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(57) ABSTRACT

Anultrasonic transducer device includes a base, a plurality of
piezoelectric elements, a conductive body and an insulating
film. The base has a plurality of vibrating film portions
arranged in an array pattern. The piezoelectric elements are
respectively disposed on the vibrating film portions. The con-
ductive body is disposed on the base, and arranged inside and
outside of an area corresponding to each of the vibrating film
portions in a plan view as viewed along a thickness direction
of the base. The insulating film is disposed on the conductive
body only at outside of the area corresponding to each of the
vibrating film portions in the plan view.
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ULTRASONIC TRANSDUCER DEVICE,
PROBE, ELECTRONIC INSTRUMENT, AND
ULTRASONIC DIAGNOSTIC DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Japanese Patent
Application Nos. 2013-071581 filed on Mar. 29, 2013 and
2014-058149 filed on Mar. 20, 2014. The entire disclosure of
Japanese Patent Application Nos. 2013-071581 and 2014-
058149 is hereby incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to an ultrasonic device

as well as a probe, electronic instrument, ultrasonic image
device and the like that uses that.

[0004] 2. Related Art

[0005] Ultrasonic transducer devices are generally known.
For example, with the ultrasonic transducer device noted in
Japanese Unexamined Patent Publication No. 2005-51688, a
plurality of vibrating films are provided in an array pattern. A
piezoelectric element is formed on the vibrating film. The
piezoelectric element is covered by a protective film. The
protective film expands with an even thickness on the inside
area and the outside area of the vibrating film.

SUMMARY

[0006] The ultrasonic waves act on the vibrating film. The
ultrasonic waves cause ultrasonic vibration of the vibrating
film. Current is output from the piezoelectric element accord-
ing to the ultrasonic vibration of the vibrating film. In this
way, the ultrasonic transducer device detects ultrasonic
waves. At this time, when the protective film expands uni-
formly with an even thickness continuously on the inside area
and the outside area of the vibrating film, the flexibility of the
vibrating film is reduced. The detection sensitivity of the
ultrasonic waves decreases.

[0007] According to at least one aspect of the present inven-
tion, it is possible to provide an ultrasonic transducer device
that realizes protection of a conductive body while maintain-
ing good flexibility of the vibrating film.

[0008] An ultrasonic transducer device according to one
aspect includes a base, a plurality of piezoelectric elements, a
conductive body, a first insulating film and a second insulat-
ing film. The base has a plurality of vibrating film portions
arranged in an array pattern. The piezoelectric elements are
respectively disposed on the vibrating film portions. The con-
ductive body is disposed on the base, and arranged inside and
outside of an area corresponding to each of the vibrating film
portions in a plan view as viewed along a thickness direction
of the base. The first insulating film is disposed on the con-
ductive body only at outside of the area corresponding to each
of the vibrating film portions in the plan view. The second
insulating film having a film thickness smaller than a film
thickness of the first insulating film, and disposed at least
partially on each of the piezoelectric elements and only at
inside of the area corresponding to each of the vibrating film
portions in the plan view.

[0009] Ultrasonic waves act on the vibrating film. Ultra-
sonic waves cause ultrasonic vibration of the vibrating film.
Current is output from the piezoelectric element according to
the ultrasonic vibration of the vibrating film. In this way, the
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ultrasonic transducer device detects ultrasonic waves. Here,
the first insulating film protects the conductive body. Since
the first insulating film does not affect the vibrating film, good
flexibility of the vibrating film is maintained.

[0010] Theultrasonic transducer device as described above
preferably further includes a third insulating film having a
film thickness smaller than the film thickness of the second
insulating film, and connected to the first insulating film and
the second insulating film. In this way, the conductive body
can be even more reliably protected. The third insulating film
is thinner than the first and second insulating films, so it is
possible to maintain the vibrating film vibration operation
well.

[0011] In the ultrasonic transducer device as described
above, each of the piezoelectric elements preferably includes
a first electrode disposed on the vibrating film portion, a
piezoelectric film covering at least a portion of the first elec-
trode, and a second electrode covering at least a portion of the
piezoelectric film. The conductive body preferably includes a
first conductive body part connected to the first electrode of
each of the piezoelectric elements, and a second conductive
body part connected to the second electrode of each of the
piezoelectric elements. And the ultrasonic transducer device
preferably further includes a fourth insulating film covering a
portion of the piezoelectric film that is not covered by the
second electrode or the second conductive body part.

[0012] In the ultrasonic transducer device as described
above, the fourth insulating film preferably includes two sec-
tions that sandwich the second electrode from both sides of
the second electrode.

[0013] In the ultrasonic transducer device as described
above, the piezoelectric film preferably covers at least a por-
tion of the first electrode and a portion of a corresponding one
of the vibrating film portions, and the second insulating film
preferably has a first film body part disposed on the second
electrode and having a first film thickness, and a second film
body part covering the piezoelectric film on side surfaces of
the piezoelectric element and having a second film thickness
greater than the first film thickness.

[0014] In the ultrasonic transducer device as described
above, the piezoelectric film is preferably layered on the first
electrode, and separated from a surface of a corresponding
one of the vibrating film portions by the first electrode, the
second electrode is preferably layered on the piezoelectric
film, and separated from the first electrode by the piezoelec-
tric film, and the second insulating film preferably has a first
film body part disposed on the second electrode and having a
first film thickness, and a second film body part covering the
second electrode, the piezoelectric film, and the first electrode
on side surfaces of the piezoelectric element and having a
second film thickness greater than the first film thickness.

