in FIG. 28, the arrow A) is obtained when
the total resistance value is 1 kQ.

[0153] In this manner, in a case where the total resistance
value is larger than the resistance value of the signal wiring
190 and the RC is smaller than Y2 f, the effects of the
improvement of the dynamic range of the array-type ultra-
sonic vibrator 100 and the reduction of the beam width are
obtained.

[0154] Further, in each of the element rows S, it is
favorable that the resistance values of the grounding resis-
tors 134 (Rgl and Rg2) are smaller than the total resistance
value (R1+. .. +R14) of the resistors 133. FIG. 31 is a graph
showing the apodization intensity distribution in each of the
element rows S. As the bias value (intensity coeflicient at the
end) becomes smaller, the dynamic range becomes larger.
[0155] More specifically, as shown in FIG. 32, provided
that the number of vibrator elements 150 of the element row
S is n, the width of the element row S in the slice direction
(X direction) is w, and the center in the slice direction is a
point of origin, and also provided that the distance from the
point of origin in the slice direction is x, a peal value of a
voltage waveform which is generated in a kth vibrator
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element 150 from the end is Vk due to the driving voltage
of the driving power supply 181, and a maximum value of
Vk (1=k=n) is Vmax, it is favorable that the distribution of
Vk is a distribution according to a hamming window func-
tion shown in (Expression 1) below.

Vk/Vimax=0.54+0.46 cos(2n*x/w)

[0156] FIG. 33 is a graph showing the hamming window
function shown in (Expression 1) above.
[0157] FIG. 34 shows simulation results of the sound
pressure beam profile of the array-type ultrasonic vibrator
100 in a case where the width (opening width) in the X
direction is 5 mm. Here, the focal distance is 35 mm.
[0158] FIG. 35 is a graph showing a beam width (width at
the time of lowering by -3 dB and -6 dB) with the sound
pressure beam profile shown in FIG. 34. FIG. 36 is a graph
showing a dynamic range with the sound pressure beam
profile shown in FIG. 34.
[0159] FIG. 37 shows simulation results of the sound
pressure beam profile of the array-type ultrasonic vibrator
100 in a case where the width (opening width) in the X
direction is 2 mm. Here, the focal distance is 35 mm.
[0160] FIG. 38 is a graph showing a beam width (width at
the time of lowering by -3 dB and -6 dB) with the sound
pressure beam profile shown in FIG. 37. FIG. 39 is a graph
showing a dynamic range with the sound pressure beam
profile shown in FIG. 37.
[0161] As shown in those figures, in a case where the
intensity distribution function is the hamming window func-
tion, the dynamic range becomes larger, which is favorable.
[0162] As described above, by providing the configuration
in which the resistance values of the grounding resistors 134
are smaller than the total resistance value of the resistors 133
and the apodization intensity distribution is a distribution
according to the hamming window function, the effect of the
improvement of the dynamic range of the array-type ultra-
sonic vibrator 100 is obtained.
[0163] It should be noted that the present technology may
also take the following configurations.
[0164] (1) An array-type ultrasonic vibrator, including:
[0165] a vibrator array in which ultrasonic vibrator
elements constitute a two-dimensional array including
a plurality of element rows in which a plurality of
ultrasonic vibrator elements are arranged in a slice
direction; and
[0166] a resistor electrically connected between a pair
of arbitrary ultrasonic vibrator elements in the element
row.
[0167] (2) The array-type ultrasonic vibrator according to
(1), in which
[0168] the resistor is electrically connected between all
ultrasonic vibration elements in the element row.
[0169] (3) The array-type ultrasonic vibrator according to
(1) or (2), further including
[0170] a grounding resistor connected between an ultra-
sonic vibration element at an end of the element row
and a ground.
[0171] (4) The array-type ultrasonic vibrator according to
any one of (1) to (3), in which
[0172] the vibrator array includes a substrate that sup-
ports the ultrasonic vibrator elements, and
[0173] the resistor is implemented on a surface of the
substrate or inside the substrate.

(Expression 1)
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[0174] (5) The array-type ultrasonic vibrator according to
any one of (1) to (4), in which
[0175] the ultrasonic vibrator elements are connected to
a wiring for driving the ultrasonic vibrator elements in
each of the element rows.
[0176] (6) An ultrasonic probe, including
[0177] an array-type ultrasonic vibrator including
[0178] a vibrator array in which ultrasonic vibrator
elements constitute a two-dimensional array includ-
ing a plurality of element rows in which a plurality
of ultrasonic vibrator elements are arranged in a slice
direction, and
[0179] a resistor electrically connected between a
pair of arbitrary ultrasonic vibration elements in the
element row.
[0180] (7) An ultrasonic catheter, including
[0181] an array-type ultrasonic vibrator including
[0182] a vibrator array in which ultrasonic vibrator
elements constitute a two-dimensional array includ-
ing a plurality of element rows in which a plurality
of ultrasonic vibrator elements are arranged in a slice
direction, and
[0183] a resistor electrically connected between a
pair of arbitrary ultrasonic vibration elements in the
element row.
[0184] (8) A hand-held surgical instrument, including:
[0185] an array-type ultrasonic vibrator including
[0186] a vibrator array in which ultrasonic vibrator
elements constitute a two-dimensional array includ-
ing a plurality of element rows in which a plurality
of ultrasonic vibrator elements are arranged in a slice
direction, and
[0187] a resistor electrically connected between a
pair of arbitrary ultrasonic vibration elements in the
element row.
[0188] (9) A medical apparatus, including:
[0189] an array-type ultrasonic vibrator including
[0190] a vibrator array in which ultrasonic vibrator
elements constitute a two-dimensional array includ-
ing a plurality of element rows in which a plurality
of ultrasonic vibrator elements are arranged in a slice
direction, and
[0191] a resistor electrically connected between a
pair of arbitrary ultrasonic vibration elements in the
element row; and
[0192] a position sensor that detects a position of the
array-type ultrasonic vibrator.

