US 20130261465A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2013/0261465 A1

NAKAMURA et al. 43) Pub. Date: Oct. 3,2013
(54) ULTRASONIC PROBE, ELECTRONIC Publication Classification
INSTRUMENT, AND ULTRASONIC
DIAGNOSTIC DEVICE (51) Int. CL
A61B 8/00 (2006.01)
(71) Applicant: SEIKO EPSON CORPORATION, (52) US.CL
Tokyo (JP) CPC ... AG6IB 8/4444 (2013.01); A61B 8/461
(2013.01)
(72) Inventors: Tomoaki NAKAMURA, Chino (JP); USPC oo 600/459
Tsutomu NISHIWAKI, Azumino (JP);
Yasunori ONISHI, Shiojiri (JP); Takao
MTYAZAWA, Shimosuwa-machi (JP) 67 ABSTRACT
(73) Assignee: SEIKO EPSON CORPORATION, An ultrasonic probe include.s an element chip, a ﬂ.exible wir-
Tokyo (JP) ing member and a control circuit. The element chip includes
a substrate forming a plurality of openings arranged in an
(21) Appl. No.: 13/804,523 array pattern and a plurality of ultrasonic transducer elements
disposed at the openings. The flexible wiring member is con-
(22) Filed: Mar. 14, 2013 nected to the element chip, and forming at least a part of an
annular body surrounding a space. The control circuit is con-
(30) Foreign Application Priority Data nected to the flexible wiring member and electrically con-
nected to the ultrasonic transducer elements via the flexible
Mar. 30,2012 (JP) ceeeeecicieeeee 2012-078674 wiring member.
o A
=13

17




Patent Application Publication Oct. 3,2013 Sheet 1 of 13 US 2013/0261465 Al

N
J

17

Fig. 1



Patent Application Publication Oct. 3,2013 Sheet 2 of 13 US 2013/0261465 Al




US 2013/0261465 Al

Oct. 3,2013 Sheet 3 of 13

Patent Application Publication

—23a
=23

37

-

|

42 43 43

=5

[

Fig. 4

1 ;
! T T T TiE ]

1 I
=T T 71 T 1T TTTL —

OML H
MMM JAI_.‘\IW_”HHT.

B




Patent Application Publication Oct. 3,2013 Sheet 4 of 13 US 2013/0261465 Al

23 2% 57 3357 /35 3634/ 8 26:b qs v
vx V |

L Ll Tl il el

&ed < AP PSLIL ST,
ANNARNANNSRRIAN AACXRNRNRN NN
P AT I 74 I s 80 77/, Vil /IIIIIIIIIIIIIIIIIIIIIIIIII
B i St A A S A A S, S L\\\‘\\\\\\\\“\\\‘\\\\‘\\\‘\\\‘\‘\\\\\\‘\\\\‘\\\\\\“\‘\\\\\\\‘\\\\\\\‘.\\\\\\\\\\\\ SIS SSSASSSS ST 4_9

PRSI ELIELILEE LIS ILTL LI ’IIIIIIIII’IIIIAIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII:IIIIIIIII'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII/I‘




US 2013/0261465 Al

Oct. 3,2013 Sheet5o0f 13

Patent Application Publication

LN

L

/55a

+—955

53 58 58 58 58
156 186 156 16 136

—

D2

55b

Fig. 6



Patent Application Publication Oct. 3,2013 Sheet 6 of 13 US 2013/0261465 Al

D2 59b 50b |59

50e| 11594  |159a
el | me i 1
| 15Qal |!59a 59a
| e g g




US 2013/0261465 Al

Oct. 3,2013 Sheet 7 0f 13

Patent Application Publication

7/+ _
~ ANV AY1dSIQ
T
Te)
~ /% 1NDHI) SNMYA] _
T E
<t =
7/+ LIND¥I) ONISSI00H L w
_ k-
P~ gim
7/+ LNSYID NOLLYIINNGD _w ~—
- (=]
%WL o
= T
© 1 I
L
~ <t
= + ;‘ LINDYID NOLLYOINNNOD) g3
™
O~ ! _ 2
© LINDYID DNINIZOTY ONY ONIARIQ =
O~~~ [v4
Rl
—
3
J 1
Tl (B[ B el |8 ] 18 (=)@ ] o
oM SIS BIYS s 191 [~
O™ 3A E]A ALJABREIALIAREIAERIA
< ] _
oH :JL 1 1
T T T T T T T B
1] I I 1 ] I 11 1] <« o
o~ mw/ﬁ av) _ &~
]
e e e e e e s S s e
) T i 1} I 1 L 1 ) 1 el
B o 5] 2} o) 13 in} =5 =18
® o x SIE
a >3 AN
g 1O T = S g
m//LL g N 2 o] B 2
o= | 1] T 21E
oD
0000 0000 | i«
[<p) i Pt N
B S S a
13
NN ¥ Q000 5.
r =T
. [ [ 594
(42 o W
™ I\

Fig. 8



Patent Application Publication Oct. 3,2013 Sheet 8 of 13 US 2013/0261465 Al




Patent Application Publication Oct. 3,2013 Sheet 9 of 13 US 2013/0261465 Al




US 2013/0261465 Al

Oct. 3,2013 Sheet 10 0f 13

Patent Application Publication

= |
— 1INV AVIdSIa
o T
~ z+ LINOYID SNIMYS(Q _
_ S
NS 1+ LNOID BNISSIIOYT * &
=)
_ 4
__Hz+ LIN9YID NOLLYOINNAINOD ~ =0
[
1
-
w
_@/A_y LINDUI) NOILYOINNAINOD _ oL
3 w
O~ . 2
2\+ LINOWI) ONIAIEOTY ONY ONIARA _ 3
N = = S S e e e e s s S
21 Tavo _ S
) e e e i e e e
1] S
— © T o %) Q Q o 3 w IS
~—H-L18 3] | (S]] |2 8l 1 I8 | |§]] BIE
[@))] & W
O A o o o ] o o g8
0O 2 3 S = = = =] S 515
O 1tHALR|ABJALIABRIABEIABIAEBIA | ©1D
<t
o Tl | L0 ] [ ] I~
O — | w _ | e
& 11 o =] x) 1] ] 3
©o - X
| )
o =
%4.!/1!}5 i M o M
ot—_ | || NN
000 0000 |
S e N
A S o S Ly
1
HRNAN ¥ DO fgq)
i i [ [ =5
1 — 1
R O I I -
I ™

Fig. 12



Patent Application Publication Oct. 3,2013 Sheet 11 of 13 US 2013/0261465 Al

~

211

(21a,21b,21¢) 85

63

Fig. 13



Patent Application Publication Oct. 3,2013 Sheet 12 of 13 US 2013/0261465 Al

21(21a,21b210)

217

(213,21b,21¢) 85a

(21a21b21c)

T
21 | |
15
15
15




Patent Application Publication Oct. 3,2013 Sheet 13 of 13 US 2013/0261465 Al

~

86
4
/
15 21
21a,21b,21¢)
I
03



US 2013/0261465 Al

ULTRASONIC PROBE, ELECTRONIC
INSTRUMENT, AND ULTRASONIC
DIAGNOSTIC DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Japanese Patent
Application No. 2012-078674 filed on Mar. 30, 2012. The
entire disclosure of Japanese Patent Application No. 2012-
078674 is hereby incorporated herein by reference.

