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(57) ABSTRACT

According to one embodiment, an ultrasonic probe comprises
piezoelectric elements arranged in the form of a two-dimen-
sional array, a processing IC configured to process signal
information obtained from the piezoelectric elements, and a
flexible wiring substrate disposed between the piezoelectric
elements and the processing IC, with the piezoelectric ele-
ments mounted on a front surface, and the processing IC
mounted on a rear surface.
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TWO-DIMENSIONAL-ARRAY ULTRASONIC
PROBE AND ULTRASONIC DIAGNOSTIC
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2010-
068683, filed Mar. 24, 2010; the entire contents of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
two-dimensional-array ultrasonic probe that outputs ultra-
sonic waves by using piezoelectric elements arranged in the
form of a two-dimensional array and receives reflected ultra-
sonic waves, and an ultrasonic diagnostic apparatus with such
a two-dimensional-array ultrasonic probe incorporated
therein.

BACKGROUND

[0003] A two-dimensional-array ultrasonic probe is used in
an ultrasonic diagnostic apparatus used for a diagnosis of an
echo image. The two-dimensional-array ultrasonic probe is
anapparatus with piezoelectric elements arranged ina head in
the form of a two-dimensional array, so as to output ultrasonic
waves from the piezoelectric elements and receive reflected
ultrasonic waves, wherein a detected signal is transmitted to
an inspection device body, etc., via a cable, which is then
subjected to image processing and is used for a diagnosis, etc.
[0004] The aforementioned two-dimensional-array ultra-
sonic probe involves the following problem. Namely, in
recent years, a real time diagnosis by a three-dimensional
moving image is realized, and in order to obtain a clear image,
a design of increasing the number of channels of the piezo-
electric elements mounted on a head has been attempted.
With such a design, the number of connection wires for con-
necting to the inspection device body is increased, resulting in
a thick cable of these connection wires. In a case of the thick
wire, the head of the two-dimensional-array ultrasonic probe
is hardly moved, thus unfavorably disturbing the diagnosis.
[0005] Therefore, in order to achieve a real time diagnosis
by the three-dimensional moving image, and in order to
obtain a clear image, it is desired to provide a two-dimen-
sional-array ultrasonic probe easy to be handled with no
necessity of making the cable thick even if the number of
channels is increased, and an ultrasonic diagnostic apparatus
with such a two-dimensional-array ultrasonic probe incorpo-
rated therein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a perspective view showing an ultrasonic
diagnostic apparatus with an ultrasonic probe incorporated
therein according to a first embodiment;

[0007] FIG. 2 is a perspective view showing the aforemen-
tioned ultrasonic probe;

[0008] FIG. 3 is an explanatory view showing a detector
incorporated in the aforementioned ultrasonic probe;

[0009] FIG.4isacross-sectional view showing an essential
part of an interposer substrate incorporated in the aforemen-
tioned detector;
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[0010] FIG.Sisacross-sectional view showing an essential
part of a flexible wiring substrate incorporated in the afore-
mentioned detector;

[0011] FIG. 6 is a plan view showing a switch IC incorpo-
rated in the aforementioned detector;

[0012] FIG. 7 is a flowchart showing manufacturing steps
of the aforementioned ultrasonic probe;

[0013] FIG. 8 is an explanatory view showing the afore-
mentioned manufacturing steps;

[0014] FIG. 9A is an explanatory view showing the afore-
mentioned manufacturing steps;

[0015] FIG. 9B is an explanatory view showing the afore-
mentioned manufacturing steps;

[0016] FIG. 9C is an explanatory view showing the afore-
mentioned manufacturing steps;

[0017] FIG. 10 is an explanatory view showing the afore-
mentioned manufacturing steps;

[0018] FIG. 11A is an explanatory view showing the afore-
mentioned manufacturing steps;

[0019] FIG. 11B is an explanatory view showing the afore-
mentioned manufacturing steps;

[0020] FIG. 12A is an explanatory view showing the afore-
mentioned manufacturing steps;

[0021] FIG. 12B is an explanatory view showing the afore-
mentioned manufacturing steps;

[0022] FIG. 12C is a vertical cross-sectional view showing
the aforementioned manufacturing steps;

[0023] FIG. 12D is a vertical cross-sectional view showing
the aforementioned manufacturing steps; and

[0024] FIG. 13 is an explanatory view showing the detector
incorporated in the ultrasonic probe according to a second
embodiment.