[0193] (10) The medical apparatus according to (9), in
which
[0194] an ultrasonic volume image is generated on the

basis of outputs of the array-type ultrasonic vibrator
and the position sensor.
[0195] (11) The array-type ultrasonic vibrator according to
any one of (3) to (5), in which
[0196] in each of the element rows, a total resistance
value of the resistor and the grounding resistor is larger
than a resistance value of a signal wiring that connects
the ultrasonic vibrator element to a driving power
supply.
[0197] (12) The array-type ultrasonic vibrator according to
any one of (3) to (5) and (11), in which
[0198] in each of the element rows, provided that a
frequency of a driving voltage of the ultrasonic vibrator
element is f [Hz], a product of a total resistance value
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of the resistor and a total value of capacitance of the
ultrasonic vibrator elements is smaller than ¥4 f.
[0199] (13) The array-type ultrasonic vibrator according to
any one of (3) to (5) and (11) and (12), in which
[0200] in each of the element rows, a resistance value of
the grounding resistor is smaller than a total resistance
value of the resistor.

REFERENCE SIGNS LIST

[0201] 11 ultrasonic probe

[0202] 12 ultrasonic catheter

[0203] 13 surgical instrument

[0204] 100 array-type ultrasonic vibrator
[0205] 101 substrate

[0206] 102 piezoelectric layer

[0207] 103 upper electrode layer
[0208] 104 lower electrode layer
[0209] 105 backing layer

[0210] 106, 107 acoustic matching lens
[0211] 107 acoustic matching lens
[0212] 108 acoustic lens

[0213] 121 substrate built-in resistor
[0214] 123 independent wiring

[0215] 133 resistor

[0216] 134 grounding resistor

[0217] 150 vibrator element

1. An array-type ultrasonic vibrator, comprising:

a vibrator array in which ultrasonic vibrator elements
constitute a two-dimensional array including a plurality
of element rows in which a plurality of ultrasonic
vibrator elements are arranged in a slice direction; and

a resistor electrically connected between a pair of arbi-
trary ultrasonic vibrator elements in the element row.

2. The array-type ultrasonic vibrator according to claim 1,

wherein the resistor is electrically connected between all
ultrasonic vibration elements in the element row.

3. The array-type ultrasonic vibrator according to claim 1,

further comprising

a grounding resistor connected between an ultrasonic
vibration element at an end of the element row and a
ground.

4. The array-type ultrasonic vibrator according to claim 1,

wherein

the vibrator array includes a substrate that supports the
ultrasonic vibrator elements, and

the resistor is implemented on a surface of the substrate or
inside the substrate.

5. The array-type ultrasonic vibrator according to claim 1,

wherein

the ultrasonic vibrator elements are connected to a wiring
for driving the ultrasonic vibrator elements in each of
the element rows.
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6. An ultrasonic probe, comprising
an array-type ultrasonic vibrator including
a vibrator array in which ultrasonic vibrator elements
constitute a two-dimensional array including a plurality
of element rows in which a plurality of ultrasonic
vibrator elements are arranged in a slice direction, and
a resistor electrically connected between a pair of arbi-
trary ultrasonic vibration elements in the element row.
7. An ultrasonic catheter, comprising
an array-type ultrasonic vibrator including
a vibrator array in which ultrasonic vibrator elements
constitute a two-dimensional array including a plurality
of element rows in which a plurality of ultrasonic
vibrator elements are arranged in a slice direction, and
a resistor electrically connected between a pair of arbi-
trary ultrasonic vibration elements in the element row.
8. A hand-held surgical instrument, comprising:
an array-type ultrasonic vibrator including
a vibrator array in which ultrasonic vibrator elements
constitute a two-dimensional array including a plurality
of element rows in which a plurality of ultrasonic
vibrator elements are arranged in a slice direction, and
a resistor electrically connected between a pair of arbi-
trary ultrasonic vibration elements in the element row.
9. A medical apparatus, comprising:
an array-type ultrasonic vibrator including
a vibrator array in which ultrasonic vibrator elements
constitute a two-dimensional array including a plurality
of element rows in which a plurality of ultrasonic
vibrator elements are arranged in a slice direction, and
a resistor electrically connected between a pair of arbi-
trary ultrasonic vibration elements in the element row;
and
a position sensor that detects a position of the array-type
ultrasonic vibrator.
10. The medical apparatus according to claim 9, wherein
an ultrasonic volume image is generated on a basis of
outputs of the array-type ultrasonic vibrator and the
position sensor.
11. The array-type ultrasonic vibrator according to claim
3, wherein in each of the element rows, a total resistance
value of the resistor and the grounding resistor is larger than
a resistance value of a signal wiring that connects the
ultrasonic vibrator element to a driving power supply.
12. The array-type ultrasonic vibrator according to claim
3, wherein in each of the element rows, provided that a
frequency of a driving voltage of the ultrasonic vibrator
element is f [Hz], a product of a total resistance value of the
resistor and a total value of capacitance of the ultrasonic
vibrator elements is smaller than 15 f.
13. The array-type ultrasonic vibrator according to claim
3, wherein in each of the element rows, a resistance value of
the grounding resistor is smaller than a total resistance value
of the resistor.
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