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Description

TECHNICAL FIELD

[0001] The present invention relates to an ultrasound
probe capable of reducing characteristic deterioration
due to damage of a piezoelectric device.

BACKGROUND ART

[0002] A conventionally known ultrasound probe is one
in which a piezoelectric device, one or more acoustic
matching layers, a first signal flexible board, a second
signal flexible board, and a backing member are stacked
on top of one another (e.g., see the following Patent Doc-
ument 1).
[0003] Fig. 13 shows a cross-sectional perspective
view of an ultrasound element portion (acoustic stack)
101 of an array scanning type ultrasound probe. The ul-
trasound element portion 101 includes the piezoelectric
device 102 which is an electroacoustic conversion device
made of PZT piezoelectric ceramic or the like, one or
more acoustic matching layers 103, a first signal flexible
board 104 which transfers electric signals to be transmit-
ted to and received from the piezoelectric device 102, a
second signal flexible board 105 which deals with electric
signals of polarity opposite to that of the first signal flexible
board 104, and a backing member 106 attached to the
opposite side of the piezoelectric device 102 from the
ultrasound emitting surface. The array scanning type ul-
trasound probe includes the ultrasound element portion
101, a housing (not shown) which covers the ultrasound
element portion 101, a cable (not shown) for connection
to an ultrasound diagnostic equipment (not shown), and
the like.
[0004] In the ultrasound element portion 101, drive sig-
nals from the ultrasound diagnostic equipment (not
shown) are applied to the piezoelectric device 102
through the first signal flexible board 104 and the second
signal flexible board 105, converted into ultrasound sig-
nals by the piezoelectric device 102, and then applied to
a subject (not shown) through the acoustic matching lay-
ers 103. Moreover, ultrasound signals reflected from the
subject passes through the acoustic matching layers 103,
and then are received and converted into electric signals
by the piezoelectric device 102. The electric signals are
sent to the ultrasound diagnostic equipment through the
first signal flexible board 104 and the second signal flex-
ible board 105 to undergo signal processing.
[0005] An ultrasound beam of the array scanning type
ultrasound probe directed in the array (arrangement) di-
rection (direction AA in the drawing) is formed into a de-
sired beam shape to form a focal point at a predetermined
depth, by controlling with the ultrasound diagnostic
equipment several tens to several hundreds of individual
elements 101a of the ultrasound element portion 101
which are divided in the array direction. Meanwhile, as
to a direction (direction BB in the drawing, also expressed

as the short axis direction) perpendicular to the array
direction, an acoustic lens (not shown) which is generally
made of silicone rubber or the like is used to form a focal
point. This acoustic lens made of silicone rubber has fre-
quency-dependent attenuation, and therefore deterio-
rates its sensitivity characteristics particularly when used
in an array scanning type ultrasound probe using high
frequencies. To address this, an array type ultrasound
probe is known in which a flat piezoelectric device 102
is partly provided with incisions (kerfs) 107, and is me-
chanically curved with a certain curvature in the direction
perpendicular to the array direction, thereby forming a
focal point with the curvature instead of forming a beam
shape by an acoustic lens.
[0006] Patent Document 1: Japanese Patent Applica-
tion Publication H11-317999 (Fig. 1)
[0007] In the ultrasound element portion of the above-
described conventional array scanning type ultrasound
probe, the flat piezoelectric device 102 is partly provided
with the incisions 107 and is mechanically curved with a
certain curvature in the direction perpendicular to the ar-
ray direction, thereby forming a focal point with the cur-
vature. However, when mechanically curved, the piezo-
electric device 102 made of ceramic or the like is apt to
be cracked and damaged because stress concentrates
at the regions of the incisions 107 of the piezoelectric
device 102. This raises a problem that the damage re-
duces ultrasound of the array scanning type ultrasound
probe at the time of transmission and reception, causing
a sensitivity deterioration of a diagnostic image.
[0008] US 6 043 589 A discloses a two-dimensional
ultrasound transducer array and the method of manufac-
turing thereof in which the transducer array is formed by
a plurality of transducer elements sequentially arranged
in the azimuth direction and each transducer element
has a non-uniform thickness and each transducer is di-
vided into a left and a right half which can be independ-
ently excited.
[0009] US 5 792 058 A discloses a broadband trans-
ducer array for use in an acoustic imaging system having
a plurality of transducer elements disposed on a pre-
formed support. The support has a non-planar top sur-
face on which are disposed a plurality of elevationally
curved transducer elements. Kerfs separate each trans-
ducer element from one another.
[0010] US 5 886 454 A discloses an ultrasonic probe
including a plurality of piezoelectric elements arrayed on
acoustic absorption backing material with predetermined
spaces, a plurality of acoustic matching members formed
on the piezoelectric elements and arrayed with gaps
smaller than array gaps of the piezoelectric elements,
polymer resin with which only the gaps between the pi-
ezoelectric elements are filled and having hardness lower
than the material of the piezoelectric elements, and an
acoustic lens formed on the plurality of acoustic matching
members.
[0011] JP 2006 122657 A discloses an ultrasonic di-
agnostic apparatus and a probe, wherein a 2D array
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transducer is composed of a plurality of transducer ele-
ments, the plurality of transducer elements being two-
dimensionally arranged on the concave cylindrical sur-
face. The plurality of transducer elements are separated
from one another by a plurality of X grooves. On the rear
side of the 2D array transducer, there is provided a back-
ing unit having a substrate, wherein the substrate is con-
figured as a flexible circuit substrate.

