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(7) ABSTRACT

An ultrasound probe includes transmission and reception
sections, an acoustic lens, and a switch section. The trans-
mission and reception sections include first, second, and
third transmission and reception sections, while the second
transmission and reception section is centrally positioned,
and the first and the third transmission and reception sec-
tions are disposed symmetrically at both sides of the second
transmission and reception section. The acoustic lens
includes first, second, and third lens portions respectively
corresponding to the first, the second, and the third trans-
mission and reception sections. The switch section causes,
when a traveling direction of the ultrasound is straight
ahead, for example, the second transmission and reception
section alone to operate, and causes, when the traveling

A61B 8/00 (2006.01) direction of the ultrasound is to be deflected, the first or the
GOIN 29722 (2006.01) third transmission and reception section to operate. The first
A61B 8/08 (2006.01) and the third lens sections have an aspherical shape.
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ULTRASOUND PROBE AND ULTRASOUND
DIAGNOSTIC APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is entitled to and claims the benefit
of Japanese Patent Application No. 2016-009884, filed on
Jan. 21, 2016, the disclosure of which including the speci-
fication, drawings and abstract is incorporated herein by
reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an ultrasound
probe and an ultrasound diagnostic apparatus.

[0004] 2. Description of Related Art

[0005] Ultrasound diagnostic apparatuses have been
known, each conducting an examination of an internal
structure of a test subject by irradiating the inside of the test
subject with ultrasound, receiving a reflection wave (echo)
of this ultrasound and performing predetermined signal data
processing. Such an ultrasound diagnostic apparatus has
been widely used for various applications including medical
examinations and treatments, for example.

[0006] The ultrasound diagnostic apparatus not only dis-
plays an image after processing the acquired reflection wave
data, but also uses an ultrasound image when a puncture
needle is inserted to a target position while the positions of
the puncture needle and the target are visually observed for
taking, for example, a sample of a specific region (target)
within the test subject, discharging water, or injecting and
leaving medication or marker in a specific region. Moreover,
an ultrasound image is used, for example, when a catheter is
inserted into a specific region such as a bile duct while the
positions of the catheter and the specific region are visually
recognized. Such a use of an ultrasound image makes it
possible for treatment of a target in the test subject to be
conducted promptly, surely, and easily.

[0007] Among the ultrasound diagnostic apparatuses, an
apparatus in which oscillators for transmitting and receiving
ultrasound are arranged and which performs capturing while
scanning (particularly, electronic scanning), in a predeter-
mined arrangement direction, positions where transmission
and reception of ultrasound is performed. For example, the
puncture needle is inserted along this scanning direction and
thus continuously positioned within a range where capturing
is possible (hereinafter, referred to as “capturing range”)
during an interval from the insertion position to the test
subject to the point where the puncture needle arrives at the
target.

[0008] However, the puncture needle does not necessarily
travel accurately in the original insertion direction because
of an internal condition and/or a structure of the test subject
and/or the shape of a distal end of the puncture needle or the
like, and/or the puncture needle is bent in some cases. As a
result, there arises a problem in that the puncture needle is
no longer captured because the distal end of the puncture
needle moves out of the capturing range in a width direction
orthogonal to the scanning direction.

[0009] To solve this problem, Japanese Patent Application
Laid-Open No. 2000-139926 discloses a technique to pet-
form capturing at an outer side of the original ultrasound
transmission and reception width by providing delay circuits
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for delaying operation timings of a plurality of oscillators
arranged in a width direction and by switching a magnitude
relationship among the plurality of oscillators to deflect the
traveling direction of ultrasound.

[0010] However, a deflection control circuit including
these delay circuits for adjusting the capturing range
increases in size and generates heat during its operation, thus
involving a problem in that the usability of the ultrasound
probe is reduced.

SUMMARY OF THE INVENTION

[0011] It is therefore an object of the present invention to
provide an ultrasound probe and an ultrasound diagnostic
apparatus each allowing adjustment of a capturing range
with a simpler configuration and without a reduction in
usability.

[0012] To achieve at least one of the abovementioned
objects, an ultrasound probe reflecting one aspect of the
present invention includes: a plurality of transmission and
reception sections arranged along a predetermined first
direction and configured to transmit ultrasound to a test
subject and receive a reflection wave of the ultrasound; an
acoustic lens configured to focus, in the first direction,
ultrasound beams transmitted and received by the transmis-
sion and reception sections; and a switch section configured
to switch between operation and non-operation of the trans-
mission and reception sections, wherein: the transmission
and reception sections include first, second, and third trans-
mission and reception sections, the second transmission and
reception section being centrally positioned, the first and the
third transmission and reception sections being disposed
symmetrically at both sides of the second transmission and
reception section, the acoustic lens includes first, second,
and third lens portions respectively corresponding to the
first, the second, and the third transmission and reception
sections, the switch section causes, when a traveling direc-
tion of the ultrasound is straight ahead, the second trans-
mission and reception section alone or all of the first, the
second, and the third transmission and reception sections to
operate, and causes, when the traveling direction of the
ultrasound is to be deflected, the first or the third transmis-
sion and reception section to operate, and the first and the
third lens portions have an aspherical shape.

[0013] Desirably, in the ultrasound probe, a split ratio of
the first, the second, and the third transmission and reception
sections in the first direction is 1:1:1.

[0014] Desirably, in the ultrasound probe, in the first and
the third lens portions, a surface where the ultrasound is
transmitted and received is entirely aspherical.

[0015] Desirably, in the ultrasound probe, a curvature of
the aspherical shape becomes closer to a curvature of the
second lens portion as the aspherical shape extends to the
second lens portion from each end of the aspherical shape in
the first direction of the first and the third lens portions.
[0016] To achieve at least one of the abovementioned
objects, an ultrasound probe reflecting one aspect of the
present invention includes: a plurality of transmission and
reception sections arranged along a predetermined first
direction and configured to transmit ultrasound to a test
subject and receive a reflection wave of the ultrasound; an
acoustic lens configured to focus, in the first direction,
ultrasound beams transmitted and received by the transmis-
sion and reception sections; and a switch section configured
to switch between operation and non-operation of the trans-
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mission and reception sections, wherein: the transmission
and reception sections include first, second, and third trans-
mission and reception sections, the second transmission and
reception section being centrally positioned, the first and the
third transmission and reception sections being disposed
symmetrically at both sides of the second transmission and
reception section, and the switch section includes first,
second, and third switch sections respectively corresponding
to the first, the second, and the third transmission and
reception sections, wherein the second switch section
includes a switching element and an electric circuit con-
nected in parallel with the switching element, and causes the
second transmission and reception section to operate via the
electric circuit or not via the electric circuit by the switching
element.

[0017] Desirably, in the ultrasound probe, a split ratio of
the first, the second, and the third transmission and reception
sections in the first direction is 1:2:1.

[0018] Desirably, in the ultrasound probe, the electric
circuit reduces sensitivity of the second transmission and
reception section of a case where the second transmission
and reception section is caused to operate via the electric
circuit compared to a case where the second transmission
and reception section is caused to operate not via the electric
circuit.

[0019] Desirably, in the ultrasound probe, the electric
circuit includes a phase shift circuit.