[0015] An ultrasonic transducer device according to
another aspect includes a base, a plurality of piezoelectric
elements, a conductive body, and an insulating film. The base
has a plurality of vibrating film portions arranged in an array
pattern, each of the vibrating film portions having a rectan-
gular shape defined by a pair of long sides and a pair of short
sides in a plan view as viewed along a thickness direction of
the base. The piezoelectric elements are respectively dis-
posed on the vibrating film portions. The conductive body is
disposed on the base, and arranged inside and outside of an
area corresponding to each of the vibrating film portions in
the plan view. The insulating film covers outside of the area
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corresponding to each of the vibrating film portions and only
a portion of each of the long sides of the vibrating film
portions in the plan view.

[0016] In the ultrasonic transducer device as described
above, the insulating film preferably covers each of the short
sides of the vibrating film portions in the plan view.

[0017] In the ultrasonic transducer device as described
above, each of the piezoelectric elements preferably includes
a first electrode disposed on the vibrating film portion, a
piezoelectric film covering at least a portion of the first elec-
trode, and a second electrode covering at least a portion of the
piezoelectric film. The conductive body preferably includes a
first conductive body part connected to the first electrode of
each of the piezoelectric elements, and a second conductive
body part connected to the second electrode of each of the
piezoelectric elements. The second insulating film preferably
covers a portion of the piezoelectric film that is not covered by
the second electrode or the second conductive body part.

[0018] In the ultrasonic transducer device as described
above, the insulating film is preferably arranged at both sides
of the second electrode so as to sandwich the second elec-
trode.

[0019] An ultrasonic transducer device according to
another aspect includes a base, a plurality of piezoelectric
elements, a conductive body, and an insulating film. The base
has a plurality of vibrating film portions arranged in an array
pattern. The piezoelectric elements are respectively disposed
on the vibrating film portions. The conductive body is dis-
posed on the base, and arranged inside and outside of an area
corresponding to each of the vibrating film portions in a plan
view as viewed along a thickness direction of the base. The
insulating film is disposed on the conductive body only at
outside of the area corresponding to each of the vibrating film
portions in the plan view.

[0020] The ultrasonic waves act on the vibrating film. The
ultrasonic waves cause ultrasonic vibration of the vibrating
film. Current is output from the piezoelectric element accord-
ing to the ultrasonic vibration of the vibrating film. In this
way, the ultrasonic transducer device detects ultrasonic
waves. Here, the insulating film protects the conductive body.
The insulating film does not affect the vibrating film, so
flexibility of the vibrating film is maintained well. Therefore,
it is possible to maintain the ultrasonic wave detection sensi-
tivity.

[0021] Itis possible to use any of the ultrasonic transducer
devices incorporated in a probe. The probe can be equipped
with the ultrasonic transducer device and a case supporting
the ultrasonic transducer device.

[0022] The ultrasonic transducer device can be used incor-
porated in an electronic instrument. The electronic instrument
can be equipped with the ultrasonic transducer device, and a
processing unit connected to the ultrasonic transducer device,
configured to process output signals of the vltrasonic trans-
ducer device.

[0023] The ultrasonic transducer device can be used incor-
porated in an ultrasonic image device. The ultrasonic image
device can be equipped with the ultrasonic transducer device,
a processing unit connected to the ultrasonic transducer
device and configured to process output signals of the ultra-
sonic transducer device and generate an image, and a display
device configured to display the image.
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BRIEF DESCRIPTION OF THE DRAWINGS

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

[0025] FIG. 11s an external view schematically showing an
example of an electronic instrument, that is, an ultrasonic
diagnostic device according to one embodiment.

[0026] FIG. 2 is an enlarged front view of an ultrasonic
probe.
[0027] FIG. 3 is an enlarged plan view of an ultrasonic

transducer element unit according to the first embodiment.
[0028] FIG. 4 is a schematic cross section view along line
A-A of FIG. 3.

[0029] FIG. 5 is a schematic cross section view along line
B-B of FIG. 3.

[0030] FIG. 6isablock diagram schematically showing the
circuit configuration of the ultrasonic diagnostic device.
[0031] FIG. 7 is an enlarged plan view of an ultrasonic
transducer element unit according the second embodiment.

[0032] FIG. 8 is a schematic cross section view along line
C-C of FIG. 7.
[0033] FIG. 9 is a schematic cross section view schemati-

cally showing the formation method of the first insulating film
and the second insulating film corresponding to FIG. 8.
[0034] FIG. 10 is a schematic cross section view of the
ultrasonic transducer element unit according to a modifica-
tion example of the second embodiment corresponding to
FIG. 8.

[0035] FIG. 11 is a schematic cross section view of the
ultrasonic transducer element unit according to another modi-
fication example of the second embodiment corresponding to
FIG. 8.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0036] Following, 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 Diagnostic
Device

[0037] FIG. 1 schematically shows a configuration of an
ultrasonic diagnostic device (ultrasonic image device) 11 as
an example of an electronic instrument according to an
embodiment of the present invention. The ultrasonic diagnos-
tic device 11 is provided with a device terminal 12 and an
ultrasonic probe (probe) 13. The device terminal 12 and the
ultrasonic probe 13 are connected to each other through a
cable 14. The device terminal 12 and the ultrasonic probe 13
exchange electric signals through the cable 14. A display
panel (display device) 15 is incorporated in the device termi-
nal 12. A screenofthe display panel 15 is exposed on a surface
of the device terminal 12. As described later, in the device
terminal 12, an image is generated based on ultrasonic waves
detected with the ultrasonic probe 13. Imaged detection
results are displayed on the screen of the display panel 15.

[0038] As shown in FIG. 2, the ultrasonic probe 13 has a
case 16. An ultrasonic transducer element unit (hereinafter
referred to as “element unit”) 17 is housed in the case 16. The
ultrasonic transducer element unit 17 is a specific example of
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an ultrasonic transducer device, according to an embodiment
of the present invention. A surface of the element unit 17 may
be exposed on a surface of the case 16. The element unit 17
outputs ultrasonic waves from the surface thereof, and
receives reflected waves of ultrasonic waves. In addition, the
ultrasonic probe 13 can be equipped with a probe head 135
linked to be freely attachable and detachable with the probe
main unit 13a. At this time, the element unit 17 can be incot-
porated inside the case 16 of the probe head 134.

