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7) ABSTRACT

An ultrasonic device includes a first element row in which
ultrasonic transducer elements are arranged at line-symmetri-
cal positions along a first straight line, where a second straight
line orthogonal to the first straight line is the axis of symme-
try, and are connected to a first interconnect, and a second
element row in which ultrasonic transducer elements are
arranged at line-symmetrical positions adjacent to the first
element row, where the second straight line is the axis of
symmetry, and are connected to a second interconnect. When
the distance between a k-th element included in the first
element row and a k-th element included in the second ele-
ment row is represented by D, a relationship D,<D,,, is
satisfied with respect to at least one value of “k”.
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ULTRASONIC DEVICE AS WELL AS PROBE
AND ELECTRONIC APPARATUS

BACKGROUND
[0001] 1. Technical Field
[0002] Thepresent invention relates to an ultrasonic device

as well as a probe, an electronic apparatus, an ultrasonic
imaging apparatus, and the like using the same.

[0003] 2. Related Art

[0004] As disclosed in JP-A-2008-110060, thin-film ultra-
sonic transducer elements such as, for example, cMUTs (ca-
pacitive ultrasonic transducer elements) are commonly
known. In JP-A-2008-110060, a cMUT i1s formed on a flex-
ible sheet. Accordingly, when compared with the case where
acMUT is formed on a substrate having high stiffness, propa-
gation of vibration is attenuated. Thus, crosstalk is sup-
pressed, and therefore an improvement in axial resolution can
be expected.

[0005] When a plurality of vibration films vibrate simulta-
neously, the vibration of each vibration film propagates to an
adjacent vibration film through, for example, an acoustic
matching layer. In this manner, so-called crosstalk occurs,
and each vibration film is subjected to reverberant vibration
of an adjacent vibration film. The reverberant vibration
affects image formation and, for example, may add a pseudo
image to an original image.

SUMMARY

[0006] According to at least one aspect of the invention, it is
possible to provide an ultrasonic device that suppresses rever-
berant vibration.

[0007] (1) Anaspect of the invention is directed to an ultra-
sonic device including a first interconnect and a second inter-
connect that are connected to a first terminal, a first element
row inwhich “n” ultrasonic transducer elements, “n” being an
integer of 4 or more, are arranged at line-symmetrical posi-
tions along a first straight line, where a second straight line
orthogonal to the first straight line is an axis of symmetry, and
are connected to the first interconnect, and a second element
row in which “n” ultrasonic transducer elements are arranged
at line-symmetrical positions adjacent to the first element
row, where the second straight line is the axis of symmetry,
and are connected to the second interconnect, wherein when
a distance between an element included in the first element
row, the element being the k-th element in increasing order of
distance from the second straight line, “k” being an integer
between 1 and n/2-1 inclusive, and an element included in the
second element row, the element being the k-th element in
increasing order of distance from the second straight line, is
represented by Dy, a relationship D,<D,,, is satisfied with
respect to at least one value of “k”.

[0008] The inventor of the invention newly found a certain
fact. According to that fact, it was found that in the ultrasonic
device, the nearer the second straight line serving as the axis
of symmetry of an element array region when viewed from
above, the shorter the cycle of reverberant vibration. The
same driving signal is supplied to the ultrasonic transducer
elements of the first element row and the second element row
from the first interconnect and the second interconnect. The
ultrasonic transducer elements vibrate in response to the
reception of the driving signal. For example, vibration of the
ultrasonic transducer elements of the second element row
reaches the ultrasonic transducer elements of the first element
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row in accordance with the distance D,<D,, , . Thus, synchro-
nization of vibration is secured between ultrasonic transducer
elements corresponding to each other with respect to the
distance from the second straight line. For example, vibration
propagating from the second element row to the first element
row can serve to reduce residual vibration in the first element
TOW.

