US 20180161005A1
ao) United States

12) Patent Application Publication (o) Pub. No.: US 2018/0161005 A1

YAMADA 43) Pub. Date: Jun. 14, 2018
(54) ULTRASONIC PROBE HOIL 41/08 (2006.01)
HOIL 41/332 (2006.01)
(71)  Applicant: Seiko Epson Corporation, Tokyo (JP) G10K 11/02 (2006.01)
_ , (52) US. CL
(72) Inventor: Masayoshi YAMADA, Chino (JP) CPC ... AGIB 8/4427 (2013.01); A61B 8/4494

(2013.01); A61B 8/4488 (2013.01); AGIB 8/52
(2013.01); G10K 11/02 (2013.01); A61B 8/461
(2013.01); HO1L 41/081 (2013.01); HOIL
41/332 (2013.01); BO6B 1/0629 (2013.01)

(21) Appl. No.: 15/839,228
(22) Filed: Dec. 12, 2017

(30 Foreign Application Priority Data 57) ABSTRACT

Dec. 14, 2016 (JP) ................................. 2016-241960 An ultrasonic probe includes an acoustic lens, which is

positioned in an emission direction of the ultrasonic waves

Publication Classification emitted by an ultrasonic element and has end face in a

(51) Int. CL direction intersecting the emission direction, and a resin
A61B 8/00 (2006.01) portion which is opposed to acoustic lens end face and which
A61B 8/08 (2006.01) includes a filler and resin in a case where the end face of the
B06B 1/06 (2006.01) acoustic lens is set as the acoustic lens end face.




Patent Application Publication  Jun. 14,2018 Sheet 1 of 6 US 2018/0161005 A1

13a~

wa i { B i i }”’
z 18- L-ﬁé



US 2018/0161005 A1

Jun. 14,2018 Sheet 2 of 6

Patent Application Publication

24 17 24
o188 o | 16a B 208
} ‘ e 13
1 g;F EG i\g ; -
24 1 + Sa— 3 - /
,’f ;‘l
17 L/ 1/
'
24
3
o B




Patent Application Publication  Jun. 14,2018 Sheet 3 of 6 US 2018/0161005 A1

50 50 50 50
¢ ; ' /
17 51 &2, %
I\ CL 0 {
T T o
Coanal T
;':';,9\.,«*“] - =
S e -
|
3?{3\-.“.{»“1: : Lj b
L LLTL '
‘ JIPS SE | L et i
3Gt Eis L
} B S Ty W“M“m
351" iy
34 LT
(”N" e
314 32 oo 1)
L A
= R A - QJ\,,\‘ 133
33 ST
i
25%{\\:% ol :r “f:'; NEY “-P‘SQ
B R 1 ©
s BE (R A
I e [
3] i bl
;t kt" L wirtre S Lol siuwte AL e ke o AR st ARt A Aal ~‘—-r‘1§::
A L 1 1 a1 1 o 1 o 1
R R S . AL T J
3D NN N T £ W N DS 1 NN 11 D 11
[ig sosnpn QAT S mpanga AT A agangs i P v apa SER: spanon St LU ixsnags wF S tanga (¥ et spuanga syt |
i
L3
-“--5-
T
0 .1\ lz -
Py
47 48|

&~-18

FIG. 5



Patent Application Publication  Jun. 14,2018 Sheet 4 of 6 US 2018/0161005 A1

Z ‘\‘ 3 S Ei :‘ ‘\‘ b
? 22a 22 44 23 21 28 23a
oY
) FIG. 6
24 17 24
@™~-18
16
3
| w43
24’ ;
i >
17
2 B
% e
J.



Patent Application Publication  Jun. 14,2018 Sheet 5 of 6 US 2018/0161005 A1

y ? > > 5 3
; ‘ L L
a2 44 23 27 2% 933
L. Y

?9 { i
18140 38 Y
i N of 3 e 1

{

LRts 20 25 2122 44
122 4
> ] {19 18

B - rd & i
ST R ”ﬁ”"‘f’&{ﬁﬁ" N




Patent Application Publication  Jun. 14,2018 Sheet 6 of 6 US 2018/0161005 A1

ﬁ }}\‘\-‘18 20 2 %j 2 %4
39 I S S {42 16
{ o I S \\ ; —~ T 3

y

' L Lge L (
23a 2390 55 23
—_Y

FIG.10



US 2018/0161005 A1

ULTRASONIC PROBE
BACKGROUND

1. Technical Field

[0001] The present invention relates to an ultrasonic
probe.

2. Related Art
[0002] In the related art, for example, an ultrasonic device

including an ultrasonic element as disclosed in JP-A-7-
178083 is generally known. The ultrasonic device includes
a first substrate and the first substrate has an element array
that includes ultrasonic elements arranged in an array. The
element array is covered with an acoustic matching layer.
The acoustic matching layer couples an acoustic lens to the
element array. A second substrate is installed on a surface
located at a side opposite to a surface on which the element
array is installed in the first substrate and the second
substrate reinforces the stiffness of the first substrate. As
such, the second substrate, the first substrate, the acoustic
matching layer, and the acoustic lens are installed to be
superimposed on one another in the ultrasonic device.
[0003] The ultrasonic probe is configured with the ultra-
sonic device, a driving circuit, a probe casing, and the like.
The driving circuit is a circuit to drive the element array. The
ultrasonic device and the driving circuit are installed in the
inside of the probe casing and the acoustic lens is disposed
to be exposed from the ultrasonic probe.

[0004] A groove portion between the ultrasonic device and
the probe casing is filled with silicone rubber in the ultra-
sonic probe described in JP-A-7-178083. An effect of attenu-
ating the ultrasonic waves by silicone rubber simple sub-
stance is small. The ultrasonic waves emitted by the
ultrasonic element includes the unnecessary ultrasonic
waves advancing toward an acoustic lens end face as well as
the ultrasonic waves advancing in an emission direction. The
unnecessary ultrasonic waves are reflected on the acoustic
lens end face. The unnecessary ultrasonic waves reflected on
the acoustic lens end face reach an ultrasonic element by
being delayed for a predetermined time from the time when
emission is performed. For that reason, accuracy of ultra-
sonic wave measurement is lowered. The ultrasonic probe in
which reflection of the ultrasonic waves on the acoustic lens
end face is suppressed and accuracy of ultrasonic wave
measurement can be improved was expected.

SUMMARY

[0005] An advantage of some aspects of the invention is to
solve at least a part of the problems described above, and the
invention can be implemented as the following forms or
application examples.

APPLICATION EXAMPLE 1

[0006] An ultrasonic probe according to this application
example includes an acoustic lens which is positioned in an
emission direction of ultrasonic waves emitted by an ultra-
sonic element and has end face in a direction intersecting the
emission direction, and a resin portion which is opposed to
acoustic lens end face which is the end face of the acoustic
lens and includes a filler and resin.

[0007] According to this application example, the ultra-
sonic probe includes an ultrasonic device, a probe casing,
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and the resin portion. The ultrasonic device includes an
acoustic lens, an acoustic matching layer, a first substrate,
and a second substrate. The ultrasonic element is vibrated by
ultrasonic waves at the time of emitting the ultrasonic
waves. The ultrasonic waves are transferred from the ultra-
sonic element to the acoustic lens and are emitted from the
surface of the ultrasonic probe. The acoustic lens is posi-
tioned in the emission direction of the ultrasonic waves
emitted by the ultrasonic element. The acoustic lens plays a
role of converging the ultrasonic waves emitted from the
ultrasonic device. The unnecessary ultrasonic waves propa-
gate also in a direction intersecting the emission direction of
the ultrasonic waves emitted by the ultrasonic element, in
the inside of the acoustic lens.