[0039] FIG. 3 schematically shows a plan view of the ele-
ment unit 17 according to the first embodiment. The element
unit 17 is provided with a base 21. An element array 22 is
formed on the base 21. The element array 22 is constructed of
ultrasonic transducer elements (hereinafter referred to as
“element”) 23 arranged in an array pattern. The array is
formed in a matrix having a plurality of rows and a plurality
of columns. In addition, a zigzag pattern may be used in the
array. In the zigzag pattern, a group of the elements 23 in an
even column may be displaced with respect to a group of the
elements 23 in an odd column by one-half of the row pitch.
The number of the elements in one of an odd column and an
even column may be smaller than the number of the elements
in the other of an odd column and an even column by one.
[0040] Eachelement23isequipped witha vibrating film 24
(one example of a vibrating film portion). Details of the
vibrating film 24 are described later. In FIG. 3, the outline of
the vibrating film 24 is depicted with a dotted line with a plan
view in the direction orthogonal to the film surface of the
vibrating film 24 (plan view in the substrate thickness direc-
tion). The inside of the outline correlates to the area interior of
the vibrating film 24. The outside of the outline correlates to
the area exterior of the vibrating film 24. A piezoelectric
element 25 is formed on the vibrating film 24. As described
later, with the piezoelectric element 25, a piezoelectric film
(not illustrated) is sandwiched between an upper electrode
(second electrode) 26 and a lower electrode (first electrode)
27. These are layered in sequence. The element unit 17 is
constituted as one ultrasonic transducer element chip.
[0041] A plurality of first conductive bodies 28 are formed
on the surface of the base 21. The first conductive bodies 28
extend parallel to each other in the column direction of the
array. One conductive body 28 is allocated for each element
23 of one column. One first conductive body 28 is arranged in
common with elements 23 aligned in the column direction of
the array. The first conductive bodies 28 form the lower elec-
trode 27 for each of the elements 23. The first conductive
bodies 28 form the conductive body connected to the lower
electrode 27, specifically, the first conductive body part. In
this way, the first conductive bodies 28 are arranged in the
vibrating film 24 area interior and area exterior. For the first
conductive body 28, it is possible to use a layered film of
titanium ('T1), iridium (Ir), platinum (Pt), and titanium (T1), for
example. However, it is also possible to use other conductive
materials for the first conductive body 28.

[0042] A plurality of second conductive bodies 31 are
formed on the surface of the base 21. The second conductive
bodies 31 extend parallel to each other in the row direction of
the array. One second conductive body 31 is allocated to each
element 23 of one row. The one second conductive body 31 is
connected in common to the elements 23 aligned in the row
direction of the array. The second conductive bodies 31 form
the upper electrode 26 for each ofthe elements 23. The second
conductive bodies 31 form the conductive body connected to
the upper electrode 26, specifically, the second conductive
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body part. Both ends of the second conductive body 31 are
respectively connected to a pair of extraction wirings 32. The
extraction wirings 32 extend parallel to each other in the
column direction of the array. Therefore, all of the second
conductive bodies 31 have the same length. In this way, the
upper electrodes 26 are connected in common to the elements
23 of the entire matrix. In this way, the second conductive
bodies 31 are arranged in the vibrating film 24 inside area and
outside area. The second conductive body 31 can be formed
using iridium (Ir), for example. However, it is also possible to
use other conductive materials for the first conductive body
28.

[0043] Power distribution of the elements 23 is switched
per column. Linear scanning or sector scanning is achieved
corresponding to such switching of power distribution. Since
the elements 23 in one column output ultrasonic waves at the
same time, the number of the elements 23 in one column, that
is, thenumber of rows of the array can be determined based on
the output level of ultrasonic waves. For example, the number
of rows may be setto be around 10 to 15 rows. In the drawing,
five rows are illustrated for simplicity. The number of col-
umns of the array can be determined based on the extent of an
area to be scanned. For example, the number of columns may
be setto be 128 columns or 256 columns. Inthe drawing, eight
columns are illustrated for simplicity. The role of the upper
electrode 26 and the lower electrode 27 can also be switched.
Specifically, while the lower electrode is connected in com-
mon to the elements 23 of the entire matrix, the upper elec-
trode can be connected in common for each column of the
array.

[0044] The outline of the base 21 has a first side 21a and a
second side 215 that are opposed and partitioned by a pair of
straight lines in parallel to each other. One line of a first
terminal array 33a is arranged between the first side 21a and
the outline of the element array 22. One line of a second
terminal array 335 is arranged between the second side 215
and the outline of the element array 22. For the first terminal
array 33a, one line can be formed in parallel to the first side
21a. For the second terminal array 334, one line can be
formed in parallel to the second side 215. The first terminal
array 33a is constructed of a pair of upper electrode terminals
34 and a plurality of lower electrode terminals 35. Similarly,
the second terminal array 334 is constructed of a pair of upper
electrode terminals 36 and a plurality of lower electrode
terminals 37. Upper electrode terminals 34 and 36 are respec-
tively connected to both ends of one extraction wiring 32. It is
sufficient for the extraction wirings 32 and the upper elec-
trode terminals 34 and 36 to be formed plane-symmetrically
with respect to a vertical plane that bisects the element array
22. Lower electrode terminals 35 and 37 are respectively
connected to both ends of one second conductive body 31. It
is sufficient for the second conductive bodies 31 and the lower
electrode terminals 35 and 37 to be formed plane-symmetri-
cally with respect to the vertical plane that bisects the element
array 22. The outline of the base 21 is formed to be a rect-
angle. The outline of the base 21 may be a square or a trap-
ezoid.