[0009] (2) Intheultrasonic device, it is preferable that when
a distance between two elements included in the first element
row, the elements respectively being the j-th element and the
(j+1)-th element in increasing order of distance from the
second straight line, ‘J” being an integer between 1 and n/2-1
inclusive, is represented by S1,, and a distance between two
elements included in the second element row, the elements
respectively being the j-th element and the (j+1)-th element in
increasing order of distance from the second straight line, is
represented by 82, relationships S1<81,,, and 82,82, are
satisfied. The ultrasonic transducer elements belonging to the
same element row are driven by the same driving signal. Since
the relationship S1,<81,,; and the relationship 82,52, are
established within the same element row, vibration propagat-
ing between the j-th ultrasonic transducer elements and
between the (j+1)-th ultrasonic transducer elements accord-
ing to the distances from the second straight line can be
synchronized with vibration of the destinations of propaga-
tion. Thus, the propagation contributes to a reduction of
residual vibration.

[0010] (3) It is preferable that the ultrasonic transducer
elements included in the second element row are arranged
along a straight line that is parallel to the first straight line, and
the distances S1,, S1,,,, 82, and 52, , satisfy relationships
S1,<82;and 81, ,<S2,, . The arrangement in the second ele-
ment row extends parallel to the arrangement in the first
element row. Accordingly, the distance between the element
rows along the second straight line can be reduced as far as
possible, that is, minimized. Thus, the ultrasonic transducer
elements can be efficiently arranged.

[0011] (4) It is preferable that the distance D, satisfies the
relationship D, <D, , with respect to every value of “k”. Syn-
chronization of vibration is secured between the ultrasonic
transducer elements. Residual vibration can thus be reliably
reduced.

[0012] (5) Another aspect of the invention is directed to an
ultrasonic device including a first interconnect and a second
interconnect, a transmitting unit that transmits a driving sig-
nal to the first interconnect and the second interconnect at the
same timing, a first element row in which “n” ultrasonic
transducer elements, “n” being an integer of 4 or more, are
arranged at line-symmetrical positions along a first straight
line, where a second straight line orthogonal to the first
straight line is an axis of symmetry, and are connected to the
first interconnect, and a second element row in which “n”
ultrasonic transducer elements are arranged at line-symmetri-
cal positions adjacent to the first element row, where the
second straight line is the axis of symmetry, and are con-
nected to the second interconnect, wherein when a distance
between an element included in the first element row, the
element being the k-th element in increasing order of distance
from the second straight line, “k” being an integer between 1
and n/2-1 inclusive, and an element included in the second
element row, the element being the k-th element in increasing
order of distance from the second straight line, is represented
by D,, a relationship D,<D,,, is satisfied with respect to at
least one value of “k”.
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[0013] Inthe ultrasonic device, it was found that the nearer
the second straight line serving as the axis of symmetry of the
element array region when viewed from above, the shorter the
cycle of reverberant vibration. The same driving signal is
supplied to the ultrasonic transducer elements of the first
element row and the second element row from the first inter-
connect and the second interconnect. The ultrasonic trans-
ducer elements vibrate in response to the reception of the
driving signal. For example, vibration of the ultrasonic trans-
ducer elements in the second element row reaches the ultra-
sonic transducer elements in the first element row in accor-
dance with the distance D,<D,,,. Thus, synchronization of
vibration is secured between ultrasonic transducer elements
corresponding to each other with respect to the distance from
the second straight line. For example, vibration propagating
from the second element row to the first element row can
serve to reduce residual vibration in the first element row.
[0014] (6) The ultrasonic transducer elements may each
include a vibration film provided on a base and a driving
element provided on the vibration film. With this configura-
tion, a thin-film membrane vibration element can be estab-
lished in the ultrasonic device.

[0015] (7) The driving element may also include a piezo-
electric body and two electrodes provided on the piezoelectric
body. A so-called transformer type ultrasonic transducer ele-
ment can be established.

[0016] (8) The ultrasonic device may further include an
acoustic matching layer that covers the first element row and
the second element row. Vibration of the ultrasonic transducer
elements propagates through the acoustic matching layer.
Thus, synchronization of vibration is secured between ultra-
sonic transducer elements corresponding to each other with
respect to the distance from the second straight line. For
example, vibration propagating from the second element row
to the first element row can serve to reduce residual vibration
in the first element row.

[0017] (9) It is preferable that an area of each of the vibra-
tion films of the ultrasonic transducer elements included in
the first element row is larger than an area of each of the
vibration films of the ultrasonic transducer elements included
in the second element row. During formation of an ultrasonic
beam, vibration of the ultrasonic transducer elements
included in the second element row is not transmitted to the
outside from the acoustic matching layer and mainly helps to
reduce reverberant vibration. Vibration control can thus be
simplified.