[0008] The acoustic lens has the acoustic lens end face in
the direction intersecting the emission direction of the
ultrasonic waves. The ultrasonic probe includes a resin
portion which is opposed to acoustic lens end face and
includes a filler and resin. The resin portion is positioned on
a groove portion between the ultrasonic device and the probe
casing. The filler is included in the resin portion and the
ultrasonic waves are irregularly reflected within the resin
portion by the filler. The ultrasonic waves are attenuated
while advancing in the inside of the resin portion. By doing
this, the resin portion absorbs the ultrasonic waves. For that
reason, the ultrasonic waves advancing toward an acoustic
lens end face is absorbed by the resin portion. Reflection of
the ultrasonic waves on the acoustic lens end face is effec-
tively attenuated. The resin portion containing the filler is
installed on the acoustic lens end face and thus, reflection of
the ultrasonic waves is suppressed. As a result, reflection of
the ultrasonic waves on the acoustic lens end face is sup-
pressed and thus, accuracy of ultrasonic wave measurement
may be improved.

APPLICATION EXAMPLE 2

[0009] 1In the ultrasonic probe according to the application
example, it is preferable that the acoustic lens includes a
filler and in a case where the filler included in the acoustic
lens is set as a first filler and the filler included in the resin
portion is set as a second filler, the number-average diameter
of the second filler is larger than the number-average diam-
eter of the first filler.

[0010] According to this application example, the filler is
included in the acoustic lens and the resin portion. Also, the
number-average diameter is an average value of the two-
values-average particle diameter of each filter. When a
length of a long axis of the filler is set as I and a length of
a short axis thereof is set as B, the two-values-average
particle diameter is expressed by two-values-average par-
ticle diameter=(1+B)/2. As the number-average diameter of
the fillers becomes large, the ultrasonic waves are gradually
scattered to be significantly attenuated. In a case where the
filler included in the acoustic lens is set as the first filler and
the filler included in the resin portion is set as the second
filler, a number-average diameter relationship of the filler for
the second filler is larger than that of the first filler and thus,
the ultrasonic waves are irregularly reflected more easily by
using the resin portion rather than the acoustic lens. Accord-
ingly, it is possible to effectively attenuate the ultrasonic
waves by using the resin portion rather than the acoustic
lens. As a result, it is possible to suppress reflection of the
ultrasonic waves on the acoustic lens end face.
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APPLICATION EXAMPLE 3

[0011] In the ultrasonic probe according to the application
example described above, it is preferable that the material of
the resin portion includes at least any one of silicone rubber,
foamed silicone, and epoxy resin and the filler included in
the resin portion includes at least any one of powders of the
group consisting of zinc oxide powder, zirconium oxide
powder, alumina powder, silica powder, titanium oxide
powder, silicon carbide powder, aluminum nitride powder,
carbon powder, calcium carbonate powder, and boron nitride
powder.

[0012] According to this application example, at least any
one of silicone rubber, foamed silicone, and epoxy resin is
included as the material of the resin portion. Silicone rubber,
foamed silicone, and epoxy resin have a nature of maintain-
ing a state of being viscous body before curing and becom-
ing solid after curing and thus, the filler may be easily mixed
before curing. Furthermore, moisture or foreign substances
may be prevented from entering the inside of the ultrasonic
probe. Accordingly, the resin portion has a nature of main-
taining a state of being viscous body before curing and
becoming solid after curing and thus, the filler may be easily
mixed in the resin portion before curing. Furthermore,
moisture or foreign substances may be prevented from
entering the inside of the ultrasonic probe.

[0013] At least any one of powders of a group of zinc
oxide powder, zirconium oxide powder, alumina powder,
silica powder, titanium oxide powder, silicon carbide pow-
der, aluminum nitride powder, carbon powder, calcium
carbonate powder, and boron nitride powder is included in
the filler, which is included in the resin portion. Various
fillers described above may scatter and attenuate the ultra-
sonic waves in the inside of the resin portion. Accordingly,
the resin portion containing the fillers may attenuate the
ultrasonic waves.

APPLICATION EXAMPLE 4

[0014] In the ultrasonic probe according to the application
example described above, it is preferable that a first substrate
on which the ultrasonic element is installed and a second
substrate for improving the stiffness of the first substrate are
installed in this order at a side opposite to the emission
direction of the ultrasonic waves of the acoustic lens, the
first substrate and the second substrate have end faces in a
direction intersecting the emission direction, and in a case
where the end face of the first substrate is set as a first
substrate end face and the end face of the second substrate
is set as a second substrate end face, the resin portion is
opposed to the first substrate end face and the second
substrate end face.

[0015] According to this application example, the ultra-
sonic probe includes the first substrate and the second
substrate at an opposite side of the emission direction of the
ultrasonic waves. The ultrasonic element is installed on the
first substrate. The second substrate plays a role of improv-
ing the stiffness of the first substrate. The ultrasonic waves
emitted from the ultrasonic element propagate also inside of
the second substrate and are reflected also on the second
substrate end face. The ultrasonic waves emitted from the
ultrasonic element are reflected also on the first substrate end
face of the first substrate on which the ultrasonic element is
installed. The resin portion is extended to the place opposing
the first substrate end face and the second substrate end face
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s0 as to make it possible to effectively attenuate reflection of
the ultrasonic waves on the second substrate end face or the
first substrate end face of the first substrate on which the
ultrasonic element is installed.

APPLICATION EXAMPLE 5

[0016] An ultrasonic probe according to this application
example includes an acoustic lens which is positioned in an
emission direction of the ultrasonic waves emitted by an
ultrasonic element and has an acoustic lens end face in the
direction intersecting the emission direction and a recessed
and projecting member which is opposed to the acoustic lens
end face and has unevenness.

[0017] According to this application example, the ultra-
sonic probe includes the ultrasonic elements and the acoustic
lens. The ultrasonic element is vibrated by ultrasonic waves
at the time of emitting the ultrasonic waves. The ultrasonic
waves are transferred from the ultrasonic element to the
acoustic lens and are emitted from the surface of the
ultrasonic probe. The acoustic lens is positioned in the
emission direction of the ultrasonic waves emitted by the
ultrasonic element. The acoustic lens plays a role of con-
verging the ultrasonic waves emitted from the ultrasonic
device. The unnecessary ultrasonic waves propagate also in
a direction intersecting the emission direction of the ultra-
sonic waves emitted by the ultrasonic element in the inside
of the acoustic lens.

[0018] The acoustic lens has the acoustic lens end face in
the direction intersecting the emission direction of the
ultrasonic waves. The acoustic lens end face is the end face
of the acoustic lens. The recessed and projecting member is
opposed to the acoustic lens end face. The recessed and
projecting member irregularly reflects the ultrasonic waves.
For that reason, the ultrasonic waves advancing toward an
acoustic lens end face are irregularly reflected and attenu-
ated by the recessed and projecting member. An amount of
the ultrasonic waves advancing toward the acoustic lens end
face and reflected on the acoustic lens end face is effectively
attenuated. Accordingly, the recessed and projecting mem-
ber is installed on the end face of the probe casing and thus,
reflection of the ultrasonic waves is suppressed. As a result,
reflection of the ultrasonic waves on the acoustic lens end
face is suppressed and thus, accuracy of ultrasonic wave
measurement may be improved.