DISCLOSURE OF THE INVENTION

[0012] The present invention has been made to solve
the above-described conventional problems. Multiple in-
cisions are provided at regular intervals in a direction
perpendicular to the array direction, each of the incisions
being provided to pass through a piezoelectric device in
the thickness direction and to extend to near a surface
of an acoustic matching layer, the surface not being in
contact with the piezoelectric device. In other words, the
provision of the incisions passing through the piezoelec-
tric device in the thickness direction mitigates stress con-
centration when the piezoelectric device is curved, thus
making it possible to prevent the piezoelectric device
from being damaged.
[0013] In the above-mentioned way, according to the
present invention, an array scanning type ultrasound
probe can be provided in which a sensitivity deterioration
of a diagnostic Image due to the damage of a piezoelec-
tric device can be reduced and in which a curvature can
favorably be formed in a direction perpendicular to the
array direction.
[0014] According to the present invention, there is pro-
vided an ultrasound probe, as set out in independent
claim 1. Advantageous developments are defined in the
dependent claims.
[0015] To solve the above-described conventional
problems, an ultrasound probe according to the present
invention includes an electroacoustic conversion unit
formed by arranging a plurality of piezoelectric devices
and a plurality of acoustic matching layers in a predeter-
mined direction, each of the plurality of piezoelectric de-
vices being an electroacoustic conversion device, the
plurality of acoustic matching layers being respectively
stacked on the respective piezoelectric devices; and a
signal flexible board transferring electric signals to be
transmitted to and received from the plurality of piezoe-
lectric devices, the ultrasound probe having a configura-
tion in which an incision passing through the plurality of
piezoelectric devices in respective thickness directions
of the piezoelectric devices and extending into the cor-
responding acoustic matching layers stacked on the re-
spective piezoelectric devices is provided in parallel to
the arrangement direction.
[0016] This configuration can prevent a diminution of
ultrasound at the time of transmission and at the time of
reception due to the damage of a piezoelectric device.
In other words, a sensitivity deterioration of a diagnostic
image can be reduced.

[0017] Further, the ultrasound probe according to the
present invention includes the incision provided in plu-
rality at regular intervals in a direction perpendicular to
the arrangement direction.
[0018] With this configuration, since a plurality of inci-
sions are provided to reach the acoustic matching layers,
the flexibility in shape of the acoustic matching layers are
improved in the direction perpendicular to the array (ar-
rangement) direction, and the acoustic matching layers
can flexibly follow the curving of the piezoelectric device.
[0019] Further, the ultrasound probe according to the
present invention has a configuration in which the acous-
tic matching layers are longer in length in the direction
perpendicular to the arrangement direction than the pie-
zoelectric devices.
[0020] Compared to the case where the lengths of the
acoustic matching layers and the piezoelectric devices
are the same, this configuration can prevent disturbance
in ultrasound at end portions of the piezoelectric devices,
and can prevent a diminution of ultrasound transmission
and reception signal due to the damage of a piezoelectric
device at the time of fabrication. In other words, a sensi-
tivity deterioration of a diagnostic image can be reduced.
[0021] Further, the ultrasound probe according to the
present invention has a configuration in which, in the
acoustic matching layers stacked on the piezoelectric de-
vices, an incision is provided in a portion of the acoustic
matching layers, the portion protruding from the piezoe-
lectric devices.
[0022] This configuration prevents an inflection point
in a cross-sectional shape at the end portions of the pi-
ezoelectric devices from being caused by the distortion
of the acoustic matching layers, and prevents stress from
concentrating at the end portions of the piezoelectric de-
vices, thereby capable of reducing a sensitivity deterio-
ration of a diagnostic image caused by the damage of a
piezoelectric device.
[0023] Further, in the ultrasound probe according to
the present invention, the incision in the acoustic match-
ing layers is provided to have such a depth that the re-
maining acoustic matching layers have a dimension of
less than 1/9 of a wavelength of ultrasound emitted by
the piezoelectric devices.
[0024] This configuration makes it possible to reduce
the thickness of junction points left after making the inci-
sion in the acoustic matching layers, thus improving flex-
ibility when the acoustic matching layers are formed into
curved shapes. Accordingly, a sensitivity deterioration of
a diagnostic image due to the damage of a piezoelectric
device can be reduced, and a curvature can favorably
be formed in the direction perpendicular to the array di-
rection.
[0025] The present invention can prevent a diminution
of ultrasound at the time of transmission and at the time
of reception due to the damage of a piezoelectric device,
by providing incisions at regular intervals in the direction
perpendicular to the array direction, the incisions passing
through the piezoelectric devices in the thickness direc-
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tion and extending to near the surfaces of the acoustic
matching layers which are not in contact with the piezo-
electric devices. In other words, an array scanning type
ultrasound probe can be provided which has the effect
of reducing a sensitivity deterioration of a diagnostic im-
age.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