DETAILED DESCRIPTION

[0025] In general, according to one embodiment, a two-
dimensional-array ultrasonic probe comprises: piezoelectric
elements arranged in the form of a two-dimensional array; a
processing IC for processing signal information obtained
from the piezoelectric elements; and a flexible wiring sub-
strate disposed between the piezoelectric elements and the
processing IC, with the piezoelectric elements mounted on a
front surface, and the processing IC mounted on a rear sur-
face.

[0026] FIG. 1 is a perspective view showing an ultrasonic
diagnostic apparatus 10 according to a first embodiment; FIG.
2 is a perspective view showing an ultrasonic probe 20 incor-
porated in the ultrasonic diagnostic apparatus 10; and FIG. 3
is a cross-sectional view showing a structure of a detector 30
incorporated in the ultrasonic probe 20. Note that R in the
figure shows an irradiating direction of ultrasonic waves.
[0027] As shown in FIG. 1, the ultrasonic diagnostic appa-
ratus 10 comprises: a diagnostic apparatus body 11; an image
monitor 12 attached to the diagnostic apparatus body 11; and
an ultrasonic probe (convex two-dimensional-array ultra-
sonic probe) 20 attached via a cable 13 from the diagnostic
apparatus body 11.

[0028] An image processor 100 is provided inside of the
diagnostic apparatus body 11, for forming an image by pro-
cessing a signal sent from the ultrasonic probe 20. Further, the
image monitor 12 has a function of displaying the image
formed by the image processor 100.

[0029] As shown in FIG. 2, the ultrasonic probe 20 com-
prises: a hand portion 21 grasped by an operator; a head 22 in
which the detector 30 is accommodated; and a cable 23 for
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transmitting and receiving signals to/from the diagnostic
apparatus body 11. Note that the head 22 has a convex surface
in the irradiating direction of the ultrasonic waves (shown by
an arrow R in FIG. 2).

[0030] As shown in FIG. 3, the detector 30 comprises: an
interposer substrate (relay substrate) 40 formed into a convex
shape (convex type); a flexible wiring substrate 50 disposed
with its rear surface side facing the convex side of the inter-
poser substrate 40; two-dimensional-array piezoelectric ele-
ments 70 mounted on the front surface side of the flexible
wiring substrate 50 via an adhesive layer 60; and a switch IC
(processing IC) 80 mounted on a flat-plate side of the inter-
poser substrate 40 via an adhesive layer 90.

[0031] FIG.4isacross-sectional view showing an essential
part of the interposer substrate 40. As shown in FIG. 4, the
interposer substrate 40 comprises: a base material 41 includ-
ing a resin material; first electrodes 42 provided on a front
surface 41a side of the base material 41; second electrodes 43
provided on arear surface 415 side; and through electrodes 44
passing through the base material 41 so as to connect the first
electrodes 42 and the second electrodes 43. The surface 41a
of the base material 41 is formed into a convex shape, and the
rear surface 415 is formed into a flat-surface shape.

[0032] The first electrodes 42 are connected to second elec-
trodes 53 of the flexible wiring substrate 50, for taking out
electrical wires via the second electrodes 53. The second
electrodes 43 are provided on an opposite surface to the first
electrodes 42, and are electrically connected to the switch IC
80.

[0033] FIG.5isacross-sectional view showing an essential
part of the flexible wiring substrate 50. The flexible wiring
substrate 50 comprises: a base material 51 including a resin
material such as polyimide having flexibility; first electrodes
52 provided on a front surface side of the base material 51;
second electrodes 53 provided on a rear surface side; through
electrodes 54 passing through the base material 51 so as to
connect the first electrodes 52 and the second electrodes 53;
and a wiring part 55 such as a copper foil.