APPLICATION EXAMPLE 6

[0019] Inthe ultrasonic probe according to the application
example described above, it is preferable that a cross-section
of unevenness of the recessed and projecting member is a
triangle in at least one of a direction opposed and orthogonal
to or parallel with the acoustic lens end face.

[0020] According to this application example, the ultra-
sonic wave includes the acoustic lens and the recessed and
projecting member. When a cross-section in at least one of
the orthogonal direction and the parallel direction with
respect to the acoustic lens end face is a triangle, the
recessed and projecting member can irregularly reflect the
ultrasonic waves effectively. Accordingly, the ultrasonic
waves advancing toward the acoustic lens end face is
irregularly reflected on the recessed and projecting member
and thus, reflection of the ultrasonic waves on the acoustic
lens end face is effectively attenuated.
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APPLICATION EXAMPLE 7

[0021] In the ultrasonic probe according to the application
example described above, it is preferable that a first substrate
on which the ultrasonic element is installed and a second
substrate for improving the stiffness of the first substrate are
installed in this order at a side opposite to the emission
direction of the ultrasonic waves of the acoustic lens, the
first substrate and the second substrate have end faces in a
direction intersecting the emission direction, and in a case
where the end face of the first substrate is set as the first
substrate end face and the end face of the second substrate
is set as the second substrate end face, the recessed and
projecting member is opposed to the first substrate end face
and the second substrate end face.

[0022] According to this application example, the ultra-
sonic probe includes the first substrate and the second
substrate at the opposite side of the emission direction of the
ultrasonic waves. The ultrasonic element is installed on the
first substrate. The second substrate plays a role of improv-
ing the stiffness of the first substrate. The ultrasonic waves
emitted from the ultrasonic element propagate also inside of
the second substrate and are reflected also on the second
substrate end face. The ultrasonic waves emitted from the
ultrasonic element are reflected also on the first substrate end
face of the first substrate on which the ultrasonic element is
installed. The recessed and projecting member is extended to
the place opposing the first substrate and the second sub-
strate so as to make it possible to effectively attenuate
reflection of the ultrasonic waves on the second substrate
end face or the first substrate end face.

APPLICATION EXAMPLE 8

[0023] In the ultrasonic probe according to the application
example described above, it is preferable that a probe casing
is installed to be opposed to the acoustic lens end face and
the recessed and projecting member is integrated with the
probe casing.

[0024] According to this application example, the probe
casing is preferably installed to be opposed to the acoustic
lens end face, in the ultrasonic probe. The recessed and
projecting member is included to be opposed to the acoustic
lens end face, in the ultrasonic probe. The recessed and
projecting member irregularly reflects the ultrasonic waves.
For that reason, the ultrasonic waves advancing toward the
acoustic lens end face are irregularly reflected on the
recessed and projecting member and thus, reflection of the
ultrasonic waves on the acoustic lens end face can be
effectively attenuated. Since the recessed and projecting
member is integrated with the end face of the probe casing,
the number of components can be reduced compared to a
case where the recessed and projecting member and the end
face of the probe casing are formed at different portions and
accordingly, it is possible to manufacture the ultrasonic
probe with high productivity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The invention will be described with reference to
the accompanying drawings, wherein like numbers refer-
ence like elements.

[0026] FIG. 1 is a perspective view schematically illus-
trating a configuration of an ultrasonic diagnosis apparatus
according to Embodiment 1.
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[0027] FIG. 2 is a side view schematically illustrating a
configuration of an ultrasonic probe.

[0028] FIG. 3 is a cross-sectional view schematically
illustrating a structure of a probe head.

[0029] FIG. 4 is a plan view schematically illustrating the
ultrasonic probe.

[0030] FIG. 5 is a plan view schematically illustrating a
configuration of a first substrate.

[0031] FIG. 6 is a cross-sectional view schematically
illustrating a function of a resin portion.

[0032] FIG. 7 is a plan view schematically illustrating an
ultrasonic probe according to Embodiment 2.

[0033] FIG. 8 is a cross-sectional view schematically
illustrating a function of a recessed and projecting member.
[0034] FIG. 9 is a cross-sectional view schematically
illustrating an ultrasonic probe according to Modification
Example 3.

[0035] FIG. 10 is a cross-sectional view schematically
illustrating an ultrasonic probe according to Modification
Example 5.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0036] In the following, preferred embodiments of the
invention will be described in detail using the drawings. In
the following respective drawings, in order to represent
respective layers and respective members in a size to the
extent that respective layers and members can be recog-
nized, scale of respective layers and members and an actual
scale thereof are made different.

Embodiment 1

[0037] FIG. 1 is a perspective view schematically illus-
trating a configuration of an ultrasonic diagnosis apparatus
according to Embodiment 1 and schematically illustrates a
configuration of a specific example of an electronic appa-
ratus according to Embodiment 1, that is, an ultrasonic
diagnosis apparatus 11. As illustrated in FIG. 1, the ultra-
sonic diagnosis apparatus 11 includes an apparatus terminal
12 and an ultrasonic probe 13. The apparatus terminal 12 and
the ultrasonic probe 13 are connected with each other by a
cable 14. The apparatus terminal 12 and the ultrasonic probe
13 exchange an electrical signal with each other through the
cable 14. A display panel 15 is incorporated in the apparatus
terminal 12. A screen of the display panel 15 is exposed on
the surface of the apparatus terminal 12. An image based on
the ultrasonic wave detected by the ultrasonic probe 13 is
generated in the apparatus terminal 12. An imaged detection
result is displayed on the screen of the display panel 15.
[0038] FIG. 2 is a side view schematically illustrating a
configuration of the ultrasonic probe 13. As illustrated in
FIG. 2, the ultrasonic probe 13 includes a probe casing 16.
An ultrasonic device 17 is accommodated in a probe casing
16. The surface of the ultrasonic device 17 is exposed on the
surface of the probe casing 16. The ultrasonic device 17
emits an ultrasonic wave from the surface thereof toward an
emission direction 18 and receives a reflected wave of the
ultrasonic waves. Also, the ultrasonic probe 13 includes a
probe head 135 detachably connected to a probe body 13e¢.
In this case, the ultrasonic device 17 is incorporated in the
probe casing 16 of the probe head 134.

[0039] A plane shape of the ultrasonic device 17 is a
rectangular plate shape. A longitudinal direction in a planar
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direction of the ultrasonic device 17 is set as the X-direction
and a direction orthogonal to the X-direction is set as the
Y-direction. A thickness direction of the ultrasonic device 17
is set as the Z-direction. The Z-direction and the emission
direction 18 are the same directions.

[0040] FIG. 3 is a cross-sectional view schematically
illustrating a structure of the probe head according to
Embodiment 1 and is a cross-sectional view taken along the
A-A' line illustrated in FIG. 2. The ultrasonic probe 13
includes the ultrasonic device 17, the probe casing 16, a
support member 26, and a resin portion 19. An outer shape
of the probe casing 16 is a long shape in the X-direction
when seen from the Z-direction, similar to the ultrasonic
device 17. An opening 16a is installed at the central portion
of the probe casing 16. The probe casing 16 may be
composed of ABS resin, acrylic resin, or a resin material.
The probe casing 16 may also be composed of a composite
material of silicone rubber and the resin material.