[0045] A first flexible printed wiring board (hereinafter
referred to as “first wiring board”) 38 is coupled to the base
21. The first wiring board 38 covers the first terminal array
33a. Conductive lines, that is, first signal lines 39 are formed
at one end of the first wiring board 38 corresponding to the
upper electrode terminals 34 and the lower electrode termi-
nals 35, respectively. The first signal lines 39 are respectively
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opposed to the upper electrode terminals 34 and the lower
electrode terminals 35, and respectively bonded thereto.
Similarly, a second flexible printed wiring board (hereinafter
referred to as “second wiring board”) 41 covers the base 21.
The second flex 41 covers the second terminal array 325.
Conductive lines, that is, second signal lines 42 are formed at
one end of the second wiring board 41 corresponding to the
upper electrode terminals 36 and the lower electrode termi-
nals 37, respectively. The second signal lines 42 are respec-
tively opposed to the upper electrode terminals 36 and the
lower electrode terminals 37, and respectively bonded
thereto.

[0046] An electrode separation film (fourth insulating film)
43 is arranged in parallel to the second conductive body 31 on
the vibrating film 24. The electrode separation film 43
extends in band form in the lengthwise direction of the second
conductive body 31. The electrode separation film 43 has
insulation properties and moisture proof properties. The elec-
trode separation film 43 is formed from a moisture proof
insulating material such as alumina (Al,Os), silicon oxide
(810,) or the like, for example. The electrode separation films
43 are formed sandwiching each second conductive body 31
and separated at both sides of the second conductive body 31.
The second conductive bady 31 intersects the first conductive
body 28 on the vibrating film 24, so the electrode separation
film 43 crosses over the first conductive body 28 on the
vibrating film 24.

[0047] An insulating film 44 is formed at the vibrating film
24 area exterior on the base 21. The insulating film 44 extends
in band form in the lengthwise direction of the first conduc-
tive body 28. The insulating film 44 is arranged in parallel
with the first conductive body 28 only at the vibrating film 24
area exterior. The insulating film 44 is formed from an insu-
lating material with moisture proof properties such as alu-
mina or silicon oxide, for example. The material of the insu-
lating film 44 is sufficient as long as it matches the material of
the electrode separation film 43. The insulating film 44
crosses over the second conductive body 31. In this way, the
insulating film 44 is formed on the second conductive body
31. The insulating film 44 is continuous with the electrode
separation film. The insulating film 44 is connected to the
electrode separation film 43 sandwiching the second conduc-
tive body 31 and arranged at both sides of the second conduc-
tive body 31.

[0048] As shown in FIG. 4, the base 21 is equipped with a
substrate 46 and a flexible film 47. The flexible film 47 is
formed on the entire surface on the surface of the substrate 46.
An opening 48 is formed in each of the elements 23 on the
substrate 46. The openings 48 are arranged in an array pattern
on the substrate 46. The outline of the area in which the
openings 48 are arranged correlates to the outline of the
element array 22. A partition wall 49 divides between two
adjacent openings 48. The adjacent openings 48 are parti-
tioned by, the partition wall 49. The wall thickness of the
partition wall 49 correlates to the gap of the openings 48. The
partition wall 49 defines two wall surfaces on the inside of the
plane that expand parallel to each other. The wall thickness
correlates to the distance between the two wall surfaces.
Specifically, the wall thickness can be defined as the length of
the vertical line orthogonal to the wall surface and sand-
wiched between the wall surfaces.

[0049] The flexible film 47 is constructed of a silicon oxide
(810,) layer 51 layered on the surface of the substrate 46, and
a zirconium oxide (ZrQ,) layer 52 layered on a surface of the
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silicon oxide layer 51. The flexible film 47 contacts the open-
ings 48. In this manner, a part of the flexible film 47 corre-
sponding to the outline of the opening 48 forms the vibrating
film 24. Of'the flexible film 47, the vibrating film 24 is the part
thatis able to do film vibration in the thickness direction of the
substrate 46 since it opposes the opening 48. The film thick-
ness of the silicon oxide layer 51 can be determined based on
the resonance frequency.

[0050] The first conductive body 28, the piezoelectric film
53, and the second conductive body 31 are layered on a
surface of the vibrating film 24 in this order. The piezoelectric
film 53 may be formed of piezoelectric zirconate titanate
(PZT), for example. Another piezoelectric material may be
used for the piezoelectric film 53. The piezoelectric film 53
covers at least a portion of the lower electrode 27 and a
portion of the vibrating film 24. The upper electrode 26 covers
at least a portion of the piezoelectric film 53. Here, the piezo-
electric film 53 completely covers the surface of the first
conductive body 28 under the second conductive body 31.
The function of the piezoelectric film 53 is to prevent a short
circuit between first conductive body 28 and the second con-
ductive body 31.

[0051] AsshowninFIG. 4, the electrode separation film 43
covers the side surface of the piezoelectric element 25. Spe-
cifically, the electrode separation film 43 is formed on the
piezoelectric film 53 between the first conductive body 28 and
the second conductive body 31. In this way, the surface of the
piezoelectric film 53 is covered by the electrode separation
film 43 between the first conductive body 28 and the second
conductive body 31. Here, the electrode separation film 43
stays inside the area of the vibrating film 24 in the lengthwise
direction of the first conductive body 28. The electrode sepa-
ration film 43 does not affect the edge of the vibrating film 24.
[0052] A protective film 54 is layered on the surface of the
base 21. The protective film 54 covers the surface of the base
21 across the entire surface, for example. As a result, the
element array 22, the first and second terminal arrays 33a and
33b, and the first and second wiring boards 38 and 41 are
covered by the protective film 54. For the protective film 54,
for example, a silicone resin film can be used. The protective
film 54 protects the structure of the element array 22, the
bonding of the first terminal array 33a and the first wiring
board 38, and the bonding of the second terminal array 335
and the second wiring board 41.

