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An ultrasound probe includes a stack including a connecting
conductor having conductive patterns and a piezoelectric
plate disposed on the connecting conductor. The stack has
first dividing slits at predetermined intervals. The first divid-
ing slits divide the stack into transducers separate from one
another and arrayed in the scanning direction. The conductive
patterns are electrically connected to the transducers. Each of
the transducers has a second dividing slit parallel to the first
dividing slits. The second dividing slit divides each of the
transducers into subelements. The first dividing slits extend
through the connecting conductor. The second dividing slits
are shallower than the first dividing slits and have bottoms
apart from the connecting conductor.
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ULTRASOUND PROBE AND ULTRASOUND
DIAGNOSTIC IMAGING APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasound probe
and an ultrasound diagnostic imaging apparatus.

[0003] 2. Description of Related Art

[0004] A typical ultrasound diagnostic imaging apparatus
scans the interior of a subject with ultrasound waves and
creates an image showing the interior on the basis of reception
signals generated in response to the reflected ultrasound
waves from the subject.

[0005] Theultrasound diagnostic imaging apparatus has an
ultrasound probe emitting and receiving ultrasound waves to
and from the subject.

[0006] With reference to FIG. 11, the ultrasound probe
includes a plurality of transducers 200 arrayed in the scanning
direction, for example. The transducers 200 are formed by
bonding a piezoelectric layer (plate) 71, which includes two
electrodes having opposite polarities, to a backing layer 73,
which reflects, attenuates, and absorbs ultrasound waves
directed backward, via a connecting conductor 72, which has
conductive patterns 72a arrayed at predetermined intervals in
the scanning direction, with an adhesive; and forming slits
(primary slits) 74 in the bonded stack at predetermined inter-
vals in such a way that the stack is divided into rectangular
plates. The primary slits 74 extend from the piezoelectric
plate 71 to the upper portion of the backing layer 73. The
primary slits 74 each coincide with the gap between two
adjacent conductive patterns 72a.

[0007] Each of the transducers 200 has a slit (secondary
slit) 75 having a depth substantially identical to that of the
primary slits 74 to define minute elements (subelements) 201
to improve their oscillation efficiency. The secondary slits 75
extend through the conductive patterns 72a.

[0008] Unfortunately, such strip subelements 201 may tilt
by the loads (indicated by reference signs T in FIG. 11)
thereon during the forming process.

[0009] Japanese Unexamined Patent Application Publica-
tion No. H11-276479, for example, discloses a technique to
prevent the subelements from tilting, focusing attention on
the structural differences in the connecting conductor
between the portions of the primary slits and the portions of
the secondary slits.

[0010] In specific, in the technique disclosed in Japanese
Unexamined Patent Application Publication No. HI1-
276479, the connecting conductor has elongated openings at
positions corresponding to the secondary slits so that the
portions around the primary slits and the portions around the
secondary slits in the connecting conductor are composed of
the same material and have the same structure. This structure
equalizes mechanical loads on the individual transducers
(subelements) during the formation of the secondary slits to
those during the formation of the primary slits, preventing the
subelements from tilting.

[0011] Unfortunately, the technique disclosed in Japanese
Unexamined Patent Application  Publication  No.
H11-276479 cannot completely solve the problem of tilted
subelements: thinner subelements still may tilt under some
conditions during the forming process, for example.

[0012] Inthe technique disclosed in Japanese Unexamined
Patent Application Publication No. H11-276479, the adhe-
sive protrudes outside the openings of the conductive patterns
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on the connecting conductor, which impairs the workability
in the processes after the bonding process.

SUMMARY OF THE INVENTION

[0013] The present invention has been made in view of the
problems and aims to provide an ultrasound probe and an
ultrasound diagnostic imaging apparatus that can prevent the
subelements from tilting with satisfactory workability in the
production.

[0014] In order to achieve the above object, an ultrasound
probe reflecting one aspect of the present invention includes a
stack including: a connecting conductor having conductive
patterns; and a piezoelectric plate disposed on the connecting
conductor, wherein the stack has first dividing slits at prede-
termined intervals, the first dividing slits dividing the stack
into transducers separate from one another and arrayed in a
scanning direction; the conductive patterns are electrically
connected to the transducers; each of the transducers has a
second dividing slit parallel to the first dividing slits, the
second dividing slit dividing each of the transducers into
subelements; the first dividing slits extend through the con-
necting conductor; and the second dividing slits are shallower
than the first dividing slits and have bottoms apart from the
connecting conductor.

[0015] Preferably, a ratio ofa depth of the first dividing slits
to a depth of the second dividing slits is higher than 1.0 and
not higher than 1.2.

[0016] Preferably, a proportion of a depth of the second
dividing slits to a thickness of the piezoelectric plate is not
lower than 90% and lower than 100%.

[0017] Anultrasound probe reflecting another aspect of the
present invention includes a stack including: a piezoelectric
plate; a back reflecting layer disposed on a back surface of the
piezoelectric plate; and a connecting conductor having con-
ductive patterns, wherein the stack has first dividing slits at
predetermined intervals, the first dividing slits dividing the
stack into transducers separate from one another and arrayed
in a scanning direction; the conductive patterns are electri-
cally connected to the transducers; each of the transducers has
a second dividing slit parallel to the first dividing slits, the
second dividing slit dividing each of the transducers into
subelements; the first dividing slits extend through the con-
necting conductor; and the second dividing slits are shallower
than the first dividing slits and have bottoms apart from the
connecting conductor.

[0018] Preferably, the bottoms of the second dividing slits
are located above an interface between the piezoelectric plate
and the back reflecting layer.