[0018] (10) The ultrasonic device may also include a third
interconnect connected to the first terminal, and a third ele-
ment row in which “n” ultrasonic transducer elements are
arranged at line-symmetrical positions adjacent to the first
element row, where the second straight line is the axis of
symumetry, and are connected to the third interconnect. At this
time, it is preferable that when a distance between an element
included in the first element row, the element being the k-th
element in increasing order of distance from the second
straight line, “k” being an integer between 1 and n/2-1 inclu-
sive, and an element included in the third element row, the
element being the k-th element in increasing order of distance
from the second straight line, is represented by D2,, a rela-
tionship D2,<D2,, , 1s satisfied with respect to the at least one
value of “k”. A single channel may also be formed by three
element rows in this manner.

[0019] (11) In the ultrasonic device, the ultrasonic trans-
ducer elements included in the second element row may be
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arranged along two line-symmetrical straight lines, where the
second straight line is an axis of symmetry. At this time, it is
preferable that a distance L1/ from the second straight line to
an element included in the first element row, the element
being the i-th element in increasing order of distance from the
second straight line, “1” being an integer between 1 and n/2
inclusive, is equal to a distance 1.2 from the second straight
line to an element included in the second element row, the
element being the i-th element in increasing order of distance
from the second straight line. With this configuration, the
arrangements in odd rows are disposed parallel to one
another, and the arrangements in even rows are disposed
parallel to one another.

[0020] (12) The ultrasonic device can be used in a state in
which it is incorporated into a probe. At this time, it is suffi-
cient if the probe includes the ultrasonic device and a housing
that supports the ultrasonic device.

[0021] (13) The ultrasonic device can be used in a state in
which it is incorporated into an electronic apparatus. At this
time, it is sufficient if the electronic apparatus includes the
ultrasonic device and a processor that is connected to the
ultrasonic device and that processes an output from the ultra-
sonic device.

[0022] (14) The ultrasonic device can be used in a state in
which itis incorporated into an ultrasonic imaging apparatus.
At this time, it is sufficient if the ultrasonic imaging apparatus
includes the ultrasonic device and a display device that dis-
plays an image generated based on an output from the ultra-
sonic device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0024] FIG. 1 is an external view schematically showing a
specific example, that is, an ultrasonic diagnostic apparatus,
of an electronic apparatus according to an embodiment.
[0025] FIG. 2 is an enlarged plan view of an ultrasonic
device according to a first embodiment.

[0026] FIG. 3 is a partial enlarged plan view of the ultra-
sonic device.

[0027] FIG. 4isacross-sectional view taken along line A-A
in FIG. 1.

[0028] FIG. 5 is a block diagram schematically showing a
circuit configuration of the ultrasonic diagnostic apparatus.
[0029] FIG. 6is apartial enlarged plan view of an ultrasonic
device according to a second embodiment.

[0030] FIG. 7 is a graph showing reverberant vibration of a
first ultrasonic transducer element.

[0031] FIG. 8 is a graph showing reverberant vibration of
the first ultrasonic transducer element when a second ultra-
sonic transducer element ultrasonically vibrates at the same
time.

[0032] FIG. 9is graph showing reverberant vibration of the
first ultrasonic transducer element plotted as a function of
distance from a neutral axis.

[0033] FIG. 10 is a partial enlarged plan view of an ultra-
sonic device according to a third embodiment.

[0034] FIG. 11 is a partial enlarged plan view correspond-
ing to FIG. 3 and showing an ultrasonic device according to a
modification.
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DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0035] The following describes embodiments of the inven-
tion with reference to the attached drawings. It should be
noted that the embodiments to be described hereinafter are
notintended to unduly limit the scope of the invention defined
by the claims and that not all of the configurations to be
described in the embodiments are necessarily essential as the
means for achieving the invention.