BACKGROUND

[0002] 1. Technical Field

[0003] The present invention relates to an ultrasonic probe,
and an electronic instrument, an ultrasonic diagnostic device,
and the like that use the ultrasonic probe.

[0004] 2. Related Art

[0005] Anultrasonic probe, that is, a finger probe for being
mounted on a human’s finger has been widely known (for
example, see Japanese Laid-open Patent Publication No.
2002-291746). In such a finger probe, a single ultrasonic
transducer element or an element array formed with an
arrangement of a large number of bulk-type ultrasonic trans-
ducer elements is used. Scanning of ultrasonic beams can be
achieved by using such an element array. A cross-sectional
image can be formed corresponding to the scanning. A large
number of signal lines are extracted from the element array
for achieving scanning.

SUMMARY

[0006] When an element array is used, a large number of
signal lines are bundled and extracted by a cable. For
example, when the element array is disposed on a ball of a
finger, the cable crosses the first joint or the second joint of the
finger on a palm side along the finger. Since the signal lines
are bundled in the cable, the rigidity of the cable is inevitably
increased. Therefore, the bend of the finger is restricted due to
use of the finger probe. Further, when the ultrasonic probe is
mounted on a palm and the like, the ultrasonic probe can be
brought into contact with an object like a hand, which
achieves great user-friendliness. Preferably, even in such a
case, restricting movement such as the bend of a hand due to
the rigidity of the cable should be avoided.

[0007] Accordingto atleast one aspect of the present inven-
tion, an ultrasonic probe that sufficiently allows the bend of a
finger or a hand can be provided.

[0008] According to one aspect of the present invention, an
ultrasonic probe includes an element chip, a flexible wiring
member and a control circuit. The element chip includes a
substrate forming a plurality of openings arranged in an array
pattern and a plurality of ultrasonic transducer elements dis-
posed at the openings. The flexible wiring member is con-
nected to the element chip, and forming at least a part of an
annular body surrounding a space. The control circuit is con-
nected to the flexible wiring member and electrically con-
nected to the ultrasonic transducer elements via the flexible
wiring member.

[0009] The flexible wiring member is not extracted along a
two-dimensional plane that is continuous with the element
chip, but is extracted three-dimensionally along a space so as
to surround the space. As a result, it is possible to reduce the
size with respect to the two-dimensional plane. The ultrasonic
probe can be supported by a supporting body that enters the
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space inside the annular body. The bend of the supporting
body can be allowed because there is no bundle of signal lines
along the two-dimensional plane that is continuous with the
element chip.

[0010] According to another aspect of the present inven-
tion, the ultrasonic probe further preferably includes a control
circuit chip including the control circuit. The flexible wiring
member preferably includes a first flexible wiring section
connected to the element chip and extending from the element
chip in a first direction, and a second flexible wiring section
connected to the element chip and extending from the element
chip in a second direction that is opposite to the first direction.
The element chip, the first flexible wiring section, the second
flexible wiring section, and the control circuit chip preferably
collectively form the annular body.

[0011] The first flexible wiring section and the second flex-
ible wiring section are not extracted along a two-dimensional
plane that is continuous with the element chip, but are
extracted three-dimensionally along a space so as to surround
the space. As a result, it is possible to reduce the size with
respect to the two-dimensional plane. The ultrasonic probe
can be supported by a supporting body that enters the space
inside the annular body. The bend of the supporting body can
be allowed because there is no bundle of signal lines extracted
along the two-dimensional plane that is continuous with the
element chip.

[0012] The ultrasonic probe may further include a tubular
body member made of an elastic film body and defining a
tubular internal space passing through the space surrounded
by the annular body to form an entrance space for a finger,
with the annular body constituting a finger band. The ultra-
sonic probe may be constructed in a shape of a fingerstall. A
finger can enter the internal space of the tubular body. As a
result, the annular body can be mounted on a fingertip (for
example, a distal joint, or a distal joint and a proximal joint).
The tubular body can be closely attached to a finger due to the
action of an elastic force. Consequently, the element chip can
be fixed to a fingertip. The bend of a finger can be allowed
because there is no bundle of signal lines along the two-
dimensional plane that is continuous with the element chip.
[0013] The annular body may constitute a finger band, and
at least a part of the annular body may convey a contact state
to a finger. The annular body can be mounted on a fingertip
(for example, a distal joint, or a distal joint and a proximal
joint). A feel of an object can be transmitted to a fingertip
through the ultrasonic probe. A user can sense a feel of a
diseased part while mounting the ultrasonic probe.

[0014] The ultrasonic probe may further include a reinforc-
ing member fixed to a second surface of the substrate, which
is an opposite side of a first surface where the ultrasonic
transducer elements are disposed, for reinforcing the sub-
strate. The ultrasonic transducer elements can be made thin.
The ultrasonic transducer elements can be made on a thin
substrate. Even if the reinforcing member is fixed to the
substrate, the ultrasonic transducer element chip can be made
thin. In addition, since the reinforcing member is fixed to the
second surface of the substrate, the strength of the substrate
can be reinforced in a thickness direction of the substrate.
[0015] Internal spaces of the openings may be continuous
with an external space of the substrate. The internal spaces of
the openings are connected to the external space of the sub-
strate, and ventilation can be secured between the internal
spaces of the openings and the outside of the internal spaces.
Consequently, the internal spaces of the openings are not
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sealed. The internal spaces of the openings can easily follow
change in the ambient pressure. It is thus possible to securely
prevent the ultrasonic transducer elements from being dam-
aged. If the internal spaces of the openings are hermetically
sealed, there is a concern that the ultrasonic transducer ele-
ment will be damaged due to change in the pressure.

[0016] The reinforcing member may be bonded to a parti-
tion wall section of the substrate between the openings in at
least one bonding region. When the partition wall section of
the substrate is bonded to the reinforcing member, the move-
ment of the partition wall section is restricted by the reinforc-
ing member. Thus, vibration of the partition wall section can
be prevented. As a result, crosstalk between the ultrasonic
transducer elements can be prevented. Further, when the
movement of the partition wall section is restricted, vibration
of the partition wall section can be prevented from acting on
ultrasonic vibration of the ultrasonic transducer elements.
Then, ultrasonic vibration in a clear vibration mode can be
obtained in the ultrasonic transducer elements. Consequently,
when vibration of the partition wall section is avoided, the
amplitude of ultrasonic vibration can be prevented from being
decreased.

[0017] The control circuit may include a multiplexer con-
figured to control traffic of signals between a first prescribed
number of first signal lines extracted from the ultrasonic
transducer elements and a second prescribed number of sec-
ond signal lines, the second prescribed number being smaller
than the first prescribed number. Therefore, the second signal
lines are extracted from the ultrasonic probe via the multi-
plexer and the first signal lines. Compared to the case where
the first signal lines are extracted directly from the ultrasonic
probe, the number of the extracted signal lines is decreased.
As aresult, the size of a connector or a cable connected to the
ultrasonic probe can be reduced. Consequently, size reduc-
tion of the ultrasonic probe can be promoted, and the bend of
the supporting body is not hindered irrespective of wiring of
a cable.

[0018] The ultrasonic probe may be incorporated in an
electronic instrument. The electronic instrument may be pro-
vided with the ultrasonic probe, and a processing circuit
connected to the ultrasonic probe and configured to process
output signals of the ultrasonic transducer elements.