[0053] A reinforcing plate 55 is fixed to areverse surface of
the base 21. The reverse surface of the base 21 is overlapped
on a surface of the reinforcing plate 55. The reinforcing plate
55 closes the openings 48 in the reverse surface of the element
unit 17. The reinforcing plate 55 may have a rigid base mate-
rial. For example, the reinforcing plate 55 may be formed of
asilicon base plate. The plate thickness of the base 21 is set to
be around 100 um, for example, and the plate thickness of the
reinforcing plate 55 is set to be around 100 to 150 pm, for
example. The partition walls 49 are bonded to the reinforcing
plate 55. The reinforcing plate 55 is bonded to each partition
wall 49 in at least one bonding area location. For bonding, an
adhesive agent can be used.

[0054] As shown in FIG. 5, the piezoelectric film 53 is
covered by the first conductive body 28. The piezoelectric
film 53 contacts the surface of the vibrating film 24 in a range
expanding from the edge of the first conductive body 28 to the
outside. The piezoelectric film 53 completely separates the
first conductive body 29 and the second conductive body 31
from each other. Short circuits between the first conductive



US 2014/0296715 Al

body 28 and the second conductive body 31 are avoided. In
this way, it is possible for the second conductive body 31 to
extend in the array row direction without interruption. The
insulating film 44 covers the second conductive body 31. The
insulating film 44 ends at the vibrating film 24 area exterior.
The insulating film 44 stays at the vibrating film 24 area
exterior and does not enter the area interior.

(2) Circuit Configuration of Ultrasonic Diagnostic
Device

[0055] Asshown in FIG. 6, the ultrasonic diagnostic device
11 is equipped with an integrated circuit chip 58 electrically
connected to the element unit 17. The integrated circuit chip
58 is equipped with a multiplexer 59 and a transmitting and
receiving circuit 61. The multiplexer 59 has a group of ports
594 on the element unit 17 side, and a group of ports 596 on
the transmitting and receiving circuit 61 side. The first signal
lines 39 and the second signal lines 42 are connected to the
group of ports 59a on the element unit 17 side via the wiring
62. In this manner, the group of ports 594 is connected to the
element array 22. Here, a prescribed number of signal lines 63
within the integrated circuit chip 55 are connected to the
group of ports 595 on the transmitting and receiving circuit 61
side. The prescribed number corresponds to a column number
of the elements 23 output at the same time as scanning is
conducted. The multiplexer 59 controls interconnection
between the ports on the cable 14 side and the ports on the
element unit 17 side.

[0056] The transmitting and receiving circuit 61 has a pre-
scribed number of changing switches 64. The changing
switches 64 are connected to the corresponding signal lines
63, respectively. The transmitting and receiving circuit 61 has
atransmission channel 65 and a reception channel 66 for each
of the changing switches 64. The transmission channel 65 and
the reception channel 66 are connected to the changing switch
64 in parallel. The changing switch 64 selectively connects
the transmission channel 65 or the reception channel 66 to the
multiplexer 59. Pulsars 67 are incorporated in the transmis-
sion channel 65. The pulsars 67 output a pulse signal at a
frequency corresponding to the resonance frequency of the
vibrating film 24. An amplifier 68, a low-pass filter (LPF) 69,
and an analog-digital converter (ADC) 71 are incorporated in
the reception channel 66. The output signal of each of the
elements 23 is amplified, and converted into a digital signal.

[0057] The transmitting and receiving circuit 61 has a driv-
ing/receiving circuit 72. The transmission channel 65 and the
reception channel 66 are connected to the driving/receiving
circuit 72. The driving/receiving circuit 72 controls the pul-
sars 67 simultaneously depending on the state of scanning.
The driving/receiving circuit 72 receives a digital signal of an
output signal depending on the state of scanning. The driving/
receiving circuit 72 is connected to the multiplexer 59
through a control line 73. The multiplexer 59 conducts control
of interconnection based on a control signal supplied from the
driving/receiving circuit 72.

[0058] A processing circuit 74 is incorporated in the device
terminal 12. The processing circuit 74 can be provided with a
central processing unit (CPU) 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
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auser. The processing circuit 74 generates an image in accor-
dance with an output signal of the element 23. The image is
specified by drawing data.

[0059] A drawing circuit 75 is incorporated in the device
terminal 12. The drawing circuit 75 is connected to the pro-
cessing circuit 74. The display panel 15 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 15. As a result, an image is displayed on the display
panel 15.

(3) Operation of Ultrasonic Diagnostic Device

[0060] Next, the operation of the ultrasonic diagnostic
device 11 will be explained briefly. The processing circuit 74
switches between an ultrasonic diagnostic mode and a sensi-
tivity detection mode. In the ultrasonic diagnostic mode,
ultrasonic diagnosis can be implemented using the ultrasonic
diagnostic device 11. In the sensitivity detection mode, it is
possible to determine a decrease in the sensitivity of the
piezoelectric element part 24. When the processing circuit 74
selects the ultrasonic diagnostic mode, the processing circuit
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 59, and supplies a
driving signal to each of the pulsars 67. The pulsars 67 output
pulse signals in response to the supply of the driving signal.
The multiplexer 59 connects the port of the group of ports 59a
to the port of the group of ports 595 in response to the
instructions of the control signal. The pulse signals are sup-
plied to the elements 23 per column through the upper elec-
trode terminals 34 and 36 and the lower electrode terminals
35 and 37 according to the selection of the port. The vibrating
film 24 vibrates in response to the supply of the pulse signals.
As aresult, desired ultrasonic wave beams are emitted toward
a target (for example, the inside of a human body).

