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Provided is an ultrasonic device including: an ultrasonic ele-
ment array substrate having a plurality of ultrasonic elements
configured to perform at least one of transmission and recep-
tion of ultrasound; an acoustic lens configured to focus the
ultrasound; an acoustic matching unit formed using resin, the
acoustic matching unit being arranged between the ultrasonic
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(51) Int.CL

of columnar spacing members arranged between the ultra-
sonic element array substrate and the acoustic lens so as to be

A61B 8/00 (2006.01) in contact with the ultrasonic element array substrate and the
A61B 8/14 (2006.01) acoustic lens.
1
3 ’ 2

ULTRASONIC PROBE APPARATUS BOD
9 28 i i
i PROCESSING CIRCUIT P g
27 28 30 |1 7_31 33 !
i |ULTRASONIC SELECTION| ___[TRANSMITTING|___[CONTROL|_| | | | 5 |
t | DEVICE CIRCUIT CIRCUT || UNIT TS LT g
s ! L s
H = !
! I I :
; 29 | i 8 32 ~5 ;
5 RECEIVING)| | ! : | = |__|PROCESSING | DISPLAY | :
E CReUT [ 1] UNIT uNim_ |

.............................................................

.................................................



Patent Application Publication  Apr. 30,2015 Sheet 1 of 13 US 2015/0119717 A1

as

[0) RN 92

FIG. 1



Patent Application Publication  Apr. 30,2015 Sheet 2 of 13 US 2015/0119717 A1

N\ ijzzzzzf : N ¢

D,

1~ AR A )
-

FIG. 2

H

x l

9
y 9
15 24 22(16) /

12 10 17 23(16) 23(16)17 10

Z 7

11 /182125 8
/| 14

AN
hY
&

13 13

v L

FIG. 3



o m e e e E e ., e e e e e e e e e e e e e e e e o e e e e e e e e e R 8 e = e

US 2015/0119717 A1
q.
O
L

= i [ INn | onn || B L MR
3 t | Av1dSIa ONISSIO0Nd = [T 1 [ [oNIA303y
= i g7 ze” Slii| 627}
2 " 2|
72 ! P o

: O b | 4
= m HNAIA Jde it [ INn | Lnoun [unoaip || | 3d1A3d
& ; = JOMINOD | T|ONILLINSNWVYL ~ NOILDT13S DINOSYHLIN
o H vy . vy \ S
s . €€ ] 0F 8¢ iz
2 m e
& m b LINDAI0 ONISSI00Nd

w i1 9z 57
S m o
g W P
= : AQOS SN.LYHYddVY P 380¥d DINOSYHLIN
Dn.... ,---::-l----n\f.. ................................. e .1,. ............................................................
n - ,
2 [4 €
E I
IW l
-«
g
5
[~

R L L L T L ]



US 2015/0119717 A1

Apr. 30,2015 Sheet4 of 13

FIG. 5

Patent Application Publication

o o) o) o yo)
™ ™ © ] %)
~ o~ P : ~ o~
N\ LY hY Ay A%
) ] ] | I ]
7 ; i / ’
[] [ [] 7 ]

I et vnonbb et S ————————— e ————=
(=—=== L T e e N S i Sntiiletel mhniaie i Sty Rty
L. t o | 1 I I i I |
(I 11 } ] I 1 1 { p !

r N\ 1
! )
! 1
! |
! |
! )
! I
! I
! I
/T“

1
| i
I
== I — T T T T Y T ™ |“
" Lo I I i I ! | by I

A \ A Y
||||| s s Tttt Pt n,wul_ulnnn..unululkn e lalel

} } ! ! {

7 \ i .~ [4

H { ] _ 1 |

\ \ \ ' 'Hl ‘al

e g g Q <

N N m (9] (3]




Patent Application Publication

Apr. 30,2015 Sheet5of13  US 2015/0119717 Al
/-9- 17
'34 35
15 22(16) 24 23 / /
< W (% A
/ A
;§ AL A '§f
/]
j\\\\ N\ \\\ \J,\ \ \ \ \\\\/
j 18 21
23e T 17b 23c
9
S o7
15 26(16) 24 3 35
' A Lo
T '_-.’I L r i ,,: \\\ \‘.--‘ :
: }TTI-'I'I -FTTo-rr 1-1-—-r|'-:— 1}1--n-|| |
A intpiytuiiyirinn | Sniiaieniipepesus B
S O SNV | I 1
18 21
\'W_j
14 9
/ 17
—
22(16) 3<; :}5
B
;\ 77N
/§ s ya\
Q\\u\\\\\\\y
_LLL/I\H v awab,
18 21
13 ‘ , 13
14
]
PRy
1(5 22(16) 24 % 35
T W F———rT T
: I_J T"l")'l'l" I T TTTNT l':f_ [l i _l i
R aiiaiiatiiteter ittt
LIl s HE
..J_:’.jj' ____ ‘:"\:""""“TT‘.T.:--L..
13 A 13
18 21
H_J



Patent Application Publication  Apr. 30,2015 Sheet 6 of 13 US 2015/0119717 A1

18(9,14)

)
24 42a 41 44a 42a 4{I 44a 24
(42) (36) (44) (42) (36) (44)

[y » -
|z

24

FIG. 7B

24

N
>

A -~ ot /
18 4 OUOUOVUNVSA NN N NNN YN N AR NN RN 45
p A A A AR R W

IR N

42 43 44 37a
—

41




FIG. 8

Patent Application Publication  Apr. 30,2015 Sheet 7 of 13 US 2015/0119717 A1
14
4 41(36) 2;30 18 /
03 ! /i\@ \O O v 4. .23
l N (Y
-1 | 1 Il | . | 1 = 1 .
L22< _
1 ! I - - = -
- llll 11 L
MO e t
ST T T o E W
) (= !
e T e W i
\ { 2
j
—{ — = "/'
il s W o W W o W O O e Y BN 234



Patent Application Publication

( START )

\i

Apr. 30,2015 Sheet 8 of 13 US 2015/0119717 A1

SUBSTRATE COUPLING STEP |~ 81
SPACING MEMBER
FORMATION STEP ~~S2
Yy
WIRING INSTALLATION STEP |~ 83
ACOUSTIC MATCHING MEMBER |,
APPLICATION STEP
LENS INSTALLATION STEP |~ 85
|
ACOUSTIC MATCHING MEMBER |
SOLIDIFICATION STEP
|
FRAME INSTALLATION STEP |~ 87

END

FIG. 9



Patent Application Publication  Apr. 30,2015 Sheet 9 of 13 US 2015/0119717 A1
14
FIG.10A 18
quY I NANANAY AL VAN Y
z
24a
FlG.1OB N N AN N AN AN AN \S N
X //////\\///////'\~18}14
T——Y NN NN AN N N N N T2
Z
24
FIG.10C A
A 7 A 4V A A Y A S 4 f\/18}14
XT_Y NAANAD DN =
z
13 24 13
FIG10D (—5—\ [ T o N s B | A im| r-A—:)
X 77 T T2 T 7 L2 Z LN s
T_Y NN BN
z
46
FIG.10E )
77 Z T A NI
Y OSSN e

—

z



Patent Application Publication  Apr. 30,2015 Sheet 100f13  US 2015/0119717 A1

FIG.11A

-

Y

FIG.11B

-

Z

FIG.11C

z
T—x
Y

FIG.11D

-

Z

13

—

O 0O 0 0 O 0O O O Gy
O 0 0O 06 0O 0O 0 0 O

c,0 0O 0 O O O cg
) c 0o 0 0 0O 00
ON_O0 0 0 O O o)

O 0O 0 0 OO0 0 O O
© 0 0O 0O 0 00 O O

46

~14

,\,1

46  22(16) 24

[

ANANANANAVANANANANAY &

3

18

21 14

-t " ———— — ——— —

~— 46

7

NN AN YN

V,

NN N N
A

34
17
o)

NONN N NINN NN N

;

WL



US 2015/0119717 A1

Apr. 30,2015 Sheet 11 of 13

Patent Application Publication

50(49)

’/

41
42a —*—— 44a

—

44a
(44)

(42) 42 43 74 (44)
L
™
3

[—
1
T~ "1
™
2
[—
(

<C
AN
O
(T

37

o
x 3
(=]
0

AN )