[0019] Preferably, aratio ofa depth of the first dividing slits
to a depth of the second dividing slits is higher than 1.0 and
not higher than 2.2.

[0020] Preferably, the bottoms of the second dividing slits
are located below a center in a thickness direction of the back
reflecting layer.

[0021] Anultrasound diagnostic imaging apparatus reflect-
ing another aspect of the present invention includes the ultra-
sound probe emitting ultrasound waves to a subject in
response to a drive signal and receiving ultrasound waves
reflected by the subject to output a reception signal; and an
image generation unit that generates ultrasound image data
based on the reception signal outputted from the ultrasound
probe.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The above and other objects, advantages and fea-
tures of the present invention will become more fully under-
stood from the detailed description given hereinbelow and the
appended drawings which are given byway of illustration
only, and thus are not intended as a definition of the limits of
the present invention, and wherein:

[0023] FIG. 1 is a schematic view of an ultrasound diag-
nostic imaging apparatus;

[0024] FIG. 2 is a block diagram illustrating the control
configuration of an ultrasound diagnostic imaging apparatus;
[0025] FIG. 3 is a schematic perspective view of an ultra-
sound probe according to a first embodiment;

[0026] FIG.4is across-sectional view along the line IV-IV
in FIG. 3;
[0027] FIG. 5is a spectrum diagram illustrating the trans-

mission band of an ultrasound probe according to the first
embodiment;

[0028] FIG. 6 illustrates a modified embodiment of the
ultrasound probe in FIG. 3;

[0029] FIG. 7 is a schematic perspective view of an ultra-
sound probe according to a second embodiment;

[0030] FIG. 8 is a spectrum diagram illustrating the trans-
mission band of an ultrasound probe according to the second
embodiment;

[0031] FIG. 9 is a schematic perspective view of an ultra-
sound probe according to a third embodiment;

[0032] FIG. 10 a spectrum diagram illustrating the trans-
mission band of an ultrasound probe according to the third
embodiment; and

[0033] FIG. 11 illustrates a problem in a conventional ultra-
sound probe.
DESCRIPTION OF THE PREFERRED
EMBODIMENTS
First Embodiment
[0034] An wultrasound diagnostic imaging apparatus

according to embodiments of the present invention will now
be described with reference to the drawings. The invention
should not be limited to the illustrated examples.

[Ultrasound Diagnostic Imaging Apparatus]

[0035] With reference to FIGS. 1 and 2, an ultrasound diag-
nostic imaging apparatus S according to the present embodi-
ment includes a body 1 and an ultrasound probe 2.

[0036] The body 1 is connected to the ultrasound probe 2
with a cable 3. The body 1 supplies the ultrasound probe 2
with electric drive signals to cause the ultrasound probe 2 to
emit ultrasound waves to a subject such as a living body (not
shown), and creates an ultrasound image showing the interior
of the subject on the basis of electric reception signals gen-
erated in the ultrasound probe 2 in response to reflected ultra-
sound waves (echoes) from the subject received by the ultra-
sound probe 2.

[0037] The ultrasound probe 2 emits ultrasound waves to
the subject and receives the ultrasound waves reflected by the
subject.

[0038] The ultrasound probe 2 includes ultrasound trans-
ducers (hereinafter referred to as “transducers™) 100, for
example, which are constituted of piezoelectric elements dis-
posed in a one-dimensional array in the orientation direction
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(scanning direction) (refer to FIG. 3). The ultrasound probe 2
includes any number of transducers 100 (e.g., 192 transducers
100 in the embodiment).

[0039] Although the ultrasound probe 2 in the embodiment
is an electronic probe of a linear scanning type, the ultrasound
probe 2 may be any of a mechanical scanning probe and an
electronic scanning probe of a linear scanning, sector scan-
ning, or convex scanning type. The bandwidth in the ultra-
sound probe 2 may be appropriately determined.

[Body of Ultrasound Diagnostic Imaging Apparatus]

[0040] With reference to FIG. 2, the body 1 includes an
operation input unit 11, a transmission unit 12, a reception
unit 13, an image generation unit 14, a memory unit 15, a
digital scan converter (DSC) 16, a display unit 17, and a
control unit 18, for example.

[0041] The operation input unit 11 includes operational
components, such as various switches, buttons, a trackball, a
mouse, and a keyboard, for inputting commands to start diag-
nosis and data such as personal information on the subject, for
example. The operation input unit 11 outputs operation sig-
nals to the control unit 18.

[0042] Thetransmission unit 12 is a circuit that supplies the
ultrasound probe 2 with electric drive signals through the
cable 3 and causes the ultrasound probe 2 to generate ultra-
sound waves to be emitted, under the control of the control
unit 18. The transmission unit 12 includes a clock circuit, a
delay circuit, and a pulse generating circuit, for example.
[0043] The clock circuit generates clock signals for deter-
mining the transmission timing and frequency of drive sig-
nals.

[0044] The delay circuit determines a delay time for the
path corresponding to each transducer 100 and delays the
transmission of drive signals by the determined delay time,
for focusing transmission beams of emitted ultrasound waves
(transmission beam forming) and determining (steering) the
angle of the transmission beams.

[0045] The pulse generating circuit generates pulsed drive
signals in predetermined cycles.

[0046] Thetransmissionunit 12 having such a structure, for
example, drives continuous ones (e.g., 64 transducers) of the
transducers 100 (e.g., 192 transducers) arrayed in the ultra-
sound probe 2 to generate ultrasound waves to be emitted,
under the control of the control unit 18. The transmission unit
12 performs scanning by shifting transducers 100 to be driven
in the orientation direction every generation of ultrasound
waves to be emitted. The transmission unit 12 performs scan-
ning while changing the angle of transmission beams and can
scan with ultrasound waves over areas at different angles.
[0047] The reception unit 13 is a circuit that receives elec-
tric reception signals through the cable 3 from the ultrasound
probe 2 under the control of the control unit 18. The reception
unit 13 includes an amplifier, an analog-digital conversion
circuit, and a phasing addition circuit, for example.