[0041] At the opening 164, the ultrasonic device 17 is
installed on the support member 26. A groove portion 24
between the ultrasonic device 17 and the probe casing 16 is
filled with the resin portion 19. The ultrasonic device 17 and
the support member 26 are fixed by an adhesive member 27.
For example, ABS resin or acrylic resin is used for the
support member 26. An epoxy-based adhesive or a double-
sided adhesive tape is used for the adhesive member 27. The
ultrasonic device 17 includes a first substrate 22 having an
element array 29 that includes ultrasonic elements 25
arranged in an array. The ultrasonic element 25 emits the
ultrasonic waves in the emission direction 18. The element
array 29 is covered with an acoustic matching layer 21. The
acoustic matching layer 21 couples the acoustic lens 20 to
the element array 29. The acoustic lens 20 is positioned in
the emission direction 18 of the ultrasonic waves emitted by
the ultrasonic element 25. For example, silicone rubber can
be used for the acoustic matching layer 21 and the acoustic
lens 20. A value of acoustic impedance of the acoustic lens
20 is close to the value of acoustic impedance of the resin
portion 19 or a living body.

[0042] The first substrate 22 on which the ultrasonic
element 25 is installed and a second substrate 23 for improv-
ing the stiffness of the first substrate 22 are installed in this
order at a side opposite to the emission direction 18 of the
ultrasonic waves of the acoustic lens 20. The first substrate
22 and the second substrate 23 have end faces in a direction
28 intersecting the emission direction 18. The end face of the
first substrate 22 is set as a first substrate end face 224 and
the end face of the second substrate 23 is set as a second
substrate end face 23a. The resin portion 19 is opposed to the
first substrate end face 22a and the second substrate end face
23a. As such, the second substrate 23, the first substrate 22,
the acoustic matching layer 21, and the acoustic lens 20 are
installed to be superimposed on one another and the ultra-
sonic device 17 is configured with these components.
[0043] The acoustic lens 20 has acoustic lens end face 20a
in a direction 28 intersecting the emission direction 18. The
acoustic lens end face 20a is the end face positioned in the
X-direction and the Y-direction of the acoustic lens 20. The
ultrasonic probe 13 includes the resin portion 19 which is
opposed to the acoustic lens end face 20a and includes a
filler and resin.

[0044] As the material of the resin portion 19, at least any
one of silicone rubber, foamed silicone, and epoxy resin is
included. Silicone rubber, foamed silicone, and epoxy resin
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have a nature of maintaining a state of being viscous body
before curing and becoming solid after curing and thus, the
filler can be easily mixed before curing. Furthermore, mois-
ture or foreign substances can be prevented from entering
the inside of the ultrasonic probe 13. Accordingly, the filler
can be easily mixed in the resin portion 19 before curing and
furthermore, moisture or foreign substances can be pre-
vented from entering the inside of the ultrasonic probe 13,
by the resin portion 19.

[0045] At least any one of powders of a group of zinc
oxide powder, zirconium oxide powder, alumina powder,
silica powder, titanium oxide powder, silicon carbide pow-
der, aluminum nitride powder, carbon powder, calcium
carbonate powder, and boron nitride powder is included in
the filler, which is included in the resin portion 19. Various
fillers described above can scatter and attenuate the ultra-
sonic waves in the inside of the resin portion 19. For that
reason, the resin portion 19 can attenuate the ultrasonic
waves.

[0046] FIG. 4 is a plan view schematically illustrating the
ultrasonic probe according to Embodiment 1. The ultrasonic
device 17 is installed at the opening 16a of the probe casing
16. When the ultrasonic device 17 is installed at the opening
164, a groove portion 24 1s formed between the probe casing
16 and the acoustic lens 20. The resin portion 19 filled with
resin is formed in the groove portion 24. The acoustic lens
20 installed in the ultrasonic device 17 is disposed to be
exposed from the ultrasonic probe 13.

[0047] FIG. 5 is a plan view schematically illustrating a
configuration of a first substrate. The ultrasonic device 17
includes a first substrate 22. An element array 29 is formed
in the first substrate 22. The element array 29 is configured
with an array of the ultrasonic elements 25 arranged in an
array. The array is formed in a matrix composed of a
plurality of rows and a plurality of columns. Also, a stag-
gered-pattern arrangement is established in the array. In the
staggered-pattern arrangement, a group of the ultrasonic
elements 25 in even-numbered rows may be shifted with
respect to a group of the ultrasonic elements 25 in odd-
numbered rows by one-half of a row pitch.

[0048] Each ultrasonic element 25 includes a diaphragm
30. In the FIG. 5, a contour of the diaphragm 30 is plotted
in a dotted line in plan view (plan view from the thickness
direction of the first substrate) in a direction orthogonal to a
film surface of the diaphragm 30. A piezoelectric element 31
is formed on the diaphragm 30. The piezoelectric element 31
is configured with an upper electrode 32, a lower electrode
33, and a piezoelectric film 34. The piezoelectric film 34 is
sandwiched between the upper electrode 32 and the lower
electrode 33 for each ultrasonic element 25. These compo-
nents are superposed in order of the lower electrode 33, the
piezoelectric film 34, and the upper electrode 32.

[0049] A plurality of first conductors 35 are formed on the
surface of the first substrate 22. The first conductors 35
extend in parallel with each other in the direction of row of
the arrangement. One first conductor 35 is allocated for
every ultrasonic element 25 of one row. One first conductor
35 is commonly connected to the piezoelectric films 34 of
the ultrasonic elements 25 aligned in the row direction. The
first conductor 35 allows the upper electrode 32 to be formed
on each ultrasonic element 25. Both ends of the first con-
ductor 35 are respectively connected to a pair of lead-out
wirings 36. Lead-out wirings 36 extend in parallel with each
other in the direction of column of the arrangement. Accord-



US 2018/0161005 A1

ingly, all first conductors 35 have the same length. As such,
the upper electrode 32 is commonly connected to the ultra-
sonic elements 25 of the entire matrix. The first conductor 35
can be made of, for example, iridium (Ir). However, other
conductive materials may be used for the first conductor 35.
The first conductor 35 and the lead-out wiring 36 are formed
by patterning a laminated conductive layer. The material of
the first substrate 22 can be composed of, for example,
silicone (Si). As the material of the second substrate 23, for
example, silicone (Si), 42 alloy, a stainless metal plate can
be used. The piezoelectric film 34 is made of, for example,
lead zirconate titanate (PZT).

[0050] A plurality of second conductors 37 are formed on
the surface of the first substrate 22. The second conductors
37 extend in parallel with each other in the direction of
column of the arrangement. One second conductor 37 is
allocated for every ultrasonic element 25 of one column.
[0051] One second conductor 37 is commonly disposed to
the piezoelectric films 34 of the ultrasonic elements 25
aligned in the column direction. The second conductor 37
allows the lower electrode 33 to be formed on each ultra-
sonic element 25. For the second conductor 37, for example,
a laminated film of titanium (Ti), iridium (Ir), platinum (Pt),
and titanium can be used. However, other conductive mate-
rials may be used for the second conductor 37. The second
conductor 37 is formed by patterning the laminated conduc-
tive layer.

[0052] The first substrate 22 is connected with a first
wiring board 45 which is a flexible printed wiring board. The
first wiring board 45 covers the first terminal array 37a.
Conductive lines, that is, first signal lines 48 are formed on
one end of the first wiring board 45 by being individually
corresponded to the upper electrode terminals 46 and the
lower electrode terminal 47. The first signal lines 48 are
individually opposed to the upper electrode terminals 46 and
the lower electrode terminals 47 and individually joined
therewith. Similarly, a second wiring board 49 which is a
flexible printed wiring board is covered by the first substrate
22. The second wiring board 49 covers a second terminal
array 37b. Conductive lines, that is, second signal lines 50
are formed on one end of the second wiring board 49 by
being individually corresponded to the upper electrode ter-
minals 51 and the lower electrode terminal 52. The second
signal lines 50 are individually opposed to the upper elec-
trode terminals 51 and the lower electrode terminals 52 and
individually joined therewith.