L FARY ]
~——1 ] % I'_
\Tll_, —

-—

S —
/T.AI |'_
_|‘I |v|“
_JI —
L )
L ]
”‘I |'L
L ]
1 ]
[ |
~—— —
— — |
~—— —
_|A”|| |.'"
_|IIH I.'-_
_‘l —
|'_
L —

>

Plﬂvl

N N

LL




Patent Application Publication  Apr. 30,2015 Sheet 120f13  US 2015/0119717 A1

4
54
4 N
54
T™~~26
N - 55(57)
T~—26
- 55(57)
56 56 N -58
N Wan 58(60) N .S.
( 59 { 59
Y ) Y )
9 16 9 16

FIG.13A FIG.13B



Patent Application Publication  Apr. 30,2015 Sheet 130f13  US 2015/0119717 A1

- 7 S
// TH~—65
63 — 64

66\ L/ﬁ// \
C— 5 68

67

T

FIG.14



US 2015/0119717 Al

ULTRASONIC DEVICE, ULTRASONIC
PROBE HEAD, ULTRASONIC PROBE,
ELECTRONIC APPARATUS, AND
ULTRASONIC IMAGING APPARATUS

BACKGROUND
[0001] 1. Technical Field
[0002] Thepresentinvention relates to an ultrasonic device,

an ultrasonic probe head, an ultrasonic probe, an electronic
apparatus, and an ultrasonic imaging apparatus.

[0003] 2. Related Art

[0004] Ultrasonic devices using ultrasonic elements that
transmit and receive ultrasound have been used in various
applications. JP-A-2011-35916, which is an example of
related art, discloses an ultrasonic endoscope provided with
ultrasonic elements. This ultrasonic endoscope is provided
with ultrasonic elements of the electrostatic capacitance type
that transmit and receive ultrasound, and an acoustic lens that
focuses the ultrasound.

[0005] The ultrasonic elements apply an AC voltage to a
substrate on which a lower electrode is installed and a mem-
brane on which an upper electrode is installed. This causes an
electrostatic force to act on the substrate and the membrane,
so that the membrane vibrates so that ultrasound is transmit-
ted. The ultrasound passes through the acoustic lens, thereby
being emitted so as to be focused on a predetermined point.
The acoustic lens is formed using silicone resin, which is a
material that easily transfers ultrasound to a material being
examined and that is easily deformed due to a stress being
applied.

[0006] An acoustic lens transmits ultrasound more easily
when it is in contact with the material being examined. Fur-
ther, since the position of the acoustic lens is controlled by an
operator, the acoustic lens may be pressed by the material
being examined in some cases. In JP-A-2011-35916, the
periphery of the acoustic lens is supported by a metal pack-
age. Accordingly, when stress is applied to the acoustic lens
by the material being examined, the center of the acoustic lens
is easily deformed because it is held by its outer circumfer-
ence. When the acoustic lens is deformed, the point on which
the ultrasound is focused is shifted, and the sound pressure at
the point on which the ultrasound was to be focused is
reduced. Therefore, an ultrasonic device capable of transmit-
ting and receiving ultrasound efficiently by suppressing the
deformation of the acoustic lens has been desired.

SUMMARY

[0007] The invention has been devised to solve the afore-
mentioned problems and can be practiced as embodiments or
application examples described below.

APPLICATION EXAMPLE 1

[0008] An ultrasonic device according to this application
example includes: an ultrasonic element array substrate hav-
ing a plurality of ultrasonic elements configured to perform at
least one of transmission and reception of ultrasound; an
acoustic lens configured to focus the ultrasound; an acoustic
matching unit formed using resin, the acoustic matching unit
being arranged between the ultrasonic element array sub-
strate and the acoustic lens; and a plurality of columnar spac-
ing members arranged between the ultrasonic element array
substrate and the acoustic lens so as to be in contact with the
ultrasonic element array substrate and the acoustic lens.
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[0009] According to this application example, a plurality of
ultrasonic elements are installed on the ultrasonic element
array substrate. An ultrasonic element transmits or receives
ultrasound. Alternatively, the ultrasonic element transmits
and receives ultrasound. The ultrasound transmitted by the
ultrasonic element passes through the acoustic matching unit
and the acoustic lens to a material being examined. The
acoustic matching unit adjusts the acoustic impedance
between the acoustic lens and the ultrasonic element. This
makes it difficult for ultrasound to be reflected by the interface
between the acoustic lens and the ultrasonic element, and
makes it difficult for ultrasound to be reflected by the interface
between the acoustic matching unit and the acoustic lens.
Accordingly, ultrasound is emitted efficiently to the material
being examined.

[0010] The acoustic lens is used while in contact with the
material being examined. At this time, the acoustic lens is
pressed by the material being examined, and stress occurs
inside the acoustic lens. The resin of the acoustic matching
unit is susceptible to deformation, and therefore is deformed
due to the stress of the acoustic lens. On the other hand, the
columnar spacing members are in contact with the acoustic
lens and the ultrasonic element array substrate, and transfer
the stress of the acoustic lens to the ultrasonic element array
substrate. Further, the thickness of the acoustic matching unit
1s kept constant, thereby suppressing the deformation of the
acoustic lens so that ultrasound can be focused accurately.
Further, ultrasound reflected by the material being examined
also can be focused accurately on the ultrasonic element since
the deformation of the acoustic lens is suppressed. As a result,
the ultrasonic device can transmit and receive ultrasound
efficiently.

APPLICATION EXAMPLE 2

[0011] In the ultrasonic device according to the aforemen-
tioned application example, the spacing members are
arranged in locations that do not ovetlap with the ultrasonic
elements in plan view, as viewed in a thickness direction of
the ultrasonic element array substrate.

[0012] According to this application example, the spacing
members are arranged at locations that do not overlap with the
ultrasonic elements. The ultrasonic elements are overlapped
by the ultrasonic matching unit formed of resin. Accordingly,
the ultrasonic device can emit ultrasound whose acoustic
impedance has been adjusted by the acoustic matching unit.
Further, in the ultrasonic device, the acoustic matching unit
can adjust the acoustic impedance of the received ultrasound
and emit it to the ultrasound element.

APPLICATION EXAMPLE 3

[0013] In the ultrasonic device according to the aforemen-
tioned application example, the spacing members are
arranged between the ultrasonic elements so as to extend in
the form of a wall and hardly allow ultrasound to pass there-
through in an in-plane direction of the ultrasonic element
array substrate.

[0014] According to the present example, the spacing
members are arranged between the ultrasonic elements so as
to extend in the form of a wall. The spacing members make it
difficult for ultrasound to pass therethrough in the in-plane
direction of the ultrasonic element array substrate and regu-
late the direction in which the ultrasound propagates. Note
that the in-plane direction of the ultrasonic element array
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substrate is a direction parallel to the surface of ultrasonic
element array substrate. Accordingly, it is possible to sup-
press a case in which ultrasonic elements located with a
spacing member interposed therebetween influence each
other when receiving and transmitting ultrasound.

APPLICATION EXAMPLE 4

[0015] In the ultrasonic device according to the aforemen-
tioned application example, the spacing members have lower
water permeability than the acoustic matching unit and are
arranged so as to cover wiring for transmitting an electrical
signal to the ultrasonic elements.

[0016] According to this application example, the spacing
members are arranged so as to cover the wiring, The spacing
members are sites that have low water permeability and
hardly allow moisture to pass therethrough. Accordingly, the
spacing members suppress a case in which moisture attaches
to the wiring, and therefore it is possible to prevent galvanic
corrosion of the wiring.

APPLICATION EXAMPLE 5

[0017] In the ultrasonic device according to the aforemen-
tioned application example, a flow path through which mate-
rial for the acoustic matching unit flows is formed between
two of the spacing members.

[0018] According to this application example, the spacing
members extend in the form of a wall. When the acoustic
matching unit is to be formed, a flow path through which the
material for the acoustic matching unit flows is formed
between two spacing members. The material for the acoustic
matching unit flows along the spacing members, and there-
fore the spaces between the spacing members can be filled
tightly with the material for the acoustic matching unit.

APPLICATION EXAMPLE 6

[0019] In the ultrasonic device according to the aforemen-
tioned application example, the shape of the spacing mem-
bers is circular or elliptical in plan view.

[0020] According to this application example, the shape of
the spacing members is circular or elliptical. A circle or an
ellipse has no corners, thereby allowing a fluid to flow along
its outer circumference with little resistance. Accordingly,
when the material for the acoustic matching unit is allowed to
flow in the location where the spacing members are present,
the material for the acoustic matching unit moves along the
spacing members. At this time, the material for the acoustic
matching unit pushes out the air located in the space for the
acoustic matching unit, and therefore the intervals between
the spacing members can be filled tightly with the material for
the acoustic matching unit.