[0061] Afterultrasonic waves are transmitted, the changing
switch 64 is switched. The multiplexer 59 maintains the con-
nection relation of the ports. The changing switch 64 estab-
lishes a connection between the reception channel 66 and the
signal line 63 instead of a connection between the transmis-
sion channel 65 and the signal line 63. Reflected waves of
ultrasonic waves vibrate the vibrating film 24. As a result, an
output signal is output from the element 23. The output signal
is converted into a digital signal, and sent to the driving/
receiving circuit 72.

[0062] Transmission and reception of ultrasonic waves are
repeated. For this repetition, the multiplexer 59 changes the
connection relation of the ports. As a result, linear scanning or
sector scanning is achieved. When scanning is finished, the
processing circuit 74 generates an image based on the digital
signals of the output signals. The generated image is dis-
played on the screen of the display panel 15.

[0063] The ultrasonic waves act on the vibrating film 24.
The ultrasonic waves cause ultrasonic vibration of the vibrat-
ing film 24. Current is output from the piezoelectric element
25 according to the ultrasonic vibration of the vibrating film
24. In this way, each element 23 detects ultrasonic waves.
Here, the insulating film 44 protects the second conductive
body 31. The insulating film 44 does not affect the vibrating
film 24, so the flexibility of the vibrating film 24 is maintained
well. Therefore, it is possible to maintain the ultrasonic wave
detection sensitivity.
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[0064] The electrode separation film 43 insulates the first
conductive body 28 and the second conductive body 31 from
each other. Short circuits are prevented between the first
conductive body 28 and the second conductive body 31. The
electrode separation film 43 is continuous with the insulating
film 44, so the insulating film 44 is bonded to the conductive
body 31, and increases the bonding strength of the electrode
separation film 43. In particular, the insulating film 44 stipu-
lates displacement in the mutually separating direction by the
two electrode separation films 43 which sandwich the second
conductive body and are arranged at both sides of the second
conductive body 31, so for example even if the electrode
separation film 43 is formed on the side wall of the piezoelec-
tric element 25, it is possible to reliably increase the bonding
strength of the electrode separation film 43. In addition, the
insulating film 44 is formed on the surface of the base 21, so
itis possible to increase the bonding strength of the insulating
film 44. As a result, the bonding strength of the electrode
separation film is increased.

[0065] With this embodiment, the electrode separation film
43 has moisture proof properties. The electrode separation
film 43 is embedded between the first conductive body 28 and
the second conductive body 31, so the electrode separation
film 43 has a waterproofing function at the surface of the
piezoelectric film 53. The electrode separation film 43 pre-
vents the infiltration of moisture, and inhibits short circuits
between the first conductive body 28 and the second conduc-
tive body 31.

(4) Element Unit According to Second Embodiment

[0066] FIG. 7 schematically shows a plan view of the ele-
ment unit 17a of the second embodiment. FIG. 8 is a sche-
matic cross section view along line C-C of FIG. 7. The cross
section view along line A-A of FIG. 7 is similar to that shown
in FIG. 4, and thus, omitted herein. With this second embodi-
ment, a first insulating film 77a is formed in the vibrating film
24 area exterior on the base 21. The first insulating film 774
extends in band form in the lengthwise direction of the first
conductive body 28. The first insulating film 774, similar to
the previously described insulating film 44, is arranged in
parallel with the first conductive body 29 only in the vibrating
film 24 area exterior. The first insulating film 77a is formed
for example from a moisture proofinsulating material such as
alumina or silicon oxide, for example. The material of the first
insulating film 77a is sufficient as long as it matches the
material of the electrode separation film 43. The first insulat-
ing film 77a crosses over the second conductive body 31. In
this way, the first insulating film 774 is formed on the second
conductive body 31. The first insulating film 77« is continu-
ous with the electrode separation film 43. The first insulating
film 77a is connected to the electrode separation film 43
sandwiching the second conductive body 31 and arranged at
both sides of the second conductive body 31.

[0067] A second insulating film 775 1s formed on the inside
area of the vibrating film 24. The second insulating film 775
extends in band form in the lengthwise direction of the first
conductive body 28. The second insulating film 775 extends
in parallel to the first insulating film 77a between adjacent
electrode separation films 43. The second insulating film 775
covers at least a portion of the piezoelectric element 25, and is
arranged only on the area interior with a break with the
vibrating film 24 area interior. The second insulating film 775
is formed from a moisture proof insulating material such as
alumina or silicon oxide, for example. The material of the
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second insulating film 7754 is sufficient as long as it matches
the material of the electrode separation film 43. Here, as is
clear from FIG. 8, the second insulating film 775 covers the
side surface of the piezoelectric element 25. The second insu-
lating film 775 is formed so as to cover the piezoelectric film
53 not covered by the second conductive body 31. The second
insulating film 775 has a smaller film thickness than the film
thickness of the first insulating film 77a. At this time, the film
thickness of the second insulating film 775 is measured in the
direction perpendicular to the side surface of the piezoelectric
element 25. The second insulating film 774 is continuous with
the electrode separation film 43. The second insulating film
77b is connected to the electrode separation film 43 sand-
wiching the second conductive body 31 and arranged at both
sides of the second conductive body 31.

[0068] The first insulating film 77a and the second insulat-
ing film 775 protect the second conductive body 31. The first
insulating film 77a does not affect the vibrating film 24, so the
flexibility of the vibrating film 24 is maintained well. There-
fore, it is possible to maintain the ultrasonic wave detection
sensitivity. In addition, the second insulating film 775 pro-
tects the piezoelectric element 25. The second insulating film
775 does not cross over the edge of the vibrating film 24, so it
is possible to maintain the vibrating film 24 vibration opera-
tion well. In fact, the second insulating film 775 is formed on
the side wall of the piezoelectric element 25, so the effect on
the flexibility of the vibrating film 24 is suppressed to a
minimum. The flexibility of the vibrating film 24 can be
maintained well. Furthermore, the second insulating film 776
stipulates that the electrode separation film 43 arranged sand-
wiching the second conductive body 31 be displaced in the
direction separating from each other, so the bonding strength
of the electrode separation film 43 is further increased.