[0034] The first electrodes 52 are connected to the piezo-
electric elements 70, and take out the electrical wires from
lower side electrodes (not shown) of the piezoelectric ele-
ments 70. The second electrodes 53 are connected to the first
electrodes 42 of the interposer substrate 40. The wiring por-
tion 55 is pulled out to outside of a connection area connected
to the piezoelectric elements 70 and the interposer substrate
40, and is connected to the image processor 100 via the cable
23.

[0035] An arrangement pitch of the first electrodes 52 is
400 pum for example, and an interval between adjacent first
electrodes 52 is 80 um. The base material is preferably formed
as a thin base, from a point that bending property is required.
Further, a bump 52a with a height of about 40 um (Cu core,
surface treatment: Ni/Au plating) is formed in each of the first
electrodes 52.

[0036] The adhesive layer 60 has not only a function of
preventing the piezoelectric elements 70 from being peeled
off in a dicing step of the piezoelectric elements 70 as
described later, but also a function of sufficiently securing a
depth of dicing so that the piezoelectric elements 70 are cut
off by a blade up to a middle thereof in a direction of a
thickness (namely, they are not completely cut off).

[0037] Two-dimensional-array piezoelectric elements 70
are arranged in the form of a two-dimensional array, and with
the appearance of a convex curved surface, wherein a piezo-
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electric vibrator 71, an acoustic matching layer 72, and a
backing material 73 are formed by lamination (see FIG. 8). A
dimension of the piezoelectric elements 70 is 60 mmx10 mm
for example.

[0038] The piezoelectric vibrator 71 includes an upper side
electrode and a lower side electrode (each of them is not
shown) attached to piezoelectric ceramics, etc., such as lead
zirconate titanate (PZT). The piezoelectric vibrator 71 has a
function of generating ultrasonic waves based on a driving
signal from a pulser, and converting a reflected wave to an
electrical signal, the reflected wave being reflected from an
inspection target.

[0039] The acoustic matching layer 72 can perform match-
ing of acoustic impedance between the inspection target and
the piezoelectric vibrator 71 by adjusting physical parameters
such as sound speed, thickness, and acoustic impedance.
[0040] In order to shorten an ultrasonic wave pulse, the
backing material 73 has a function of mechanically support-
ing the piezoelectric vibrator 71 and putting a brake on the
piezoelectric vibrator 71. Also, in order to favorably maintain
acoustic properties, a thickness of the backing material 73 is
set to a sufficient thickness (specifically, a thickness capable
of sufficiently attenuating the ultrasonic wave in a back face
direction) with respect to a wavelength of an ultrasonic wave
to be used.

[0041] As shown in FIG. 6, the switch IC 80 comprises: an
IC main body 81; area electrodes 82 for inputting the electri-
cal signal received from the piezoelectric elements 70; and
external electrodes 83 for outputting the electrical signal that
has undergone signal processing. Although electrical signals
received from a plurality of piezoelectric vibrators 71 are
input into the switch IC 80 respectively, the electrical signals
are output after being converted to signals for generating
images. Therefore, the number of output signals can be dras-
tically reduced.

[0042] Next, manufacturing steps of such an ultrasonic
probe 20 will be described with reference to a flowchart
shown in FIG. 7. First, as shown in FIG. 8, the upper side
electrode and the lower side electrode are attached for apply-
ing a voltage to the piezoelectric vibrator 71, and the acoustic
matching layer 72 is formed on the upper side electrode, and
the backing material 73 is formed on the lower side electrode
(ST1).