APPLICATION EXAMPLE 7

[0021] An ultrasonic probe head according to this applica-
tion example includes: the ultrasonic device according to one
of the aforementioned examples; and a housing configured to
support the ultrasonic device.

[0022] According to this application example, the ultra-
sonic probe head includes the aforementioned ultrasonic
device and the housing configured to support the ultrasonic
device. The ultrasonic probe head of this application example
includes the ultrasonic device that appropriately maintains
the thickness of the acoustic matching unit, and that transmits
and receives ultrasound efficiently. Accordingly, it is possible
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to provide the ultrasonic probe head that transmits and
receives ultrasound efficiently.

APPLICATION EXAMPLE 8

[0023] An ultrasonic probe according to this application
example includes: the ultrasonic device according to one of
the aforementioned examples; and a driving circuit config-
ured to drive the ultrasonic device.

[0024] According to this application example, the ultra-
sonic probe includes the aforementioned ultrasonic device
and the driving circuit configured to drive the ultrasonic
device. The ultrasonic probe of this application example
includes the ultrasonic device that appropriately maintains
the thickness of the acoustic matching unit, and that transmits
and receives ultrasound efficiently. Accordingly, itis possible
to provide the ultrasonic probe that transmits and receives
ultrasound efficiently.

APPLICATION EXAMPLE 9

[0025] An electronic apparatus according to this applica-
tion example includes: the ultrasonic device according to one
of the aforementioned examples; and a processing unit con-
nected to the ultrasonic device, the processing unit being
configured to generate an image using an output of the ultra-
sonic device.

[0026] According to this application example, the elec-
tronic apparatus includes the aforementioned ultrasonic
device and the processing unit. The processing unit generates
image data using the output of the ultrasonic device. The
electronic apparatus of this application example includes the
ultrasonic device that appropriately maintains the thickness
of the acoustic matching unit, and that transmits and receives
ultrasound efficiently. Accordingly, it is possible to provide
the electronic apparatus that transmits and receives ultra-
sound efficiently.

APPLICATION EXAMPLE 10

[0027] An ultrasonic imaging apparatus according to this
application example includes: the ultrasonic device accord-
ing to one of the aforementioned examples; and a processing
unit connected to the ultrasonic device, the processing unit
being configured to perform processing to generate an image
using an output of the ultrasonic device; and a display unit
configured to display the image.

[0028] According to this application example, the ultra-
sonic imaging apparatus includes the aforementioned ultra-
sonic device, the processing unit, and the display unit. The
processing unit generates image data using the output of the
ultrasonic device. The display unit displays images generated
by the processing unit. The ultrasonic imaging apparatus of
this application example includes the ultrasonic device that
appropriately maintains the thickness of the acoustic match-
ing unit, and that transmits and receives ultrasound efficiently.
Accordingly, it is possible to provide the ultrasonic imaging
apparatus that transmits and receives ultrasound efficiently.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Theinventionwill be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0030] FIG. 1 is a schematic perspective view showing a
configuration of an ultrasonic imaging apparatus.
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[0031] FIG. 2 is a schematic side cross-sectional view
showing a part of a structure of an ultrasonic probe.

[0032] FIG. 3 is a schematic cross-sectional view showing
a main part of the structure of the ultrasonic probe.

[0033] FIG. 4is a block diagram illustrating the control of
the ultrasonic imaging apparatus.

[0034] FIG. 5 is a schematic plan view showing a structure
of an ultrasonic device.

[0035] FIGS. 6A and 6C are schematic side cross-sectional
views showing the structure of the ultrasonic device, FIGS.
6B and 6D are schematic side views showing the structure of
the ultrasonic device.

[0036] FIG. 7A is a schematic plan view showing a con-
figuration of an ultrasonic element, and FIG. 7B is a sche-
matic side cross-sectional view showing the configuration of
the ultrasonic element.

[0037] FIG. 8is a schematic plan view showing a configu-
ration of an ultrasonic element array substrate.

[0038] FIG.91isa flow chart of a method for manufacturing
an ultrasonic device.

[0039] FIGS. 10A to 10E are schematic diagrams for
describing the method for manufacturing an ultrasonic
device.

[0040] FIGS. 11A to 11D are schematic diagrams for
describing the method for manufacturing an ultrasonic
device.

[0041] FIG. 12A is a schematic plan view showing a main
part of a configuration of an ultrasonic element, and FIG. 12B
is a schematic plan view showing a configuration of an ultra-
sonic element array substrate.

[0042] FIGS. 13A and 13B are schematic side views show-
ing a configuration of an ultrasonic probe.

[0043] FIG. 14 is a schematic perspective view showing a
configuration of an ultrasonic imaging apparatus.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0044] In this embodiment, characteristic examples of an
an ultrasonic device and an ultrasonic probe and an ultrasonic
imaging apparatus provided with the ultrasonic device will be
described with reference to the drawings. It should be noted
that the sizes of the members in the drawings are scaled
differently in each figure so as to be perceptible.

First Embodiment

[0045] In this embodiment, an ultrasonic imaging appara-
tus for examining an interior portion of a human body will be
described as an example of an electronic apparatus with ref-
erence to FIG. 1 to FIG. 11D. FIG. 1 is a schematic perspec-
tive view showing a configuration of the ultrasonic imaging
apparatus. FIG. 2 is a schematic side cross-sectional view
showing a part of a structure of an ultrasonic probe. FIG. 3 is
a schematic cross-sectional view showing a main part of the
structure of the ultrasonic probe.

[0046] AsshowninFIG. 1, an ultrasonic imaging apparatus
1 serving as an electronic apparatus includes an apparatus
body 2 and an ultrasonic probe 3. The apparatus body 2 and
the ultrasonic probe 3 are connected to each other by a cable
4. The apparatus body 2 and the ultrasonic probe 3 can
exchange electrical signals via the cable 4. The apparatus
body 2 incorporates a display unit 5 such as a display panel.
The display unit 5 is a touch panel display, and serves also as
a user interface unit with which an operator inputs informa-
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tion into the apparatus body 2. Hereinafter, the user interface
unit will be referred to as “Ul unit”.

[0047] Inthe apparatus body 2, animageis generated onthe
basis of ultrasound detected by the ultrasonic probe 3, and the
detection results that are output as an image are displayed on
the screen of the display unit 5. The ultrasonic probe 3
includes a rectangular parallelepiped housing 6. The cable 4
is connected to one end in the longitudinal direction of the
housing 6. On the opposite side, a head portion 7 that trans-
mits and receives ultrasound is provided. It should be noted
that a configuration of the ultrasonic imaging apparatus 1 is
used in which the apparatus body 2 and the ultrasonic probe 3
are connected by the cable 4. A configuration is also possible
in which the apparatus body 2 and the ultrasonic probe 3
wirelessly exchange signals without using the cable 4.
[0048] As shown in FIG. 2, the ultrasonic probe 3 includes
an ultrasonic device 9 that is fixed to a support member 8 and
that is accommodated within the housing 6. The ultrasonic
device 9 is exposed from the head portion 7 of the housing 6
so that ultrasound is output from the ultrasonic device 9 to a
target object. Further, the ultrasonic device 9 receives
reflected waves of the ultrasound from the object. Such
reflected waves are referred to also as echo waves. The hous-
ing 6 has a cylindrical shape, which is easy for the operator to
grip. The ultrasonic device 9 is installed at one end of the
housing 6, and the cable 4 is installed at the other end thereof.
A direction extending from the ultrasonic device 9 toward the
cable 4 is referred to as 7 direction. The two directions
orthogonal to the Z direction are referred to as the X direction
and the'Y direction. The ultrasonic device 9 is approximately
plate-shaped and extends in the X direction and the Y direc-
tion. The ultrasonic device 9 is longer in the X direction than
in the Y direction.