(1) Overall Configuration of Ultrasonic Diagnostic
Apparatus

[0036] FIG. 1 schematically shows the configuration of a
specific example, that is, an ultrasonic diagnostic apparatus
(ultrasonic imaging apparatus) 11, of an electronic apparatus
according to an embodiment of the invention. The ultrasonic
diagnostic apparatus 11 includes a device terminal (process-
ing unit) 12 and an ultrasonic probe (probe) 13. The device
terminal 12 and the ultrasonic probe 13 are connected to each
other via a cable 14. Electric signals are transmitted through
the cable 14 between the device terminal 12 and the ultrasonic
probe 13. A display panel (display device) 15 is incorporated
into the device terminal 12. A screen of the display panel 15
is exposed at a surface of the device terminal 12. In the device
terminal 12, an image is generated based on ultrasonic waves
detected by the ultrasonic probe 13. The imaged detection
result is displayed on the screen of the display panel 15.

[0037] The ultrasonic probe 13 has a housing 16. An ultra-
sonic device unit DV is fitted in the housing 16. The ultrasonic
device unit DV includes an ultrasonic device 17. The ultra-
sonic device 17 includes an acoustic lens 18. A partial cylin-
drical surface 18a is formed on an outer surface of the acous-
tic lens 18. The partial cylindrical surface 18« is surrounded
by a flat plate portion 184. The entire outer perimeter of the
flat plate portion 1851s continuously joined to the housing 16.
Thus, the flat plate portion 185 functions as a portion of the
housing. The acoustic lens 18 may be formed of, for example,
a silicone resin. The acoustic lens 18 has an acoustic imped-
ance thatis similar to the acoustic impedance of a living body.
The ultrasonic device 17 outputs ultrasonic waves from its
surface and receives reflected waves of the ultrasonic waves.

(2) Structure of Ultrasonic Device According to First
Embodiment

[0038] FIG. 2 schematically shows a plan view of the ultra-
sonic device 17 according to the first embodiment. The ultra-
sonic device 17 includes a base 21. An element array 22 is
formed on a surface (first surface) of the base 21. The element
array 22 is constituted by an arrangement of “n” (“n” is an
integer of 4 or more) first thin-film ultrasonic transducer
elements (hereinafter referred to as “first elements”) 23 and
“n” second thin-film ultrasonic transducer elements (herein-
after referred to as “second elements”) 24 that are arranged in
an array. The first elements 23 are arranged along a first
straight line LN1 at line-symmetrical positions, where a sec-
ond straight line LN2 that is orthogonal to the first straight
line LN1 is the axis of symmetry. Similarly, the second ele-
ments 24 are arranged along a straight line that is parallel to
the first straight line LN1 at line-symmetrical positions,
where the second straight line N2 is the axis of symmetry.
[0039] The first elements 23 and the second elements 24
each include a vibration film 25 or 26. FIG. 2 shows the

outlines of the vibration films 25 and 26 when viewed from
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above in a direction orthogonal to the film surface of the
vibration films 25 and 26 (when viewed from above in a
thickness direction of the substrate). The element array 22
defines an element array region 27. The outline of the element
array region 27 is formed by a minimum-area quadrilateral
circumscribing the vibration films 26 that are located at the
outermost perimeter. When viewed from above, a centroid 28
of the outline lies on the second straight line LN2. The ultra-
sonic device 17 is configured as a single ultrasonic transducer
element chip (substrate).

[0040] The first elements 23 are lined up in a row direction.
It is sufficient if the first elements 23 are arranged in a single
straight line. Each row of first elements 23 forms a driving
row 31. As will be described later, ultrasonic waves emitted
from the driving rows 31 are used to form an image. The
driving rows 31 form first element rows of the present
embodiment.

[0041] Similarly, the second elements 24 are lined up in the
row direction. It is sufficient if the second elements 24 are
arranged in a single straight line. Each row of second ele-
ments 24 forms a reverberation suppression row 32. As will
be described later, vibration of the second elements 24 is used
in cancelling out the reverberant vibration of the first ele-
ments 23 when the first elements 23 vibrate. At least one
reverberation suppression row 32 is combined with a driving
row 31. Here, the driving rows 31 and the reverberation sup-
pression rows 32 are arranged alternately in a column direc-
tion. The reverberation suppression rows 32 form second
element rows of the present embodiment.