[0020] To achieve at least one of the abovementioned
objects, an ultrasound probe reflecting one aspect of the
present invention includes: a plurality of transmission and
reception sections arranged along a predetermined first
direction and configured to transmit ultrasound to a test
subject and receive a reflection wave of the ultrasound; an
acoustic lens configured to focus, in the first direction,
ultrasound beams transmitted and received by the transmis-
sion and reception sections; and a switch section configured
to switch between operation and non-operation of the trans-
mission and reception sections, wherein the transmission
and reception sections include first, second, and third trans-
mission and reception sections, the second transmission and
reception section being centrally positioned, the first and the
third transmission and reception sections being disposed
symmetrically at both sides of the second transmission and
reception section, wherein the second transmission and
reception section includes first and second sections obtained
by centrally splitting the second transmission and reception
section, and the switch section includes switching elements
corresponding to the first and the second sections, wherein
the switch section causes, when a traveling direction of the
ultrasound is straight ahead, the second transmission and
reception section alone or all of the first, the second, and the
third transmission and reception sections to drive, and
causes, when the traveling direction of the ultrasound is to
be deflected, one of the first and the second sections of the
second transmission and reception section to drive by the
corresponding switching element.

[0021] Desirably, in the ultrasound probe, a split ratio of
the first, the second, and the third transmission and reception
sections in the first direction is 1:2:1.

[0022] Desirably, in the ultrasound probe, the switch sec-
tion includes a first switch section connected in common to
the first and the third transmission and reception sections.
[0023] To achieve at least one of the abovementioned
objects, an ultrasound diagnostic apparatus reflecting one
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aspect of the present invention includes: the ultrasound
probe; and a transmission and reception processing section
configured to perform a transmission and reception opera-
tion of ultrasound in the ultrasound probe.

BRIEF DESCRIPTION OF DRAWINGS

[0024] The present invention will become more fully
understood from the detailed description given hereinbelow
and the appended drawings which are given by way of
illustration only, and thus are not intended as a definition of
the limits of the present invention, and wherein:

[0025] FIG. 1 is a diagram illustrating an overall configu-
ration of an ultrasound diagnostic apparatus according to a
first embodiment of the present invention;

[0026] FIG. 2 is a block diagram illustrating an example of
an internal configuration of the ultrasound diagnostic appa-
ratus;

[0027] FIG. 3 is a diagram illustrating an example of
transmission and reception arrangement of an ultrasound
probe in a short-axis direction;

[0028] FIG. 4A is a diagram illustrating a relationship
between a center part transmission and reception section to
be used and a shape of an ultrasound beam;

[0029] FIG. 4B is a diagram illustrating a relationship
between all transmission and reception sections to be used
and a shape of an ultrasound beam;

[0030] FIG. 4C is a diagram illustrating a shape of a
combined ultrasound beam;

[0031] FIG. 5A is a diagram illustrating a relationship
between a center part transmission and reception section to
be used and a shape of an ultrasound beam;

[0032] FIG. 5B is a diagram illustrating a relationship
between all transmission and reception sections to be used
and a shape of an ultrasound beam;

[0033] FIG. 5C is a diagram illustrating a shape of a
combined ultrasound beam;

[0034] FIG. 6 is a diagram illustrating a cross-sectional
structure along a short-axis direction of transmission and
reception arrangement in an ultrasound probe according to a
comparison example;

[0035] FIG. 7 is a diagram illustrating a cross-sectional
structure along a short-axis direction of transmission and
reception arrangement in an ultrasound probe;

[0036] FIG. 8A is a diagram illustrating a relationship
between a center part transmission and reception section to
be used and a shape of an ultrasound beam;

[0037] FIG. 8B is a diagram illustrating a relationship
between all transmission and reception sections to be used
and a shape of an ultrasound beam;

[0038] FIG. 8C is a diagram illustrating a shape of a
combined ultrasound beam;

[0039] FIG. 9 is a diagram illustrating an ultrasound probe
according to a comparison example;

[0040] FIG. 10 is a diagram illustrating a relationship
between a transmission and reception section to be used and
a shape of an ultrasound beam;

[0041] FIG. 11 is a diagram illustrating an ultrasound
probe according to a second embodiment;

[0042] FIG. 12A is a diagram illustrating an exemplary
configuration of an electric circuit;

[0043] FIG. 12B is a diagram illustrating another exem-
plary configuration of the electric circuit;

[0044] FIG. 12C is a diagram illustrating another exem-
plary configuration of the electric circuit;
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[0045] FIG. 13 is a diagram illustrating an ultrasound
probe according to a third embodiment;

[0046] FIG. 14 is a diagram illustrating a relationship
between a transmission and reception section to be used and
a traveling direction of ultrasound; and

[0047] FIG. 15 is a diagram illustrating a relationship
between a transmission and reception section to be used and
a traveling direction of ultrasound.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0048] Hereinafter, a description will be given of embodi-
ments of the present invention with reference to the draw-
ings.

First Embodiment

[0049] FIG. 1 is a diagram illustrating an overall configu-
ration of ultrasound diagnostic apparatus U of the first
embodiment. FIG. 2 is a block diagram illustrating an
internal configuration of ultrasound diagnostic apparatus U.
[0050] As illustrated in FIGS. 1 and 2. ultrasound diag-
nostic apparatus U includes: ultrasound diagnostic apparatus
body 1; ultrasound probe 2 connected to ultrasound diag-
nostic apparatus body 1 via cable 5; puncturing needle 3; and
attachment section 4 attached to ultrasound probe 2, for
example. Note that, ultrasound probe 2 cited herein as an
example is a so-called 1.25D probe including: three trans-
mission and reception sections 210 arranged in a short-axis
direction; and switch section 23 for switching between all of
three transmission and reception sections 210 and some of
three transmission and reception sections 210 as a driving
transmission and reception section configured to perform
transmission and reception of ultrasound. Moreover, regard-
ing use of an ultrasound image, a description will be given
of an example in which an ultrasound image is used in a case
where puncturing needle 3 is inserted while positions of
puncturing needle 3 and a target in a test subject are visually
observed. However, the present invention is not limited to
this example. Note that, transmission and reception section
210 has one or more oscillators 21A (see FIG. 3). In
addition, each oscillator 21A included in each of first,
second, and third transmission and reception sections 211,
212 and 213 arranged in the short-axis direction mutually
performs transmission and reception simultaneously. More-
over, the number “three,” which is the number of transmis-
sion and reception sections 210, refers to the number for a
case where a plurality of oscillators 21A arranged in the
short-axis direction are sectioned into three parts including
a center part and side parts positioned at both sides of the
center part in the short-axis direction.

[0051] Puncturing needle 3 has a hollow long needle shape
and is to be inserted into a test subject at an angle prede-
termined by a setting of attachment section 4. Puncturing
needle 3 can be exchanged with one having an appropriate
thickness, length and/or an appropriate leading end shape in
accordance with a collection target (test body) or a type or
an amount of medication or the like to be injected.

[0052] Attachment section 4 holds puncturing needle 3 in
a set orientation (direction). Attachment section 4 is attached
to a side part of ultrasound probe 2 and allows for changing
and setting as appropriate the orientation of puncturing
needle 3 in accordance with the insertion angle of punctur-
ing needle 3 with respect to a test subject. Attachment
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section 4 allows not only for simply moving puncturing
needle 3 in the insertion direction, but also for inserting
puncturing needle 3 while rotating (spinning) puncturing
needle 3 about a center axis of puncturing needle 3. Note
that, a guide section configured to hold puncturing needle 3
in an insertion direction may be provided directly to ultra-
sound probe 2, instead of attachment section 4.