[0019] The ultrasonic probe may be incorporated in an
ultrasonic diagnostic device. The ultrasonic diagnostic device
may be provided with the ultrasonic probe, a processing cir-
cuit that is connected to the ultrasonic probe and configured to
process output signals of the ultrasonic transducer elements
to generate an image, and a display device that displays the
image.

[0020] The ultrasonic probe may be incorporated in an
ultrasonic probe set. The ultrasonic probe set may be provided
with the ultrasonic probe, and a relay device connected to the
ultrasonic probe and has a communication circuit connected
to the control circuit.

[0021] The relay device may include at least a part of the
control circuit. When the relay device takes a part of the
function of the control circuit, the size of the ultrasonic probe
can further be reduced.

[0022] The ultrasonic probe set may be incorporated in an
electronic instrument. The electronic instrument may be pro-
vided with the ultrasonic probe set, and a processing circuit
wirelessly connected to the communication circuit and con-
figured to process output signals of the ultrasonic transducer
elements.
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[0023] The ultrasonic probe set may be incorporated in an
ultrasonic diagnostic device. The ultrasonic diagnostic device
may be provided with the ultrasonic probe set, a processing
circuit wirelessly connected to the communication circuit and
configured to process output signals of the ultrasonic trans-
ducer elements to generate an image, and a display device
configured to display the image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Referring now to the attached drawings which form
a part of this original disclosure:

[0025] FIG. 1is a view schematically showing an example
of an ultrasonic detection device, that is, an ultrasonic diag-
nostic device according to one embodiment of the present
invention.

[0026] FIG. 2 is an enlarged vertical sectional view of an
ultrasonic probe.

[0027] FIG. 3 is an enlarged perspective view schemati-
cally showing a configuration of an annular body unit accord-
ing to a first embodiment of the present invention.

[0028] FIG. 4 is an enlarged plan view of an element chip.
[0029] FIG. 5 is a sectional view along line 5-5 of FIG. 4.
[0030] FIG. 6 is a plan view of a reinforcing plate showing
grooves.

[0031] FIG. 7 is a partially enlarged plan view of FIG. 6.
[0032] FIG. 8 is a block diagram schematically showing a

circuit configuration of the ultrasonic diagnostic device.
[0033] FIG. 9 is an enlarged perspective view schemati-
cally showing a configuration of an annular body unit accord-
ing to a second embodiment of the present invention.

[0034] FIG. 10 is an enlarged perspective view schemati-
cally showing a configuration of an annular body unit accord-
ing to a third embodiment of the present invention.

[0035] FIG. 11 is an enlarged perspective view schemati-
cally showing a configuration of an annular body unit accord-
ing to a fourth embodiment of the present invention.

[0036] FIG. 12 is a block diagram schematically showing a
circuit configuration according to another embodiment.
[0037] FIG. 13 is a view schematically showing an ultra-
sonic probe according to another embodiment.

[0038] FIG. 14 is a view schematically showing an ultra-
sonic probe according to another embodiment.

[0039] FIG. 15 is a view schematically showing an ultra-
sonic probe according to another embodiment.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0040] Next, embodiments of the present invention will be
explained with reference to the attached drawings. The
embodiments explained below shall not be construed as
unreasonably limiting the subject matter of the present inven-
tion described in the claims, and all the elements explained in
the embodiments are not necessarily essential to the solving
means of the present invention.

(1) Overall Configuration of Ultrasonic Detection
Device

[0041] FIG. 1 schematically shows a configuration of an
ultrasonic diagnostic device 11 as an example of an electronic
instrument according to an embodiment of the present inven-
tion. The ultrasonic diagnostic device 11 is provided with an
ultrasonic probe 12, a device terminal 13, and a relay device
14. The ultrasonic probe 12 and the relay device 14 form a
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single ultrasonic probe set PS. The ultrasonic probe set PS can
be mounted on an operator’s hand.

[0042] The ultrasonic probe 12 is constructed in a shape of
a fingerstall or finger cap. The ultrasonic probe 12 and the
relay device 14 are connected to each other, for example,
through a cable 15. The ultrasonic probe 12 and the relay
device 14 communicate an electric signal through the cable
15. The relay device 14 is provided with a wrist band 16. The
relay device 14 can be mounted on an operator’s wrist by the
wrist band 16. The device terminal 13 is connected to the
relay device 14 wirelessly. The relay device 14 and the device
terminal 13 communicate an electric signal through wireless
communication. A display panel 17 is incorporated in the
device terminal 13. A screen of the display panel 17 is
exposed on a surface of the device terminal 13. As described
later, in the device terminal 13, an image is generated based
on ultrasonic waves detected with the ultrasonic probe 12.
Imaged detection results are displayed on the screen of the
display panel 17. A user interface can be constructed in the
device terminal 13 based on a touch panel or an input pad.
[0043] As shown in FIG. 2, the ultrasonic probe 12 has an
annular body unit 21. The annular body unit 21 has an element
chip 22, a flexible printed substrate 23, and a control circuit
24. The flexible printed substrate 23 is connected to the ele-
ment chip 22. The control circuit 24 is connected to the
flexible printed substrate 23. Here, the control circuit 24 can
be formed as an IC chip (one example of a control circuit
chip). The IC chip can be mounted, for example, on a surface
of the flexible printed substrate 23. The cable 15 is connected
to the flexible printed substrate 23. The control circuit 24 is
electrically connected to the element chip 22 through signal
lines on the flexible printed substrate 23. Similarly, the con-
trol circuit 24 is electrically connected to the cable 15 through
the signal lines on the flexible printed substrate 23. Here, the
flexible printed substrate 23 is used as a flexible wiring mem-
ber. Alternatively, as the flexible wiring member, an annular
body formed with a supporting member that supports a con-
ductive line in the same manner as the flexible printed sub-
strate, or an annular body formed with an electric wire in
which a conductive line is covered with an insulating body
can be used.

[0044] The ultrasonic probe 12 has a tubular body 25 (one
example of a tubular body member) and a tip end body 26.
The tubular body 25 is made of an elastic film body. As the
material for the film body, for example, a resin material hav-
ing flexibility can be used. The tubular body 25 forms an
internal space 27 of a columnar or tubular shape. The internal
space 27 of a columnar shape serves as an entrance space for
a finger Fi. The annular body unit 21 is embedded into the film
of the tubular body 25. Consequently, the annular body unit
21 can be constructed as a finger band.

[0045] The tip end body 26 is connected to an end of the
tubular body 25. The tip end body 26 is made of an elastic film
body similarly to the tubular body 25. The tip end body 26 is
formed into a dome shape. An internal space 28 of a hemi-
spherical shape is continuous with the internal space 27 of the
tubular body 25. Consequently, an end of the internal space 27
is blocked with the tip end body 26. The internal space 28 of
a hemispherical shape can serve as an entrance space for a tip
end of the finger Fi. The tubular body 25 and the tip end body
26 can be formed integrally as a single element.

[0046] FIG. 3 schematically shows the annular body unit 21
according to a first embodiment of the present invention. In
the annular body unit 21, the element chip 22 and the flexible
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printed substrate 23 collectively form an annular body. The
element chip 22 and the flexible printed substrate 23 surround
a space 29. A first end 23a of the flexible printed substrate 23
is connected to one end of the element chip 22, and a second
end 235 of the flexible printed substrate 23 is connected to the
other end of the element chip 22. The internal space 27 of the
tubular body 25 passes through the space 29 of the annular
body. Accordingly, the finger Fi of an operator enters the
space 29 of the annular body.