[0048] The amplifier is a circuit to amplify the reception
signals by a predetermined gain for the path corresponding to
each transducer 100.

[0049] The analog-digital conversion circuit converts the
analog amplified reception signals into digital signals.
[0050] The phasing addition circuit gives delay times for
the individual paths corresponding to the respective transduc-
ers 100 to the digital reception signals to phase the signals,
and adds up the phased reception signals together to generate
sound ray data.
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[0051] The image generation unit 14 carries out processes
such as envelope detection and logarithmic amplification to
the sound ray data from the reception unit 13, and adjusts the
gain for the luminance conversion to create B-mode image
data. In other words, the B-mode image data indicates the
intensities of reception signals in the form of Tuminance. The
B-mode image data is transmitted from the image generation
unit 14 to the memory unit 15.

[0052] The memory unit 15 includes a semiconductor
memory such as a dynamic random access memory (DRAM),
and stores the B-mode image data transmitted from the image
generation unit 14 in frame units. In other words, the memory
unit 15 can store diagnostic ultrasound image data constituted
of frame units. The diagnostic ultrasound image data is read
from the memory unit 15 and transmitted to the DSC 16 under
the control of the control unit 18.

[0053] The DSC 16 converts the diagnostic ultrasound
image data received from the memory unit 15 into image
signals based on the scanning scheme for television signals,
and outputs the converted image signals to the display unit17.
[0054] Examples of the display unit 17 include a liquid
crystal display (LCD), a cathode-ray tube (CRT) display, an
organic electroluminescent (EL) display, an inorganic EL
display, and a plasma display. The display unit 17 displays a
diagnostic ultrasound image on its screen in response to the
image signals output from the DSC 16. The display unit 17
may be replaced by any suitable component such as a printer.
[0055] The control unit 18 includes a central processing
unit (CPU), aread only memory (ROM), and a random access
memory (RAM), for example. The control unit 18 reads vari-
ous processing programs such as a system program from the
ROM to be expanded in the RAM, and performs centralized
control of the operations of the individual components in the
ultrasound diagnostic imaging apparatus S under the instruc-
tions of the expanded program.

[0056] The ROM includes a nonvolatile memory such as a
semiconductor memory. The ROM stores a system program
for the ultrasound diagnostic imaging apparatus S, various
processing programs executable under the system program,
and various pieces of data. These programs are stored in the
form of computer-readable program codes, and the CPU
sequentially executes operations under the instructions cor-
responding to the program codes.

[0057] The RAM defines a work area for temporarily stor-
ing various programs to be executed by the CPU and data
related to the programs.

[Ultrasound Probe]

[0058] The structure of the ultrasound probe 2 according to
the embodiment will now be described with reference to
FIGS. 3 and 4.

[0059] FIG. 3isanexploded schematic perspective view of
the ultrasound probe 2, and FIG. 4 is a cross-sectional view
along the line IV-IV in FIG. 3.

[0060] InFIG. 4, astack 20, an acoustic matching layer 23,
and an acoustic lens 24 (which are described below) are
bonded together.

[0061] In the following description, the orientation direc-
tion (scanning direction) of the ultrasound probe 2 is defined
as the X direction, the thickness direction of the transducers
100 as the Z direction, and the direction orthogonal to the X
and Z directions as the Y direction.

[0062] With reference to FIGS. 3 and 4, the ultrasound
probe 2 includes the stack 20 including abacking layer 21 and
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a piezoelectric layer 22 with a connecting conductor 22a
therebetween, the acoustic matching layer 23 disposed on the
piezoelectric layer 22, and the acoustic lens 24 disposed on
the acoustic matching layer 23, for example.

[0063] The backing layer 21 supports the piezoelectric
layer 22, and can absorb unnecessary ultrasound waves. In
specific, the backing layer 21 is disposed on the surface,
opposite to the surface through which ultrasound waves are
emitted and received to and from a subject, of the piezoelec-
tric layer 22; and absorbs ultrasound waves emitted in the
direction opposite to the subject.

[0064] Examples of a backing material for the backing
layer 21 include natural rubbers; ferrite rubber; epoxy resins;
pressed rubber composites and epoxy-resin composites com-
posed of the rubbers and resins containing powdered tungsten
oxide, titanium oxide, or ferrite; and thermoplastic resins,
such as vinyl chloride, polyvinyl butyral (PVB), ABS resins,
polyurethanes (PUR), polyvinyl alcohol (PVAL), polyethyl-
ene (PE), polypropylene (PP), polyacetal (POM), polyethyl-
ene terephthalate (PETP), polytetrafluoroethylene (PTFE),
polyethylene glycol, and copolymers of polyethylene tereph-
thalate with polyethylene glycol.

[0065] Preferred backing materials among them are rubber
composites and/or epoxy-resin composites. The backing
material may have any shape depending on the shape of the
upper ultrasound probe 2 or the piezoelectric layer 22 therein.

[0066] The piezoelectric layer 22 is a piezoelectric element
that includes electrodes and a piezoelectric material, can con-
vert electric signals into mechanical vibrations and convert
mechanical vibrations into electric signals, and can emit and
receive ultrasound waves.