[0053] Ultrasound diagnostic apparatus body 1 is provided
with operation input section 18 and output display section
19. As illustrated in FIG. 2, in addition to these components,
ultrasound diagnostic apparatus body 1 includes control
section 11, transmission driving section 12, reception pro-
cessing section 13, transmission and reception switching
section 14, image generation section 15, and image process-
ing section 16, for example. Control section 11 of ultrasound
diagnostic apparatus body 1 outputs a drive signal to ultra-
sound probe 2 to cause ultrasound probe 2 to output ultra-
sound, based on an external input operation on an input
device such as a keyboard or mouse of operation input
section 18. In addition, control section 11 of ultrasound
diagnostic apparatus body 1 receives a received signal
according to reception of ultrasound from ultrasound probe
2 and performs each type of processing, and displays a result
or the like of the processing on a display screen or the like
of output display section 19 as appropriate.

[0054] Control section 11 includes a central processing
unit (CPU), a hard disk drive (HDD), and a random access
memory (RAM), for example. The CPU reads various types
of programs stored in the HDD and loads the programs onto
the RAM and integrally control operations of the sections of
ultrasound diagnostic apparatus U in accordance with the
programs. The HDD stores therein control programs for
operating ultrasound diagnostic apparatus U and various
types of processing programs, and various types of setting
data and/or the like. These programs and setting data may be
stored in an auxiliary storage using a nonvolatile memory
such as a flash memory including a solid state drive (SSD),
for example, in a readable, writable, and updatable manner.
The RAM is a volatile memory such as an SRAM or DRAM
and provides the CPU with a working memory space and
stores therein temporary data.

[0055] Control section 11 includes switching control sec-
tion 111. Switching control section 111 configures settings to
deflect the traveling direction of ultrasound by first, second,
and third transmission and reception sections 211, 212, and
213 (see FIG. 3) arranged in the short-axis direction, when
the leading end of puncturing needle 3 deflects in a direction
orthogonal to a scanning direction by transmission and
reception section arrangement 21 and is outside of a cap-
turing range, based on the position information of punctur-
ing needle 3 identified in image processing section 16.
Switching control section 111 then outputs a control signal
according to the settings. The operation of switching control
section 111 may be executed by means of software using the
CPU and/or RAM of control section 11.

[0056] Transmission driving section 12 outputs a pulse
signal to be supplied to ultrasound probe 2 in accordance
with the control signal inputted from control section 11 to
cause ultrasound probe 2 to send ultrasound. Transmission
driving section 12 includes, for example, a clock generation
circuit, a pulse width setting section, a pulse generation
circuit, and a delay circuit. The clock generation circuit is a
circuit for generating a clock signal that determines trans-
mission timing and/or transmission frequency of a pulse
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signal. The pulse width setting section sets a waveform
(shape), a voltage magnitude, and a pulse width of a trans-
mission pulse to be outputted from the pulse generation
circuit. The pulse generation circuit generates a transmission
pulse based on the settings of the pulse width setting section
and outputs the transmission pulse to interconnection paths
different for respective transmission and reception sections
210 of ultrasound probe 2. The delay circuit counts clock
signals outputted from the clock generation circuit, and
when a set delay period passes, the delay circuit causes the
pulse width generation circuit to generate and output a
transmission pulse to each of the interconnection paths.

[0057] Reception processing section 13 is a circuit for
acquiring a received signal inputted from ultrasound probe
2 in accordance with a control made by control section 11.
Reception processing section 13 includes, for example, an
amplifier, an A/D converter circuit, and a phasing and
addition circuit. The amplifier is a circuit for amplifying,
using a predetermined amplification factor, the received
signal in accordance with ultrasound received by each
transmission and reception section 210 of ultrasound probe
2. The A/D converter circuit is a circuit for converting the
amplified received signal into digital data with a predeter-
mined sampling frequency. The phasing and addition circuit
is a circuit for generating sound ray data by adjusting a time
phase by providing a delay time to each of the interconnec-
tion paths corresponding to transmission and reception sec-
tions 210, respectively, and adding the results (phasing
addition).

[0058] Transmission and reception switching section 14
causes a drive signal to be transmitted from transmission
driving section 12 to transmission and reception section 210
when ultrasound is emitted (transmitted) from transmission
and reception 210, based on a control of control section 11,
and when a signal of the ultrasound emitted from transmis-
sion and reception 210 is acquired, transmission and recep-
tion switching section 14 performs a switching operation for
causing reception processing section 13 to output a received
signal. Transmission driving section 12, reception process-
ing section 13, and transmission and reception switching
section 14 constitute a transmission and reception process-
ing section.

[0059] Image generation section 15 generates a diagnostic
image based on the received data of ultrasound. Image
generation section 15 acquires a signal by detecting (enve-
lope detection) the sound ray data inputted from reception
processing section 13, and performs as appropriate loga-
rithm amplification, filtering (e.g., low-pass filtering or
smoothing) and/or enhancement processing. Image genera-
tion section 15 generates, as one diagnostic image, each
frame image (diagnostic image) data according to B-mode
displaying representing a two-dimensional structure within a
cross section containing a transmission direction (depth
direction of test subject) of a signal and a scanning direction
of ultrasound transmitted by ultrasound probe 2, with a
brightness signal in accordance with the signal strength. At
this time, image generation section 15 can perform dynamic
range adjustment and/or gamma correction related to dis-
playing. Image generation section 15 may be configured to
include a CPU and/or a RAM exclusively used for gener-
ating these images. Alternatively, image generation section
15 may be provided in such a way that a hardware configu-
ration dedicated to generation of images is formed on a
substrate (such as an application-specific integrated circuit
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(ASIC)) or is formed using a field programmable gate array
(FPGA). Alternatively, image generation section 15 may be
configured to perform processing related to generation of
images by the CPU and RAM of control section 11.
[0060] Image processing section 16 includes storage sec-
tion 161 and puncturing needle identifying section 162, for
example.

[0061] Storage section 161 stores, in frame units, diag-
nostic image data (frame image data) processed in image
generation section 15 and used in real-time displaying
and/or displaying equivalent to this for a predetermined
number of nearest frames. Storage section 161 is, for
example, a volatile memory such as dynamic random access
memory (DRAM). Alternatively. storage section 161 may be
various types of high-speed rewritable nonvolatile memory.
The diagnostic image data stored in storage section 161 is
read in accordance with a control of control section 11 and
transmitted to output displaying section 19 or outputted to
outside of ultrasound diagnostic apparatus U via a commu-
nication section (illustration of this section is omitted). At
this time, when the display system of output display section
19 is a television system, a digital signal converter (DSC) is
provided between storage section 161 and output display
section 19, and the data may be transmitted after conversion
of a scanning format.

[0062] Puncturing needle identifying section 162 gener-
ates image data for identifying the position of puncturing
needle 3 and applies appropriate processing to the image
data to identify the position of the leading end portion of
puncturing needle 3.

[0063] As a method of identifying the position of punc-
turing needle 3, for example, the leading end (leading end
portion) of puncturing needle 3 in motion can be detected by
taking a difference or correlation between a plurality of
diagnostic images generated with predetermined time inter-
vals, for example.

[0064] Operation input section 18 includes a push button
switch, keyboard, mouse, or trackball, or a combination of
these devices, and converts a user input operation into an
operation signal and inputs the signal into ultrasound diag-
nostic apparatus body 1.

[0065] Output display section 19 includes a display screen
using one of various display systems including liquid crystal
display (LCD), organic electro-luminescent (EL) display,
non-organic EL display, plasma display, and cathode ray
tube (CRT) display systems, and a driving section for the
display screen. Output display section 19 generates a drive
signal for the display screen (display elements) in accor-
dance with the image data generated by image processing
section 16 and displays, on the display screen, a menu and/or
status on the ultrasound diagnostic, and/or measurement
data based on the received ultrasound. In addition, output
display section 19 may be configured to display whether
power supply is ON or OFF using an LED light or the like
additionally provided thereto.