[0047] FIG. 4 schematically shows a plan view of the ele-
ment chip 22. The element chip 22 is provided with a sub-
strate 31. An element array 32 is formed on the substrate 31.
The element array 32 is constructed with an arrangement of a
plurality of ultrasonic transducer elements (hereinafter
referred to as “elements”) 33. The arrangement is formed in a
matrix having a plurality of columns and a plurality of rows.
Each element 33 is constructed of a lower electrode 34, an
upper electrode 35, and a piezoelectric film 36. The lower
electrode 34 is arranged in common with respect to the ele-
ments 33 of the entire matrix. The upper electrode 35 is
arranged in common with respect to the elements 33 of each
column. The piezoelectric film 36 is sandwiched between the
lower electrode 34 and the upper electrode 35 in each element
33. Power distribution to the elements 33 is switched per
column. Line scanning or sector scanning is achieved corre-
sponding to such switching of power distribution. Since the
elements 33 in one column output ultrasonic waves at the
same time, the number of the elements 33 in one column, that
is, the row number of the arrangement can be determined
based on the output level of ultrasonic waves. For example,
the row number may be set to be around 10-15. In the draw-
ing, five rows are illustrated for simplicity. The column num-
ber of the arrangement can be determined based on the extent
of an area to be scanned. For example, the column number
may be set to be 128 or 256. In the drawing, eight columns are
illustrated for simplicity. Regarding the arrangement, a zig-
zag pattern may be used. In the zigzag pattern, a group of the
elements 33 in an even column may be displaced with respect
to a group of the elements 33 in an odd column by one-half of
the row pitch. The number of the elements 33 in one of an odd
column and an even column may be smaller than the number
of the elements 33 in the other of an odd column and an even
column by one. Further, the role of the lower electrode 34 and
the role of the upper electrode 35 may be switched. Specifi-
cally, the upper electrode may be connected in common to the
elements 33 of the entire matrix, and the lower electrode may
be connected in common to the elements 33 in each column of
the arrangement.

[0048] Theouter edge ofthe substrate 31 has afirst side 31a
and a second side 315 that are opposed and partitioned by a
pair of straight lines 37 parallel to each other. A peripheral
region 38 extends between the outline of the element array 32
and the outer edge of the substrate 31. In the peripheral region
38, a first terminal array 39a of one line is formed along the
first side 31a in parallel to the first side 31a, and a second
terminal array 395 of one line is formed along the second side
315 in parallel to the second side 315. The first terminal array
39a is constructed of a pair of lower electrode terminals 41
and a plurality of upper electrode terminals 42. The second
terminal array 394 is constructed of a plurality of upper elec-
trode terminals 42. The lower electrode terminals 41 are
connected to the lower electrodes 34 of the elements 33 in
common with respect to the entire matrix. The upper elec-
trode terminals 42 are connected to the upper electrodes 35 of
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the elements 33 in common with respect to each column.
Here, the upper electrode terminals 42 of the first terminal
array 39a and the upper electrode terminals 42 of the second
terminal array 395 are alternately connected to the columns of
the upper electrodes 35. When the terminals are extracted in
opposite directions alternately with respect to each column, a
space of two columns can be used for forming each terminal,
and a sufficient size of each terminal can be achieved com-
pared to the case where the terminals are extracted in the same
direction. However, the upper electrode terminals 42 of the
first terminal array 39a and the upper electrode terminals 42
of the second terminal array 395 may be connected concur-
rently to each column. When current is supplied to the upper
electrodes 35 from both directions, the influence of a voltage
drop can be reduced. Here, the outer edge of the substrate 31
is formed into a rectangular shape. The outer edge of the
substrate 31 may be a square or a trapezoid.

[0049] The first end 23a of the flexible printed substrate 23
covers the first terminal array 39a. Signal lines 43 are formed
at the first end 23a of the flexible printed substrate 23 corre-
sponding to the lower electrode terminals 41 and the upper
electrode terminals 42, respectively. The signal lines 43 are
respectively opposed to the lower electrode terminals 41 and
the upper electrode terminals 42, and respectively bonded
thereto. The lower electrode terminals 41 and the upper elec-
trode terminals 42 of the first terminal array 39a are respec-
tively connected to the control circuit 24 by the signal lines
43. Similarly, the second end 234 of the flexible printed
substrate 23 covers the second terminal array 3954. Signal
lines 44 are formed at the second end 235 of the flexible
printed substrate 23 corresponding to the upper electrode
terminals 42, respectively. The signal lines 44 are respectively
opposed to the upper electrode terminals 42, and respectively
bonded thereto. The upper electrode terminals 42 of the sec-
ond terminal array 3954 are respectively connected to the
control circuit 24 by the signal lines 44.

[0050] As shown in FIG. 5, each of the elements 33 has a
vibrating film 46. In order to construct the vibrating film 46,
an opening 48 is formed in each of the elements 33 on a
substrate base 47 of the substrate 31. A flexible film 49 is
formed all over a surface of the substrate base 47. The flexible
film 49 is constructed of a silicon oxide (SiO,) layer 51
layered on the surface of the substrate base 47, and a zirco-
nium oxide (ZrO,) layer 52 layered on a surface of the silicon
oxide layer 51. The flexible film 49 contacts the openings 48.
In this manner, a part of the flexible film 49 serves as the
vibrating film 46 corresponding to the outline of the opening
48. The film thickness of the silicon oxide layer 51 can be
determined based on the resonance frequency.

[0051] The lower electrode 34, the piezoelectric film 36,
and the upper electrode 35 are layered on a surface of the
vibrating film 46 in this order. As for the lower electrode 34,
alayered film of titanium (Ti), iridium (Ir), platinum (Pt), and
titanium (T1) can be used, for example. The piezoelectric film
36 may be formed of piezoelectric zirconate titanate (PZT),
for example. The upper electrode 35 may be formed of iri-
dium (Ir), for example. Another conductive material may be
used for the lower electrode 34 and the upper electrode 35.
Another piezoelectric material may be used for the piezoelec-
tric film 36.

[0052] A protective film 53 is layered on the surface of the
substrate 31. The protective film 53 covers, for example, the
entire surface of the substrate 31. As a result, the protective
film 53 covers the element array 32, the first terminal array
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394, the second terminal array 395, the first end 23a of the
flexible printed substrate 23, and the second end 2354 of the
flexible printed substrate 23. For example, a silicone resin
film may be used for the protective film 53. The protective
film 53 protects the configuration of the element array 32, the
bonding of the first terminal array 394 and the first end 23a of
the flexible printed substrate 23, and the bonding of the sec-
ond terminal array 395 and the second end 235 of the flexible
printed substrate 23.