[0049] As shown in FIG. 3, there is a gap between the
ultrasonic device 9 and the head portion 7 of the housing 6. A
sealing portion 10 filled with a silicone-based sealing mate-
rial is provided in the gap. This sealing portion 10 prevents
moisture, etc., from entering the ultrasonic device 9 in the
housing 6 of the ultrasonic probe 3. The support member 8 is
located on the 7 direction side of the ultrasonic device 9. A
sealing structure is installed between the support member 8
and the head portion 7. This sealing structure includes an
adhesive member 11 and an adhesive member 12. The adhe-
sive member 11 is a member, such as a double-sided adhesive
tape having elasticity, which is attached to the outer circum-
ferential portion of the support member 8. The adhesive mem-
ber 12 is a member, such as a double-sided adhesive tape
having elasticity, which is attached to the housing 6.

[0050] An FPC 13 (Flexible Printed Circuit) that connects
the ultrasonic device 9 to a processing circuit is interposed
between the adhesive member 11 and the adhesive member
12. The FPC 13 is fixed by being sandwiched by the adhesive
member 11 and the adhesive member 12. The FPC 13 is
referred to also as flexible printed circuit board. As the adhe-
sive member 11 and the adhesive member 12, a double-sided
adhesive tape formed by applying an acrylic-based adhesive
material to a closed cell foam material such as polyethylene or
urethane can be used, for example. In this way, a double
sealing structure is employed for the ultrasonic probe 3, in
which the sealing portion 10, the adhesive member 11, and
the adhesive member 12 prevent moisture, dust, and the like
from entering the inside of the housing 6.

[0051] The ultrasonic device 9 includes an ultrasonic ele-
ment array substrate 14, an acoustic matching unit 15, an
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acoustic lens 16, the FPC 13, and a frame 17 as a fixing frame.
The ultrasonic element array substrate 14 has an element
substrate 18 and a back plate 21. The element substrate 18 is
a substrate on which a plurality of ultrasonic elements are
arranged in an array on a surface on the -7 direction side, and
has a rectangular shape elongated in the X direction, in plan
view as viewed from the Z direction. The element substrate 18
is formed using a silicon substrate and has a thickness of
about 150 um to 200 um. The back plate 21 having the same
flat plate shape as the element substrate 18 is adhered to the
opposite surface of the element-formed surface of the element
substrate 18 oriented in the —7 direction. The back plate 21
serves to suppress excess vibration of the element substrate
18 and absorb ultrasound. A silicon substrate with a thickness
of 500 um to 600 pm is used for the back plate 21. Forthe back
plate 21, a metal plate may be used, rather than such a silicon
substrate. In the case where the influence of ultrasound that
travels in the Z direction from the element substrate 18 is
small, the ultrasonic device 9 may be formed without using
the back plate 21.

[0052] On the surface of the element substrate 18 on which
the ultrasonic elements are formed, a plurality of terminals
connected to the plurality of ultrasonic elements are installed
along the long edge extending in the X direction, in plan view.
These terminals are connected to the terminals of the FPC 13
and are thus connected electrically as well.

[0053] On the surface of the element substrate 18 on which
the ultrasonic elements are formed, the acoustic lens 16 is
arranged. The planar shape of the acoustic lens 16 as viewed
from the -7 direction is the same as the shape of the ultrasonic
element array substrate 14. On the acoustic lens 16, a lens
portion 22 is provided. The lens portion 22 has a surface
facing the -Z direction that protrudes in the thickness direc-
tion with a predetermined curvature. On the surface facing the
7. direction, a wall 23 that projects in the thickness direction
and that is formed on the outer edge portion of the acoustic
lens 16 is provided. The acoustic lens 16 is formed using a
resin such as silicone resin. It is possible to adjust the acoustic
impedance of the silicone resin by adding silica, or the like, to
the silicone resin to change the specific gravity of the silicone
resin.

[0054] The acoustic matching unit 15 is formed between
the ultrasonic element array substrate 14 and the acoustic lens
16. For the acoustic matching unit 15, a silicone-based adhe-
sive material is used. Curing of the adhesive material causes
the ultrasonic element array substrate 14 and the acoustic lens
16 to be secured (adhered) to each other. The thus cured
adhesive material (resin) functions as the acoustic matching
unit 15. A plurality of columnar spacing members 24 are
installed in parallel with the acoustic matching unit 15. The
spacing members 24 keep the thickness of the acoustic match-
ing unit 15 constant. When the acoustic lens 16 is pressed by
a target object, the spacing members 24 transfer the force
applied onto the acoustic lens 16 to the ultrasonic element
array substrate 14. The spacing members 24 suppress the
deformation of the acoustic lens 16 due to a reaction force
received from the ultrasonic element array substrate 14.
[0055] The acoustic lens 16 serves to focus ultrasound
transmitted from the ultrasonic elements of the element sub-
strate 18 and guide them efficiently to a target object. The
acoustic lens 16 also serves to guide echo waves reflected
back from the object efficiently to the ultrasonic elements.
The acoustic matching unit 15 serves to relax the acoustic
impedance mismatch between the acoustic lens 16 and the
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ultrasonic elements. The back plate 21 of the ultrasonic
device 9 is fixed to the support member 8 by an adhesive
material 25.

[0056] FIG. 41s a block diagram illustrating the control of
the ultrasonic imaging apparatus. As shown in FIG. 4, the
ultrasonic imaging apparatus includes the apparatus body 2
and the ultrasonic probe 3. Theultrasonic probe 3 includes the
ultrasonic device 9 and a processing circuit 26 as a driving
circuit. The processing circuit 26 has a selection circuit 27, a
transmitting circuit 28, a receiving circuit 29, and a control
unit 30. This processing circuit 26 performs transmission
processing and reception processing for the ultrasonic device
9.

[0057] The transmitting circuit 28 outputs transmission
signals VT to the ultrasonic device 9 via the selection circuit
27 in a transmission period. Specifically, the transmitting
circuit 28 generates the transmission signals VT, on the basis
of control by the control unit 30, and outputs them to the
selection circuit 27. Then, the selection circuit 27 outputs the
transmission signals VT from the transmitting circuit 28, on
the basis of control by the control unit 30. The frequency and
amplitude voltage of the transmission signals VT are set by
the control unit 30.

[0058] The receiving circuit 29 performs reception pro-
cessing to receive reception signals VR from the ultrasonic
device 9. Specifically, the receiving circuit 29 receives the
reception signals VR from the ultrasonic device 9 via the
selection circuit 27 in a reception period. The receiving circuit
29 performs reception processing such as amplification of the
reception signals, gain setting, frequency setting, and A/D
conversion (analog/digital conversion). The receiving circuit
29 outputs the results of the reception processing to the appa-
ratus body 2 as detected data (detected information). The
receiving circuit 29, for example, can be composed of a low-
noise amplifier, a voltage-controlled attenuator, a program-
mable gain amplifier, a low-pass filter, an A/D converter, and
the like.

[0059] The control unit 30 controls the transmitting circuit
28 and the receiving circuit 29. Specifically, the control unit
30 controls the transmitting circuit 28 for generation of the
transmission signals VT and output processing, and controls
the receiving circuit 29 for frequency setting of the reception
signals VR, gain, or the like. The selection circuit 27 outputs
the selected transmission signals VT to the ultrasonic device
9, on the basis of control by the control unit 30.

[0060] The apparatus body 2 includes the display unit 5, a
main control unit 31, a processing unit 32, and a Ul unit 33
(user interface unit). The main control unit 31 controls the
ultrasonic probe 3 for transmission and reception of ultra-
sound, and controls the processing unit 32 for image process-
ing of detected data, for example. The processing unit 32
receives detected data from the receiving circuit 29, and per-
forms image processing to remove noises, generation of
image datato be displayed, or the like. The UT unit 33 includes
a function of receiving input of a user instruction, and the Ul
unit 33 outputs necessary instruction (command) to the main
control unit 31 on the basis of operation (such as touch panel
operation) by the user. The display unit 5, for example, is a
liquid crystal display, and receives input of the image data to
be displayed from the processing unit 32 and displays it. It
should be noted that part of control by the main control unit 31
may be performed by the control unit 30 of the processing
circuit 26, or part of control by the control unit 30 may be
performed by the main control unit 31.
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[0061] FIG. 5 is a schematic plan view showing a structure
of the ultrasonic device of the ultrasonic probe 3, as viewed in
the direction of the arrow Hin FIG. 3. FIG. 6 A is a schematic
side cross-sectional view showing the structure of the ultra-
sonic device, which is taken along line A-A in FIG. 5. F1G. 6B
is a schematic side view showing the structure of the ultra-
sonic device, as viewed from the Y direction. FIG. 6C is a
schematic side cross-sectional view showing the structure of
the ultrasonic device, which is taken along line B-B in FIG. 5.
FIG. 6D is a schematic side view showing the structure of the
ultrasonic device, as viewed from the —X direction.