[0042] The outline of the base 21 has a first side 21a and a
second side 215 that are defined by a pair of mutually parallel
straight lines and that oppose each other. A first terminal array
33ain a single line is disposed between the first side 21a and
the outline of the element array 22. A second terminal array
334 in a single line is disposed between the second side 215
and the outline of the element array 22. The first terminal
array 33a can form a single line parallel to the first side 21a.
The second terminal array 335 can form a single line parallel
to the second side 215.

[0043] The first terminal array 33a includes a pair of top
electrode terminals 34 and bottom electrode terminals 35.
The top electrode terminals 34 are arranged at opposite ends
ofthe first terminal array 33a. The first elements 23 belonging
to all the driving rows 31 and the second elements 24 belong-
ing to all the reverberation suppression rows 32 are connected
commonly to the top electrode terminals 34. The bottom
electrode terminals 35 are arranged between the top electrode
terminals 34. The first elements 23 of each driving row 31 and
the second elements 24 of each reverberation suppression row
32 are connected to a corresponding bottom electrode termi-
nal 35.

[0044] Similarly, the second terminal array 335 includes a
pair of top electrode terminals 36 and bottom electrode ter-
minals 37. The top electrode terminals 37 are arranged at
opposite ends of the second terminal array 334 The first
elements 23 belonging to all the driving rows 31 and the
second elements 24 belonging to all the reverberation sup-
pression rows 32 are connected commonly to the top elec-
trode terminals 37. The bottom electrode terminals 38 are
arranged between the top electrode terminals 37. The first
elements 23 of each driving row 31 and the second elements
24 of each reverberation suppression row 32 are connected to
a corresponding bottom electrode terminal 38.
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[0045] A first flexible printed wiring board (hereinafter
referred to as “first wiring board”) 42 is connected to the base
21. The first wiring board 42 covers the first terminal array
33a. Electrically conductive lines, namely, first signal lines
are formed at one end of the first wiring board 42, individually
corresponding to the top electrode terminals 34 and the bot-
tom electrode terminals 35. The first signal lines are individu-
ally opposed to the top electrode terminals 34 and the bottom
electrode terminals 35 and individually joined thereto. Simi-
larly, a second flexible printed wiring board (hereinafter
referred to as “second wiring board”) 43 covers the base 21.
The second wiring board 43 covers the second terminal array
335 Electrically conductive lines, namely, second signal
lines are formed at one end of the second wiring board 43,
individually corresponding to the top electrode terminals 37
and the bottom electrode terminals 38. The second signal
lines are individually opposed to the top electrode terminals
37 and the bottom electrode terminals 38 and individually
joined thereto.

[0046] As shown in FIG. 3, a piezoelectric element 44 is
formed on the vibration film 25 of each first element 23. The
piezoelectric element 44 is constituted by a top electrode 45,
abottom electrode 46, and a piezoelectric film 47. In each first
element 23, the piezoelectric film 47 is sandwiched between
the top electrode 45 and the bottom electrode 46. The bottom
electrode 46, the piezoelectric film 47, and the top electrode
45 are laid one on top of another in that order.

[0047] On the surface of the base 21, one first electric
conductor (first interconnect) 48 is formed for each driving
row 31. The first electric conductor 48 extends along a
straight line in the row direction of the arrangement. Each first
electric conductor 48 is connected commonly to the piezo-
electric films 47 of the first elements 23 belonging to a single
corresponding driving row 31. The first electric conductor 48
forms the bottom electrodes 46 for the individual first ele-
ments 23. The two ends of the first electric conductor 48 are
connected to the corresponding bottom electrode terminals
35 and 38, respectively. For example, a laminated film of
titanium (11), iridivm (Ir), platinum (Pt), and titanium (T1) can
be used for the first electric conductors 48. However, other
electrically conductive materials may also be used for the first
electric conductors 48.

[0048] A piezoelectric element 51 is formed on the vibra-
tion film 26 of each second element 24. The piezoelectric
element 51 is constituted by a top electrode 52, a bottom
electrode 53, and a piezoelectric film 54. In each second
element 24, the piezoelectric film 54 is sandwiched between
the top electrode 52 and the bottom electrode 53. The bottom
electrode 53, the piezoelectric film 54, and the top electrode
52 are laid one on top of another in that order. Here, the size
of the vibration films 25 of the respective first elements 23 is
larger than the size of the vibration films 26 of the respective
second elements 24.