[0053] The acoustic matching layer 21 is laminated on the
surface of the first substrate 22. A film thickness of the
acoustic matching layer 21 is determined by a resonance
frequency of the diaphragm 30. The resonance frequency of
the diaphragm 30 is determined by a width of the diaphragm
30.

[0054] FIG. 6 is a cross-sectional view of the ultrasonic
probe 13 schematically illustrating a function of the resin
portion and is an enlarged view of the cross-sectional view
schematically illustrated in FIG. 3. The second substrate 23,
the first substrate 22, the acoustic matching layer 21, and the
acoustic lens 20 are installed to be superimposed on one
another and the ultrasonic device 17 is configured with these
components. The ultrasonic device 17 includes the first
substrate 22. Recessed portions 44 are formed in the first
substrate 22 in a matrix shape. The first substrate 22 includes
the ultrasonic elements 25 at places thereof opposing the
recessed portions 44. Although the first substrate 22 is
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connected with the first wiring board and the second wiring
board, the first wiring board and the second wiring boards
are omitted in FIG. 6 in order to make it easy to understand
the effect of the invention. The ultrasonic element 25 is
vibrated by ultrasonic waves at the time of emitting the
ultrasonic waves. The ultrasonic waves are transferred from
the ultrasonic element 25 to the acoustic lens 20 and are
emitted from the surface of the ultrasonic probe 13. The
acoustic lens 20 is positioned in the emission direction 18 of
the ultrasonic waves emitted by the ultrasonic element 25.
The acoustic lens 20 plays a role of converging the ultra-
sonic waves emitted from the ultrasonic device 17. The
unnecessary ultrasonic waves propagate also in a direction
28 intersecting the emission direction of the ultrasonic
waves emitted by the ultrasonic element 25 in the inside of
the acoustic lens 20.

[0055] The groove portion 24 between the probe casing 16
and the ultrasonic device 17 is filled with resin and forms the
resin portion 19. The filler is included in the resin portion 19
and the ultrasonic waves are irregularly reflected within the
resin portion by the filler. The ultrasonic waves are attenu-
ated while advancing in the inside of the resin portion. By
doing this, the resin portion 19 absorbs the ultrasonic waves.
For that reason, the ultrasonic waves 38 advancing toward
an acoustic lens end face 20a are absorbed by the resin
portion 19. Accordingly, reflection of the ultrasonic waves
on the acoustic lens end face 20a is effectively attenuated.
The resin portion 19 containing the filler is installed on the
acoustic lens end face 20q and thus, reflection of the
ultrasonic waves is suppressed. As a result, reflection of the
ultrasonic waves on the acoustic lens end face 20a is
suppressed and thus, accuracy of ultrasonic wave measure-
ment can be improved.

[0056] The acoustic lens 20 includes the filler and in a case
where the filler included in the acoustic lens 20 is set as a
first filler 39 and the filler included in the resin portion 19 is
set as a second filler 40, the number-average diameter of the
second filler 40 is preferably larger than the number-average
diameter of the first filler 39. The number-average diameter
is an average value of the two-values-average particle diam-
eter of each filter. When a length of a long axis of the filler
is set as | and a length of a short axis thereof is set as, B, the
two-values-average particle diameter can be obtained by
two-values-average particle diameter=(1 +B)/2. The two-
values-average particle diameter can be calculated using a
microscopic method. The number-average diameter is an
average value of the two-values-average particle diameters
of each filter. In a case where the number-average diameter
is large, an occupied volume proportion of the fillers in the
resin portion 19 becomes larger.

[0057] The fillers are included in the acoustic lens 20 and
the resin portion 19. As the number-average diameter of the
fillers becomes large, the ultrasonic waves are gradually
scattered to be significantly attenuated. The filler included in
the acoustic lens 20 is set as the first filler 39 and the filler
included in the resin portion 19 is set as the second filler 40.
A number-average diameter relationship of the filler for the
second filler 40 is larger than that of the first filler 39. This
may be regarded as the same meaning that occupied volume
of the second filler 40 in the resin portion 19 is larger than
occupied volume of the first filler 39 in the acoustic lens 20.
When the occupied volume ratio of the filler is large, it is
possible to improve diffusion efficiency of the ultrasonic
waves and attenuate the ultrasonic waves. For this reason, it
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is possible to effectively attenuate the ultrasonic waves by
using the resin portion 19 rather than the acoustic lens 20.
With this, it is possible to suppress reflection of the ultra-
sonic waves on the acoustic lens end face 20a.

[0058] The ultrasonic probe 13 includes the first substrate
22 and the second substrate 23 at a side opposite to the
emission direction 18 of the ultrasonic waves. The second
substrate 23 plays a role of improving the stiffness of the first
substrate 22. The ultrasonic waves emitted from the ultra-
sonic element 25 propagate also inside of the second sub-
strate 23 and is reflected also on the second substrate end
face 23a. The ultrasonic waves emitted from the ultrasonic
element 25 is reflected also on the first substrate end face
22a of the first substrate 22 on which the ultrasonic element
25 is installed. The resin portion 19 is extended to the place
opposing the first substrate 22 and the second substrate 23 so
as to make it possible to effectively attenuate reflection of
the ultrasonic waves on the second substrate end face 23a or
the first substrate end face 22a of the first substrate 22 on
which the ultrasonic element 25 is installed.

[0059] As described above, according to this embodiment,
the following effects are obtained.

[0060] (1) According to this embodiment, the acoustic lens
20 has the acoustic lens end face 20a in the direction 28
intersecting the emission direction 18. The ultrasonic probe
13 includes the resin portion 19 which is opposed to the
acoustic lens end face 20a and includes the filler and resin.
The groove portion 24 formed between the ultrasonic device
17 and the probe casing 16 is filled with the resin portion 19.
The filler is included in the resin portion 19 and the
ultrasonic waves are irregularly reflected within the resin
portion 19 by the filler. The ultrasonic waves are attenuated
while advancing in the inside of the resin portion 19. By
doing this, the resin portion 19 absorbs the ultrasonic waves.
For that reason, the ultrasonic waves advancing toward an
acoustic lens end face 204 are absorbed by the resin portion
19. Accordingly, reflection of the ultrasonic waves on the
acoustic lens end face 20a is effectively attenuated. The
resin portion 19 containing the filler is installed on the
acoustic lens end face 20a and thus, reflection of the
ultrasonic waves is suppressed. As a result, reflection of the
ultrasonic waves on the acoustic lens end face 20a is
suppressed and thus, accuracy of ultrasonic wave measure-
ment can be improved.

[0061] (2) According to this embodiment, the filler is
included in the acoustic lens 20 and the resin portion 19. As
the number-average diameter of the filler is large, the
ultrasonic waves are gradually scattered to be significantly
attenuated. In a case where the filler included in the acoustic
lens 20 is set as the first filler 39 and the filler included in the
resin portion 19 is set as the second filler 40, a number-
average diameter relationship of the filler for the second
filler 40 is larger than that of the first filler 39. For this
reason, it is possible to effectively attenuate the ultrasonic
waves by using the resin portion 19 rather than the acoustic
lens 20. With this, it is possible to suppress reflection of the
ultrasonic waves on the acoustic lens end face 20a.