[0062] As shown in FIG. 5 and FIGS. 6A to 6D, the ultra-
sonic device 9 has a rectangular parallelepiped shape elon-
gated in the X direction. When the ultrasonic device 9 is
viewed from the -Z direction, the frame 17 has a rectangular
first hole 17a formed at its center, and the lens portion 22 is
exposed through the first hole 174. When the ultrasonic
device 9 is viewed from the Z direction, the frame 17 has a
rectangular second hole 175 formed at its center, and the back
plate 21 is exposed through the second hole 175.

[0063] The frame 17 is composed of an inner frame 34
located on the inner side and an outer frame 35 located on the
outer side. The inner frame 34 presses the acoustic lens 16
from the -7 direction side. The outer frame 35 presses the
ultrasonic element array substrate 14 from the 7 direction
side. The inner frame 34 and the outer frame 35 are adhered to
each other so as to be secured. Accordingly, the frame 17 fixes
the ultrasonic element array substrate 14, the acoustic match-
ing unit 15, and the acoustic lens 16 by sandwiching them in
the Z direction.

[0064] The spacing members 24 are installed in parallel
with the acoustic matching unit 15. The spacing members 24
are arranged between the ultrasonic element array substrate
14 and the acoustic lens 16 that are sandwiched by the frame
17. The frame 17 reliably fixes the ultrasonic element array
substrate 14 and the acoustic lens 16 by sandwiching them
with the spacing members 24 interposed therebetween.
Accordingly, the spacing members 24 can keep the thickness
of the acoustic matching unit 15 constant.

[0065] A firstrecessed portion 23¢ is formed in the X direc-
tion of the wall 23, and a third recessed portion 23e is formed
in the -X direction thereof. The first recessed portion 23¢ and
the third recessed portion 23e are continuous with the acous-
tic matching unit 15 in a location opposing the lens unit 22.
The acoustic matching unit 15 is located also inside the first
recessed portion 23¢ and the third recessed portion 23e.
[0066] Second recessed portions 23d are formed in the Y
direction of the wall 23, and fourth recessed portions 23f are
formed on the -Y direction thereof. The second recessed
portions 234 and the fourth recessed portions 23fare continu-
ous with the acoustic matching unit 15 at a location opposing
the lens 22. The acoustic matching unit 15 is located also
inside the second recessed portions 234 and the fourth
recessed portions 231

[0067] The spacing members 24 are located in the first
recessed portion 23¢ and the third recessed portion 23e. The
spacing members 24 are arranged between the ultrasonic
element array substrate 14 and the acoustic lens 16 in a
portion sandwiched by the frame 17 in plan view, as viewed
from the —Z direction. The frame 17 sandwiches the ultra-
sonic element array substrate 14 and the acoustic lens 16 with
the spacing members 24 interposed therebetween, and there-
fore the spacing members 24 can reliably keep the thickness
of the acoustic matching unit 15 constant.
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[0068] TheFPC13issandwiched by the ultrasonic element
array substrate 14 and the wall 23 on the Y direction side and
the =Y direction side of the acoustic lens 16. The frame 17
holds the ultrasonic element array substrate 14 and the wall 23
by sandwiching them, thereby preventing the FPC 13 from
lifting in a portion where the ultrasonic element array sub-
strate 14 and the FPC 13 are connected to each other. Thus, the
FPC 13 is reliably fixed.

[0069] Letting X be the wavelength of the ultrasound to be
used, the thickness of the acoustic matching unit 15 is set to an
odd multiple of V4h.. The thickness of the spacing members 24
in the Z direction is set equal to the thickness of the acoustic
matching unit 15.

[0070] FIG. 7A is a schematic plan view showing a con-
figuration of an ultrasonic element, with the acoustic lens 16
and the acoustic matching unit 15 omitted and with the spac-
ing members 24 installed. FIG. 7B is a schematic side cross-
sectional view showing the configuration of the ultrasonic
element, with the acoustic lens 16 and the acoustic matching
unit 15 installed. As shown in FIGS. 7A and 7B, a plurality of
ultrasonic elements 36 are installed in the element substrate
18. An ultrasonic element 36 has a base substrate 37 as a
substrate, a vibrating membrane 38 (membrane) formed on
the base substrate 37, and a piezoelectric body 41 provided on
the vibrating membrane 38. The piezoelectric body 41 has a
first electrode 42 serving as a lower electrode, a piezoelectric
layer 43, and a second electrode 44 serving as an upper
electrode.

[0071] An opening 37a is formed in the base substrate 37
made of a silicon substrate, or the like, and the ultrasonic
element 36 includes the vibrating membrane 38 that covers
the opening 37a so as to close it. The vibrating membrane 38
is composed of a double layer structure, for example, of a
SiO, layer and a ZrO, layer. In the case where the base
substrate 37 is a silicon substrate, the SiO, layer can be
formed by subjecting the surface of the substrate to a thermal
oxidation treatment. Further, the ZrO, layer can be formed on
the SiO, layer, for example, by a technique such as sputtering.
Forexample, in the case of using PZT (lead zirconate titanate)
as the piezoelectric layer 43, the ZrO, layer is a layer for
preventing Pb that constitutes the PZT from diffusing into the
SiO, layer. Further, the ZrO, layer also has an effect of
improving the warpage efficiency corresponding to distortion
of the piezoelectric layer, etc.

[0072] The first electrode 42 is formed on the vibrating
membrane 38. The piezoelectric layer 43 is formed on the first
electrode 42. The second electrode 44 is formed further onthe
piezoelectric layer 43. That is, the piezoelectric body 41 has a
structure in which the piezoelectric layer 43 is sandwiched
between the first electrode 42 and the second electrode 44.
[0073] The first electrode 42 is formed of a thin metal film,
and extends in the Y direction. A portion thereof protrudes in
the X direction at the ultrasonic element 36. The first elec-
trode 42 is arranged over a plurality of piezoelectric bodies
41, and functions also as wiring. The portion of the first
electrode 42 that functions as wiring will be referred to as
“first line 42a”. The piezoelectric layer 43 is formed, for
example, of a thin PZT (lead zirconate titanate) film, and is
provided to cover part of the first electrode 42. It should be
noted that the material of the piezoelectric layer 43 is not
limited to PZT. For example, lead titanate (PbTiO,), lead
zirconate (PbZrQy), lead lanthanum titanate ((Pb, La) TiO,),
or the like, may be used. The second electrode 44 is formed of
a thin metal film, and is provided to cover the piezoelectric
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layer 43. The second electrode 44 extends in the Y direction,
and a portion thereof protrudes in the -X direction at the
ultrasonic element 36. The second electrode 44 is arranged
over the plurality of piezoelectric bodies 41, and functions
also as wiring. The portion of the second electrode 44a that
functions as wiring will be referred to as “second line 44a .
[0074] When the element substrate 18 is viewed from the
-7 direction, the first electrode 42 and the second electrode
44 overlap each other at the ultrasonic element 36. The first
line 42a and the second line 44a are portions at which the first
electrode 42 and the second electrode 44 do not overlap. The
spacing members 24 are arranged in locations where the first
line 42a and the second line 44¢ are installed. The spacing
members 24 are installed in locations that do not overlap with
the ultrasonic elements 36. The acoustic matching unit 15 is
installed so as to overlap the ultrasonic elements 36. The
spacing members 24 do not need to be arranged in all loca-
tions that do not overlap with the ultrasonic elements 36, and
it is sufficient to provide the spacing members 24 in some
locations. The spacing members 24 may be provided in an
amount such that the thickness of the acoustic matching unit
15 can be kept constant.

[0075] An insulation film 45 that prevents moisture perme-
ation from the outside and insulates the acoustic matching
unit 15 from the first electrode 42 and the second electrode 44
is provided to cover the ultrasonic element 36. The insulation
film 45 is formed of a material such as alumina, and is pro-
vided entirely or partially on the surface of the ultrasonic
element 36. Further, the insulation film 45 is arranged to cover
the first electrode 42 and the second electrode 44.