[0067] The piezoelectric material can convert electric sig-
nals into mechanical vibrations and convert mechanical
vibrations into electric signals. Examples of the piezoelectric
material include lead zirconate titanate (PZT) ceramics;
piezoelectric ceramics such as lead titanate and lead metan-
iobate; lithium niobate; piezoelectric single crystals of solid
solutions (e.g., lead zinc niobate and lead titanate, and lead
magnesium niobate and lead titanate); quartz crystal; Roch-
elle salt; and organic polymers, such as PVDF copolymers
(e.g., poly(vinylidene fluoride-co-trifluoroethylene)
(P(VDF-TtFE)), which are copolymers of polyvinylidene
fluoride (PVDF) or VDF with trifluoroethylene (TrFE)),
polyvinylidene cyanide (PVDCN, which is a polymer of
vinylidene cyanide (VDCN)), vinylidene cyanide copoly-
mers, odd nylons (e.g., nylon 9 and nylon 11), aromatic
nylons, alicyclic nylons, polyhydroxycarboxylic acids (e.g,,
polylactate and polyhydroxybutyrate), cellulose derivatives,
and polyureas.

[0068] The piezoelectric material has a thickness of
approximately 100 to 500 um. The piezoelectric material is
provided with electrodes on its both surfaces to be used as
transducers 100 (described below).

[0069] The electrodes provided to the piezoelectric mate-
rial are made of metals, such as gold (Au), platinum (Pt),
silver (Ag), palladium (Pd), copper (Cu), aluminum (Al),
nickel (Ni), and tin (Sn).

[0070] The electrodes maybe formed on the piezoelectric
material by a technique involving forming an underlying
metal, such as titanium (Ti) or chromium (Cr), by spattering
into a thickness of 0.02 to 1.0 um; and forming a metallic
material containing a metal composed mainly of the above-
mentioned metallic element and its alloys, and partly forming
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an insulating material, as required, into a thickness of 1 to 10
um by an appropriate process, such as spattering, for
example.

[0071] The electrodes maybe formed by screen printing,
dipping, or spraying, using a conductive paste containing a
mixture of fine metal powder and low-melting-point glass,
besides the spattering process. The electrodes are provided to
the piezoelectric material on its entire or partial surfaces
depending on the shape of the ultrasound probe 2.

[0072] The piezoelectric layer 22 is bonded to the connect-
ing conductor 224 by a technique such as soldering, burning,
or bonding. The electrodes of the piezoelectric layer 22 are in
contact with the connecting conductor 22a. The connecting
conductor 22a, which is electrically coupled with the cable 3,
allows the drive signals from the body 1 to be inputted to the
piezoelectric layer 22 and allows the reception signals from
the piezoelectric layer 22 to be outputted to the body 1.
[0073] The connecting conductor 22a includes a substrate
made of an insulator such as polyimide and conductive pat-
terns 225, which are made of copper for example, arrayed on
the substrate at the same intervals as those of the transducers
100. Adjacent conductive patterns 225 are electrically insu-
lated.

[0074] The gap between two adjacent conductive patterns
224 is substantially identical to the width of primary slits 31
(described below).

[0075] The piezoelectric layer 22 bonded with the connect-
ing conductor 22a is disposed over the backing layer 21
preferably via an adhesive layer. The adhesive layer may be
composed of an epoxy adhesive.

[0076] With reference to FIG. 3, the stack 20 has slits (first
dividing slits; hereinafter referred to as “primary slits”) 31
formed by dicing (i.e., processing with a dicing saw) at pre-
determined intervals, which define the transducers 100 (e.g.,
192 transducers in the embodiment). The transducers 100
correspond to the respective conductive patterns 225 formed
on the connecting conductor 22a.

[0077] In specific, the primary slits 31 extending from the
piezoelectric layer 22 to a predetermined depth in the backing
layer 21 are formed in the stack 20 at predetermined intervals
in the X direction, with dicing blades arranged in the'Y direc-
tion. This operation divides the piezoelectric layer 22, the
substrate of the connecting conductor 22a, and the upper
portion of the backing layer 21, and defines the transducers
100 in a one-dimensional array. The gap between the two
adjacent transducers 100 defines the primary slit 31.

[0078] In general, the transducer 100 can most efficiently
emit and receive ultrasound waves if the ratio w/t is approxi-
mately 0.6 where w is the width (i.e., dimension in the X
direction) and t is the height (i.e., dimension in the Z direc-
tion) of the transducer 100.

[0079] The transducers 100 according to the embodiment
each further have another slit (second dividing slit; hereinaf-
ter referred to as “secondary slit”) 32 to improve the oscilla-
tion efficiency.

[0080] In specific, the piezoelectric layer 22 is diced to a
predetermined depth with dicing blades arranged in the Y
direction for the respective transducers 100, to define smaller
elements (hereinafter referred to as “subelements”) 101. The
gap between the subelements of each transducer 100 defines
the secondary slit 32.

[0081] The primary slits 31 extend through the substrate of
the connecting conductor 22a, as described above.
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[0082] The secondary slits 32 are shallower than the pri-
mary slits 31 and have bottoms located at a predetermined
distance above the connecting conductor 22a. In other words,
the secondary slits 32 have a depth smaller than that of the
primary slits 31 and do not reach the connecting conductor
22a.

[0083] The ratio of the depth of the primary slits 31 to that
of the secondary slits 32 is preferably higher than 1.0 and not
higher than 1.2.

[0084] Ifthe ratio of the depth of the primary slits 31 to that
of the secondary slits 32 is higher than 1.0, the structure can
prevent the subelements 101 from tilting by the action of
mechanical loads thereon during the dicing process. At a ratio
of not higher than 1.2, the structure can avoid the problem of
a poor spectrum of the transmission band which would be
caused by a large difference in depth between the primary
slits 31 and the secondary slits 32.