[0049] On the surface of the base 21, one second electric
conductor (second interconnect) 55 is formed for each rever-
beration suppression row 32. The second electric conductor
55 extends along a straight line in the row direction of the
arrangement. Each second electric conductor 55 is connected
commonly to the piezoelectric films 54 of the second ele-
ments 24 belonging to a single corresponding reverberation
suppression row 32. The second electric conductor 55 forms
the bottom electrodes 53 for the individual second elements
24. The two ends of the second electric conductor 55 are
connected to the corresponding bottom electrode terminals
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35 and 38, respectively. For example, a laminated film of
titanium (11), iridium (Ir), platinum (Pt), and titanium (Ti) can
be used for the second electric conductors 55. However, other
electrically conductive materials may also be used for the
second electric conductors 55.

[0050] As shown in FIG. 3, within a single driving row 31,
the first elements 23 are arranged with equal pitches(=S1).
Here, within a single driving row 31, k-th vibration films
(“k™=1,2,...n)25aq, 25b, 25¢ . . . are specified in increasing
order of distance from the second straight line LN2. The first
vibration film 254 is disposed at a first distance St from the
second straight line LN2. The second vibration film 255 is
disposed at a second distance St+S1 from the second straight
line LN2, the second distance being larger than the first dis-
tance St. The third vibration film 25¢ is disposed at a third
distance St+2xS1 from the second straight line LN2, the third
distance being larger than the second distance St+S1. In this
manner, a k-th vibration film 25 is disposed further away from
the second straight line LN2 than a (k-1)-th vibration film 25.

[0051] Within a single reverberation suppression row 32,
k-th vibration films 26 are specified in increasing order of
distance from the second straight line LN2. A first vibration
film 26a is disposed next to the first vibration film 25a of the
driving row 31 at a first propagation distance D1 from that
vibration film 25a. A second vibration film 265 is disposed
next to the second vibration film 255 of the driving row 31 at
a second propagation distance D2 that is larger than the first
propagation distance D1 from that vibration film 255. A third
vibration film 26¢ is disposed next to the third vibration film
25¢ of the driving row 31 at a third propagation distance D3
that is larger than the second propagation distance D2 from
that vibration film 25¢. In this manner, when the distance
between a first element 23 included in the driving row 31, the
first element 23 being the k-th first element (“k” is an integer
between 1 and n/2-1 inclusive) inincreasing order of distance
from the second straight line LN2, and a second element 24
included in the reverberation suppression row 32, the second
element 24 being the k-th second element in increasing order
of distance from the second straight line LN2, is represented
by D,, a relationship D, <D, is satisfied with respect to at
least one value of “k”. Here, when the distance between two
first elements 23 included in the driving row 31, the first
elements 23 respectively being the j-th (“4” is an integer
between 1 and n/2-1 inclusive) first element and the (j+1)-th
first element in increasing order of distance from the second
straight line LN2, is represented by S1;, and the distance
between two second elements 24 included in the reverbera-
tion suppression row 32, the second elements 24 respectively
being the j-th second element and the (j+1)-th second element
in increasing order of distance from the second straight line
LN2, is represented by S2;, relationships S1,<S1,,, and
82,82, are satisfied. As a result, relationships S1,<S2, and
S1,,,<82,,, are satisfied. Moreover, with respect to every
value of “k”, the relationship D, <D, is satisfied.

[0052] A plurality of third electric conductors 57 are
formed on the surface of the base 21. The third electric con-
ductors 57 extend in parallel in the column direction of the
arrangement. A single third electric conductor 57 is assigned
to each column of the first elements 23 and the second ele-
ments 24. A single third electric conductor 57 is connected
commonly to the piezoelectric films 47 and 54 of the first
elements 23 and the second elements 24 that are lined up in
the column direction of the arrangement. Each third electric
conductor 57 forms the top electrodes 45, 52 for the indi-
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vidual elements 23, 24. The two ends of each third electric
conductor 57 are respectively connected to a pair of extrac-
tion interconnects 58. The extraction interconnects 58 extend
parallel to each other in the row direction of the arrangement.
The two ends of each extraction interconnect 58 are con-
nected to the corresponding top electrode terminals 34 and
37, respectively. In this manner, the top electrodes 45 and 52
are conrected commonly to the elements 23 and 24 of the
entire matrix. The third electric conductors 57 can be formed
of, for example, iridium (Ir). However, other electrically con-
ductive materials may also be used for the third electric con-
ductors 57.