[Fig. 1] A cross-sectional perspective view of a first
embodiment of the present invention.
[Fig. 2] A cross-sectional view of a stack of a piezo-
electric device, an acoustic matching layer, and a
signal flexible board.
[Fig. 3] A cross-sectional view showing incisions pro-
vided in parallel to an array direction after stacking
the piezoelectric device, the acoustic matching layer,
and the signal flexible board together.
[Fig. 4] A cross-sectional view of the first embodi-
ment of the present invention as seen from a direc-
tion perpendicular to the array direction.
[Fig. 5] A cross-sectional view of a second embodi-
ment of the present invention as seen from a direc-
tion perpendicular to the array direction.
[Fig. 6] A cross-sectional view of the second embod-
iment of the present invention in a state in which
incisions are provided in parallel to the array direc-
tion.
[Fig. 7] A cross-sectional view of a third embodiment
of the present invention as seen from a direction per-
pendicular to the array direction.
[Fig. 8] A cross-sectional view of the third embodi-
ment of the present invention in a state in which in-
cisions are provided in parallel to the array direction.
[Fig. 9] A cross-sectional view of a fourth embodi-
ment of the present invention as seen from a direc-
tion perpendicular to the array direction.
[Fig. 10] A cross-sectional view of the fourth embod-
iment of the present invention in a state in which
incisions are provided in parallel to the array direc-
tion.
[Fig. 11] An enlarged view of part A of the cross-
sectional view of the fourth embodiment of the
present invention in a state in which incisions are
provided in parallel to the array direction.
[Fig. 12] A characteristic data view obtained by
measuring a radius of curvature in direction BB of
Fig. 9.
[Fig. 13] A cross-sectional perspective view of a con-
ventional array scanning type ultrasound probe.

BEST MODE FOR CARRYING OUT THE INVENTION

[0027] Hereinafter, an array scanning type ultrasound
probe of an embodiment of the present invention will be
described with reference to the drawings.

(First Embodiment)

[0028] Fig. 1 shows a cross-sectional perspective view
of a plane perpendicular to the array (arrangement) di-
rection (direction AA in the drawing) of an ultrasound el-
ement portion 1 of an ultrasound probe of a first embod-
iment of the present invention (plane containing direction
BB in the drawing, also expressed as the short axis di-
rection).
[0029] As shown in Fig. 1, the ultrasound element por-
tion 1 which transmits and receives ultrasound includes
an electroacoustic conversion unit, a first signal flexible
board 4, a second signal flexible board 5, and a backing
member 6. The electroacoustic conversion unit includes
a piezoelectric device 2 and an acoustic matching layer
3. The piezoelectric device 2 is made of piezoelectric
ceramic such as PZT ceramic or the like and transmits
and receives ultrasound. The acoustic matching layer 3
is used to allow ultrasound to efficiently propagate and
made of resin containing added electrically conductive
material or graphite. The first signal flexible board 4 trans-
fers electric signals to be transmitted to and received
from the piezoelectric device 2. The second signal flex-
ible board 5 deals with electric signals of polarity opposite
to that of the first signal flexible board 4. The backing
member 6 mechanically holds the piezoelectric device 2
and has the function of attenuating unnecessary ultra-
sound signals. The first signal flexible board 4, the acous-
tic matching layer 3, the piezoelectric device 2, the sec-
ond signal flexible board 5, and the backing member 6
are stacked in this order. It should be noted that elec-
trodes are provided on two surfaces of the piezoelectric
device 2, the surfaces being opposite to each other in
the stacking direction.
[0030] Specifically, this ultrasound element portion 1
is divided into several tens to several hundreds of ele-
ments in the array direction and divided into several tens
of elements in the short axis direction by making incisions
by means of cutting (dicing) or the like not only in the
short axis direction (BB) at regular intervals but also in
the array direction (AA) at regular intervals.
[0031] The ultrasound element portion 1 configured as
described above generates ultrasound by exerting the
electroacoustic conversion effect of the piezoelectric de-
vice 2 on a starting voltage which is applied from an ul-
trasound diagnostic equipment (not shown) through the
first signal flexible board 4 and the second signal flexible
board 5, and applies the ultrasound to a subject (not
shown) through the acoustic matching layer 3. Moreover,
the ultrasound reflected from the subject passes through
the acoustic matching layer 3 to be received by the pie-
zoelectric device 2 and converted into electric signals by
the electroacoustic conversion effect of the piezoelectric
device 2, taken out by the first signal flexible board 4 and
the second signal flexible board 5, and computed by the
ultrasound diagnostic equipment. It should be noted that
though the acoustic matching layer 3 is stacked between
the piezoelectric device 2 and the first signal flexible
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board 4, the acoustic matching layer 3 is made of resin,
graphite, or the like containing electrically conductive ma-
terial and therefore allows electric signals to be trans-
ferred between the piezoelectric device 2 and the first
signal flexible board 4.
[0032] Here, as to an ultrasound beam in the array di-
rection, by delaying the transmission or reception times
of signals from the ultrasound diagnostic equipment to
the several tens to several hundreds of divided elements,
an ultrasound beam in which ultrasound signals from the
respective elements are combined together is produced.
As to an ultrasound beam in the direction perpendicular
to the array direction, an ultrasound beam is produced
by curving the ultrasound element portion 1 to a desired
curvature in the direction perpendicular to the array di-
rection. A favorable ultrasound image is extracted by a
combination of the ultrasound beam in the array direction
and the ultrasound beam in the direction perpendicular
to the array direction.
[0033] Next, a preferred fabrication process of the ar-
ray scanning type ultrasound probe operating in this way
will be described.
[0034] Fig. 2 shows a cross-sectional view of a stacked
state as seen from the direction perpendicular to the array
direction. The piezoelectric device 2, the acoustic match-
ing layer 3, and the first signal flexible board 4 are bonded
together using an epoxy adhesive or the like to be stacked
in this order. Here, at the time of bonding using an epoxy
adhesive or the like, ohmic contacts can be respectively
formed between the piezoelectric device 2 and the
acoustic matching layer 3 and between the acoustic
matching layer 3 and the first signal flexible board 4 by
extremely thinning adhesive layers. Thus, electrical con-
nections among the piezoelectric device 2, the acoustic
matching layer 3, and the first signal flexible board 4 can
be obtained.
[0035] In Fig. 2, the several to several tens of incisions
7 are provided in parallel to the array direction at an equal
pitch approximately 0.6 times the thickness of the piezo-
electric device 2 by means of cutting or the like so that
the incisions 7 can pass through the piezoelectric device
2 in the thickness direction and extend to near the surface
of the acoustic matching layer 3, the surface not being
in contact with the piezoelectric device 2. In other words,
the incisions are provided from the piezoelectric device
2 side to the acoustic matching layer 3 side with a dimen-
sion (T3) or greater than the thickness dimension (T1) of
the piezoelectric device and less than the value obtained
by adding the thickness dimension (T2) of the acoustic
matching layer to the thickness dimension (T1) of the
piezoelectric device.
[0036] Here, when the incisions 7 are provided by
means of cutting or the like, the incisions are made to
extend to near the surface of the acoustic matching layer
3, the surface not being in contact with the piezoelectric
device 2, so that the piezoelectric device 2 and the acous-
tic matching layer 3 may not break up. Fig. 3 shows a
cross-sectional view of a state in which incisions are