[0085] The proportion of the depth of the secondary slits 32
to the thickness of the piezoelectric layer 22 is preferably not
lower than 90% and lower than 100%.

[0086] Ifthe proportion of the depth of the secondary slits
32 to the thickness of the piezoelectric layer 22 is not lower
than 90% and lower than 100%, the undivided portions of the
piezoelectric layer 22 between the bottoms of the secondary
slits 32 and the connecting conductor 22a can have any appro-
priate vertical length. This structure can provide an excellent
spectrum of the transmission band.

[0087] The acoustic matching layer 23 matches the acous-
tic impedances between the piezoelectric layer 22 and a sub-
jectand prevents the reflection on their interface. The acoustic
matching layer 23 is disposed on the subject-side surface of
the piezoelectric layer 22, through which ultrasound waves
are emitted and received to and from the subject.

[0088] Theacoustic matching layer 23 includes at least one
sublayer and may include two or more sublayers.

[0089] The acoustic matching layer 23 preferably has a
thickness of A/4, where A indicates the wavelength of ultra-
sound waves. The acoustic matching layer 23 having an inap-
propriate thickness may lead to spurious emission at frequen-
cies different from the proper resonance frequency, to
significantly vary the basic acoustic characteristics. This
variation may increase the reverberation time and distort the
waveform of reflected echoes, leading to a decline in the
sensitivity and the S/N ratio. A general acoustic matching
layer has a thickness of approximately 20 to 500 pum.

[0090] The acoustic matching layer 23 has an acoustic
impedance approximately intermediate between the piezo-
electric layer 22 and a subject.

[0091] In the acoustic matching layer 23 including two or
more sublayers, the acoustic impedance gradually decreases
from the bottom sublayer to the top sublayer.

[0092] Examples of the material for the acoustic matching
layer 23 include aluminum, aluminum alloys (e.g., Al—Mg
alloy), magnesium alloys, Macor (R), glass, fused quartz,
copper graphite, polyethylene (PE), polypropylene (PP),
polycarbonates (PC), ABC resins, ABS resins, AAS resins,
AES resins, polyamides (6-nylon and 6,6-nylon), polyphe-
nylene oxide (PPO), polyphenylene sulfide (PPS; which may
contain glass fibers), polyphenylene ether (PPE), polyether
ether ketones (PEEKs), polyamide imides (PATs), polyethyl-
ene terephthalate (PETP), epoxy resins, and urethane resins.
Preferred materials are molded thermosetting resins, such as
epoxy resins, containing a filler, such as zinc oxide, titanium
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oxide, silica, aluminum oxide, red iron oxide, ferrite, tungsten
oxide, ytterbium oxide, barium sulfate, tungsten, or molyb-
denum.

[0093] In the embodiment, the material preferably at least
contains silicone resin particles.

[0094] The acoustic lens 24 is disposed on the acoustic
matching layer 23 to focus ultrasound beams by means of
refraction and improve the resolution. In specific, the acoustic
lens 24 is provided in the ultrasound probe 2 to come into
contact with a subject, and efficiently emits the ultrasound
waves generated in the piezoelectric layer 22 to the subject .
The acoustic lens 24, which is to come into contact with the
subject, is a convex or concave lens depending on the ultra-
sound velocity therein, and converges the ultrasound waves to
be emitted to the subject in the thickness direction (elevation
direction) orthogonal to a cross section to be imaged.

[0095] The acoustic lens 24 is made of a flexible polymer
material having an acoustic impedance approximately inter-
mediate between the acoustic matching layer 23 and the sub-
ject.

[0096] Examples of the material for the acoustic lens 24
include known homopolymer rubbers, such as silicone rub-
ber, butadiene rubber, polyurethane rubber, and epichlorohy-
drin rubber; and copolymer rubbers, such as ethylene-propy-
lene copolymer rubber, which is a copolymer of ethylene with
propylene. Preferred materials among them are silicone rub-
ber and butadiene rubber.

[0097] The operations of the ultrasound probe 2 according
to the embodiment will now be explained.

[0098] In the ultrasound probe 2 according to the embodi-
ment, the primary slits 31 extend through the substrate of the
connecting conductor 22a, while the secondary slits 32 are
shallower than the primary slits 31 and have bottoms apart
from the connecting conductor 22a.

[0099] The piezoelectric layer 22 accordingly has undi-
vided portions between the bottoms of the secondary slits 32
in the respective transducers 100 and the connecting conduc-
tor 22a. This structure can stabilize the subelements 101,
thereby preventing them from tilting.

[0100] Spectra of the transmission band of the ultrasound
probe 2 according to the embodiment will now be described
with reference to FIG. 5.

[0101] In FIG. 5, the vertical axis indicates the sensitivity
[-] while the horizontal axis indicates the frequency [MHz].
[0102] The solid line in FIG. 5 indicates a spectrum of the
transmission band of the ultrasound probe, in which the ratio
of the depth of the primary slits 31 to that of the secondary
slits 32 is 1.2. The dotted line in FIG. 5 indicates a spectrum
of the transmission band of the ultrasound probe, in which the
ratio is 1.05 and the proportion of the depth of the secondary
slits 32 to the thickness of the piezoelectric layer 22 is 90%.
[0103] Theultrasound probe, in which the ratio of the depth
of the primary slits 31 to that of the secondary slits 32 is 1.2,
can provide an excellent spectrum of the transmission band
having bilateral symmetry, as illustrated in FIG. 5.