[0053] A partition wall 54 (one example of a partition wall
section) is laid out between the adjacent openings 48. The
openings 48 are partitioned by the partition wall 54. The wall
thickness “t” of the partition wall 54 corresponds to the dis-
tance between the spaces of the openings 48. The partition
wall 54 has two wall surfaces in planes extending in parallel
to each other. The wall thickness “t” corresponds to the dis-
tance between the wall surfaces. Specifically, the wall thick-
ness “t” can be determined by the length of a vertical line that
is orthogonal to the wall surfaces and is sandwiched by the
wall surfaces. The wall height “H” of the partition wall 54
corresponds to the depth of the opening 48. The depth of the
opening 48 corresponds to the thickness of the substrate base
47. Therefore, the wall height “H” of the partition wall 54 can
be determined by the length of the wall surface defined in the
thickness direction of the substrate base 47. Since the sub-
strate base 47 has a uniform thickness, the partition wall 54
can have a uniform wall height “H” over the entire length.
When the wall thickness “t” of the partition wall 54 is
decreased, the arrangement density of the vibrating film 46
can be increased. This can contribute to downsizing of the
element chip 22. When the wall height “H” of the partition
wall 54 is larger than the wall thickness “t” of the partition
wall 54, the bending rigidity of the element chip 22 can be
increased. Consequently, the distance between the openings
48 is set to be smaller than the depth of the opening 48.
[0054] A reinforcing plate (reinforcing member) 55 is fixed
to a reverse surface of the substrate base 47 on the opposite
side of the surface of the substrate base 47. The reverse
surface of the substrate base 47 is superimposed on a surface
of'the reinforcing plate 55. The reinforcing plate 55 covers the
openings 48 in a reverse surface of the element chip 22. The
reinforcing plate 55 may have a rigid base material. For
example, the reinforcing plate 55 may be formed of a silicon
base plate. The plate thickness of the substrate base 47 is set
to be around 100 pm. Here, the partition walls 54 are bonded
to the reinforcing plate 55. The reinforcing plate 55 is bonded
to each of the partition walls 54 in at least one bonding region.
An adhesive can be used for bonding.

[0055] A plurality of grooves 56 are arranged on the surface
of the reinforcing plate 55. The grooves 56 divide the surface
of the reinforcing plate 55 into a plurality of planes 57. The
plurality of planes 57 extend in a hypothetical plane HP. The
reverse surface of the substrate base 47 also extends in the
hypothetical plane HP. The partition walls 54 are bonded to
the planes 57. The grooves 56 are recessed with respect to the
hypothetical plane HP. The cross-sectional shape of the
groove 56 may be a quadrangle, a triangle, a semicircle, or
any other shape.

[0056] Asshown in FIG. 6, the openings 48 form a lineina
first direction D1. The centroids 58 of the outlines of the
openings 48 are located on a straight line LN in the first
direction DI at equal pitches. Since the openings 48 are
formed by copying a single outline shape, the openings 48 of
the same shape are repeatedly arranged at uniform pitches.
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For example, an outline 484 of the opening 48 is defined as a
quadrangle. More specifically, the outline 48a of the opening
48 is formed in a rectangle. The long side of the rectangle is
made to coincide with the first direction D1. Since the open-
ing 48 has the rectangular outline 484, the partition wall 54
can have auniform wall thickness “t” over the entire length. In
such an instance, the bonding region of the partition wall 54
may be a region that includes a center position of the long
side. In particular, the bonding region of the partition wall 54
may be a region that includes the entire length of the long side.
The partition walls 54 may be surface-bonded to the reinforc-
ing plate 55 with respect to the entire surface between the
openings 48 over the entire length of the long side. Further,
the bonding region of the partition wall 54 may be located in
at least one position of each side of the quadrangle. The
bonding region of the partition wall 54 may continuously
surround the quadrangle. The partition walls 54 may be sur-
face-bonded to the reinforcing plate 55 with respect to the
entire surface between the openings 48 over the entire periph-
ery of the quadrangle.

[0057] The grooves 56 are lined up in the first direction D1
in parallel to each other at equal intervals. The grooves 56
extend in a second direction D2 that intersects with the first
direction D1. Both ends of the grooves 56 are open in end
surfaces 554 and 555 of the reinforcing plate 55. One groove
56 crosses one column (one line) of the outlines 48a of the
openings 48 in order. At least one groove 56 is connected to
each opening 48. Here, the second direction D2 is orthogonal
to the first direction D1. Accordingly, the groove 56 crosses
the opening 48 and the partition wall 54 in the short side of the
rectangle.

[0058] As shown in FIG. 7, the grooves 56 between the
planes 57 form ventilation paths 59a and 5956 between the
substrate base 47 and the reinforcing plate 55. In this manner,
the spaces within the grooves 56 are connected to the spaces
within the openings 48. The ventilation paths 594 and 594
connect the insides and the outsides of the spaces within the
openings 48. In this manner, ventilation is achieved between
the spaces within the openings 48 and the outsides of the
openings 48. Since one groove 56 crosses one column (one
line) of the openings 48 in order, the openings 48 are con-
nected by the ventilation paths 594 in sequence. Both ends of
the grooves 56 are open in the end surfaces 55a and 5556 of the
reinforcing plate 55. In this manner, the ventilation paths 594
are open from the openings 48 at the column ends to the
outside of the outer edge of the substrate 31.

(2) Circuit Configuration of Ultrasonic Detection
Device

[0059] AsshowninFIG. 8, amultiplexer 60 is incorporated
in the control circuit 24. The multiplexer 60 has a group of
ports 60a on the element chip 22 side, and a group of ports 604
onthe relay device 14 side. First signal lines 61 are connected
to the group of ports 60a on the element chip 22 side. The first
signal lines 61 are connected to the signal lines 43 and 44 on
the flexible printed substrate 23. In this manner, the first signal
lines 61 are connected to the element array 32. A prescribed
number of signal lines 62 are connected to the group of ports
615 on the relay device 14 side. The prescribed number cor-
responds to a column number of the elements 33 in which
outputting is conducted at the same time as scanning. The
multiplexer 60 controls interconnection between the ports on
the relay device 14 side and the ports on the element chip 22

Oct. 3, 2013

side. The signal lines 62 are bundled in the cable 15. The cable
15 forms a signal path with respect to each signal line 62.

[0060] A transmitting and receiving circuit 63 is con-
structed in the relay device 14. The transmitting and receiving
circuit 63 has a prescribed number of changing switches 64.
The prescribed number corresponds to a column number of
the elements 33 in which outputting is conducted at the same
time as scanning. Each of the changing switches 64 is con-
nected to the cable 15. Each of the changing switches 64 is
connected to each of the signal lines 62.

[0061] The transmitting and receiving circuit 63 has a trans-
mission path 65 and a reception path 66 for each of the
changing switches 64. The transmission path 65 and the
reception path 66 are connected to the changing switch 64 in
parallel. The changing switch 64 selectively connects the
transmission path 65 and the reception path 66 to the multi-
plexer 60. A pulser 67 is incorporated in the transmission path
65. The pulser 67 outputs a pulse signal at a frequency cor-
responding to the resonance frequency of the vibrating film
46. An amplifier 68, a low-pass filter (LPF) 69, and an analog-
digital converter (ADC) 71 are incorporated in the reception
path 66. A detection signal of each of the elements 33 is
amplified, and converted into a digital signal.

[0062] The transmitting and receiving circuit 63 has a driv-
ing/receiving circuit 72. The transmission path 65 and the
reception path 66 are connected to the driving/receiving cir-
cuit 72. The driving/receiving circuit 72 controls the pulser 67
simultaneously depending on the state of scanning. The driv-
ing/receiving circuit 72 receives a digital signal of a detection
signal depending on the state of scanning. The driving/receiv-
ing circuit 72 is connected to the multiplexer 60 through a
control line 73. The multiplexer 60 conducts control of inter-
connection based on a control signal supplied from the driv-
ing/receiving circuit 72.