made, as seen from the direction perpendicular to the
array direction.
[0037] In Fig. 1, a stack of the first signal flexible board
4, the acoustic matching layer 3, the piezoelectric device
2, the second signal flexible board 5, and the backing
member 6 is shown; in Figs. 2 and 3, a stack of the first
signal flexible board 4, the acoustic matching layer 3, and
the piezoelectric device 2 is shown. However, a plurality
of acoustic matching layers 3 may be stacked between
the piezoelectric device 2 and the first signal flexible
board 4.
[0038] Next, the backing member 6 and the second
signal flexible board 5 which have been given a desired
curvature beforehand are bonded to the unit of Fig. 3
using an epoxy adhesive or the like to be stacked thereon.
At this time, it should be ensured that the incisions 7 are
filled with the adhesive. Here, at the time of bonding using
an epoxy adhesive or the like, an ohmic contact can be
formed between the piezoelectric device 2 and the sec-
ond signal flexible board 5 by extremely thinning the ad-
hesive layer. Thus, an electrical connection between the
piezoelectric device 2 and the second signal flexible
board 5 can be obtained.
[0039] Fig. 4 shows a cross-sectional view of this state
as seen from the direction perpendicular to the array di-
rection. At this time, a favorable shape can be held by
performing bonding while applying pressure from the sur-
face, of the piezoelectric device 2, which is on the side
of the first signal flexible board 4 in Fig. 3 using a sup-
porting tool (not shown) which has a curvature approxi-
mately the same as the curvature preformed in the back-
ing member 6.
[0040] The unit of Fig. 4 is further divided into several
tens to several hundreds of elements in the direction per-
pendicular to the array direction by means of cutting or
the like. Thus, the ultrasound element portion 1 of Fig. 1
is completed. At this time, since the incisions 7 have an
anchor effect to improve the adhesive strength of the unit
of Fig. 4, division by cutting is favorably performed.
[0041] At the time of forming the unit of Fig. 3 into the
unit of Fig. 4, the above-described means prevents stress
concentration at the piezoelectric device 2 from being
caused by mechanically curving the unit of Fig. 3 so that
the unit of Fig. 3 may have a curvature in the direction
perpendicular to the array direction, and eliminates the
risk that the piezoelectric device 2 will be damaged, since
the incisions 7 passing through the piezoelectric device
2 are provided at regular intervals in the direction per-
pendicular to the array direction.
[0042] It should be noted that though an array type
ultrasound probe with a linear shape has been described
in this embodiment, similar effects are also exerted on a
convex type of array type ultrasound probe in the shape
of a sector.
[0043] From the above, the use of the array type ultra-
sound probe of this embodiment can prevent a diminution
of ultrasound at the time of transmission and at the time
of reception due to the damage of a piezoelectric device.
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In other words, a sensitivity deterioration of a diagnostic
image can be reduced.

(Second Embodiment)

[0044] Fig. 5 shows a cross-sectional view of an ultra-
sound element portion of a second embodiment of the
present invention as seen from the direction perpendic-
ular to the array direction.
[0045] Fig. 5 shows a configuration in which a piezo-
electric device 8 is shorter in length in the direction per-
pendicular to the array direction than components of an
acoustic matching layer 9 and the backing member 6 (the
dimension of the acoustic matching layer in the short axis
direction is longer than the dimension of the piezoelectric
device in the short axis direction).
[0046] In the ultrasound element portion of Fig. 5, the
piezoelectric device 8, the acoustic matching layer 9, and
the first signal flexible board 4 are bonded together using
an epoxy adhesive or the like to be stacked in this order.
At this time, it is desirable that the piezoelectric device 8
be located on a middle portion relative to the acoustic
matching layer 9 in the direction perpendicular to the ar-
ray direction. Fig. 6 shows a cross-sectional view as seen
from the direction perpendicular to the array direction in
the stage in which incisions have been made. Incisions
10 are provided in parallel to the array direction at an
equal pitch approximately 0.6 times the length of the pi-
ezoelectric device 8 in the thickness direction. Specifi-
cally, several to several tens of incisions 10 are provided
by means of cutting or the like so as to pass through the
piezoelectric device 8 in the thickness direction to extend
to near the surface of the acoustic matching layer 9, the
surface not being in contact with the piezoelectric device
8. Here, when the incisions 10 are provided by means of
cutting or the like, incisions are made to extend to near
the surface of the acoustic matching layer 9, the surface
not being in contact with the piezoelectric device 8, so
that the piezoelectric device 8 and the acoustic matching
layer 9 may not break up. Meanwhile, at this time, in
portions of the acoustic matching layer 9 which are not
in contact with the piezoelectric device 8, the incisions
10 are not provided by means of cutting or the like.
[0047] In Fig. 5, a stack of the first signal flexible board
4, the acoustic matching layer 9, the piezoelectric device
8, the second signal flexible board 5, and the backing
member 6 is shown; in Fig. 6, a stack of the first signal
flexible board 4, the acoustic matching layer 9, and the
piezoelectric device 8 is shown. However, a plurality of
acoustic matching layers 9 may be stacked between the
piezoelectric device 8 and the first signal flexible board 4.
[0048] The backing member 6 and the second signal
flexible board 5 which have been given a desired curva-
ture beforehand are bonded to the unit of Fig. 6 using an
epoxy adhesive or the like to be stacked thereon, thus
making the configuration of Fig. 5. At this time, it should
be ensured that the incisions 10 are filled with the adhe-
sive.