[0062] (3) According to this embodiment, silicone rubber,
foamed silicone, and epoxy resin which are materials of the
resin portion 19 have a nature of maintaining a state of being
viscous body before curing and becoming solid after curing.
For that reason, the filler can be easily mixed in the resin
portion 19 before curing of the materials of the resin portion
19. Furthermore, moisture or foreign substances can be
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prevented from entering the inside of the ultrasonic probe 13
by the resin portion 19. Accordingly, the filler can be easily
mixed in the resin portion 19 before curing and furthermore,
moisture or foreign substances can be prevented from enter-
ing the inside of the ultrasonic probe 13 by the resin portion
19.

[0063] (4) According to this embodiment, the ultrasonic
probe 13 includes the first substrate 22 and the second
substrate 23 at a side opposite to the emission direction 18
of the ultrasonic waves. The second substrate 23 plays a role
of improving the stiffness of the first substrate 22. The
ultrasonic waves emitted from the ultrasonic element 25
propagate also inside of the second substrate 23 and are
reflected also on the second substrate end face 23a. The
ultrasonic waves emitted from the ultrasonic element 25 are
reflected also on the first substrate end face 22a of the first
substrate 22 on which the ultrasonic element 25 is installed.
The resin portion 19 is extended to the place opposing the
first substrate 22 and the second substrate 23 so as to make
it possible to effectively attenuate reflection of the ultrasonic
waves on the second substrate end face 23a or the first
substrate end face 22a of the first substrate 22 on which the
ultrasonic element 25 is installed.

Embodiment 2

[0064] Next, one embodiment of the ultrasonic probe will
be described using FIG. 7 and FIG. 8. The present embodi-
ment is different from Embodiment 1 in that a recessed and
projecting member 41 which attenuates the ultrasonic waves
is installed. Also, description on the same matters as those of
Embodiment 1 will be omitted.

[0065] FIG. 7 is a plan view schematically illustrating an
ultrasonic probe according to Embodiment 2. The ultrasonic
device 17 of an ultrasonic probe 43 is installed at the
opening 16a of the probe casing 16. When the ultrasonic
device 17 1s installed at the opening 164, the groove portion
24 is formed between the probe casing 16 and the ultrasonic
device 17. The groove portion 24 is filled with the filling
agent 42. The acoustic lens 20 installed in the ultrasonic
device 17 is disposed to be exposed from the ultrasonic
probe 43. In a case where an end face of the acoustic lens 20,
which is positioned in the emission direction 18 of the
ultrasonic waves emitted by the ultrasonic element 25 and
has end face in the direction 28 intersecting the emission
direction, is set as the acoustic lens end face 20a, the
ultrasonic device 17 includes the recessed and projecting
member 41 which is opposed to the acoustic lens end face
20q of the acoustic lens 20 and unevenness.

[0066] FIG. 8 is a cross-sectional view schematically
illustrating a function of a recessed and projecting member
according to Embodiment 2 and is a diagram when seen
from a cross-section along line C-C' of FIG. 7. The acoustic
lens 20 has acoustic lens end face 20a in a direction 28
intersecting the emission direction. The recessed and pro-
jecting member 41 is installed at the opening 16a of the
probe casing 16. The groove portion 24 formed between the
probe casing 16 and the ultrasonic device 17 is filled with a
filling agent 42. Although the filler is included in the resin
portion 19 of Embodiment 1, the filler may not be included
in the filling agent 42. The recessed and projecting member
41 irregularly reflects the ultrasonic waves. For that reason,
the ultrasonic waves 38 advancing toward the acoustic lens
end face 20q is irregularly reflected on the recessed and
projecting member 41. Reflection on the acoustic lens end
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face 20a is effectively attenuated by the recessed and pro-
jecting member 41. The recessed and projecting member 41
is installed at the opening 16a of the probe casing 16 and
thus, reflection of the ultrasonic waves is suppressed. As a
result, reflection of the ultrasonic waves on the acoustic lens
end face 20q is suppressed and thus, accuracy of ultrasonic
wave measurement can be improved.

[0067] A cross-section of unevenness of the recessed and
projecting member 41 is preferably a triangle in at least one
of a direction orthogonal to or parallel with the acoustic lens
end face. A height of the recessed and projecting member 41
may be available as long as it is the integer multiple of a
wavelength A of the ultrasonic waves. A shape of which a
cross-section in at least one of the orthogonal direction and
the parallel direction with respect to the acoustic lens end
face 20a becomes a triangle is, for example, a triangular
pyramid or a triangular prism.

[0068] The ultrasonic probe 43 includes the acoustic lens
20 and the recessed and projecting member 41. When a
cross-section in at least one of the orthogonal direction and
the parallel direction with respect to the acoustic lens end
face 20a is a triangle, the recessed and projecting member 41
can irregularly reflect the ultrasonic waves effectively. The
ultrasonic waves 38 advancing toward the acoustic lens end
face 20a is irregularly reflected on the recessed and project-
ing member 41 and thus, reflection of the ultrasonic waves
toward the acoustic lens end face 20a is effectively attenu-
ated. The recessed and projecting member 41 is installed at
the opening 16a of the probe casing 16 and thus, reflection
of the ultrasonic waves on the acoustic lens end face 20qa is
suppressed.

[0069] The first substrate 22 on which the ultrasonic
element 25 is installed and the second substrate 23 for
improving the stiffness of the first substrate 22 are installed
in this order at a side opposite to the emission direction 18
of the ultrasonic waves of the acoustic lens 20. The first
substrate 22 and the second substrate 23 have end faces in
the direction 28 intersecting the emission direction, the end
face of the first substrate 22 is set as the first substrate end
face 22a, and the end face of the second substrate 23 is set
as the second substrate end face 234. The recessed and
projecting member 41 is preferably opposed to the first
substrate end face 22¢ and the second substrate end face
23a.

[0070] The ultrasonic probe 43 includes the first substrate
22 and the second substrate 23 at a side opposite to the
emission direction 18 of the ultrasonic waves. The ultrasonic
element 25 is installed on the first substrate 22. The second
substrate 23 plays a role of improving the stiffness of the first
substrate 22. The ultrasonic waves emitted from the ultra-
sonic element 25 propagate also inside of the second sub-
strate 23 and are reflected also on the second substrate end
face 23a. The ultrasonic waves emitted from the ultrasonic
element 25 are reflected also on the first substrate end face
22a of the first substrate 22 on which the ultrasonic element
25 is installed. The recessed and projecting member 41 is
extended to the place opposing the first substrate 22 and the
second substrate 23. Accordingly, it is possible to effectively
attenuate reflection of the ultrasonic waves on the second
substrate end face 23a or the first substrate end face 22a by
the recessed and projecting member 41.

[0071] In the ultrasonic probe 43, the probe casing 16 is
preferably installed to be opposed to the acoustic lens end
face 20a and the recessed and projecting member 41 is
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preferably integrated with the probe casing 16. The probe
casing 16 may be composed of ABS resin, acrylic resin, or
a resin material. The probe casing 16 may also be composed
of a composite material of silicone rubber and the resin
material.