[0069] As shown in FIG. 9, for formation of the first insu-
lating film 77a and the second insulating film 77, an insu-
lating material layer is formed uniformly on the entire surface
on the surface of the base 21. For formation, it is possible to
use sputtering, for example. A resist film 79 is formed on the
insulating material layer. The resist film 79 is modeled on the
shape of the first insulating film 77a. Here, for example when
ion etching processing is implemented, the insulation mate-
rial layer is removed in areas other than that of the resist film
79. At this time, the insulation material layer remains under
the resist film 79. In the periphery of the resist film 79,
removal of the insulation material layer at the wall surface of
the piezoelectric element 25 is delayed compared to on the
surface of the base 21, the surface of the vibrating film 24, and
the top surface of the piezoelectric element 25. As a result,
even if the insulation material layer is completely removed at
the surface of the base 21 and the surface of the vibrating film
24 and the top surface of the piezoelectric element 25, the
insulation material layer remains at the side wall of the piezo-
electric element 25. In this way, the second insulating film
776 is formed. Compared to under the resist film 79, at the
wall surface of the piezoelectric element 25, the insulation
material layer is exposed by etching, so the film thickness of
the second insulating film 775 is reduced more than the film
thickness of the first insulating film 77a.

[0070] As shown in FIG. 10, it is also possible to further
form a third insulating film 81a on the base 21. The third
insulating film 81a connects the second insulating film 775 to
the first insulating film 77a. The second insulating film 775
has a first film body part 81 and a second film body part 81c.
The first film body part 815 is arranged on the top surface of
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the piezoelectric element 25. The second film body part 81¢
covers the second conductive body 31 formed on the piezo-
electric film 53 at the side wall of the piezoelectric element
25. The first film body part 815 connects adjacent second film
body parts 81¢ to each other. The third insulating film 81a and
the second insulating film 7756 are formed from a moisture
proofinsulating material such as alumina or silicon oxide, for
example. The material of the first insulating film 77a is suf-
ficient as long as it matches the material of the electrode
separation film (fourth insulating film) 43. It is sufficient to
have the third insulating film 81« and the first film body part
815 film thickness match. The film thickness of the third
insulating film 81a and the first film body part 815 is smaller
than the film thickness of the second film body part 81¢. The
third insulating film 81a, the first film body part 815 and the
second film body part 81¢ are continuous with the electrode
separation film (fourth insulating film) 43 sandwiching the
second conductive body 31 and arranged at both sides of the
second conductive body 31.

[0071] The third insulating film 814 and the first film body
part 815 are covered on the second conductive body 31 onthe
inside area of the vibrating film 24. The third insulating film
81a and the first film body part 815 protect the second con-
ductive body 31. At this time, the third insulating film 81a is
thinner than the first insulating film 77a and the second insu-
lating film 775, so it is possible to maintain the vibrating
operation of the vibrating film 24 well. In fact, the third
insulating film 81a and the first film body part 815 stipulate
that the electrode separation film 43 arranged sandwiching
the second conductive body 31 be displaced in the direction
separating from each other, so the bonding strength of the
electrode separation film 43 is further increased.

[0072] As described previously, for formation of the first
insulating film 77a and the second insulating film 775, it is
possible to use ion etching processing. At this time, if the
insulating material layer remains on the surface of the base
21, the surface of the vibrating film 24, and the wall surface
and the top surface of the piezoelectric element 25, it is
possible to form the third insulating film 81a and the first film
body part 815. In the periphery of the resist film 79, removal
of the insulation material layer at the wall surface of the
piezoelectric element 25 is delayed compared to on the sur-
face of the base 21, the surface of the vibrating film 24, and the
top surface of the piezoelectric element 25, so the film thick-
ness of the third insulating film 81a and the first film body part
815 is reduced more than the film thickness of the second film
body part 81c.

[0073] As shown in FIG. 11, with the piezoelectric element
25, it is also possible to layer the lower electrode 27, the
piezoelectric film 53, and the upper electrode 26 in that
sequence. In this case, the piezoelectric film 53 is separated
from the surface of the vibrating film 24 by the lower elec-
trode 27. The upper electrode 26 is separated from the lower
electrode 27 by the piezoelectric film 53. The lower electrode
27, the piezoelectric film 53, and the upper electrode 26 are
exposed at the side surface of the piezoelectric element 25.
The second film body part 81¢ of the second insulating film
775 covers the upper electrode 26, the piezoelectric film 53,
and the lower electrode 27 at the side surface of the piezo-
electric element 25. The second insulating film 775 insulates
the upper electrode 26 and the lower electrode 27. The second
insulating film 775 prevents short circuits between the upper
electrode 26 and the lower electrode 27. The first film body
parts 815 of the second insulating film 775 covers the second
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conductive body 31 at the top surface of the piezoelectric
element 25. The second conductive body 31 can reliably be
protected. With the embodiment shown in FIG. 11, the same
as described previously, the first insulating film 774 and the
second film body part 81¢ of the second insulating film 775
can remain, and the third insulating film 81a and the first film
body part 815 of the second insulating film 775 can be omit-
ted.

[0074] 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.
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 13, the probe head 135,
the element units 17 and 174, the elements 23 and the like are
not limited to the present embodiment, and various changes
and modifications are possible.

GENERAL INTERPRETATION OF TERMS

[0075] 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.

[0076] Whileonly 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 transducer device comprising:

abasehavinga plurality of vibrating film portions arranged
in an array pattern;

a plurality of piezoelectric elements respectively disposed
on the vibrating film portions;

a conductive body disposed on the base, and arranged
inside and outside of an area corresponding to each of
the vibrating film portions in a plan view as viewed along
a thickness direction of the base;
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a first insulating film disposed on the conductive body only
atoutside of the area corresponding to each of the vibrat-
ing film portions in the plan view; and

a second insulating film having a film thickness smaller
than a film thickness of the first insulating film, and
disposed at least partially on each of the piezoelectric
elements and only at inside of the area corresponding to
each of the vibrating film portions in the plan view.