[0076] The piezoelectric layer 43 expands and contracts in
the in-plane direction due to a voltage applied between the
first electrode 42 and the second electrode 44. Accordingly,
when a voltage is applied 1o the piezoelectric layer 43, convex
warpage occurs on the opening 37a side, so that the vibrating
membrane 38 is deflected. Application of an AC voltage to the
piezoelectric layer 43 causes the vibrating membrane 38 to
vibrate in the membrane thickness direction, and the vibration
of the vibrating membrane 38 causes ultrasound to be emitted
from the opening 37a. The voltage (drive voltage) to be
applied to the piezoelectric layer 43, for example, is 10 to 30
V from peak to peak, and the frequency thereof, for example,
is 1 to 10 MHz.

[0077] The ultrasonic element 36 acts also as a receiving
element to receive ultrasonic echo of the emitted ultrasound
that is reflected by the target object and returns back. The
ultrasonic echo vibrates the vibrating membrane 38, and
stress is applied to the piezoelectric layer 43 due to this
vibration, thereby generating a voltage between the first elec-
trode 42 and the second electrode 44. This voltage can be
output as a reception signal.

[0078] FIG. 8is a schematic plan view showing a configu-
ration of the ultrasonic element array substrate. As shown in
FIG. 8, a plurality of ultrasonic elements 36 arranged in a
matrix, the first electrode 42, and the second electrode 44 are
installed in the ultrasonic element array substrate 14. For ease
of viewing the figure, the ultrasonic elements 36 are arranged
in 17 rows and 8 columns. However, there is no specific
limitation on the number of rows and the number of columns.
[0079] During the transmission period in which ultrasound
is emitted, the transmission signals VT output by the process-
ing circuit 26 are supplied to the respective ultrasonic ele-
ments 36 via the second electrode 44. Meanwhile, during the
reception period in which ultrasonic echo signals are
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received, the reception signals VR from the ultrasonic ele-
ments 36 are output to the processing circuit 26 viathe second
electrode 44. The first electrode 42 is supplied with a common
voltage VCOM. It is sufficient that this common voltage is a
constant voltage, and it need not be 0V, or in other words, a
ground potential. In the transmission period, a voltage that is
the difference between the transmission signal voltage and
the common voltage is applied to each of the ultrasonic ele-
ments 36, and ultrasound is emitted at a predetermined fre-
quency.

[0080] Thespacing members 24 are installed in the location
where the first recessed portion 23¢ of the acoustic lens 16 is
located, along an edge of the element substrate 18 on the X
direction side. Similarly, the spacing members 24 are
installed also in the location where the third recessed portion
23e of the acoustic lens 16 is located, along an edge of the
element substrate 18 on the—X direction side. When the
frame 17 sandwiches the acoustic lens 16 and the ultrasonic
element array substrate 14, the spacing members 24 receive
the load in a portion close to the frame 17, which enables the
thickness of the acoustic matching unit 15 to be kept constant.

[0081] Next, a method for manufacturing the aforemen-
tioned ultrasonic device 9 will be described with reference to
FIGS. 9 to 11. FIG. 9 is a flowchart of the method for manu-
facturing the ultrasonic device. FIGS. 10A to 10E and FIGS.
11A to 11D are schematic diagrams for describing the
method for manufacturing the ultrasonic device. In the flow-
chart of FIG. 9, step S1 corresponds to a substrate coupling
step. In this step, the element substrate 18 and the back plate
21 are coupled to each other so that the ultrasonic element
array substrate 14 is formed. Next, the process proceeds to
step S2. Step S2 corresponds to a spacing member formation
step. In this step, the spacing members 24 are installed in the
ultrasonic array substrate 14. Step S3 corresponds to a wiring
installation step. In this step, the FPC 13 is coupled to the
ultrasonic element array substrate 14. Next, the process pro-
ceeds to step S4. Step S4 corresponds to an acoustic matching
unit application step. In this step, the material for the acoustic
matching unit is applied and the acoustic matching unit is
installed in the ultrasonic element array substrate 14. Next,
the process proceeds to step S5.

[0082] Step S5 corresponds to a lens installation step. In
this step, the acoustic lens 16 is installed so as to overlap the
ultrasonic element array substrate 14. Next, the process pro-
ceeds to step S6. Step S6 corresponds to an acoustic matching
unit solidification step. Inthis step, the acoustic matching unit
is solidified. Next, the process proceeds to step S7. Step S7
corresponds to a frame installation step. In this step, the frame
17 is installed so as to sandwich the ultrasonic element array
substrate 14 and the acoustic lens 16. By performing the
aforementioned steps, the ultrasonic device 9 is achieved.

[0083] Next, with reference to FIGS. 10A to 10E and FIGS.
11A to 11D, the manufacturing method will be described in
detail in correspondence with the steps shown in FIG. 9. FIG.
10A is a view corresponding to the substrate coupling step of
step S1. As shown in FIG. 10A, the element substrate 18 and
the back plate 21 are prepared in step S1. In the element
substrate 18, the piezoelectric body 41 is formed. Since the
method for manufacturing the piezoelectric body 41 is known
to the public, the description thereof is omitted. An adhesive
material is applied to the element substrate 18 or the back
plate 21, and the element substrate 18 and the back plate 21



US 2015/0119717 Al

are laminated together. Next, the adhesive material is solidi-
fied by heating and drying, and the ultrasonic element array
substrate 14 is complete.

[0084] FIG. 10B and FIG. 10C are views corresponding to
the spacing member forming step of step S2. As shown in
FIG. 10B, a spacing member film 24a is installed on the
element substrate 18 in step S2. For the spacing member film
24a, a photosensitive resin film can be used. Then, an adhe-
sive material is applied to the ultrasonic element array sub-
strate 14, and the spacing member film 24a is adhered to the
ultrasonic element array substrate 14. Next, the spacing mem-
ber film 24a is masked by a predetermined pattern and is
exposed to light. Subsequently, the spacing member film 244
is etched. As a result, the spacing members 24 are installed on
the ultrasonic element array substrate 14, as shown in FIG.
10C. It is also possible to use a method different from the
method with which the spacing member film 24q is adhered
on the ultrasonic element array substrate 14. For example, the
material of the spacing member film 24a may be applied
using a method such as spin coating and dipping, followed by
drying. For the material of the spacing member film 24q,
epoxy resin can be used.

[0085] FIG. 10D is a view corresponding to the wiring
installation step of step S3. As shown in FIG. 10D, the FPC 13
is prepared in step S3. Solder plating is applied to the ends of
the wiring ofthe FPC 13. The first electrode 42 and the second
electrode 44 extend to the ends on the Y direction side and on
the -Y direction side of the element substrate 18. The ends of
the first electrode 42 and the second electrode 44 serve as
terminals that are coupled to the FPC 13. The wiring of the
FPC 13 and the terminals of the element substrate 18 are fitted
and heated, thereby allowing the FPC 13 to be mounted on the
ultrasonic element array substrate 14. Other than that, the
FPC 13 may be mounted on the ultrasonic element array
substrate 14 with an anisotropic conductive film interposed
therebetween, or with a resin core bump interposed therebe-
tween.

[0086] FIG.10E and FIG. 11A are views corresponding to
the acoustic matching member application step of step S4. As
shown in FIG. 10E, an acoustic matching member 46 is
applied to the surface of the element substrate 18 on the -Y
direction side. As shown in FIG. 11A, the acoustic matching
member 46 is applied to the center of the ultrasonic element
array substrate 14 in plan view. The shape in which it is
applied is elongated in the X direction.

[0087] FIG.11B and FIG. 11C are views corresponding to
the lens installation step of step S5. As shown in FIG. 11B, the
acoustic lens 16 is installed so as to overlap the ultrasonic
element array substrate 14 in step S5. Thus, the lower parts of
the spacing members 24 are adhered to the ultrasonic element
array substrate 14, and the upper parts thereof are in contact
with the acoustic lens 16. In other words, the spacing mem-
bers 24 are installed in contact with the ultrasonic element
array substrate 14 and the acoustic lens 16. The ultrasonic
element array substrate 14 and the acoustic lens 16 have the
same outer shape as viewed from the Z direction. Accord-
ingly, the ultrasonic element array substrate 14 and the acous-
tic lens 16 can be positioned by fitting their outer shapes.
[0088] FIG.11Cisaview with the acoustic lens 16 omitted.
As shown in FIG. 11C, when the acoustic matching member
46 is sandwiched by the ultrasonic element array substrate 14
and the acoustic lens 16, the acoustic matching member 46
flows toward the outer circumference. The portion sur-
rounded by the dashed line in the figure is where the acoustic
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matching member 46 is applied. The arrows indicate the
directions in which the acoustic matching member 46 flows.
The spacing members 24 are installed at intervals. The spac-
ing members 24 constitute a flow path through which the
acoustic matching member 46 flows. Accordingly, the acous-
tic matching member 46 can flow from the center of the
ultrasonic element array substrate 14 toward the outer cir-
cumference.