[0053] As shown in FIG. 4, the base 21 includes a substrate
61 and a coating film 62. The coating film 62 is laminated over
the entire surface of the substrate 61. In the substrate 61, an
opening 63 is formed for each of the first elements 23 and the
second elements 24. The openings 63 define respective spaces
that are hollowed out from a back surface of the substrate 61
and that pass through the substrate 61. The openings 63 are
arranged in an array in the substrate 61. The outline of a
region where the openings 63 are arranged corresponds to the
outline of the element array region 27. The substrate 61 can be
formed of, for example, a silicon substrate.

[0054] A partitioning wall 64 is disposed between every
two adjacent openings 63. Adjacent openings 63 are sepa-
rated from each other by the partitioning walls 64. The wall
thickness of the partitioning walls 64 corresponds to the spac-
ing between the openings 63. Each partitioning wall 64
defines two wall surfaces within planes that extend parallel to
each other. The wall thickness corresponds to the distance
between the two wall surfaces. That is to say, the wall thick-
ness can be defined by the length of a normal line that extends
between the wall surfaces orthogonally to the wall surfaces.

[0055] The coating film 62 is composed of a silicon oxide
(810,) layer 65 that is laminated on the surface of the sub-
strate 61 and a zirconium oxide (7rO,) layer 66 that is lami-
nated on a surface of the silicon oxide layer 65. The coating
film 62 is in contact with the openings 63. Thus, portions of
the coating film 62 that correspond to the respective outlines
of the openings 63 form the vibration films 25, 26. The vibra-
tion films 25, 26 refer to those portions of the coating film 62
that face the respective openings 63 and that can thus vibrate
in the thickness direction of the substrate 61. The film thick-
ness of the silicon oxide layer 65 can be determined based on
resonance frequency.

[0056] Thebottom electrode 46 (53), the piezoelectric film
47 (54), and the top electrode 45 (52) are sequentially lami-
nated on the surface of each vibration film 25 (26). The
piezoelectric film 47 (54) can be formed of, for example, lead
zirconate titanate (PZT). Other piezoelectric materials may
also be used for the piezoelectric film 47 (54). Here, the
piezoelectric film 47 (54) under the third electric conductor
57 completely covers the first electric conductor 48 (or the
second electric conductor 55). The piezoelectric films 47 and
54 can serve to avoid short-circuiting of the third electric
conductors 57 with the first and second electric conductors 48
and 55.

[0057] An acoustic matching layer 67 is laminated over the
surface of the base 21. The acoustic matching layer 67 covers
the element array 22. The film thickness of the acoustic
matching layer 67 is determined in accordance with the reso-
nance frequency of the vibration films 25 and 26. For
example, a silicone resin film can be used for the acoustic
matching layer 67. The acoustic matching layer 67 fits within
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a space between the first terminal array 33a and the second
terminal array 335. The edges of the acoustic matching layer
67 are spaced apart from the first side 21a and the second side
215, respectively, of the base 21. The acoustic matching layer
67 has an outline that is smaller than the outline of the base 21.

[0058] The acoustic lens 18 is disposed on the acoustic
matching layer 67. The acoustic lens 18 is in close contact
with a surface of the acoustic matching layer 67. The acoustic
matching layer 67 serves to allow the acoustic lens 18 to
adhere to the base 21. The partial cylindrical surface 18a of
the acoustic lens 18 has generating lines that are parallel to the
third electric conductors 57. The curvature of the partial
cylindrical surface 18a is determined in accordance with the
focus position of ultrasonic waves emitted from a single row
of first elements 23 connected to a single first electric con-
ductor 48. The acoustic lens 18 may be formed of, for
example, a silicone resin. The acoustic lens 18 has an acoustic
impedance that is similar to theacoustic impedance of a living
body.