[0072] The probe casing 16 is preferably installed to be
opposed to the acoustic lens end face 20« in the ultrasonic
probe 43. The probe casing 16 includes the recessed and
projecting member 41 at places thereof opposing the acous-
tic lens end face 20a. The recessed and projecting member
41 irregularly reflects the ultrasonic waves. For that reason,
the ultrasonic waves 38 advancing toward the acoustic lens
end face 20a are irregularly reflected on the recessed and
projecting member 41 and thus, reflection of the ultrasonic
waves on the acoustic lens end face 20a is effectively
attenuated. The recessed and projecting member 41 is
installed at the opening 164 of the probe casing 16 and thus,
reflection of the ultrasonic waves can be suppressed. Since
the recessed and projecting member 41 is integrated with the
end face of the probe casing 16, the number of components
can be reduced compared to a case where the recessed and
projecting member 41 and the end face of the probe casing
16 are formed at different portions and accordingly, it is
possible to manufacture the ultrasonic probe 43 with high
productivity.

[0073] As described above, the following effects are
obtained according to this embodiment.

[0074] (1) According to this embodiment, the ultrasonic
probe 43 includes the acoustic lens 20 and the recessed and
projecting member 41. The acoustic lens 20 has the acoustic
lens end face 20a in the direction 28 intersecting the
emission direction. The recessed and projecting member 41
is disposed at the opening 164 of the probe casing 16. The
groove portion 24 formed between the ultrasonic device 17
and the probe casing 16 is filled with the filling agent 42.
Although the filler is included in the resin portion 19 of
Embodiment 1, the filler may not be included in the filling
agent 42.

[0075] The recessed and projecting member 41 irregularly
reflects the ultrasonic waves. For that reason, the ultrasonic
waves 38 advancing toward the acoustic lens end face 20a
are irregularly reflected on the recessed and projecting
member 41. With this, reflection on the acoustic lens end
face 20a is effectively attenuated. The recessed and project-
ing member 41 is installed at the opening 16a of the probe
casing 16 and thus, reflection of the ultrasonic waves is
suppressed. As a result, reflection of the ultrasonic waves on
the acoustic lens end face 20a is suppressed and thus,
accuracy of ultrasonic wave measurement can be improved.
[0076] (2) According to this embodiment, the cross-sec-
tion of unevenness of the recessed and projecting member
41 is preferably a triangle in at least one of a direction
orthogonal to or parallel with the acoustic lens end face 20a.
When the cross-section of unevenness of the recessed and
projecting member 41 in at least one of a direction orthogo-
nal to or parallel with the acoustic lens end face 20a is a
triangle, it is possible to irregularly reflect the ultrasonic
waves effectively. Accordingly, the ultrasonic waves
advancing toward the acoustic lens end face 20qa are irregu-
larly reflected on the recessed and projecting member 41 and
thus, reflection of the ultrasonic waves on the acoustic lens
end face 20q is effectively attenuated.

[0077] (3) According to this embodiment, the ultrasonic
probe 43 includes the first substrate 22 and the second
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substrate 23 at a side opposite to the emission direction 18
of the ultrasonic waves. The ultrasonic element 25 is
installed on the first substrate 22. The second substrate 23
plays a role of improving the stiffness of the first substrate
22. The ultrasonic waves emitted from the ultrasonic ele-
ment 25 propagate also inside of the second substrate 23 and
are reflected also on the second substrate end face 23a. The
ultrasonic waves emitted from the ultrasonic element 25 are
reflected also on the first substrate end face 22a of the first
substrate 22 on which the ultrasonic element 25 is installed.
The recessed and projecting member 41 is extended to the
place opposing the first substrate 22 and the second substrate
23 so as to make it possible to effectively attenuate reflection
of the ultrasonic waves on the second substrate end face 23a
or the first substrate end face 22a.

[0078] (4) According to this embodiment, the probe casing
16 is installed to be opposed to the acoustic lens end face
20q, in the ultrasonic probe 43. The ultrasonic probe 43
includes the recessed and projecting member 41 which is
opposed to the acoustic lens end face 20a. The recessed and
projecting member 41 irregularly reflects the ultrasonic
waves. For that reason, the ultrasonic waves 38 advancing
toward the acoustic lens end face 20a are irregularly
reflected on the recessed and projecting member 41 and thus,
reflection of the ultrasonic waves on the acoustic lens end
face 20a is effectively attenuated. The recessed and project-
ing member 41 is installed at the opening 16a of the probe
casing 16 and thus, reflection of the ultrasonic waves can be
suppressed. Since the recessed and projecting member 41 is
integrated with the end face of the probe casing 16, the
number of components can be reduced compared to a case
where the recessed and projecting member 41 and the end
face of the probe casing 16 are formed at different portions
and accordingly, it is possible to manufacture the ultrasonic
probe 43 with high productivity.

[0079] The invention is not limited to the embodiments
described above and various alterations or improvements
can be made to the embodiments described above. In the
following, modification examples will be described in detail.

MODIFICATION EXAMPLE 1

[0080] In Embodiment 1 described above, matters that at
least any one of silicone rubber, foamed silicone, and epoxy
resin is included, as the material of the resin portion 19, are
described, but are not limited to the configuration thereof. In
the following, the ultrasonic probe 13 according to Modi-
fication Example 1 will be described. The same constitu-
tional elements as those of Embodiment 1 are assigned the
same reference numerals and redundant description will be
omitted.

[0081] Silicone rubber, foamed silicone, and epoxy resin
are curable resin having a nature of maintaining a state of
being viscous body before curing and becoming solid after
curing and thus, the filler can be easily mixed. Other
materials which are curing resin may be used. By doing this,
the filler can be easily mixed before curing. Furthermore,
moisture or foreign substances can be prevented from enter-
ing the inside of the ultrasonic probe 13. Accordingly, the
filler can be easily mixed in the resin portion 19 before
curing and furthermore, moisture or foreign substances can
be prevented from entering the inside of the ultrasonic probe
13.
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MODIFICATION EXAMPLE 2

[0082] In Embodiment 1 described above, matters that at
least any one of powders of a group of zinc oxide powder,
zirconium oxide powder, alumina powder, silica powder,
titanium oxide powder, silicon carbide powder, aluminum
nitride powder, carbon powder, calcium carbonate powder,
and boron nitride powder is included in the filler, which is
included in the resin portion 19 are described, but are not
limited to the configuration thereof. In the following, the
ultrasonic probe 13 according to Modification Example 2
will be described.

[0083] The size of the particle diameter of various fillers
included in the resin portion 19 is the same as or equal to or
less than the wavelength of the ultrasonic waves and thus,
various fillers have a nature of diffusing the ultrasonic
waves. In addition to the fillers described above, as long as
the size of the particle diameter of the fillers is the same as
or equal to or less than the wavelength of the ultrasonic
waves and the fillers have a nature of diffusing the ultrasonic
wave, these fillers may be used. These fillers can scatter and
attenuate the ultrasonic waves. For that reason, the resin
portion 19 can attenuate the ultrasonic waves.

MODIFICATION EXAMPLE 3

[0084] FIG. 9 illustrates a cross-sectional view schemati-
cally illustrating an ultrasonic probe according to Modifi-
cation Example 3. In Embodiment 1 described above, a
structure of the ultrasonic probe 13 is described, but is not
limited to the configuration thereof. In the following, an
ultrasonic probe 53 according to Modification Example 3
will be described.

[0085] In the ultrasonic probe 53, the acoustic lens 20, the
acoustic matching layer 21, the first substrate 22, and the
second substrate 23 are installed to be superimposed on one
another in this order. A recessed portion 55 is installed on the
second substrate 23 and the ultrasonic element 25 is posi-
tioned inside the recessed portion 55. The first substrate 22
includes a recessed portion 44. The recessed portion 44 side
of the first substrate 22 corresponds to the emission direction
18. Accordingly, the ultrasonic waves advance in order of
the recessed portion 44, the acoustic matching layer 21, and
the acoustic lens 20 to be emitted.