[0104] Theultrasound probe, in which the ratio of the depth
of the primary slits 31 to that of the secondary slits 32 is 1.05
and the proportion of the depth of the secondary slits 32 to the
thickness of the piezoelectric layer 22 is 90%, can provide an
excellent spectrum of the transmission band having better
bilateral symmetry.

[0105]  According to the embodiment, the ultrasound probe
2 includes a stack including a connecting conductor 22a
having conductive patterns 225, and a plate piezoelectric
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layer 22 disposed on the connecting conductor 22a. The stack
has the primary slits 31 at predetermined intervals, which
primary slits 31 divide the stack into transducers 100 separate
from one another and arrayed in the scanning direction. The
conductive patterns 225 are electrically connected to the
transducers 100. Each of the transducers 100 has the second-
ary slit 32 parallel to the primary slits 31, which secondary slit
32 divides each of the transducers 100 into subelements 101.
The primary slits 31 extend through the connecting conductor
22a. The secondary slits 32 are shallower than the primary
slits 31 and have bottoms apart from the connecting conduc-
tor 22a.

[0106] The piezoelectric layer 22 accordingly has undi-
vided portions between the bottoms of the secondary slits 32
and the connecting conductor 22¢. This structure can stabilize
the subelements 101, thereby preventing them from tilting.
[0107] The prevention of the tilt of the subelements 101
ensures excellent acoustic characteristics.

[0108] According to the embodiment, the ratio of the depth
of the primary slits 31 to that of the secondary slits 32 is higher
than 1.0 and not higher than 1.2.

[0109] This structure can reduce asymmetric vibrations and
achieve an ultrasound probe showing excellent acoustic char-
acteristics.

[0110] According to the embodiment, the proportion of the
depth of the secondary slits 32 to the thickness of the piezo-
electric layer 22 is not lower than 90% and lower than 100%.
[0111] This structure can achieve the ultrasound probe
showing more excellent acoustic characteristics.

[0112] The conductive patterns 225 are provided over the
substantially entire surface in the X direction of the connect-
ing conductor 22a except the portions of the primary slits 31
in the embodiment illustrated in FIG. 3. Alternatively, each of
the conductive patterns 226 on the connecting conductor 224
may be narrowed in the X direction, as illustrated in FIG. 6,
for example. In this case, the conductive patterns 225 have
steps D at their edges from the substrate. This structure more
readily causes the tilt of the subelements for the conventional
secondary slits having a depth substantially identical to that of
the primary slits, if the positions of the secondary slits coin-
cide with the positions of the steps D, for example.

[0113] Incontrast, the piezoelectric layer 22 in the embodi-
ment has undivided portions between the bottoms of the
secondary slits 32 and the connecting conductor 22a, which
prevent the subelements from tilting regardless of the shape
(i.e., widthin the X direction) of each conductive pattern 224.
[0114] The stack 20, which includes the stacked piezoelec-
tric layer 22, connecting conductor 22a, and backing layer 21,
is diced in the embodiment illustrated in FIG. 3. The acoustic
matching layer 23 disposed on the piezoelectric layer 22 may
also be diced together with the stack 20.

[0115] For suchsslits extending from the acoustic matching
layer 23, the thickness of the acoustic matching layer 23 is
subtracted from the depth of each slit in calculating the ratio
of the depth of the primary slits 31 to that of the secondary
slits 32.

[0116] In other words, the ratio of the depth of the primary
slits 31 to that of the secondary slits 32 is defined within the
structure including the piezoelectric layer 22, the connecting
conductor 22a, and the backing layer 21, even if the slits are
provided through the acoustic matching layer 23 or not.
[0117] Second and third embodiments of the present inven-
tion will now be described.
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[0118] In the second and third embodiments, ultrasound
probes 2A and 2B each have a structure different from that in
the first embodiment, while the body 1 has a structure iden-
tical to that in the first embodiment and will not be redun-
dantly described.

[0119] Inthe following description, the components having
functions and structures identical to those in the first embodi-
ment will be referred to by the same reference signs without
redundant description.

Second Embodiment

[0120] FIG. 7 is a schematic perspective view of an ultra-
sound probe 2A according to the second embodiment.
[0121] With reference to FIG. 7, the ultrasound probe 2A
includes a stack 20A including a backing layer 21, a connect-
ing conductor 22a, a heavy backing layer 25, and a piezoelec-
tric layer 22, which are stacked in sequence from the bottom
to the top; an acoustic matching layer 23 disposed on the
piezoelectric layer 22; and an acoustic lens 24 disposed on the
acoustic matching layer 23, for example.

[0122] Theheavy backing layer 25is a back reflecting layer
provided between the piezoelectric layer 22 and the backing
layer 21.

[0123] The heavy backing layer 25 is composed of a mate-
rial having an acoustic impedance higher than that of the
piezoelectric layer 22, and reflects ultrasound waves output-
ted in the direction opposite to a subject with respect to the
piezoelectric layer 22. The heavy backing layer 25 can further
increase the sensitivity to emitted and received ultrasound
waves of the piezoelectric layer 22. If the heavy backing layer
25 narrows the bandwidth, the acoustic matching layer 23
may have three or more sublayers to broaden the bandwidth.
[0124] Intheultrasound probe 2A according to the embodi-
ment, primary slits 31 extend through the connecting conduc-
tor 22a.

[0125] Secondary slits 32 are shallower than the primary
slits 31 and have bottoms located at a predetermined distance
above the connecting conductor 22a. In specific, the second-
ary slits 32 do not reach the bottom of the piezoelectric layer
22, and the bottoms of the secondary slits 32 are located above
the interface between the piezoelectric layer 22 and the heavy
backing layer 25. In more specific, the proportion of the depth
of the secondary slits 32 to the thickness of the piezoelectric
layer 22 is preferably not lower than 90% and lower than
100%. At a proportion not lower than 90% and lower than
100%, the undivided portions of the piezoelectric layer 22 can
have any appropriate vertical length. This structure can pro-
vide an excellent spectrum of the transmission band.