[0066] These operation input section 18 and output dis-
play section 19 may be integrally provided with a chassis of
ultrasound diagnostic apparatus body 1, or may be attached
externally via an RGB cable, USB cable, or HDMI (regis-
tered trademark) cable or the like. Alternatively, when
ultrasound diagnostic apparatus body 1 is provided with an
operation input terminal and display output terminal, tradi-
tional operation and display peripherals may be connected to
these terminals for use.
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[0067] Ultrasound probe 2 functions as an acoustic sensor
that oscillates to produce ultrasound (about 1 to 30 MHz in
this case) and emits the ultrasound to a test subject such as
a living body, and receives a reflected wave (echo) reflected
by a test subject among the emitted ultrasound and converts
the reflected wave into an electric signal. Ultrasound probe
2 includes: transmission and reception section arrangement
21, which is an arrangement of three transmission and
reception sections 210 for transmitting and receiving ultra-
sound; a plurality of switch sections 23 respectively corre-
sponding to transmission and reception sections 210;
switching configuration section 24; and operation input
section 28, for example. Note that, although ultrasound
probe 2 is configured to emit ultrasound to inside of a test
subject from outside (surface) of ultrasound probe 2 and to
receive a reflected wave of the ultrasound, one that has a
shape or size to be used while being inserted into a digestive
tract or a blood vessel or a body cavity or the like is included
in ultrasound probe 2. Users are to operate ultrasound
diagnostic apparatus U by causing a transmission and recep-
tion surface of ultrasound in ultrasound probe 2, ie., a
surface in a direction in which ultrasound is emitted from
transmission and reception section arrangement 21 to be into
contact with the test subject to perform ultrasound diagnos-
tic.

[0068] Transmission and reception section arrangement
21 is an arrangement of a plurality of transmission and
reception sections 210 including a piezoelectric element
having electrodes provided at both ends where an electrical
charge appears due a piezoelectric body and deformation
(expansion and contraction) thereof.

[0069] FIG. 3 is a diagram illustrating an example of
transmission and reception arrangement section 21 in ultra-
sound probe 2 of the present embodiment.

[0070] A direction orthogonal to a scanning direction may
be referred to as a short-axis direction (corresponding to
“first direction” in this invention) while the scanning direc-
tion may be referred to as a long-axis direction, and a
direction orthogonal to a width direction and the long-axis
direction may be referred to as a depth direction, hereinafter.
In addition, a distance in a depth direction from an ultra-
sound transmission and reception surface may be referred to
as “depth,” while a distance to a focal position from the
ultrasound transmission and reception surface may be
referred to as “focal point distance,” hereinafter. Note that,
the term “focal position” refers to a position where ultra-
sound beams are focused in the short-axis direction by
acoustic lens 22, hereinafter.

[0071] In ultrasound diagnostic apparatus U of this
embodiment, transmission and reception section arrange-
ment 21 is a plurality of transmission and reception sections
210 arranged in a matrix in two-dimensional plane (does not
have to be a flat surface) defined by a predetermined
direction (scanning direction) and a width direction (first
direction) orthogonal to this scanning direction. Normally,
the number of transmission and reception sections 210
arranged in the scanning direction is greater than the number
of transmission and reception sections 210 arranged in the
width direction. Thus, the scanning direction serves as the
long-axis direction and the width direction serves as the
short-axis direction. In the short-axis direction, first, second,
and third transmission and reception sections 211, 212, and
213 are arranged in sequence. A set of first, second, and third
transmission and reception sections 211, 212, and 213 in the
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short-axis direction is also referred to as a transmission and
reception section set, hereinafter.

[0072] Supplying each set of a predetermined number of
transmission and reception sections with a voltage pulse in
sequence (including a case where a partially overlapping
portion occurs) in the scanning direction in a plurality of
transmission and reception sections 210 causes each piezo-
electric body of transmission and reception section 210
supplied with the voltage pulse to deform (expand and
contract) in accordance with an electric field generated in the
piezoelectric body, and thus, ultrasound is sent. The ultra-
sound thus sent is emitted to positions and directions in
accordance with positions and directions of transmission and
reception sections 210 included in the predetermined num-
ber of transmission and reception section sets supplied with
the voltage pulse, a focus direction of the sent ultrasound,
and a size of shift in timing (delay). Moreover, when the
ultrasound of a predetermined frequency band enters trans-
mission and reception sections 210, the sound pressure of
the ultrasound causes the thickness of the piezoelectric body
to fluctuate (vibrate), so that an electrical charge in accor-
dance with the amount of fluctuation is generated, and the
electrical charge is converted into an electric signal in
accordance with the amount of electrical charge and then
outputted.

[0073] Switch sections 23 are provided correspondingly to
transmission and reception sections 210. First, second, and
third switch sections 231, 232, and 233 are provided as
switch sections 23 correspondingly to first, second, and third
transmission and reception sections 211, 212, and 213.
[0074] Switch section 23 switches between operation and
non-operation of transmission and reception section 210
based on a switch selection signal from switching configu-
ration section 24. The expression “operation of transmission
and reception section 210” herein refers to an operation of
a case where transmission and reception section 210 is
selected as a driving transmission and reception section.
Meanwhile, the expression “non-operation of transmission
and reception section 210” herein refers to an operation of
a case where transmission and reception section 210 is not
selected as a driving transmission and reception section and
includes a case where transmission and reception section
210 is in a second operation state (second embodiment to be
described, hereinafter).

[0075] Switching configuration section 24 deflects the
traveling direction of ultrasound by selecting the driving
transmission and reception section to perform transmission
and reception of ultrasound from among a plurality of
transmission and reception sections 210 and switches the
focal position of an ultrasound beam between a shallow
portion and a deep portion. In ultrasound diagnostic appa-
ratus U of the present embodiment, the traveling direction of
ultrasound can be set for each transmission and reception
section set as will be described, hereinafter.

[0076] Operation input section 28 receives an input opera-
tion by an operator and causes an operation in accordance
with content of the operation to be performed. For example,
setting of switching configuration section 24 can be manu-
ally changed in accordance with an operation performed on
operation input section 28.

[0077] In a general 1.25D probe, transmission and recep-
tion sections 210 are split in the short-axis direction, and by
reducing the width (short-axis opening width) of transmis-
sion and reception sections 210 used for transmission and
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reception, ultrasound beams are focused at a relatively
shallow region, and by increasing the width of transmission
and reception sections 210 used for transmission and recep-
tion, ultrasound beams are focused at a relatively deep
region. This probe is advantageous in that ultrasound beams
can be focused at the shallow and deep portions as compared
with ultrasound probe 2 in which transmission and reception
sections 210 are not split in the short-axis direction. In a
general 1.25D probe, when a short-axis opening width is
made small or large, the center of the opening is to match the
center of the short-axis width. Favorable depths (portions
each surrounded by a dotted rectangle) of the short-axis
opening widths of the shape of an ultrasound beam when the
short-axis opening width is made small as illustrated in FIG.
4A and of the shape of an ultrasound beam when the
short-axis opening width is made large as illustrated in FIG.
4B are combined to form an image as a single ultrasound
beam illustrated in FIG. 4C.

[0078] A ratio of the short-axis opening (short-axis split
ratio) in a general 1.25D probe is preferably a split ratio of
1:2:1 in extent in terms of beam formation. Note that,
“short-axis split ratio” does not necessarily refer to an
accurate numerical value and includes a result of rounding
an actual measurement value to an integer (approximation).