[0049] After that, division into several tens to several
hundreds of elements is performed in the direction per-
pendicular to the array direction by means of cutting or
the like. At this time, since the incisions 10 have an anchor
effect to improve the adhesive strength of the unit of Fig.
5, division by cutting is favorably performed.
[0050] The above-described means prevents stress
concentration at the piezoelectric device 8 from being
caused by mechanically curving the unit of Fig. 6 so that
the unit of Fig. 6 may have a curvature in the direction
perpendicular to the array direction, and eliminates the
risk that the piezoelectric device 8 will be damaged, since
the incisions 10 passing through the piezoelectric device
8 are provided at regular intervals in the direction per-
pendicular to the array direction.
[0051] It should be noted that this embodiment also
has similar effects on an array type ultrasound probe with
a linear shape and a convex type of array type ultrasound
probe in the shape of a sector.
[0052] From the above, the use of the array type ultra-
sound probe of this embodiment can prevent a diminution
of ultrasound at the time of transmission and at the time
of reception due to the damage of a piezoelectric device.
In other words, a sensitivity deterioration of a diagnostic
image can be reduced.

(Third Embodiment)

[0053] Fig. 7 shows a cross-sectional view of an ultra-
sound element portion of a third embodiment of the
present invention as seen from the direction perpendic-
ular to the array direction.
[0054] Fig. 7 shows a configuration in which a piezo-
electric device 11 is shorter in length in the direction per-
pendicular to the array direction than components of an
acoustic matching layer 12 and the backing member 6
as the case of Fig. 5.
[0055] In the ultrasound element portion of Fig. 7, the
piezoelectric device 11, the acoustic matching layer 12,
and the first signal flexible board 4 are bonded together
using an epoxy adhesive or the like to be stacked in this
order. At this time, it is desirable that the piezoelectric
device 11 be located on a middle portion relative to the
acoustic matching layer 12 in the direction perpendicular
to the array direction. Fig. 8 shows a cross-sectional view
as seen from the direction perpendicular to the array di-
rection in the stage in which incisions have been made.
Several to several tens of incisions 13 are provided in
parallel to the array direction at an equal pitch approxi-
mately 0.6 times the length of the piezoelectric device 11
in the thickness direction by means of cutting or the like
so as to pass through the piezoelectric device 11 in the
thickness direction to extend to near the surface of the
acoustic matching layer 12, the surface not being in con-
tact with the piezoelectric device 11. Here, when the in-
cisions 13 are provided by means of cutting or the like,
incisions are made to extend to near the surface of the
acoustic matching layer 12, the surface not being in con-
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tact with the piezoelectric device 11, so that the piezoe-
lectric device 11 and the acoustic matching layer 12 may
not break up. Moreover, at this time, in portions of the
acoustic matching layer 12 which are not in contact with
the piezoelectric device 11, the incisions 13 are also pro-
vided similarly.
[0056] In Fig. 7, a stack of the first signal flexible board
4, the acoustic matching layer 12, the piezoelectric de-
vice 11, the second signal flexible board 5, and the back-
ing member 6 is shown; in Fig. 8, a stack of the first signal
flexible board 4, the acoustic matching layer 12, and the
piezoelectric device 11 is shown. However, a plurality of
acoustic matching layers 12 may be stacked between
the piezoelectric device 11 and the first signal flexible
board 4.
[0057] The backing member 6 and the second signal
flexible board 5 which have been given a desired curva-
ture beforehand are bonded to the unit of Fig. 8 using an
epoxy adhesive or the like to be stacked thereon, thus
making the configuration of Fig. 7.
[0058] After that, division into several tens to several
hundreds of elements is performed in the direction per-
pendicular to the array direction by means of cutting or
the like. At this time, since the incisions 10 have an anchor
effect to improve the adhesive strength of the unit of Fig.
5, division by cutting is favorably performed.
[0059] The above-described means prevents stress
concentration at the piezoelectric device 11 from being
caused by mechanically curving the unit of Fig. 8 so that
the unit of Fig. 8 may have a curvature in the direction
perpendicular to the array direction, and eliminates the
risk that the piezoelectric device 11 will be damaged,
since the incisions 13 passing through the piezoelectric
device 11 are provided at regular intervals in the direction
perpendicular to the array direction.
[0060] It should be noted that this embodiment also
has similar effects on an array type ultrasound probe with
a linear shape and a convex type of array type ultrasound
probe in the shape of a sector.
[0061] From the above, the use of the ultrasound probe
of this embodiment can prevent a diminution of ultra-
sound at the time of transmission and at the time of re-
ception due to the damage of a piezoelectric device. In
other words, a sensitivity deterioration of a diagnostic
image can be reduced.