[0126] Inthisstructure, the undivided portions of the piezo-
electric layer 22 and the heavy backing layer 25 between the
bottoms of the secondary slits 32 and the connecting conduc-
tor 22a can stabilize the subelements 101, thereby preventing
them from tilting.

[0127] The prevention of the tilt of the subelements ensures
excellent acoustic characteristics.

[0128] The dicing process does not completely divide the
piezoelectric layer 22, and imposes smaller process loads.
[0129] A spectrum of the transmission band of the ultra-
sound probe 2A according to the embodiment will now be
described with reference to FIG. 8.

[0130] In FIG. 8, the vertical axis indicates the sensitivity
[-] while the horizontal axis indicates the frequency [MHz].
[0131] FIG. 8 is a spectrum diagram illustrating the trans-
mission band of the ultrasound probe 2A, in which the pro-
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portion of the depth of the secondary slits 32 to the thickness
of the piezoelectric layer 22 is 90%.

[0132] With reference to FIG. 8, the ultrasound probe 2A
can also provide an excellent spectrum of the transmission
band having approximately bilateral symmetry.

Third Embodiment

[0133] FIG. 9 is a schematic perspective view of an ultra-
sound probe 2B according to the third embodiment.

[0134] With reference to FIG. 9, the ultrasound probe 2B
includes a stack 20B including a backing layer 21, a connect-
ing conductor 22a, a heavy backing layer 25, and a piezoelec-
tric layer 22, which are stacked in sequence from the bottom
to the top; an acoustic matching layer 23 disposed on the
piezoelectric layer 22; and an acoustic lens 24 disposed on the
acoustic matching layer 23, for example.

[0135] Inthe ultrasound probe 2B according to the embodi-
ment, primary slits 31 extend through the connecting conduc-
tor 22a.

[0136] Secondary slits 32 are shallower than the primary
slits 31 and have bottoms located at a predetermined distance
above the connecting conductor 22a.

[0137] Inspecific, the secondary slits 32 extend to a prede-
termined depth below the center in the thickness direction of
the heavy backing layer 25.

[0138] The ratio of the depth of the primary slits 31 to that
of the secondary slits 32 is preferably higher than 1.0 and not
higher than 2.2.

[0139] If the depth of the primary slits 31 to that of the
secondary slits 32 is higher than 1.0, the structure can prevent
the subelements 101 from tilting by the action of mechanical
loads thereon during the dicing process. At a ratio of not
higher than 2.2, the structure can avoid the problem of a poor
spectrum of the transmission band which would be caused by
a large difference in depth between the primary slits 31 and
the secondary slits 32.

[0140] Thebottoms of the secondary slits 32 are preferably
located below the center in the thickness direction of the
heavy backing layer 25.

[0141] If the bottoms of the secondary slits 32 are located
below the center in the thickness direction of the heavy back-
ing layer 25, the undivided portions of the heavy backing
layer 25 between the bottoms of the secondary slits 32 and the
connecting conductor 22a can have any appropriate vertical
length. This structure can provide an excellent spectrum of
the transmission band.

[0142] Spectra of the transmission band of the ultrasound
probe 2B according to the embodiment will now be described
with reference to FIG. 10.

[0143] InFIG. 10, the vertical axis indicates the sensitivity
[-] while the horizontal axis indicates the frequency [MHz].
[0144] InFIG. 10, the solid line indicates a spectrum of the
transmission band of an ultrasound probe having a ratio of2.2
of the depth of the primary slits 31 to that of the secondary
slits 32; while the dotted line indicates a spectrum of the
transmission band of an ultrasound probe having a ratio of
2.3.

[0145] With reference to FIG. 10, a ripple (indicated by
reference sign R) appears in the band of the ultrasound probe
having the ratio 2.3 of the depth of the primary slits 31 to that
of the secondary slits 32.