[0043] Next, as shown in FIG. 9A, an anisotropic electro-
conductive film F, being a base material of the adhesive layer
60, is laminated on a front surface 51a side of the flexible
wiring substrate 50. Then, as shown in FIG. 9B, the piezo-
electric body 70 is aligned at a specified position, and is
bonded thereto by using a thermo-compression bonding
apparatus (not shown) (ST2). Next, as shown in FIG. 9C, the
piezoelectric elements 70 bonded to the flexible wiring sub-
strate 50 are temporarily fixed to a cutting base, and dicing is
performed thereto at an interval of 400 pm by using a blade of
50 um (ST3). At this time, a cutting depth is set so that the
adhesive layer 60 is cut up to about 20 um, so that the piezo-
electric elements 70 are surely cut. Thereafter, the tempo-
rarily fixed flexible wiring substrate 50 (the piezoelectric
body 70 is bonded thereto) is removed from the cutting base.
FIG. 10 is a perspective view showing the piezoelectric ele-
ments 70 and the adhesive layer 60 after dicing.

[0044] Meanwhile, the interposer substrate 40 is formed as
shown in FIG. 11A and FIG. 11B. Namely, as shown in FIG.
11A, a printed wiring substrate of 36 layers is prepared,
wherein 36 sheets of substrates are laminated on each other
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with wiring patterns formed thereon so as to correspond to
through electrodes. Next, an outer shape is ground, to thereby
form the interposer substrate 40 as shown in FIG. 11B. There-
after, total surface plating (such as Ni/Au) and patterning
(exposure, developing, or cutting) may be applied to the first
electrodes 42 and the second electrodes 43, as a surface treat-
ment.

[0045] Next, as shown in FIG. 12A, the piezoelectric ele-
ments 70 are arranged with the appearance of a convex shape
over an irradiation surface of the ultrasonic wave by using a
jig J1 having a convex curved surface and a jig J2 having a
concave curved surface.

[0046] Next, as shown in FIG. 12B, solders 42a are formed
in advance on the first electrodes 42 of the interposer substrate
40, so that the second electrodes 53 of the flexible wiring
substrate 50 and the first electrodes 42 of the interposer sub-
strate 40 are connected to each other by soldering (ST4).
[0047] Next, as shown in FIG. 12C and FIG. 12D, the
anisotropic electroconductive film F is laminated on the inter-
poser substrate 40, then, the switch IC 80 with an Au bump
previously formed on the electrode is aligned at a position of
the interposer substrate 40, to thereby connect the interposer
substrate 40 and the switch IC 80 by using the thermal com-
pression bonding apparatus N (ST5).

[0048] Thereafter, this is incorporated in a casing (ST6),
and the ultrasonic probe 20 is completed.

[0049] As described above, in the ultrasonic probe 20
according to this embodiment, by using the interposer sub-
strate 40 with one surface formed into the convex curved
surface and having through electrodes, the switch IC 80 for
processing huge quantities of signal information obtained
from the piezoelectric elements can be connected to the vicin-
ity of the piezoelectric elements 70. Therefore, the real time
diagnosis by the three-dimensional moving image is possible,
and even when the number of the piezoelectric body is
increased to obtain a clear image, the number of signal cable
connected to the image processor 100 can be reduced.
Accordingly, the thickness of the cable 23 can be made small,
thus making it easy to handle the head 22.

[0050] FIG. 13 is an explanatory view showing a structure
of an ultrasonic probe 20A according to a second embodi-
ment. Note that in FIG. 13, the same signs and numerals are
assigned to the same functional parts as those of FIG. 3, and
detailed explanation thereof is omitted. The ultrasonic probe
20A comprises a detector 30A.

[0051] The detector 30A comprises: two-dimensional-ar-
ray piezoelectric elements 70A which are arranged with the
appearance of a flat-plate shape; a flexible wiring substrate
50A with the piezoelectric elements 70A mounted on a front
surface side via an adhesive layer E; and a switch IC 80A
connected to a rear surface side of the flexible wiring sub-
strate 50A via the adhesive layer E.