[0063] A processing circuit 74 is incorporated in the device
terminal 13. The processing circuit 74 can be provided with a
central processing unit (CPU) 74 and a memory, for example.
The entire operation of the ultrasonic diagnostic device 11 is
controlled in accordance with processing of the processing
circuit 74. The processing circuit 74 controls the driving/
receiving circuit 72 in accordance with instructions input by
auser. The processing circuit 74 generates an image in accor-
dance with a detection signal of the element 33. The image is
specified by drawing data.

[0064] A drawing circuit 75 is incorporated in the device
terminal 13. The drawing circuit 75 is connected to the pro-
cessing circuit 74. The display panel 17 is connected to the
drawing circuit 75. The drawing circuit 75 generates a driving
signal in accordance with drawing data generated in the pro-
cessing circuit 74. The driving signal is sent to the display
panel 17. As a result, an image is displayed on the display
panel 17.

[0065] Communication circuits 76 and 77 are incorporated
in the relay device 14 and the device terminal 13, respectively.
In the relay device 14, the communication circuit 76 is con-
nected to the driving/receiving circuit 72. In the device ter-
minal 13, the communication circuit 77 is connected to the
processing circuit 74. The communication circuits 76 and 77
can communicate with each other wirelessly. The driving/
receiving circuit 72 is connected to the processing circuit 74
through wireless communication.
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(3) Operation of Ultrasonic Detection Device

[0066] Next, the operation of the ultrasonic diagnostic
device 11 will be explained briefly. The processing circuit 74
gives the driving/receiving circuit 72 instructions to transmit
and receive ultrasonic waves. The driving/receiving circuit 72
supplies a control signal to the multiplexer 60, and supplies a
driving signal to each of the pulsers 67. The pulser 67 outputs
a pulse signal in response to the supply of the driving signal.
The multiplexer 60 connects the port of the group of ports 60a
to the port of the group of ports 605 in response to the
instructions of the control signal. The pulse signal is supplied
to the elements 33 per column through the lower electrode
terminals 41 and the upper electrode terminals 42 in response
to the selection of the port. The vibrating film 46 vibrates in
response to the supply of the pulse signal. As a result, desired
ultrasonic waves are emitted toward a target (for example, the
inside of a human body).

[0067] Afterultrasonic waves are transmitted, the changing
switch 64 is switched. The multiplexer 60 maintains the con-
nection relation of the ports. The changing switch 64 estab-
lishes a connection between the reception path 66 and the
signal line 62 instead of a connection between the transmis-
sion path 65 and the signal line 62. Reflected waves of ultra-
sonic waves vibrate the vibrating film 46. As a result, a detec-
tion signal is output from the element 33. The detection signal
is converted into a digital signal, and sent into the driving/
receiving circuit 72.

[0068] Transmission and reception of ultrasonic waves are
repeated. For repeating transmission and reception of ultra-
sonic waves, the multiplexer 60 changes the connection rela-
tion of the ports. As a result, line scanning or sector scanning
is achieved. When scanning is finished, the processing circuit
74 generates an image based on the digital signal of the
detection signal. The generated image is displayed on the
screen of the display panel 17.

[0069] In the ultrasonic probe 12, the element chip 22 and
the flexible printed substrate 23 form an annular body in
cooperation. The flexible printed substrate 23 is not extracted
along a two-dimensional plane that is continuous with the
element chip 22, but is extracted three-dimensionally along
the space 29 so as to surround the space 29. As a result, it is
possible to reduce the two-dimensional size. The element
chip 22 can contact an object without being hindered by the
flexible printed substrate 23. In particular, the annular body
constructs a finger band. A finger Fi can enter the internal
space 28 of the tubular body 25. As a result, the annular body
can be mounted on a fingertip Fi (for example, a distal joint,
or a distal joint and a proximal joint). The tubular body 25 can
be closely attached to a finger Fi due to the action of an elastic
force. Consequently, the element chip 22 can be fixed to a
fingertip. The bend ofa finger Fi can be allowed because there
is no bundle of signal lines along the two-dimensional plane
that is continuous with the element chip 22. At least a part of
the annular body unit 21 (here, the element chip 22) can
transmit a contact state to a fingertip Fi. A feel of an object can
be transmitted to a fingertip Fi through the element chip 22. A
user can sense a feel of a diseased part while mounting the
ultrasonic probe 12.

[0070] Inthe elementchip 22, the element 33 can be formed
to be thin. The element 33 can be formed on the thin substrate
31. Evenina case where the reinforcing plate 55 is fixed to the
substrate 31, the element chip 22 can be formed to be thin. At
the same time, the reinforcing plate 55 reinforces the strength
of the substrate 31. In particular, since the wall thickness “t”

Oct. 3, 2013

is smaller than the wall height “H” in the partition wall 54, the
sufficient rigidity of the partition wall 54 can be obtained in
the thickness direction of the substrate 31 due to the section
modulus. Force in the thickness direction of the substrate 31
is transmitted through the partition wall 54 and supported by
the reinforcing plate 55. In this manner, the element chip 22
has sufficient strength in the thickness direction of the sub-
strate 31. Accordingly, even when the plate thickness of the
substrate base 47 is set to be around 100 um, for example, the
reinforcing plate 55 can prevent the substrate base 47 from
being damaged. On the other hand, in a case where the ele-
ment array is constructed of a bulk-type ultrasonic transducer
element, the plate thickness of the substrate is set to be around
several millimeters. Even when the reinforcing plate 55 is
bonded, the thickness of the element chip 22 can be reduced
securely compared to the case where the element array is
constructed of a bulk-type ultrasonic transducer element. In
addition, since the acoustic impedance of the vibrating film
46 is close to that of a human body compared to a bulk-type
ultrasonic transducer element, an acoustic impedance match-
ing layer can be omitted in the element chip 22 unlike in the
case of a bulk-type ultrasonic transducer element. Omission
of the matching layer can further contribute to making the
element chip 22 thinner. As a result, the element chip 22
perfect for a finger band can be achieved.

[0071] The reinforcing plate 55 is bonded to each of the
partition walls 54 in at least one bonding region. When the
partition walls 54 are bonded to the reinforcing plate 55, the
movement of the partition walls 54 is restricted by the rein-
forcing plate 55. Thus, vibration of the partition walls 54 can
be prevented. As a result, crosstalk between the elements 33
can be prevented. Further, when the movement of the parti-
tion walls 54 is restricted, vibration of the partition walls 54
can be prevented from acting on ultrasonic vibration of the
elements 33. Then, ultrasonic vibration in a clear vibration
mode can be obtained in the elements 33. When vibration of
the partition walls 54 is avoided, the amplitude of ultrasonic
vibration can be prevented from being decreased. On the
other hand, when the partition wall 54 moves, a distorted
vibration mode having a lower frequency than the vertical
vibration mode of the vibrating film 46 occurs. Furthermore,
the kinetic energy of the vibrating film 46 decreases by the
movement of the partition wall 54, and the amplitude of the
vibration decreases.

[0072] Although the internal space of the opening 48 is
surrounded by the substrate 31, the flexible film 49 (the
vibrating film 46) and the reinforcing plate 55, the groove 56
secures ventilation between the internal space of each open-
ing 48 and the outside of the internal space. Consequently, the
internal space of the opening 48 is not sealed. The internal
space of the opening 48 can easily follow change in the
ambient pressure. It is thus possible to securely prevent the
element 33 from being damaged. If the internal space of the
opening 48 is hermetically sealed, there is a concern that the
ultrasonic transducer element will be damaged due to change
in the pressure.