[0086] The acoustic matching layer 21 disposed between
the first substrate 22 and the acoustic lens 20 is filled into the
inside of the recessed portion 44. The ultrasonic waves
generated by the ultrasonic element 25 may be emitted
through the acoustic matching layer 21 filled into the
recessed portion 44. By doing this, it is possible to protect
the ultrasonic element 25 from moisture or foreign sub-
stances entering from outside.

[0087] Also, the ultrasonic probe 53 is configured in such
away that the resin portion 19 is installed at places opposing
the second substrate end face 234, the first substrate end face
22a, and the acoustic lens end face 20a. Accordingly, the
unnecessary ultrasonic waves advancing toward the second
substrate end face 23a, the first substrate end face 22a, and
the acoustic lens end face 20« can be attenuated by the resin
portion 19.

MODIFICATION EXAMPLE 4

[0088] In Embodiment 2 described above, matters that the
cross-section of unevenness of the recessed and projecting
member 41 is a triangle in at least one of a direction
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orthogonal to or parallel with the acoustic lens end face 20a
are described, but are not limited to the configuration
thereof. In the following, the ultrasonic probe according to
Modification Example 4 will be described.

[0089] The cross-section of unevenness of the recessed
and projecting member 41 in at least one of a direction
orthogonal to or parallel with the acoustic lens end face 20a
is not limited to a triangle, but may include a circle, a
quadrangle, or a polygon. By doing this, the ultrasonic
waves 38 advancing toward the acoustic lens end face 20a
is irregularly reflected on the recessed and projecting mem-
ber 41 and thus, reflection of the ultrasonic waves toward the
acoustic lens end face 20a is effectively attenuated. The
recessed and projecting member 41 is installed at the open-
ing 16a of the probe casing 16 and thus, reflection of the
ultrasonic waves is suppressed.

MODIFICATION EXAMPLE 5

[0090] FIG. 10 illustrates a cross-sectional view schemati-
cally illustrating an ultrasonic probe according to Modifi-
cation Example 5. In Embodiment 2 described above, the
structure of the ultrasonic probe 43 is described, but is not
limited to the configuration thereof.

[0091] In the following, the ultrasonic probe 54 according
to Modification Example 5 will be described.

[0092] In the ultrasonic probe 54, the acoustic lens 20, the
acoustic matching layer 21, and the first substrate 22 are
installed to be superimposed on one another in this order.
Similar to Modification Example 3, the first substrate 22
includes the recessed portion 44. The recessed portion 44
side of the first substrate 22 corresponds to the emission
direction 18. Accordingly, the ultrasonic waves advance in
order of the recessed portion 44, the acoustic matching layer
21, and the acoustic lens 20 to be emitted.

[0093] The acoustic matching layer 21 disposed between
the first substrate 22 and the acoustic lens 20 is filled into the
inside of the recessed portion 44. The ultrasonic waves
generated by the ultrasonic element 25 may be emitted
through the acoustic matching layer 21 filled into the
recessed portion 44. By doing this, it is possible to protect
the ultrasonic element 25 from moisture or foreign sub-
stances entering from outside.

[0094] Also, the ultrasonic probe 54 is configured in such
a way that the recessed and projecting member 41 is
installed at places opposing the second substrate end face
23a, the first substrate end face 224, and the acoustic lens
end face 20a. Accordingly, the unnecessary ultrasonic waves
advancing toward the second substrate end face 23a, the first
substrate end face 224, and the acoustic lens end face 20a
can be attenuated by the recessed and projecting member 41.
[0095] The cross-section of unevenness of the recessed
and projecting member 41 in at least one of a direction
orthogonal to or parallel with the acoustic lens end face 20a
is not limited to a triangle, but may include a circle, a
quadrangle, or a polygon. By doing this, the ultrasonic
waves 38 advancing toward the acoustic lens end face 20a
are irregularly reflected on the recessed and projecting
member 41 and thus, reflection of the ultrasonic waves
toward the acoustic lens 20 from the recessed and projecting
member 41 is effectively attenuated. The recessed and
projecting member 41 is installed at the opening 16a of the
probe casing 16 and thus, reflection of the ultrasonic waves
is suppressed. Through holes 56 penetrating through in the
7-direction are installed on the second substrate 23 of FIG.
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9 and FIG. 10. The through holes 56 are holes used for
installing wirings. When a place where wirings are to be
installed can be provided at a portion other than the second
substrate 23, the through holes 56 may not necessarily be
installed on the second substrate 23.
[0096] The entire disclosure of Japanese Patent Applica-
tion No. 2016-241960 filed Dec. 14, 2016 is expressly
incorporated by reference herein.
What is claimed is:
1. An ultrasonic probe comprising:
an acoustic lens which is positioned in an emission
direction of ultrasonic waves emitted by an ultrasonic
element and has end face in a direction intersecting the
emission direction; and
a resin portion which is opposed to acoustic lens end face
which is the end face of the acoustic lens and includes
a filler and resin.
2. The ultrasonic probe according to claim 1,
wherein the acoustic lens includes a filler, and in a case
where the filler included in the acoustic lens is set as a
first filler and the filler included in the resin portion is
set as a second filler, the number-average diameter of
the second filler is larger than the number-average
diameter of the first filler.
3. The ultrasonic probe according to claim 1,
wherein the material of the resin portion includes at least
any one of silicone rubber, foamed silicone, and epoxy
resin and the filler included in the resin portion includes
at least any one of powders of the group consisting of
zinc oxide powder, zirconium oxide powder, alumina
powder, silica powder, titanium oxide powder, silicon
carbide powder, aluminum nitride powder, carbon pow-
der, calcium carbonate powder, and boron nitride pow-
der.
4. The ultrasonic probe according to claim 1,
wherein a first substrate on which the ultrasonic element
is installed and a second substrate for improving the
stiffness of the first substrate are installed in this order
at a side opposite to the emission direction of the
ultrasonic waves of the acoustic lens,
the first substrate and the second substrate have end faces
in a direction intersecting the emission direction, and
in a case where the end face of the first substrate is set as
a first substrate end face and the end face of the second
substrate is set as a second substrate end face, the resin
portion is opposed to the first substrate end face and the
second substrate end face.
5. An ultrasonic probe comprising:
an acoustic lens which is positioned in an emission
direction of the ultrasonic waves emitted by an ultra-
sonic element and has an acoustic lens end face in the
direction intersecting the emission direction; and
arecessed and projecting member which is opposed to the
acoustic lens end face and has unevenness.
6. The ultrasonic probe according to claim 5,
wherein a cross-section of unevenness of the recessed and
projecting member is a triangle in at least one of a
direction orthogonal to or parallel with the acoustic lens
end face.
7. The ultrasonic probe according to claim 5,
wherein a first substrate on which the ultrasonic element
is installed and a second substrate for improving the
stiffness of the first substrate are installed in this order
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at a side opposite to the emission direction of the
ultrasonic waves of the acoustic lens,

the first substrate and the second substrate have end faces
in a direction intersecting the emission direction, and

in a case where the end face of the first substrate is set as
the first substrate end face and the end face of the
second substrate is set as the second substrate end face,
the recessed and projecting member is opposed to the
first substrate end face and the second substrate end
face.

8. The ultrasonic probe according to claim 5,

wherein a probe casing is installed to be opposed to the
acoustic lens end face, and

the recessed and projecting member is integrated with the
probe casing.
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