[0079] In this embodiment, in addition to a general 1.25D
probe, which uses a short-axis opening while switching
between short-axis openings, in a case where a probe is used
while a short-axis opening is made smaller, the opening
center is set not to match the center of a short-axis width, and
an ultrasound beam is to be deflected.

[0080] As for the short-axis split ratio of the case where a
beam is deflected and used, for example, setting an equal
width (including substantially equal width), 1:1:1 for a
three-way split brings advantages in terms of beam deflec-
tion angles and beam focusing properties.

[0081] In the present invention, a 1.25D probe split using
a short-axis split ratio is used in the following two ways in
the same probe: 1) usage in which a general short-axis
opening width is switched; and 2) usage in which an
ultrasound beam is deflected.

[0082] However, with the short-axis split ratio (1:1:1)
suitable for a deflection beam, when the short-axis opening
is wide as illustrated in FIGS. 5A to 5C, ultrasound beams
are focused only at a certain depth position and spread
further at a deep portion. As a result, a focal depth (length
of the portion where the beam becomes thin) becomes short,
and proportional beam formation cannot be obtained. Note
that, this case is where lenses corresponding to respective
transmission and reception sections 210 split with the short-
axis split ratio (1:1:1) are all spherical.

[0083] FIG. 6 illustrates an example in which the entire
surface where ultrasound is transmitted and received in each
transmission and reception section 210 split with a short-
axis split ratio (1:1:1) and a lens corresponding to each of
these sections are spherical in an ultrasound probe according
to a comparison example. Transmission and reception sec-
tion 210 positioned at the center in the short-axis direction
is called second transmission and reception section 212, and
transmission and reception sections 210 positioned sym-
metrically about second transmission and reception section
212 respectively at both sides of second transmission and
reception section 212 are called first and third transmission
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and reception sections 211 and 213. Note that, the term
“symmetrically” means that positions and sizes are sym-
metrical.

[0084] The ultrasound probe illustrated in FIG. 6 adopts a
short-axis split ratio which is advantageous in deflecting a
beam, but since the lens is spherical, a beam which is
proportional from a shallow portion to a deep portion carnot
be obtained. This does not match the object of the present
invention. In this embodiment, as a method of focusing
ultrasound beams to be thin and proportional from the
shallow portion to the deep portion, acoustic lens 22 is
configured in the following manner.

[0085] Next, a description will be given of a configuration
suitable for changing a focal position of ultrasound in
ultrasound diagnostic apparatus U.

[0086] FIG. 7 is a diagram illustrating a cross-sectional
structure along the short-axis direction of transmission and
reception section arrangement 21 in ultrasound probe 2. A
cross-sectional structure along cross section A-A of FIG. 3
is illustrated herein. Note that, illustrations of switch sec-
tions 23 provided correspondingly to first, second, and third
transmission and reception sections 211, 212, and 213 are
omitted in FIG. 7.

[0087] As illustrated in FIG. 7, in ultrasound probe 2,
acoustic lens 22 having a curvature common among first,
second, and third transmission and reception sections 211,
212, and 213 arranged in the short-axis direction is provided,
and the traveling directions of the ultrasound of first. second,
and third transmission and reception sections 211, 212, and
213 are deflected, and ultrasound beams are focused in width
in the short-axis direction. In general, silicon or the like is
used for acoustic lens 22. Alternatively, a material other than
silicon may be selected as appropriate in accordance with a
desired ultrasound refractive index.

[0088] Second lens portion 225 positioned at a center
portion of acoustic lens 22 in the short-axis direction has a
spherical shape having a predetermined curvature.

[0089] Furthermore, first and third lens portions 22a and
22¢ positioned respectively at both sides of second lens
portion 226 each have an aspherical shape. The term
“aspherical shape” refers to a surface that is not spherical,
and includes a flat surface having a curvature equal to “0.”
The shapes of first and third lens portions 22a and 22¢ are
not limited to the shape mentioned above, and various
aspherical shapes are possible. For example, in first and third
lens portions 22a¢ and 22¢, a shape in which the focal
position becomes deeper at a position closer to an end
portion opposite to an end portion on the side of second lens
portion 226 is adopted as an aspherical shape. Accordingly,
an ultrasound beam is proportionally narrowed at the deep
portion. In the manner described above, when first, second
and third transmission and reception sections 211, 212, and
213 are selected as a driving transmission and reception
section (when the short-axis width is “3”), the focal position
can be deep, and ultrasound beams can be focused to be
proportionally narrow at the deep portion. Note that, the
entire surface where ultrasound is transmitted and received
in first and third lens portions 22a and 22¢ is an aspherical
shape. Setting the entire surface to have an aspherical shape
allows the focal position to be wide from a shallow position
to a deep position. Note that, as first and third lens portions
22a and 22¢, the effect of setting the focal position deep can
be produced as long as they partially have an aspherical
shape, so that it is not necessarily to set the entire surface to
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have an aspherical shape. Moreover, as long as at least the
shapes of first and third lens portions 22a and 22c¢ are
aspherical, the shape of second lens portion 2256 may be
spherical or aspherical.

[0090] In this embodiment, the curvatures of the aspheri-
cal surfaces in first and third lens portions 22a and 22¢ are
curvatures that become closer to the curvature of second lens
portion 224 as the surfaces approach second lens portion 225
from the ends thereof in the short-axis direction.

[0091] In acoustic lens 22, second lens portion 22b is
provided correspondingly to second transmission and recep-
tion section 212. First lens portion 224 is provided corre-
spondingly to first transmission and reception section 211.
Moreover, third lens portion 22¢ is provided correspond-
ingly to third transmission and reception section 213. As
illustrated in FIG. 7, the width of each of transmission and
reception sections 211, 212, and 213 in the short-axis
direction is approximately 3.0 mm, so that the width of each
of second lens portion 225, and first and third lens portions
22a and 22¢ in the short-axis direction is approximately 3.0
[mm]. Moreover, in this embodiment, first, second, and third
lens portions 22a, 22b, and 22¢ are provided correspond-
ingly to first, second, and third transmission and reception
sections 211, 212, and 213, but even in a case where lens
portions are provided correspondingly to five or more trans-
mission and reception sections, setting first and third lens
portions 22a and 22¢ positioned at both sides of second lens
portion 22b at the center to have an aspherical shape, the
focal position of ultrasound beams can be deep, and the
ultrasound beams can be focused to be proportionally thin at
the deep portion.

[0092] FIG. 8A is a diagram illustrating a relationship
between second transmission and reception section 212 to be
used and the shape of an ultrasound beam. FIG. 8B is a
diagram illustrating a relationship between first, second, and
third transmission and reception sections 211, 212, and 213
to be used and the shape of an ultrasound beam. FIG. 8C is
a diagram illustrating a combined shape of an ultrasound
beam. The term “transmission and reception section 210 to
be used” refers to transmission and reception section 210
selected by switching configuration section 24 as a driving
transmission and reception section.

[0093] When second transmission and reception section
212 (see FIG. 7) is selected by switching configuration
section 24 as a driving transmission and reception section as
illustrated in FIG. 8A, acoustic lens 22 focuses a transmis-
sion and reception beam of ultrasound from second trans-
mission and reception section 212 such that the beam
becomes thin at a focal position where a focal point distance
is shallow. Moreover, when first, second, and third trans-
mission and reception sections 211, 212, and 213 (see FIG.
7) are selected by switching configuration section 24 as a
driving transmission and reception section, since first and
third lens portions 22a and 22¢ have an aspherical shape,
acoustic lens 22 can focus ultrasound beams such that the
ultrasound beams become proportionally thin at a focal
position where the focal point distance is deep as illustrated
in FIG. 8B. In addition, by switching, using switch section
23, the transmission and reception section to be used to
second transmission and reception section 212 when an
ultrasound beam is focused at a shallow region, and by
switching, using switch section 23, the transmission and
reception section to be used to first, second, and third
transmission and reception sections 211, 212, and 213 when
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ultrasound beams are focused at a deep region, as illustrated
in FIG. 8C, ultrasound beams can be substantially focused to
be proportionally thin over a wide range from the shallow
portion to the deep portion.