[0073] The bonding region of the partition walls 54 can be
a region that includes a center position of the long side.
Therefore, a part of the partition walls 54 in which the ampli-
tude of vibration is large is bonded to the reinforcing plate 55.
As a result, vibration of the partition walls 54 can be effec-
tively prevented. Also, the bonding region of the partition
walls 54 can be a region that includes the entire length of the
long side. When the partition walls 54 are bonded to the
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reinforcing plate 55 over the entire length of the long side,
vibration of the partition walls 54 can be securely prevented.
Further, the partition walls 54 can be surface-bonded with
respect to the entire surface between the openings 48 over the
entire length of the long side. When the partition walls 54 are
surface-bonded to the reinforcing plate 55 with respect to the
entire surface between the openings 48 over the entire length
of the long side, vibration of the partition walls 54 can be
securely prevented.

[0074] TItis sufficient that the bonding region of the partition
walls 54 is located in at least one position of each side of the
quadrangle. When the partition walls 54 are bonded to the
reinforcing plate 55 in each side of the quadrangle, vibration
of the partition walls 54 can be securely prevented. Also, the
bonding region of the partition walls 54 can continuously
surround the quadrangle. When the partition walls 54 are
bonded to the reinforcing plate 55 with respect to the entire
region of the quadrangle, vibration of the partition walls 54
can be securely prevented. Further, the partition walls 54 can
be surface-bonded with respect to the entire surface between
the openings 48 over the entire periphery of the quadrangle.
When the partition walls 54 are surface-bonded to the rein-
forcing plate 55 with respect to the entire surface between the
openings 48 over the entire periphery of the quadrangle,
vibration of the partition walls 54 can be securely prevented.
[0075] In the ultrasonic probe 12, the multiplexer 60 is
incorporated in the control circuit 24. The second signal lines
62 are extracted from the multiplexer 60. Compared to the
case where the first signal lines 61 are extracted directly from
the ultrasonic probe 12, the number of the extracted signal
lines is decreased. As a result, the size of the cable 15 con-
nected to the ultrasonic probe 12 can be reduced. Conse-
quently, size reduction of the ultrasonic probe 12 can be
promoted, and the bend of a finger Fi is not hindered irrespec-
tive of wiring of the cable 15.

(4) Annular Body Unit According to Second
Embodiment

[0076] FIG. 9 schematically shows an annular body unit
21a according to a second embodiment of the present inven-
tion. The ultrasonic diagnostic device 11 can use the annular
body unit 21a instead of the above-described annular body
unit 21. In this second embodiment, the annular body is
constructed of the element chip 22 and a pair of flexible
printed substrates 81 (examples of a first flexible wiring sec-
tion and a second flexible wiring section). Each flexible
printed substrate 81 is connected to the element chip 22 at a
first end 81a, and connected to the control circuit 24 at a
second end 8154. The element chip 22, the flexible printed
substrates 81, and the control circuit 24 collectively surround
the space 29. The other configurations are similar to those of
the first embodiment. The configurations or structures that are
equivalent to those of the first embodiment are given the same
reference numerals and the overlapping explanations are
omitted. In the same manner as described above, a flexible
wiring member that forms an annular body with a supporting
member for supporting a conductive line, or a flexible wiring
member that forms an annular body with an electric wire in
which a conductive line is covered with an insulating body
can be used instead of the flexible printed substrates 81.

(5) Annular Body Unit According to Third
Embodiment

[0077] FIG. 10 schematically shows an annular body unit
214 according to a third embodiment of the present invention.
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The ultrasonic diagnostic device 11 can use the annular body
unit 215 instead of the above-described annular body unit 21.
In this third embodiment, the annular body is constructed of a
single flexible printed substrate 82 alone. A first end 824 of
the flexible printed substrate 82 is connected to a second end
825 of the flexible printed substrate 82. The flexible printed
substrate 82 surrounds the space 29 alone. The element chip
22 and the control circuit 24 are mounted on a surface of the
flexible printed substrate 82. In order to connect the lower
electrode terminals 41 and the upper electrode terminals 42 to
the signal lines 43 and 44 on the flexible printed substrate 82
in the element chip 22, conductive via holes may be formed in
the flexible film 49, the substrate base 47 and the reinforcing
plate 55 such that the conductive via holes penetrate through
the flexible film 49, the substrate base 47 and the reinforcing
plate 55. The other configurations are similar to those of the
first embodiment and the second embodiment. The configu-
rations or structures that are equivalent to those of the first
embodiment are given the same reference numerals and the
overlapping explanations are omitted. In the same manner as
described above, a flexible wiring member that forms an
annular body with a supporting member for supporting a
conductive line, or a flexible wiring member that forms an
annular body with an electric wire in which a conductive line
is covered with an insulating body can be used instead of the
flexible printed substrate 82.

(6) Annular Body Unit According to Fourth
Embodiment

[0078] FIG. 11 schematically shows an annular body unit
21c¢ according to a fourth embodiment of the present inven-
tion. The ultrasonic diagnostic device 11 can use the annular
body unit 21¢ instead of the above-described annular body
unit 21. In this fourth embodiment, the annular body is con-
structed of a single flexible printed substrate 83 alone. The
flexible printed substrate 83 has a pair of connecting pieces 84
that extend from the annular body in a direction orthogonal to
a circumferential direction of the annular body and located in
opposed positions of the annular body. The element chip 22 is
connected between tip ends of the connecting pieces 84.
When a finger Fi of an operator enters the space 29 of the
annular body, the element chip 22 can be positioned at the tip
end of the finger Fi. Although not shown in FIG. 11, the
control circuit 24 is preferably connected to the flexible
printed substrate 83 in the same manner as described in the
first embodiment with reference to FIG. 3. The other configu-
rations are similar to those of the first embodiment. The
configurations or structures that are equivalent to those of the
first embodiment are given the same reference numerals and
the overlapping explanations are omitted. In the same manner
as described above, a flexible wiring member that forms an
annular body with a supporting member for supporting a
conductive line, or a flexible wiring member that forms an
annular body with an electric wire in which a conductive line
is covered with an insulating body can be used instead of the
flexible printed substrate 83.

(7) Circuit Configuration According to Another
Embodiment

[0079] FIG. 12 schematically shows a circuit configuration
according to another embodiment. In this embodiment, the
changing switch 64, the transmission path 65 and a reception
path 66 are incorporated in the control circuit 24 in addition to
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the multiplexer 60. With this circuit configuration, a digital
signal can be communicated in the cable 15. Therefore, a
noise resistance to exogenous noise can be increased com-
pared to communication of an analog signal.