(Fourth Embodiment)

[0062] Fig. 9 shows a cross-sectional view of an ultra-
sound element portion of a fourth embodiment of the
present invention as seen from the direction perpendic-
ular to the array direction.
[0063] In Fig. 9, an acoustic matching layer 15 is pro-
vided with incisions 16 at regular intervals in the direction
perpendicular to the array direction with a thickness (d
in the same drawing) less than 1/9 of the wavelength of
the ultrasound emitted by a piezoelectric device 15 being
left in the thickness direction from the surface, of the

acoustic matching layer 15, the surface not being in con-
tact with the piezoelectric device 14.
[0064] In the ultrasound element portion of Fig. 9, the
piezoelectric device 14, the acoustic matching layer 15,
and the first signal flexible board 4 are bonded together
using an epoxy adhesive or the like to be stacked in this
order. Fig. 10 shows a cross-sectional view as seen from
the direction perpendicular to the array direction in the
fabrication process, and Fig. 11 shows an enlarged view
of part A of Fig. 10 in which a thickness less than 1/9 of
the wavelength is left in the acoustic matching layer 15
in the thickness direction from the surface of the acoustic
matching layer 15, the surface not being in contact with
the piezoelectric device 14. Specifically, several to sev-
eral tens of incisions 16 are provided in parallel to the
array direction at an equal pitch approximately 0.6 times
the length of the piezoelectric device 14 in the thickness
direction by means of cutting or the like so as to cut
through the piezoelectric device 14 in the thickness di-
rection with a thickness less than 1/9 of the wavelength
being left in the thickness direction from the surface of
the acoustic matching layer 15, the surface not being in
contact with the piezoelectric device 14. Here, when the
incisions 16 are provided by means of cutting or the like,
a thickness less than 1/9 of the wavelength is left in the
acoustic matching layer 15 in the thickness direction from
the surface of the acoustic matching layer 15, the surface
not being in contact with the piezoelectric device 14 so
that the piezoelectric device 14 and the acoustic match-
ing layer 15 may not break up. Moreover, a uniform cur-
vature can be formed in the direction perpendicular to
the array direction by leaving a thickness (d in Fig. 11)
less than 1/9 of the wavelength in the acoustic matching
layer 15 from the surface thereof which is not in contact
with the piezoelectric device 14.
[0065] In Fig. 9, a stack of the first signal flexible board
4, the acoustic matching layer 15, the piezoelectric de-
vice 14, the second signal flexible board 5, and the back-
ing member 6 is shown; in Fig. 10, a stack of the first
signal flexible board 4, the acoustic matching layer 15,
and the piezoelectric device 14 is shown. However, a
plurality of acoustic matching layers 15 may be stacked
between the piezoelectric device 14 and the first signal
flexible board 4.
[0066] The backing member 6 and the second signal
flexible board 5 which have been given a desired curva-
ture beforehand are bonded to the unit of Fig. 10 using
an epoxy adhesive or the like to be stacked thereon, thus
making the configuration of Fig. 9. At this time, it should
be ensured that the incisions 16 are filled with the adhe-
sive. At this time, since in the acoustic matching layer
15, the thickness from the incisions 16 to the surface of
the acoustic matching layer 15, the surface not being in
contact with the piezoelectric device 14, is as small as
less than 1/9 of the wavelength, the unit of Fig. 10 is
bonded to the backing member 6 and stacked thereon
to follow the desired curvature given to the backing mem-
ber 6 beforehand, thus being formed into a favorable
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shape. After that, division into several tens to several
hundreds of elements is performed in the direction per-
pendicular to the array direction by means of cutting or
the like. At this time, since the incisions 16 of Fig. 9 have
an anchor effect to improve the adhesive strength of the
unit of Fig. 9, division by cutting in the direction perpen-
dicular to the array direction is favorably performed. Fig.
12 is a characteristic data view obtained by measuring
the radius of curvature in direction BB from the surface
on the first signal flexible board 4 side of Fig. 9 for different
values of the dimension d shown in Fig. 9 or 11, and
shows variations in the radius of curvature. Specifically,
when a comparison is made among the one in which a
thickness of 1/18 of the wavelength is left in the acoustic
matching layer 15 by the incisions 16 from the surface
of the acoustic matching layer 15, the surface not being
in contact with the piezoelectric device 14, the one in
which a thickness of 1/12 of the wavelength is left, and
the one in which a thickness of 1/9 of the wavelength is
left, the one in which a thickness of 1/9 of the wavelength
is left has a very wide range of variations in the radius of
curvature and a non-uniform ultrasound beam in direction
BB, but the ones in which thicknesses less than that are
left have favorable characteristics. In particular, it can be
seen that the ones in which thicknesses less than 1/18
of the wavelength are left are excellent.
[0067] The above-described means prevents stress
concentration at the piezoelectric device 14 from being
caused by mechanically curving the unit of Fig. 10 so that
the unit of Fig. 10 may have a curvature in the direction
perpendicular to the array direction, prevents the damage
of the piezoelectric device 14 from occurring, and makes
it possible to favorably form a curvature in the direction
perpendicular to the array direction.
[0068] It should be noted that though in this embodi-
ment, the piezoelectric device 14 has the same length in
the direction perpendicular to the array direction as com-
ponents of the acoustic matching layer 15 and the back-
ing member 6, similar effects are also exerted on a con-
figuration in which the piezoelectric device 14 is shorter
in length in the direction perpendicular to the array direc-
tion than components of the acoustic matching layer 15
and the backing member 6 in the case (see Fig. 5) where
the incisions 16 are not provided in portions which are
not in contact with the piezoelectric device 14 and the
case (see Fig. 7) where the incisions 16 are provided
therein.
[0069] It should be noted that this embodiment also
has similar effects on an array type ultrasound probe with
a linear shape and a convex type of array type ultrasound
probe in the shape of a sector.
[0070] From the above, the use of the ultrasound probe
of this embodiment can prevent a diminution of ultra-
sound at the time of transmission and at the time of re-
ception due to the damage of a piezoelectric device. In
other words, a sensitivity deterioration of a diagnostic
image can be reduced. Further, an array scanning type
ultrasound probe can be favorably formed to have a de-