[0094] As has been described above, ultrasound probe 2
according the first embodiment includes: a plurality of
transmission and reception sections 210 arranged in the
short-axis direction; acoustic lens 22 configured to focus
transmission and reception beams of ultrasound in the
short-axis direction; switching configuration section 24 con-
figured to select a driving transmission and reception section
from among the plurality of transmission and reception
sections 210; and switch section 23 configured to switch an
operation of transmission and reception section 210 based
on a switch selection signal of switching configuration
section 24. Acoustic lens 22 includes first, second, and third
lens portions 22a, 22b, and 22¢ correspondingly to first,
second, and third transmission and reception sections 211,
212, and 213, and first and third lens portions 224 and 22¢
each have an aspherical shape.

[0095] As has been described above, selecting a driving
transmission and reception section by switching configura-
tion section 24 from among a plurality of transmission and
reception sections 210 allows for changing the focal position
of an ultrasound beam, thereby making it possible to easily
change a capturing range. Thus, an ultrasound probe with
good usability and a simple configuration can be provided.
In addition, an electronic circuit or the like is not required,
and the number of electrodes to be extracted can be small,
so that no complex configuration is required, resulting in low
costs. Moreover, the following functions can be achieved by
single ultrasound probe 2: improving the spatial resolution
by focusing an ultrasound beam to be proportionally thin in
a wide range from a shallow portion to a deep portion; and
keeping puncturing needle 3 within an ultrasound beam
whose traveling direction is sufficiently deflected even when
puncturing needle 3 is shifted in the short-axis direction.

Second Embodiment

[0096] FIG. 9 is a diagram illustrating ultrasound probe 2
according to a comparison example. In FIG. 9, ultrasound
probe 2 in general has a short-axis split ratio of 1:2:1 is
illustrated. In this case, an opening width when second
transmission and reception section 212 is selected by switch-
ing configuration section 24 as a driving transmission and
reception section is, for example, 3 [mm] (small opening). In
addition, an opening width when first, second, and third
transmission and reception sections 211, 212, and 213 are
selected by switching configuration section 24 as a driving
transmission and reception section is, for example, 6 [mm]|
(large opening).

[0097] The short-axis split ratio of 1:2:1 is a preferable
short-axis split ratio for focusing ultrasound beams to be
proportionally thin from a shallow portion to a deep portion
as described above.

[0098] FIG. 10 is a diagram illustrating a relationship
between transmission and reception section 210 to be used
and a shape of an ultrasound beam. In FIG. 10, the shape of
an ultrasound beam of a case where only first transmission
and reception section 211 is used is indicated by bold broken
lines while the shape of an ultrasound beam when first and
second transmission and reception sections 211 and 212 are
used is indicated by dotted lines.
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[0099] As the shape of the ultrasound beam is indicated by
bold broken lines in FIG. 10, when only first transmission
and reception section 211 is selected, the opening width to
be used is so small compared to the entire opening width that
the ultrasound beam shape does not become thin, and
because the directivity of the ultrasound at a shallow portion
is on a side opposite to an intended side due to deflection, the
position of puncturing needle 3 may be wrongly recognized.
Meanwhile, as the shape of the ultrasound beam is indicated
by dotted lines in FIG. 10, when first and second transmis-
sion and reception sections 211 and 212 are selected, since
third transmission and reception section 213 which is not
selected is small, the deflection of the traveling direction of
the ultrasound is also small, and there is no difference
compared to the traveling direction of the ultrasound in a
case where first, second, and third transmission and recep-
tion sections 211, 212, and 213 are selected.

[0100] When puncturing needle 3 is to be inserted toward
a specific region in a test subject, a position movement
(shift) of puncturing needle 3 needs to be checked succes-
sively. When the position moment of puncturing needle 3 is
relatively large, the traveling direction of the ultrasound
needs to be significantly deflected, so that ultrasound probe
2 in general having a short-axis split ratio of 1:2:1, which
involves a small deflection of the traveling direction of
ultrasound, is unsuitable for identifving a position move-
ment of puncturing needle 3.

[0101] In the second embodiment, in order to make ultra-
sound probe 2 suitable for deflecting the traveling direction
of ultrasound while the short-axis split ratio is set to 1:2:1,
second switch section 232 includes switching element 31
and electric circuit 32 connected in parallel with switching
element 31.

[0102] FIG. 11 is a diagram illustrating ultrasound probe
2 according to the second embodiment. FIGS. 12A, 12B,
and 12C are each a diagram illustrating a configuration of
electric circuit 32,

[0103] As illustrated in FIG. 11, first, second, and third
transmission and reception sections 211, 212, and 213
transmit and receive transmission and reception signals via
first, second, and third switch sections 231, 232, and 233,
respectively. Switching configuration section 24 includes
register 240. Registers 241, 242, and 243 are provided
correspondingly to first, second, and third switch sections
231, 232, and 233. First, second, and third switch sections
231, 232, and 233 are turned ON and OFF in accordance
with switch selection signals stored in registers 241, 242,
and 243, which are previously inputted from control section
11. First, second, and third switch sections 231, 232, and 233
are not limited in particular, but a field-effect transistor
(FET), for example, is preferably used taking into consid-
eration power consumption and/or breakdown voltage per-
formance related to ultrasound transmission and reception.
[0104] Second switch section 232 includes switching ele-
ment 31 and electric circuit 32 to be connected in parallel
with switching element 31. Thus, when second transmission
and reception section 212 is selected by switching configu-
ration section 24 as a driving transmission and reception
section, second transmission and reception section 212
transmits and receives ultrasound not via electric circuit 32
by turning ON switching element 31. This case is referred to
as a first operation state of second transmission and recep-
tion section 212. When the traveling direction of ultrasound
is deflected, second transmission and reception section 212
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is not selected by switching configuration section 24 as a
driving transmission and reception section, and switching
element 31 is turned OFF, so that second transmission and
reception section 212 transmits and receives ultrasound via
electric circuit 32. This case is referred to a second operation
state of second transmission and reception section 212
(corresponding to “non-operation of transmission and recep-
tion section” of this invention).

[0105] For example, when the traveling direction of ultra-
sound is to be deflected rightward in FIG. 11, switching
element 31 is turned OFF, and first switch section 231 is
turned ON. Thus, second transmission and reception section
212 transmits and receives ultrasound via electric circuit 32
(second operation state). Moreover, first transmission and
reception section 211 is switched to a driving transmission
and reception section. Meanwhile, when the traveling direc-
tion of ultrasound is to be deflected leftward in FIG. 11,
switching element 31 is turned OFF, and third switch section
233 is turned ON. Thus, second transmission and reception
section 212 transmits and receives ultrasound via electric
circuit 32 (second operation state). Moreover, third trans-
mission and reception section 213 is switched to a driving
transmission and reception section.