(8) Ultrasonic Probe According to Another
Embodiment

[0080] FIG. 13 schematically shows an ultrasonic probe 85
according to another embodiment. The ultrasonic diagnostic
device 11 can use the ultrasonic probe 85 instead of the
above-described ultrasonic probe 12. The ultrasonic probe 85
forms a glove. The glove is made of an elastic film body. As
the material for the film body, for example, a resin material
having flexibility can be used. For example, the index finger
of the glove serves as the tubular body 25. The annular body
unit 21 is embedded into the film of the tubular body 25. The
annular body unit 21 is constructed as a finger band. The
annular body unit 21 may be replaced with the annular body
unit 214, 216 or 21c¢. The transmitting and receiving circuit 63
is embedded into the film of the wrist of the glove. The
transmitting and receiving circuit 63 is connected to the con-
trol circuit 24 of the annular body unit 21 by the cable 15. For
example, the cable 15 can be embedded into the film of the
glove. The other configurations can be made similar to those
of the above-described embodiments. The configurations or
structures that are equivalent to those of the above-described
embodiments are given the same reference numerals and the
overlapping explanations are omitted. Alternatively, in an
ultrasonic probe 85a shown in FIG. 14, a plurality of annular
body units 21 (21a, 215 or 21¢) may be embedded into fingers
of a glove.

[0081] FIG. 15 schematically shows an ultrasonic probe 86
according to yet another embodiment. The ultrasonic probe
86 forms a glove similarly to the ultrasonic probe 85. The
body of the glove serves as the tubular body 25. The annular
body unit 21 is embedded into the film of the tubular body 25.
The element chip 22 is disposed in the palm or the back of the
hand. The annular body unit 21 may be replaced with the
annular body unit 21a, 215 or 21c. The transmitting and
receiving circuit 63 is embedded into the film of the wrist of
the glove. The transmitting and receiving circuit 63 is con-
nected to the control circuit 24 of the annular body unit 21 by
the cable 15. For example, the cable 15 can be embedded into
the film of the glove. The other configurations can be made
similar to those of the above-described embodiments. The
configurations or structures that are equivalent to those of the
above-described embodiments are given the same reference
numerals and the overlapping explanations are omitted.
[0082] In the ultrasonic probe 86, the second to the fifth
metacarpal bones can enter the internal space 28 of the tubular
body 25. As a result, the annular body can be mounted on the
second to the fifth metacarpal bones. The tubular body 25 can
be closely attached to the hand due to the action of an elastic
force. Consequently, the element chip 22 can be fixed to the
palm or the back of the hand. The bend of the hand can be
allowed because there is no bundle of signal lines along the
two-dimensional plane that is continuous with the element
chip 22.

[0083] While the present embodiment has been explained
in detail as above, it will be apparent to those skilled in the art
that various changes and modifications can be made herein
without substantially departing from the subject matter and
the effect of the present invention. Therefore, such changes
and modifications are included in the scope of the invention.
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For example, the terms used in the specification or the draw-
ings at least once together with a different term having a
broader or similar meaning can be replaced with the different
term in any portion of the specification or the drawings. Also,
the configurations and the operations of the ultrasonic diag-
nostic device 11, the ultrasonic probe 12, the element chip 22,
the ultrasonic transducer element 33 and the like are not
limited to the present embodiment, and various changes and
modifications are possible.

GENERAL INTERPRETATION OF TERMS

[0084] Inunderstanding the scope of the present invention,
the term “comprising” and its derivatives, as used herein, are
intended to be open ended terms that specify the presence of
the stated features, elements, components, groups, integers,
and/or steps, but do not exclude the presence of other unstated
features, elements, components, groups, integers and/or
steps. The foregoing also applies to words having similar
meanings such as the terms, “including”, “having” and their
derivatives. Also, the terms “part,” “section,” “portion,”
“member” or “element” when used in the singular can have
the dual meaning of a single part or a plurality of parts.
Finally, terms of degree such as “substantially”, “about” and
“approximately” as used herein mean a reasonable amount of
deviation of the modified term such that the end result is not
significantly changed. For example, these terms can be con-
strued as including a deviation of at least +5% of the modified
term if this deviation would not negate the meaning of the
word it modifies.
[0085] While only selected embodiments have been chosen
to illustrate the present invention, it will be apparent to those
skilled in the art from this disclosure that various changes and
modifications can be made herein without departing from the
scope of the invention as defined in the appended claims.
Furthermore, the foregoing descriptions of the embodiments
according to the present invention are provided for illustra-
tion only, and not for the purpose of limiting the invention as
defined by the appended claims and their equivalents.
What is claimed is:
1. An ultrasonic probe comprising:
an element chip including a substrate forming a plurality of
openings arranged in an array pattern and a plurality of
ultrasonic transducer elements disposed at the openings;
a flexible wiring member connected to the element chip,
and forming at least a part of an annular body surround-
ing a space; and
a control circuit connected to the flexible wiring member
and electrically connected to the ultrasonic transducer
elements via the flexible wiring member.
2. The ultrasonic probe according to claim 1, wherein
the flexible wiring member and the element chip collec-
tively form the annular body.
3. The ultrasonic probe according to claim 1, wherein
the flexible wiring member forms the annular body.
4. The ultrasonic probe according to claim 1, further com-
prising
a control circuit chip including the control circuit, and
the flexible wiring member including
a first flexible wiring section connected to the element
chip and extending from the element chip in a first
direction, and
a second flexible wiring section connected to the ele-
ment chip and extending from the element chip in a
second direction that is opposite to the first direction,
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the element chip, the first flexible wiring section, the sec-
ond flexible wiring section, and the control circuit chip
collectively forming the annular body.

5. The ultrasonic probe according to claim 1, further com-

prising

a tubular body member made of an elastic film body and
defining a tubular internal space passing through the
space surrounded by the annular body to form an
entrance space for a finger, with the annular body con-
stituting a finger band.

6. The ultrasonic probe according to claim 1, wherein

the annular body constitutes a finger band, and at least a
part of the annular body conveys a contact state to a
finger.

7. The ultrasonic probe according to claim 1, further com-

prising

a reinforcing member fixed to a second surface of the
substrate, which is an opposite side of a first surface
where the ultrasonic transducer elements are disposed,
for reinforcing the substrate.

8. The ultrasonic probe according to claim 7, wherein

internal spaces of the openings are continuous with an
external space of the substrate.

9. The ultrasonic probe according to claim 7, wherein

the reinforcing member is bonded to a partition wall sec-
tion of the substrate between the openings in at least one
bonding region.

10. The ultrasonic probe according to claim 1, wherein

the control circuit includes a multiplexer configured to
control traffic of signals between a first prescribed num-
ber of first signal lines extracted from the ultrasonic
transducer elements and a second prescribed number of
second signal lines, the second prescribed number being
smaller than the first prescribed number.
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11. An electronic instrument comprising:

the ultrasonic probe according to claim 1; and

a processing circuit connected to the ultrasonic probe, and
configured to process output signals of the ultrasonic
transducer elements.

12. An ultrasonic diagnostic device comprising:

the ultrasonic probe according to claim 1;

a processing circuit connected to the ultrasonic probe, and
configured to process output signals of the ultrasonic
transducer elements to generate an image; and

a display device configured to display the image.

13. An ultrasonic probe set comprising:

the ultrasonic probe according to claim 1; and

a relay device connected to the ultrasonic probe, and
including a communication circuit connected to the con-
trol circuit.

14. The ultrasonic probe set according to claim 13, wherein

the relay device includes at least a part of the control
circuit.

15. An electronic instrument comprising:

the ultrasonic probe set according to claim 13; and

a processing circuit wirelessly connected to the communi-
cation circuit, and configured to process output signals
of the ultrasonic transducer elements.

16. An ultrasonic diagnostic device comprising:

the ultrasonic probe set according to claim 13;

a processing circuit wirelessly connected to the communi-
cation circuit, and configured to process output signals
of the ultrasonic transducer elements to generate an
image; and

a display device configured to display the image.
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