[0052] Thus, when the two-dimensional-array piezoelec-
tric elements 70A are arranged with the appearance of a
flat-plate shape, the detector 30A can be formed, with an
interposer substrate omitted. In the detector 30A with such a
structure, signals obtained by the piezoelectric elements 70
can be sent to an image processor 100 via the switch IC 80A,
thus making it possible to reduce the number of signal cables,
and possible to make the thickness of the cable 23 small.
[0053] Note that in an example described above, a gold
bump and the anisotropic electroconductive film are used as
connection materials. However, for example, an electrocon-
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ductive adhesive agent or solder, etc., may also be used, and
further underfill materials may also be properly used. In addi-
tion, grooves provided to the piezoelectric elements may also
be filled with epoxy resin, etc. Further, the switch IC is given
as an example of the processing IC. However, other process-
ing IC such as control IC may also be used.

[0054] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. An ultrasonic probe comprising:

piezoelectric elements arranged in the form of a two-di-
mensional array;

a processing IC configured to process signal information
obtained from the piezoelectric elements; and

a flexible wiring substrate disposed between the piezoelec-
tric elements and the processing IC, with the piezoelec-
tric elements mounted on a front surface, and the pro-
cessing IC mounted on a rear surface.

2. An ultrasonic probe comprising:

piezoelectric elements arranged in the form of a two-di-
mensional array and with the appearance of a convex
curved-surface shape;

a relay substrate including a substrate main body with a
front surface formed into a convex curved-surface shape
along the piezoelectric elements, and a rear surface
formed into a flat-surface shape, a front surface elec-
trode formed on the front surface, a rear surface elec-
trode formed on the rear surface, and a through electrode
passing through from the front surface electrode to the
rear surface electrode;

a flexible wiring substrate disposed between the piezoelec-
tric elements and the relay substrate, with the piezoelec-
tric elements mounted on a front surface, and electrodes
of the relay substrate connected to a rear surface; and

a processing IC mounted on the rear surface electrode of
the relay substrate and configured to process signal
information obtained from the piezoelectric elements.

3. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe including piezoelectric elements
arranged in the form of a two-dimensional array, a pro-
cessing IC configured to process signal information
obtained from the piezoelectric elements, and a flexible
wiring substrate disposed between the piezoelectric ele-
ments and the processing IC, with the piezoelectric ele-
ments mounted on a front surface, and the processing IC
mounted on a rear surface;

an image processor configured to process a signal sent
from the processing IC and form an image; and

an image displayer configured to display the image formed
by the image processor.

* * * #* ok



LT RBFROF) T HERE BB A R Sk FEE AR 12 TR
[F(2E)F US20110237952A1 [ (r&)B 2011-09-29
HiEs US13/051451 FiEH 2011-03-18
#RIEE(EF)AGER) KABMICHIKO
HEE
EIRTAKESHI
P IFTAKASHI
BB (TR AGE) K AMICHIKO
HEE
T TAKESHI
FIETAKASHI
LHEAF(EA)AGE) KAMICHIKO
HEE
B TAKESHI
P UFTAKASHI
[#R1 &8 A OOISHI MICHIKO
ASAGIRI SATORU
MIYAGI TAKESHI
TOGASAKI TAKASHI
KA OOISHI, MICHIKO
ASAGIRI, SATORU
MIYAGI, TAKESHI
TOGASAKI, TAKASHI
IPCH %S A61B8/00
CPCH k5 A61B8/00 A61B8/4405 G10K11/004 BO6B1/0629 G01S15/8925 A61B2562/222
k5 2010068683 2010-03-24 JP
SAEREERE Espacenet USPTO
BEGR) -

RIF-DNMEH , BERLEBEUA-EBEINEFENEBTH , K
EENEMNEBTHRENESFEENLEIC, URREEEBTH
FMALBICZ AWRMERLER, EBRAHRRENKREAL , LEICRE
HERE L,

patsnap

12



https://share-analytics.zhihuiya.com/view/a6f19eb7-e714-4c10-a4f3-e224559ef542
https://worldwide.espacenet.com/patent/search/family/044657229/publication/US2011237952A1?q=US2011237952A1
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=%2220110237952%22.PGNR.&OS=DN/20110237952&RS=DN/20110237952