[0106] When only second transmission and reception sec-
tion 212 is used (small opening), switching element 31 is
turned ON, and first and third switch sections 231 and 233
are turned OFF. Thus, switching is made such that second
transmission and reception section 212 transmits and
receives ultrasound not via electric circuit 32 (first operation
state). When first, second, and third transmission and recep-
tion sections 211, 212, and 213 are used (large opening),
switching element 31 is turned ON. Thus, switching is made
such that second transmission and reception section 212
transmits and receives ultrasound not via electric circuit 32
(first operation state). In addition, first and third switch
sections 231 and 233 are turned ON. Thus, first and third
transmission and reception sections 211 and 213 are
switched to a driving transmission and reception section.

[0107] Electric circuit 32 is composed of: a circuit com-
posed of only resistor R (see FIG. 12A); a circuit composed
of LC (see FIG. 12B); and a circuit composed of RLC (see
FIG. 12C).

[0108] When switching element 31 of FIG. 11 is turned
OFF, a signal to be added to second transmission and
reception section 212 and an electric signal resulting from
conversion of the ultrasound received by second transmis-
sion and reception section 212 pass through electric circuit
32. When switching element 31 1s turned ON, the signal and
the electric signal do not pass through electric circuit 32.

[0109] In a configuration without electric circuit 32, when
first and second transmission and reception sections 211 and
212 are compared, second transmission and reception sec-
tion 212 is longer in width in the short-axis direction and has
awide area. Thus, second transmission and reception section
212 has a higher sensitivity, and becomes dominant com-
pared to first transmission and reception section 211, so that
the deflection angle of an ultrasound beam becomes small.

[0110] In this embodiment, the sensitivity of second trans-
mission and reception section 212 is reduced by using
resistor R in electric circuit 32 as illustrated in FIG. 12A to
balance between first and second transmission and reception
sections 211 and 212, and thus, it is made possible to allow
for a large deflection angle of an ultrasound beam.
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[0111] Furthermore, a signal phase of second transmission
and reception section 212 can be corrected to first transmis-
sion and reception section 211 to be shifted by using an LC
circuit for electric circuit 32 as illustrated in FIG. 12B, and
thus, the deflection angle of an ultrasound beam can be made
larger.

[0112] Moreover, the two effects mentioned above can be
brought about by using a circuit composed of LCR for
electric circuit 32 as illustrated in FIG. 12C, and thus, the
deflection angle of an ultrasound beam can be made larger.

Third Embodiment

[0113] Next, ultrasound probe 2 according to a third
embodiment will be described with reference to FIGS. 13 to
15. FIG. 13 is a diagram illustrating an ultrasound probe.
FIG. 14 is a diagram illustrating a relationship between first
section 212a to be used and the traveling direction of
ultrasound. FIG. 15 is a diagram illustrating a relationship
between first transmission and reception section 211 to be
used and the traveling direction of ultrasound.

[0114] In ultrasound probe 2 having a short-axis split ratio
of 1:2:1, when transmission and reception of ultrasound is
performed by selecting, for example, only first transmission
and reception section 211 (short-axis width is “1”) by
switching configuration section 24, the shape of an ultra-
sound beam as illustrated in FIG. 15 is formed.

[0115] The depth of an intersection between the line of the
traveling direction of ultrasound and the center axis of the
entire short-axis direction becomes relatively deep. In other
words, the directivity of ultrasound appears on a side oppo-
site to an intended side for deflection of the traveling
direction of the ultrasound at a shallow portion, so that the
position of puncturing needle 3 may be wrongly recognized.
[0116] In the second embodiment, in ultrasound probe 2
having a short-axis split ratio of 1:2:1, second switch section
232 includes switching element 31 and electric circuit 32
connected in parallel with switching element 31. With this
configuration, the short-axis split ratio is made functionally
close to 1:1:1.

[0117] In contrast to this, in the third embodiment, in
ultrasound probe 2 having a short-axis split ratio of 1:2:1,
second transmission and reception section 212 is sectioned
into first and second sections 212a and 2125 at a center of
the short-axis direction as a boundary, and by selecting one
of first and third transmission and reception sections 211 and
213 and one of first and second sections 212a and 2125 by
switching configuration section 24 as a driving transmission
and reception section, the directivity of ultrasound is made
to appear on an intended side for deflection of the traveling
direction of ultrasound at a shallow portion.

[0118] As illustrated in FIG. 13, first switch section 231 is
connected to first and third transmission and reception
sections 211 and 213. First switching element 232a is
connected to first section 212a. Second switching element
232b is connected to second section 212b. Registers 241,
and 242q and 242b are provided correspondingly to first
switch section 231, and first and second switching elements
2324 and 2325

[0119] When only second transmission and reception sec-
tion 212 is used (small opening), switching configuration
section 24 turns ON first and second switching elements
232a and 23254, and turns OFF first switch section 231. Thus,
first and second sections 212a and 212 are switched to a
driving transmission and reception section.
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[0120] When first, second, and third transmission and
reception sections 211, 212, and 213 are used (large open-
ing), switching configuration section 24 turns ON first
switch section 231, and first and second switching elements
232a and 232b. Thus, first and third transmission and
reception sections 211 and 213 and first and second sections
212a and 2125 are switched to a driving transmission and
reception section.

[0121] FIG. 14, for example, illustrates a shape of an
ultrasound beam formed using first section 212a. As illus-
trated in F1G. 14, the directivity of ultrasound appears on an
intended side for deflection of the traveling direction of
ultrasound at a shallow portion. As described, a favorable
deflection beam can be obtained by using this technique.

[0122] As described above, ultrasound probe 2 according
to the third embodiment includes: a plurality of transmission
and reception sections 210 arranged in a short-axis direction;
acoustic lens 22 configured to focus transmission and recep-
tion beams of ultrasound,; switching configuration section 24
configured to select a driving transmission and reception
section from among the plurality of transmission and recep-
tion sections 210; and switch section 23 configured to switch
an operation of transmission and reception section 210 based
on a switch selection signal from switching configuration
section 24. In addition, second switch section 212 includes
first and second sections 212a and 2124, and switch section
23 includes first and second switch sections 231 and 232,
and second switch section 232 includes first and section
switching elements 232a and 232b.

[0123] In this configuration, a focal position of a trans-
mission and reception beam is changed to a deep portion by
switching first and third transmission and reception sections
211 and 213 to a driving transmission and reception section
and switching first and second sections 2124 and 2125 of
second transmission and reception section 212 to a driving
transmission and reception section by selection made by
switching configuration section 24, and the focal point is
changed to a shallow position by not switching first and third
transmission and reception sections 211 and 213 to a driving
transmission and reception section, but switching first and
second sections 212a and 2126 of second transmission and
reception section 212 to a driving transmission and reception
section by selection made by switching configuration section
24.

[0124] Moreover, switching element 212a is switched to a
driving transmission and reception section by selection
made by switching configuration section 24, thereby favor-
ably deflecting the traveling direction of ultrasound.

[0125] 1In the manner described above, focusing of ultra-
sound beams from the shallow portion to the deep portion
with the short-axis split rate equal to 1:2:1 is made possible,
and the traveling direction of ultrasound can be favorably
deflected.