[0146] In contrast, no ripple appears in the band of the
ultrasound probe having the ratio 2.2 of the depth of the
primary slits 31 to that of the secondary slits 32. This ultra-
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sound probe can reduce asymmetric vibrations and shows
excellent acoustic characteristics.
[0147] The ultrasound probe having the ratio 2.2 of the
depth of the primary slits 31 to that of the secondary slits 32
shows frequency characteristics broader than those of the
ultrasound probe having the ratio of 2.3.
[0148] In this structure, the heavy backing layer 25 has
undivided portions between the bottoms of the secondary slits
32 and the connecting conductor 22a to stabilize the subele-
ments 101, thereby preventing them from tilting.
[0149] The prevention of the tilt of the subelements ensures
excellent acoustic characteristics.
[0150] The ratio of the depth of the primary slits 31 to that
of the secondary slits 32 is adjusted to be higher than 1.0 and
not higher than 2.2 so that the ultrasound probe can reduce
asymmetric vibrations due to a difference in depth between
the primary slits 31 and the secondary slits 32, showing excel-
lent acoustic characteristics. The ratio also enables the ultra-
sound probe to show a sufficiently high time response, with
no undue influence of the heavy backing layer 25.
[0151] The stack 20A or 20B, which includes the stacked
piezoelectric layer 22, heavy backing layer 25, connecting
conductor 22a, and backing layer 21, is diced in the second
and third embodiments illustrated in FIGS. 7 and 9. The
acoustic matching layer 23 disposed on the piezoelectriclayer
22 may also be diced together with the stack 20A or 20B.
[0152] For such slits extending from the acoustic matching
layer 23, the thickness of the acoustic matching layer 23 is
subtracted from the depth of each slit in calculating the ratio
of the depth of the primary slits 31 to that of the secondary
slits 32.
[0153] In other words, the ratio of the depth of the primary
slits 31 to that of the secondary slits 32 is defined within the
structure including the piezoelectric layer 22, the heavy back-
ing layer 25, the connecting conductor 22a, and the backing
layer 21, even if the slits are provided through the acoustic
matching layer 23 or not.
[0154] The above-described details of the first to third
embodiments may be appropriately modified without depart-
ing from the gist of the present invention.
[0155] Although the transducers 100 are disposed in a one-
dimensional array in the X direction in the first to third
embodiments, the transducers 100 may be disposed in a two-
dimensional array, for example.
[0156] Theentire disclosure of Japanese Patent Application
No. 2013-056401 filed on Mar. 19, 2013 including descrip-
tion, claims, drawings, and abstract are incorporated herein
by reference in its entirety.
[0157] Although various exemplary embodiments have
been shown and described, the invention is not limited to the
embodiments shown. Therefore, the scope of the invention is
intended to be limited solely by the scope of the claims that
follow.
What is claimed is:
1. An ultrasound probe comprising a stack including:
a connecting conductor having conductive patterns; and
apiezoelectric plate disposed on the connecting conductor,
wherein
the stack has first dividing slits at predetermined intervals,
the first dividing slits dividing the stack into transducers
separate from one another and arrayed in a scanning
direction;
the conductive patterns are electrically connected to the
transducers;
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each of the transducers has a second dividing slit parallel to
the first dividing slits, the second dividing slit dividing
each of the transducers into subelements;

the first dividing slits extend through the connecting con-

ductor; and

the second dividing slits are shallower than the first divid-

ing slits and have bottoms apart from the connecting
conductor.

2. The ultrasound probe according to claim 1, wherein a
ratio of a depth of the first dividing slits to a depth of the
second dividing slits is higher than 1.0 and not higher than
1.2.

3. The ultrasound probe according to claim 1, wherein a
proportion of a depth of the second dividing slits to a thick-
ness of the piezoelectric plate is not lower than 90% and lower
than 100%.

4. An ultrasound probe comprising a stack including:

a piezoelectric plate;

a back reflecting layer disposed on a back surface of the

piezoelectric plate; and

a connecting conductor having conductive patterns,

wherein

the stack has first dividing slits at predetermined intervals,

the first dividing slits dividing the stack into transducers
separate from one another and arrayed in a scanning
direction;

the conductive patterns are electrically connected to the

transducers;

each of the transducers has a second dividing slit parallel to

the first dividing slits, the second dividing slit dividing
each of the transducers into subelements;

the first dividing slits extend through the connecting con-

ductor; and

the second dividing slits are shallower than the first divid-

ing slits and have bottoms apart from the connecting
conductor.
5. The ultrasound probe according to claim 4, wherein the
bottoms of the second dividing slits are located above an
interface between the piezoelectric plate and the back reflect-
ing layer.
6. The ultrasound probe according to claim 4, wherein a
ratio of a depth of the first dividing slits to a depth of the
second dividing slits is higher than 1.0 and not higher than
2.2.
7. The ultrasound probe according to claim 6, wherein the
bottoms of the second dividing slits are located below a center
in a thickness direction of the back reflecting layer.
8. An ultrasound diagnostic imaging apparatus compris-
ing:
the ultrasound probe according to claim 1, the ultrasound
probe emitting ultrasound waves to a subject in response
to a drive signal, and receiving ultrasound waves
reflected by the subject to output a reception signal; and

an image generation unit that generates ultrasound image
data based on the reception signal outputted from the
ultrasound probe.

9. An ultrasound diagnostic imaging apparatus compris-
ing:

the ultrasound probe according to claim 4, the ultrasound

probe emitting ultrasound waves to a subject in response
to a drive signal, and receiving ultrasound waves
reflected by the subject to output a reception signal; and
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an image generation unit that generates ultrasound image
data based on the reception signal outputted from the
ultrasound probe.

* % % ok &



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

#RI&ZBAA
4PN

IPCH %5
CPCH %5
11 AR

H A2 FF 30k
SERaERE

BEG®F)

BERANES LMK GIRE

US20140288430A1 ASIHUN=!
US14/218628 i H
FRFHASH

FIfeR3EREL | INC.

ffE+3&4EE% | INC.

UCHIBORI MASAMI

UCHIBORI, MASAMI

A61B8/00 A61B8/14

A61B8/14 A61B8/4444 A61B8/4494 BO6B1/0611 BO6B1/0622
2013056401 2013-03-19 JP

US9320495

Espacenet USPTO

BERLOERER  ZHEBOEEASEERNERSHAMREREERE
St ENESRR, #BEEMERRNSE —oEkE. F—oRkEN
HBD KR TR REERF R AR A A, SERRBERTRE
o BMRERER VI TE —IRKENFE_DREIRE. F -0k
GRS MRS T . F-IRRBEMRFIERSE. F-5
RIRsELLE — o Rkax A BRAEEEESFHNEL.

2014-09-25

2014-03-18

11

patsnap

17



https://share-analytics.zhihuiya.com/view/fac0a07d-31ed-4d09-8f54-3ae7a7f1602e
https://worldwide.espacenet.com/patent/search/family/051569644/publication/US2014288430A1?q=US2014288430A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220140288430%22.PGNR.&OS=DN/20140288430&RS=DN/20140288430