sired curvature.

INDUSTRIAL APPLICABILITY

[0071] As described above, the array scanning type
ultrasound probe of this invention can prevent a diminu-
tion of ultrasound at the time of transmission and at the
time of reception due to the damage of a piezoelectric
device. Specifically, the array scanning type ultrasound
probe of this invention has the effect of reducing a sen-
sitivity deterioration of a diagnostic image, relates to an
array scanning type ultrasound probe including a piezo-
electric device, an acoustic matching layer, and a signal
flexible board, and is useful as an array scanning type
ultrasound probe or the like which can reduce character-
istic deterioration of an array scanning type ultrasound
probe due to the damage of a piezoelectric device.

Claims

1. An ultrasound probe (1) comprising:

an electroacoustic conversion unit formed by ar-
ranging a plurality of piezoelectric devices
(2;8;11;14) and a plurality of acoustic matching
layers (3;9;12;15) in a predetermined direction,
each of the plurality of piezoelectric devices be-
ing an electroacoustic conversion device, the
plurality of acoustic matching layers being re-
spectively stacked on the plurality of piezoelec-
tric devices; and
a first signal flexible board (4) and a second sig-
nal flexible board (5) for transferring electric sig-
nals to be transmitted to and received from the
plurality of piezoelectric devices,
wherein the plurality of piezoelectric devices
(2;8;11 14), the plurality of acoustic matching
layers (3;9;12;15) and the first signal flexible
board (4) are stacked in this order and bonded
together using an adhesive, wherein an incision
(7;10;13;16) is provided in parallel to the ar-
rangement direction, the incision passing
through the plurality of piezoelectric devices in
respective thickness directions of the piezoelec-
tric devices and extending into the correspond-
ing acoustic matching layers stacked on the re-
spective piezoelectric devices to near a surface
of the acoustic matching layers without reaching
the surface, the surface not being in contact with
the plurality of piezoelectric devices,
wherein the incision (7;10;13;16) is provided in
plurality at regular intervals in a direction per-
pendicular to the arrangement direction, and
wherein the second signal flexible board (5) is
bonded to the plurality of piezoelectric devices
(2; 8; 11; 14) by an adhesive with which the plu-
rality of the incisions (7;10;13;16) is filled.
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2. The ultrasound probe (1) according to claim 1,
wherein the acoustic matching layers (9;12) are long-
er in length in the direction perpendicular to the ar-
rangement direction than the piezoelectric devices
(8;11).

3. The ultrasound probe (1) according to claim 2,
wherein in the acoustic matching layers (3;9;12;15)
stacked on the piezoelectric devices (2;8;11;14), the
incision (7;10;13;16) is provided in a portion of the
acoustic matching layers, the portion protruding from
the piezoelectric devices.

4. The ultrasound probe (1) according to any one of
claims 1 to 3, wherein the incision (16) in the acoustic
matching layers (15) is provided to have such a depth
that the remaining acoustic matching layers have a
dimension of less than 1/9 of a wavelength of ultra-
sound emitted by the piezoelectric devices (14).

Patentansprüche

1. Ultraschallsonde (1), aufweisend:

eine elektroakustische Umwandlungseinheit,
die ausgebildet ist, indem eine Vielzahl von pi-
ezoelektrischen Vorrichtungen (2;8;11;14) und
eine Vielzahl von akustischen Anpassungs-
schichten (3;9;12;15) in einer vorbestimmten
Richtung angeordnet sind, wobei jede der Viel-
zahl von piezoelektrischen Vorrichtungen eine
elektroakustische Umwandlungsvorrichtung ist,
und die Vielzahl von akustischen Anpassungs-
schichten jeweils auf der Vielzahl von piezoe-
lektrischen Vorrichtungen gestapelt sind; und
eine erste flexible Signalplatte (4) und eine zwei-
te flexible Signalplatte (5) zum Übertragen von
elektrischen Signalen, die zu der Vielzahl von
piezoelektrischen Vorrichtungen zu übertragen
und von dieser zu empfangen sind,
wobei die Vielzahl von piezoelektrischen Vor-
richtungen (2;8;11;14), die Vielzahl von akusti-
schen Anpassungsschichten (3;9;12;15) und
die erste flexible Signalplatte (4) in dieser Rei-
henfolge gestapelt und unter Verwendung eines
Haftmittels zusammengebondet sind,
wobei ein Einschnitt (7;10;13;16) parallel zu der
Anordnungsrichtung vorgesehen ist, der Ein-
schnitt durch die Vielzahl von piezoelektrischen
Vorrichtungen in jeweiligen Dickenrichtungen
der piezoelektrischen Vorrichtungen verläuft
und sich in die korrespondierenden akustischen
Anpassungsschichten, die auf den jeweiligen pi-
ezoelektrischen Vorrichtungen gestapelt sind,
in der Nähe einer Oberfläche der akustischen
Anpassungsschichten erstreckt, ohne die Ober-
fläche zu erreichen, und die Oberfläche mit der