[0126] Note that, although acoustic lens 22 in which first
and third lens portions 22a and 22¢ each have an aspherical
shape is provided in ultrasound probe 2 having a short-axis
split ratio of 1:1:1 in the embodiment described above, the
present invention is not limited to this configuration. For
example, acoustic lens 22 may be provided in ultrasound
probe 2 having a short-axis split ratio of 1:2:1. In this case,
the aspherical shapes of first and third lens section 22a and
22¢ may be matched to ultrasound probe 2 having a short-
axis split ratio of 1:2:1.
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[0127] In the embodiment described above, a description
has been given of the case where a control operation for
configuring settings of switching configuration section 24 is
performed in ultrasound diagnostic apparatus body 1, but the
present invention is not limited to this case. For example,
switching configuration section 24 may include a control
section (switching control section), and ultrasound probe 2
may be caused to perform a control operation related to
switching of switch section 23. Moreover, instead of or in
addition to the input operation to operation input section 28
of ultrasound probe 2, it is also possible to cause ultrasound
probe 2 to configure settings such as switching of a deflec-
tion direction in accordance with the input operation to input
operation section 18 of ultrasound diagnostic apparatus body
1. Thus, the switching operation related to deflection of a
capturing range can be completed within ultrasound probe 2,
so that transmission and reception of a control signal with
ultrasound diagnostic apparatus body 1 is made easier.
Moreover, switching configuration section 24 may be
included in an ultrasound diagnostic apparatus body.
[0128] In the embodiments described above, ultrasound
diagnostic apparatus U is configured to include ultrasound
probe 2 and ultrasound diagnostic apparatus body 1, but
ultrasound probe 2 capable of independently performing an
operation and deflection control may be connected to ultra-
sound diagnostic apparatus body 1 in general and used.
[0129] In the embodiments described above, when only
one of first, second, and third transmission and reception
sections 211, 212, and 213 is to be used for transmission and
reception, an S/N ratio decreases significantly as the ultra-
sound transmission and reception intensity decreases. For
this reason, the widths and/or voltage magnitude or the like
of first, second, and third transmission and reception sec-
tions 211, 212, and 213 may be configured to set an S/N ratio
(received signal strength) with which puncturing needle 3 is
surely detected.

[0130] Moreover, the arrangement in the scanning direc-
tion does not have to be a linear scan type, and may be
another arrangement, a sector scan type, a convex type, or a
radial scan type or the like.

[0131] In the embodiments described above, a description
has been given of the case where puncturing needle 3 is a
part of ultrasound diagnostic apparatus U, which is attached
to ultrasound probe 2 by attachment section 4, but as long as
puncturing needle 3 is to be inserted while being displayed
in a diagnostic image, a configuration including puncturing
needle 3 as a component separate from ultrasound diagnostic
apparatus U may be employed.

[0132] The embodiments disclosed herein are merely
exemplifications of the present invention, and the technical
scope of the present invention should not be understood in
a limited way by these embodiments. More specifically, the
present invention may be implemented in various forms
without departing from the gist or primary features of the
present invention.

What is claimed is:

1. An ultrasound probe comprising:

a plurality of transmission and reception sections arranged
along a predetermined first direction and configured to
transmit ultrasound to a test subject and receive a
reflection wave of the ultrasound;

an acoustic lens configured to focus, in the first direction,
ultrasound beams transmitted and received by the trans-
mission and reception sections; and
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a switch section configured to switch between operation
and non-operation of the transmission and reception
sections, wherein:

the transmission and reception sections include first,
second, and third transmission and reception sections,
the second transmission and reception section being
centrally positioned, the first and the third transmission
and reception sections being disposed symmetrically at
both sides of the second transmission and reception
section,

the acoustic lens includes first, second, and third lens
portions respectively corresponding to the first, the
second, and the third transmission and reception sec-
tions,

the switch section causes, when a traveling direction of
the ultrasound is straight ahead, the second transmis-
sion and reception section alone or all of the first, the
second, and the third transmission and reception sec-
tions to operate, and causes, when the traveling direc-
tion of the ultrasound is to be deflected, the first or the
third transmission and reception section to operate, and

the first and the third lens portions have an aspherical
shape.

2. The ultrasound probe according to claim 1, wherein a
split ratio of the first, the second, and the third transmission
and reception sections in the first direction is 1:1:1.

3. The ultrasound probe according to claim 1, wherein, in
the first and the third lens portions, a surface where the
ultrasound is transmitted and received is entirely aspherical.

4. The ultrasound probe according to claim 1, wherein a
curvature of the aspherical shape becomes closer to a
curvature of the second lens portion as the aspherical shape
extends to the second lens portion from each end of the
aspherical shape in the first direction of the first and the third
lens portions.

5. An ultrasound probe comprising:

a plurality of transmission and reception sections arranged
along a predetermined first direction and configured to
transmit ultrasound to a test subject and receive a
reflection wave of the ultrasound;

an acoustic lens configured to focus, in the first direction,
ultrasound beams transmitted and received by the trans-
mission and reception sections; and

a switch section configured to switch between operation
and non-operation of the transmission and reception
sections, wherein:

the transmission and reception sections include first,
second, and third transmission and reception sections,
the second transmission and reception section being
centrally positioned, the first and the third transmission
and reception sections being disposed symmetrically at
both sides of the second transmission and reception
section, and

the switch section includes first, second, and third switch
sections respectively corresponding to the first, the
second, and the third transmission and reception sec-
tions, wherein

the second switch section includes a switching element
and an electric circuit connected in parallel with the
switching element, and causes the second transmission
and reception section to operate via the electric circuit
or not via the electric circuit by the switching element.
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6. The ultrasound probe according to claim 5, wherein a
split ratio of the first, the second, and the third transmission
and reception sections in the first direction is 1:2:1.

7. The ultrasound probe according to claim 5, wherein the
electric circuit reduces sensitivity of the second transmission
and reception section of a case where the second transmis-
sion and reception section is caused to operate via the
electric circuit compared to a case where the second trans-
mission and reception section is caused to operate not via the
electric circuit.

8. The ultrasound probe according to claim 5, wherein the
electric circuit includes a phase shift circuit.

9. An ultrasound probe comprising:

a plurality of transmission and reception sections arranged
along a predetermined first direction and configured to
transmit ultrasound to a test subject and receive a
reflection wave of the ultrasound;

an acoustic lens configured to focus, in the first direction,
ultrasound beams transmitted and received by the trans-
mission and reception sections; and

a switch section configured to switch between operation
and non-operation of the transmission and reception
sections, wherein

the transmission and reception sections include first,
second, and third transmission and reception sections,
the second transmission and reception section being
centrally positioned, the first and the third transmission
and reception sections being disposed symmetrically at
both sides of the second transmission and reception
section, wherein

the second transmission and reception section includes
first and second sections obtained by centrally splitting
the second transmission and reception section, and
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the switch section includes switching elements corre-
sponding to the first and the second sections, wherein

the switch section causes, when a traveling direction of
the ultrasound is straight ahead, the second transmis-
sion and reception section alone or all of the first, the
second, and the third transmission and reception sec-
tions to drive, and causes, when the traveling direction
of the ultrasound is to be deflected, one of the first and
the second sections of the second transmission and
reception section to drive by the corresponding switch-
ing element.

10. The ultrasound probe according to claim 9, wherein a
split ratio of the first, the second, and the third transmission
and reception sections in the first direction is 1:2:1.

11. The ultrasound probe according to claim 9, wherein
the switch section includes a first switch section connected
in common to the first and the third transmission and
reception sections.

12. An ultrasound diagnostic apparatus comprising:

the ultrasound probe according to claim 1; and

a transmission and reception processing section config-

ured to perform a transmission and reception operation
of ultrasound in the ultrasound probe.

13. An ultrasound diagnostic apparatus comprising:

the ultrasound probe according to claim 5; and

a transmission and reception processing section config-

ured to perform a transmission and reception operation
of ultrasound in the ultrasound probe.

14. An ultrasound diagnostic apparatus comprising:

the ultrasound probe according to claim 9; and

a transmission and reception processing section config-

ured to perform a transmission and reception operation
of ultrasound in the ultrasound probe.
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