[0089] The shape of the spacing members 24 is circular or
elliptical in plan view as viewed from the -7 direction. Such
acircular or elliptical shape has no corners, thereby allowing
a fluid to flow with a low resistance along its outer circum-
ference. Accordingly, when the acoustic matching member
46 is allowed to flow in the location where the spacing mem-
bers 24 are present, the acoustic matching member 46 moves
along the spacing members 24. At this time, the acoustic
matching member 46 pushes out the air located in the space
between the ultrasonic element array substrate 14 and the
acoustic lens 16, and therefore the intervals of the spacing
members 24 can be filled tightly with the acoustic matching
member 46.

[0090] The acoustic matching member 46 overflowing
from the space between the ultrasonic element array substrate
14 and the acoustic lens 16 may be removed with a spatula or
the like. It is also possible to adjust the amount of the acoustic
matching member 46 to be applied so that the acoustic match-
ing member 46 does not overflow from the space between the
ultrasonic element array substrate 14 and the acoustic lens 16.
[0091] FIG. 11D 1s a view corresponding to the acoustic
matching member solidification step of step S6 and the frame
installation step of step S7. As shown in FIG. 11D, the acous-
tic matching member 46 is heated and dried so as to serve as
the acoustic matching unit 15 in step S6. A material that
solidifies by reaction with light or a material that solidifies by
reaction with moisture may be used for the acoustic matching
member 46.

[0092] An adhesive material is applied to the outer side
surface of the inner frame 34 in step S7. Next, the inner frame
34 is inserted from the -Z direction side so as to fit the
ultrasonic element array substrate 14 and the acoustic lens 16.
Next, the outer frame 35 is inserted from the 7 direction side
to fit the inner frame 34. Next, the adhesive material between
the inner frame 34 and the outer frame 35 is solidified so that
the inner frame 34 and the outer frame 35 are adhered to each
other. At this time, it is preferable that a load is applied in a
manner such that the inner frame 34 and the outer frame 35
sandwich the ultrasonic element array substrate 14 and the
acoustic lens 16. This allows the ultrasonic element array
substrate 14 and the acoustic lens 16 to be fixed with an
accurate spacing therebetween. By performing the aforemen-
tioned steps, the ultrasonic device 9 is achieved.

[0093] As described above, this embodiment has the fol-
lowing effects.
[0094] (1) According to this embodiment, the acoustic lens

16 is used in contact with the material being examined. At this
time, the acoustic lens 16 is pressed by the material being
examined. Stress occurs inside the acoustic lens 16. The
acoustic matching unit 15 made of resin, which is susceptible
to deformation, deforms due to the stress of the acoustic lens
16. On the other hand, the columnar spacing members 24 are
in contact with the acoustic lens 16 and the ultrasonic element
array substrate 14 so as to transfer the stress of the acoustic
lens 16 to the ultrasonic element array substrate 14. Thus, the
thickness of the acoustic matching unit 15 is kept constant,
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thereby suppressing the deformation of the acoustic lens 16,
so that ultrasound can be accurately focused. Further, ultra-
sound reflected by the material being examined also can be
accurately focused on the ultrasonic element 36 since the
deformation of the acoustic lens 16 is suppressed. As a result,
the ultrasonic device 9 can transmit and receive ultrasound
efficiently.

[0095] (2) According to this embodiment, the spacing
members 24 are installed in locations that do not overlap with
the ultrasonic elements 36. Accordingly, the ultrasonic ele-
ments 36 are overlapped by the ultrasonic matching unit 15
formed of resin. Accordingly, the ultrasonic device 9 can emit
ultrasound with an acoustic impedance adjusted by the acous-
tic matching unit 15. Further, in the ultrasonic device 9, the
acoustic matching unit 15 can adjust the acoustic impedance
of the received ultrasound and emit it to the ultrasound ele-
ment 36.

[0096] (3) According to this embodiment, the shape of the
spacing members is circular or elliptical. A circle or an ellipse
has no corners, thereby allowing a fluid to flow along its outer
circumference with little resistance. Accordingly, when the
acoustic matching member 46 is allowed to flow in the loca-
tion where the spacing members 24 are present, the acoustic
matching member 46 moves along the arrangement of the
spacing members 24. At this time, the acoustic matching
member 46 pushes out the air located in the space between the
ultrasonic element array substrate 14 and the acoustic lens 16,
and therefore the intervals between the spacing members 24
can be filled tightly with the acoustic matching member 46.

Second Embodiment

[0097] Next, an embodiment of an ultrasonic device will be
described with reference to FIGS. 12A and 12B. FIG. 12A is
a schematic plan view showing a main part of a configuration
of the ultrasonic element, with the acoustic lens 16 omitted
and with the spacing members installed. FIG. 12B is a sche-
matic plan view showing a configuration of the ultrasonic
element array substrate 14, with the spacing members and the
acoustic matching unit installed. In these figures, the FPC 13
is omitted. This embodiment is different from the first
embodiment in that a shape of spacing members that is dif-
ferent from that of the spacing members 24 shown in FIGS.
7A and 7B is employed. It should be noted that descriptions
for the same parts as the first embodiment are omitted.

[0098] In this embodiment, the ultrasonic device 49
includes an element substrate 50, as shown in FIGS. 12A and
12B. The element substrate 50 includes the base substrate 37
on which the vibrating membrane 38 is installed. On the
vibrating membrane 38, the first electrode 42 and the second
electrode 44 are installed. On the upper side of the first line
42a and the second line 444, a spacing member 51 is installed
so as to cover the first line 42¢ and the second line 44a. The
spacing member 51 has the same function as in the first
embodiment, and the spacing member 51 maintains the thick-
ness of the acoustic matching unit 15 constant.

[0099] The spacing member 51 hardly allows ultrasound to
pass therethrough, and is arranged between ultrasonic ele-
ments that are adjacent to each other in the X direction, so as
to extend in the form of a wall. It is difficult for ultrasound to
pass through the spacing member 51, and the spacing member
51 regulates the direction in which ultrasound propagates.
Accordingly, it is possible to suppress a case in which the
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ultrasonic elements 36 located in the X direction with the
spacing member 51 interposed therebetween influence each
other via ultrasound.

[0100] The spacing member 51 is formed using a material
that has low water permeability and hardly allows moisture to
pass therethrough. For example, epoxy resin can be used as a
material of the spacing member 51. The spacing member 51
is arranged so as to cover the first line 42 and the second line
44a. Accordingly, the spacing member 51 suppresses a case
in which moisture attaches to the first line 42a and the second
line 444, and thus can prevent the galvanic corrosion of the
first line 42a and the second line 44a.

[0101] As shown in FIG. 12B, spacing members 51 are
installed on the element substrate 50 in the spacing member
forming step of step S2. In the acoustic matching member
application step of step S4, the acoustic matching member 46
is applied. In the lens installation step of step S5, the acoustic
matching member 46 is sandwiched by the element substrate
50 and the acoustic lens 16. At this time, the acoustic match-
ing member 46 is pressed by the element substrate 50 and the
acoustic lens 16, so as to flow toward the outer circumferen-
tial side.

[0102] The spacing members 51 constitute flow paths
through which the acoustic matching member 46 flows. The
acoustic matching member 46 moves along the spacing mem-
bers 51, and therefore pushes out air bubbles, thereby allow-
ing the intervals of the spacing members 51 to be filled tightly
with the acoustic matching member 46.

[0103] As described above, this embodiment has the fol-
lowing effects.
[0104] (1) According to this embodiment, the spacing

member 51 is arranged between the ultrasonic elements 36, so
as to extend in the form of a wall. It is difficult for ultrasound
to pass through the spacing member 51, and the spacing
member 51 regulates the direction in which ultrasound propa-
gates. Accordingly, it is possible to suppress a case in which
the ultrasonic elements 36 located with the spacing member
51 interposed therebetween influence each other via ultra-
sound.

[0105] (2) According to this embodiment, the spacing
member 51 is arranged so as to cover the first line 42a and the
second line 44a. The spacing member 51 has a structure that
hardly allows moisture to pass therethrough. Accordingly, the
spacing member 51 suppresses a case in which moisture
attaches to the first line 424 and the second line 444, and thus
can prevent the galvanic corrosion of the first line 42a and the
second line 44a.