Vielzahl von piezoelektrischen Vorrichtungen
nicht in Kontakt ist,
wobei der Einschnitt (7;10;13,16) in einer Viel-
zahl an regulären Intervallen in einer Richtung
senkrecht zu der Anordnungsrichtung vorgese-
hen ist, und
wobei die zweite flexible Signalplatte (5) mit der
Vielzahl von piezoelektrischen Vorrichtungen
(2;8;11;14) durch ein Haftmittel gebondet ist, mit
welchem die Vielzahl der Einschnitte
(7;10;13;16) gefüllt sind.

2. Ultraschallsonde (1) nach Anspruch 1, wobei die
akustischen Anpassungsschichten (9;12) in ihrer
Länge in der Richtung senkrecht zu der Anordnungs-
richtung länger als die piezoelektrischen Vorrichtun-
gen (8;11) sind.

3. Ultraschallsonde (1) nach Anspruch 2, wobei in den
auf den piezoelektrischen Vorrichtungen (2;8;11;14)
gestapelten akustischen Anpassungsschichten
(3;9;12;15) der Einschnitt (7;10;13;16) in einem Ab-
schnitt der akustischen Anpassungsschichten vor-
gesehen ist, wobei der Abschnitt von den piezoelek-
trischen Vorrichtungen hervorsteht.

4. Ultraschallsonde (1) nach einem der Ansprüche 1
bis 3, wobei der Einschnitt (16) in den akustischen
Anpassungsschichten (15) vorgesehen ist, um eine
solche Tiefe aufzuweisen, dass die restlichen akus-
tischen Anpassungsschichten eine Dimension von
weniger als 1/9 einer Wellenlänge eines durch die
piezoelektrischen Vorrichtungen (14) emittierten Ul-
traschalls aufweisen.

Revendications

1. Sonde ultrasonore (1) comprenant :

une unité de conversion électroacoustique for-
mée en agençant une pluralité de dispositifs pié-
zoélectriques (2 ; 8 ; 11 ; 14) et une pluralité de
couches de concordance acoustique (3 ; 9 ; 12 ;
15) dans une direction prédéterminée, chacun
de la pluralité de dispositifs piézoélectriques
étant un dispositif de conversion électroacous-
tique, la pluralité de couches de concordance
acoustique étant respectivement empilées sur
la pluralité de dispositifs piézoélectriques ; et
une première carte flexible de signal (4) et une
seconde carte flexible de signal (5) pour trans-
férer des signaux électriques à transmettre à et
à recevoir de la pluralité de dispositifs piézoé-
lectriques,
dans laquelle la pluralité de dispositifs piézoé-
lectriques (2 ; 8 ; 11 ; 14), la pluralité de couches
de concordance acoustique (3 ; 9 ; 12 ; 15) et la
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première carte flexible de signal (4) sont empilés
dans cet ordre et collés ensemble à l’aide d’un
adhésif,
dans laquelle une incision (7 ; 10 ; 13 ; 16) est
ménagée en parallèle à la direction d’agence-
ment, l’incision traversant la pluralité de dispo-
sitifs piézoélectriques dans des directions
d’épaisseur respectives des dispositifs piézoé-
lectriques et s’étendant dans les couches de
concordance acoustique correspondantes em-
pilées sur les dispositifs piézoélectriques res-
pectifs jusqu’à la proximité d’une surface des
couches de concordance acoustique sans at-
teindre la surface, la surface n’étant pas en con-
tact avec la pluralité de dispositifs piézoélectri-
ques,
dans laquelle l’incision (7 ; 10 ; 13 ; 16) est mé-
nagée en une pluralité à intervalles réguliers
dans une direction perpendiculaire à la direction
d’agencement, et
dans laquelle la seconde carte flexible de signal
(5) est collée à la pluralité de dispositifs piézoé-
lectriques (2 ; 8 ; 11 ; 14) par un adhésif qui rem-
plit la pluralité des incisions (7 ; 10 ; 13 ; 16).

2. Sonde ultrasonore (1) selon la’ revendication 1, dans
laquelle les couches de concordance acoustique (9 ;
12) ont une plus grande longueur dans la direction
perpendiculaire à la direction d’agencement que les
dispositifs piézoélectriques (8 ; 11).

3. Sonde ultrasonore (1) selon la revendication 2, dans
laquelle dans les couches de concordance acousti-
que (3 ; 9 ; 12 ; 15) empilées sur les dispositifs pié-
zoélectriques (2 ; 8 ; 11 ; 14), l’incision (7 ; 10 ; 13 ;
16) est ménagée dans une portion des couches de
concordance acoustique, la portion dépassant des
dispositifs piézoélectriques.

4. Sonde ultrasonore (1) selon l’une quelconque des
revendications 1 à 3, dans laquelle l’incision (16)
dans les couches de concordance acoustique (15)
est ménagée pour avoir une profondeur telle que les
couches de concordance acoustique restantes ont
une dimension de moins de 1/9 d’une longueur d’on-
de d’un ultrason émis par les dispositifs piézoélec-
triques (14).
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