2. The ultrasonic transducer device according to claim 1,

further comprising

a third insulating film having a film thickness smaller than
the film thickness of the second insulating film, and
connected to the first insulating film and the second
insulating film.

3. The ultrasonic transducer device according to claim 1,

wherein

each of the piezoelectric elements includes
a first electrode disposed on the vibrating film portion,
a piezoelectric film covering at least a portion of the first

electrode, and
a second electrode covering at least a portion of the
piezoelectric film, and

the conductive body includes
a first conductive body part connected to the first elec-

trode of each of the piezoelectric elements, and
a second conductive body part connected to the second
electrode of each of the piezoelectric elements; and
the ultrasonic transducer device further comprises a fourth
insulating film covering a portion of the piezoelectric
film that is not covered by the second electrode or the
second conductive body part.

4. The ultrasonic transducer device according to claim 3,

wherein

the fourth insulating film includes two sections that sand-
wich the second electrode from both sides of the second
electrode.

5. The ultrasonic transducer device according to claim 3,

wherein

the piezoelectric film covers at least a portion of the first
electrode and a portion of a corresponding one of the
vibrating film portions, and

the second insulating film has a first film body part dis-
posed on the second electrode and having a first film
thickness, and a second film body part covering the
piezoelectric film on side surfaces of the piezoelectric
element and having a second film thickness greater than
the first film thickness.

6. The ultrasonic transducer device according to claim 3,

wherein

the piezoelectric film is layered on the first electrode, and
separated from a surface of a corresponding one of the
vibrating film portions by the first electrode,

the second electrode is layered on the piezoelectric film,
and separated from the first electrode by the piezoelec-
tric film, and

the second insulating film has a first film body part dis-
posed on the second electrode and having a first film
thickness, and a second film body part covering the
second electrode, the piezoelectric film, and the first
electrode on side surfaces of the piezoelectric element
and having a second film thickness greater than the first
film thickness.
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7. An ultrasonic transducer device comprising:

abasehaving a plurality of vibrating film portions arranged
in an array pattern, each of the vibrating film portions
having arectangular shape defined by a pair of long sides
and a pair of short sides in a plan view as viewed along
a thickness direction of the base;

a plurality of piezoelectric elements respectively disposed
on the vibrating film portions;

a conductive body disposed on the base, and arranged
inside and outside of an area corresponding to each of
the vibrating film portions in the plan view; and

an insulating film covering outside of the area correspond-
ing to each of the vibrating film portions and only a
portion of each of the long sides of the vibrating film
portions in the plan view.

8. The ultrasonic transducer device according to claim 7,

wherein

the insulating film covers each of the short sides of the
vibrating film portions in the plan view.

9. The ultrasonic transducer device according to claim 7,

wherein

each of the piezoelectric elements includes
a first electrode disposed on the vibrating film portion,
apiezoelectric film covering at least a portion of the first

electrode, and
a second electrode covering at least a portion of the
piezoelectric film, and

the conductive body includes
a first conductive body part connected to the first elec-

trode of each of the piezoelectric elements, and
a second conductive body part connected to the second
electrode of each of the piezoelectric elements,

the insulating film covers a portion of the piezoelectric film
that is not covered by the second electrode or the second
conductive body part.

10. The ultrasonic transducer device according to claim 9,

wherein

the insulating film is arranged at both sides of the second
electrode so as to sandwich the second electrode.

11. An ultrasonic transducer device comprising:

abasehaving a plurality of vibrating film portions arranged
in an array pattern;

a plurality of piezoelectric elements respectively disposed
on the vibrating film portions;

a conductive body disposed on the base, and arranged
inside and outside of an area corresponding to each of
the vibrating film portions in a plan view as viewed along
a thickness direction of the base; and

an insulating film disposed on the conductive body only at
outside of the area corresponding to each of the vibrating
film portions in the plan view.

12. A probe comprising:

the ultrasonic transducer device according to claim 1; and

a case supporting the ultrasonic transducer device.

13. An electronic instrument comprising:

the ultrasonic transducer device according to claim 1; and

a processing unit connected to the ultrasonic transducer
device, and configured to process output signals from
the ultrasonic transducer device.

14. An ultrasonic image device comprising:

the ultrasonic transducer device according to claim 1,

a processing unit connected to the ultrasonic transducer
device, and configured to process output signals from
the ultrasonic transducer device and generate an image;
and

a display device configured to display the image.
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15. A probe comprising:

the ultrasonic transducer device according to claim 7; and

a case supporting the ultrasonic transducer device.

16. An electronic instrument comprising:

the ultrasonic transducer device according to claim 7; and

a processing unit connected to the ultrasonic transducer
device, and configured to process output signals from
the ultrasonic transducer device.

17. An ultrasonic image device comprising:

the ultrasonic transducer device according to claim 7,

a processing unit connected to the ultrasonic transducer
device, and configured to process output signals from
the ultrasonic transducer device and generate an image;
and

a display device configured to display the image.

18. A probe comprising:

the ultrasonic transducer device according to claim 11; and

a case supporting the ultrasonic transducer device.

19. An electronic instrument comprising:

the ultrasonic transducer device according to claim 11; and

a processing unit connected to the ultrasonic transducer
device, and configured to process output signals from
the ultrasonic transducer device.

20. An ultrasonic image device comprising:

the ultrasonic transducer device according to claim 11;

a processing unit connected to the ultrasonic transducer
device, and configured to process output signals from
the ultrasonic transducer device and generate an image;
and

a display device configured to display the image.
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