[0106] (3) According to this embodiment, the spacing
members 51 form flow paths through which the acoustic
matching member 46 flows. The acoustic matching member
46 moves along the spacing members 51, and thus the air
between the spacing members 51 is pushed out by the acous-
tic matching member 46. As a result, the intervals of the
spacing members 51 can be filled tightly with the acoustic
matching member 46.

Third Embodiment

[0107] Next, an embodiment of an ultrasonic probe will be
described with reference to FIG. 13A and FIG. 13B, which
are schematic side views showing a configuration of the ultra-
sonic probe. This embodiment is different from the first
embodiment in that the ultrasonic probe is separable into a
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body and an ultrasonic probe head. It should be noted that
descriptions for the same parts as in the first embodiment are
omitted.

[0108] As shown in FIG. 13A, an ultrasonic probe 54
includes a probe body 55 and a probe head 56. The probe body
55 includes a body housing 57, and the processing circuit 26
is installed inside the body housing 57. The processing circuit
26 is connected to the apparatus body 2 via the cable 4. A first
connector 58 is installed in the body housing 57, and the first
connector 58 is connected to the processing circuit 26.
[0109] The probe head 56 includes a head housing 59 as a
housing, and the ultrasonic device 9 is incorporated in the
head housing 59. The acoustic lens 16 of the ultrasonic device
9is exposed from the head housing 59. A second connector 60
connected to the first connector 58 is installed in the head
housing 59, and the processing circuit 26 and the ultrasonic
device 9 are electrically connected to each other via the first
connector 58 and the second connector 60.

[0110] As shown in FIG. 13B, the probe body 55 and the
probe head 56 are separable from each other. The first con-
nector 58 and the second connector 60 allow disconnection
and connection. A plurality of probe heads 56 are prepared for
different frequencies of ultrasound to be transmitted and
received by the ultrasonic device 9. Depending on the prop-
erties of the material being examined or the depth of the
portion of the material being examined, an appropriate probe
head 56 can be connected to the probe body 55.

[0111] As described above, this embodiment has the fol-
lowing effects.
[0112] (1) According to this embodiment, the probe head

56 includes the ultrasonic device 9 and the head housing 59
supporting the ultrasonic device 9. The ultrasonic probe 54
includes the ultrasonic device 9 that appropriately maintains
the thickness of'the acoustic matching unit 15, and that trans-
mits and receives ultrasound efficiently. Accordingly, it is
possible to provide the ultrasonic probe 54 that transmits and
receives ultrasound efficiently.

[0113] (2) According to this embodiment, the probe head
54 of the ultrasonic probe 56 can be exchanged. Accordingly,
it is possible to exchange it with an ultrasonic device 9 that is
suitable for the acoustic impedance or the portion of the
material being examined.

Fourth Embodiment

[0114] Next, an embodiment of an ultrasonic imaging
apparatus will be described with reference to FIG. 14, which
is a schematic perspective view showing a configuration of
the ultrasonic imaging apparatus. In the ultrasonic imaging
apparatus of this embodiment, the ultrasonic probe of the first
embodiment is installed. It should be noted that descriptions
for the same parts as in the first embodiment are omitted.

[0115] As shown in FIG. 14, an ultrasonic imaging appa-
ratus 63 is a mobile ultrasonic imaging apparatus. The ultra-
sonic imaging apparatus 63 has an apparatus body 64 (elec-
tronic apparatus body), a display unit 65 that displays image
data to be displayed, a UI unit 66 (user interface unit), an
ultrasonic probe 67, and a cable 68. The ultrasonic imaging
apparatus 63 can be used for the in-vivo measurement of fat
thickness, muscle thickness, bloodstream, bone density, or
the like. The ultrasonic device 9 provided in the ultrasonic
imaging apparatus 63 appropriately maintains the thickness
of the acoustic matching unit 15 and transmits and receives
ultrasound efficiently. Accordingly, it can be said that the
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ultrasonic imaging apparatus 63 is an apparatus provided
with the ultrasonic device 9 that transmits and receives ultra-
sound efficiently.

[0116] The invention is not limited to the foregoing
embodiments. The specific arrangements and procedures in
practicing the invention may be altered by another arrange-
ment or the like as necessary as long as the objects of the
invention can be achieved. Many modifications can be made
by a person of ordinary skill in the art without departing from
the technical scope of the invention. Examples of the modi-
fications will be described below.

[0117] Modification 1

[0118] Inthe first embodiment, the spacing members 24 are
circular or elliptical. However, there is no limitation on the
shape of the spacing members 24. They may be in various
forms such as a cone, elliptic cone, cube, rectangular paral-
lelepiped, triangular prism, and polyhedral prism. The shape
of the spacing members 24 can be selected so as to facilitate
the manufacture thereof.

[0119] Modification 2

[0120] In the first embodiment, the ultrasonic element 36
performs both the transmission and reception of ultrasound. It
is also possible to separate an element that performs the
transmission of ultrasound from an element that performs the
reception of ultrasound. Further, it is also possible to provide
an element that performs the transmission of ultrasound, an
element that performs the reception of ultrasound, and an
element that performs the transmission and reception of ultra-
sound. They may be combined depending on the accuracy
requirements in the transmission and reception of ultrasound.

[0121] Inthe first embodiment, the piezoelectric layer 43 is
a thin film formed using a photolithographic technique. The
piezoelectric layer 43 may be of a thick bulk type. Also in this
case, the spacing members 24 keep the thickness of the acous-
tic matching unit 15 constant, which can make the deforma-
tion of the acoustic lens 16 difficult, even if the acoustic lens
16 is pressed.

[0122] Modification 3

[0123] Inthe second embodiment, the spacing member 51
is in the form of a continuous rectangular parallelepiped that
extends in the Y direction so as to cover the first line 424 and
the second line 44a. The spacing member 51 may be divided
into multiple parts in the Y direction. The acoustic matching
member 46 can be allowed to flow so as to fill the spaces
between the spacing members 51.

[0124] Theentire disclosure of Japanese Patent Application
No. 2013-223009, filed Oct. 28, 2013 is expressly incorpo-
rated by reference herein.

1. An ultrasonic device comprising:

an ultrasonic element array substrate having a plurality of
ultrasonic elements configured to perform at least one of
transmission and reception of ultrasound,

an acoustic lens configured to focus the ultrasound;

an acoustic matching unit formed using resin, the acoustic
matching unit being arranged between the ultrasonic
element array substrate and the acoustic lens; and

a plurality of columnar spacing members arranged
between the ultrasonic element array substrate and the
acoustic lens so as to be in contact with the ultrasonic
element array substrate and the acoustic lens.



US 2015/0119717 Al

2. The ultrasonic device according to claim 1, wherein

the spacing members are installed in locations that do not
overlap with the ultrasonic elements in plan view, as
viewed in a thickness direction of the ultrasonic element
array substrate.

3. The ultrasonic device according to claim 1, wherein

the spacing members are arranged between the ultrasonic
elements so as to extend in the form of a wall, and hardly
allow ultrasound to pass therethrough in an in-plane
direction of the ultrasonic array substrate.

4. The ultrasonic device according to claim 3, wherein

the spacing members have lower water permeability than
the acoustic matching unit and are arranged so as to
cover wiring for transmitting an electrical signal to an
ultrasonic element.

5. The ultrasonic device according to claim 3, wherein

a flow path through which material for an acoustic match-
ing unit flows is formed between two of the spacing
members.

6. The ultrasonic device according to claim 1, wherein

the shape of the spacing members is circular or elliptical in
the plan view.
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7. An ultrasonic probe head comprising:

the ultrasonic device according to claim 1; and

a housing configured to support the ultrasonic device.

8. An ultrasonic probe comprising:

the ultrasonic device according to claim 1; and

a driving circuit configured to drive the ultrasonic device.
9. An electronic apparatus comprising:

the ultrasonic device according to claim 1; and

a processing unit connected to the ultrasonic device, the
processing unit being configured to generate an image
using an output of the ultrasonic device.

10. An ultrasonic imaging apparatus comprising:
the ultrasonic device according to claim 1;

a processing unit connected to the ultrasonic device, the
processing unit being configured to perform processing
to generate an image using an output of the ultrasonic
device; and

a display unit configured to display the image.
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