[0059] A protective film 68 is fixed to the base 21. The
protective film 68 may be formed of, for example, a material
that is impervious to water, such as an epoxy resin. However,
the protective film 68 may also be formed of other resin
materials. The protective film 68 is fixed to side surfaces of
the acoustic lens 18 and the acoustic matching layer 67. The
protective film 68 overlaps the first electric conductors 48, the
second electric conductors 55, and the extraction intercon-
nects 58 on the surface of the base 21 in regions between the
acoustic matching layer 67 and the first and second wiring
boards 42, 43. Similarly, the protective film 68 overlaps end
portions of the first wiring board 42 and the second wiring
board 43 on the base 21.

[0060] A backing material 69 is attached to the back surface
of the base 21. The back surface of the base 21 is superposed
on a surface of the backing material 69. The backing material
69 closes the openings 63 in the back surface of the ultrasonic
device 17. The backing material 69 can be provided with a
rigid base material. Herein, the partitioning walls 64 are
coupled to the backing material 69 at their joint surfaces. The
backing material 69 is joined to each partitioning wall 64 in at
least one joint region. An adhesive can be used to join the
backing material 69 to the partitioning walls 64.

(3) Circuit Configuration of Ultrasonic Diagnostic
Apparatus

[0061] As shown in FIG. 5, the ultrasonic diagnostic appa-
ratus 11 is provided with an integrated circuit chip (transmit-
ting unit) CP electrically connected to the ultrasonic device
17. The integrated circuit chip CP is provided with a multi-
plexer 70 and a transmitting/receiving circuit 71. The multi-
plexer 70 is provided with a port group 70a on the side of the
ultrasonic device 17 and a port group 705 on the side of the
transmitting/receiving circuit 71. The first signal lines of the
first wiring board 42 and the second signal lines of the second
wiring board 43 are connected via wires 72 to the port group
70a on the side of the ultrasonic device 17. The port group 70a
is thus connected to the element array 22. Herein, the port
group 705 on the side of the transmitting/receiving circuit 71
is connected to a specified number of signal lines 73 within
the integrated circuit chip CP. The specified number corre-
sponds to the number of rows of the first elements 23 that are
simultaneously driven during scanning. The multiplexer 70
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manages mutual connection between the ports on the side of
the cable 14 and the ports on the side of the ultrasonic device
17.

[0062] The transmitting/receiving circuit 71 is provided
with a specified number of switches 74. The individual
switches 74 are connected to the corresponding signal lines
73. The transmitting/receiving circuit 71 is provided with a
transmitting path 75 and a receiving path 76 for each switch
74. The transmitting paths 75 and the receiving paths 76 are
connected to the switches 74 in parallel. Each switch 74
selectively connects the transmitting path 75 or the receiving
path 76 to the multiplexer 70. A pulsar (first driving control
unit) 77 is incorporated in each of the transmitting paths 75.
The pulsar 77 outputs a pulse signal at a frequency corre-
sponding to the resonance frequency of the vibration film 25.
An amplifier 78, a low-pass filter (LPF) 79, and an analog-
digital converter (ADC) 81 are incorporated in each receiving
path 76. Output signals of the first elements 23 are amplified
and converted into digital signals.

[0063] The integrated circuit chip CP is provided with a
driving/receiving circuit 82. The transmitting paths 75 and the
receiving paths 76 are connected to the driving/receiving
circuit 82. The driving/receiving circuit 82 simultaneously
controls the pulsars 77 in accordance with the form of scan-
ning. The driving/receiving circuit 82 receives the digital
signals of the output signals in accordance with the form of
scanning. The driving/receiving circuit 82 is connected to the
multiplexer 70 via a control line 83. The multiplexer 70 man-
ages the mutual connection based on a control signal supplied
from the driving/receiving circuit 82.

[0064] A processing circuit 84 is incorporated in the device
terminal 12. The processing circuit 84 can be provided with a
central processing unit (CPU) and a memory, for example.
The overall operation of the ultrasonic diagnostic apparatus
11 is controlled in accordance with the processing of the
processing circuit 84. The processing circuit 84 controls the
driving/receiving circuit 82 in accordance with an instruction
input from a user. The processing circuit 84 generates an
image according to the output signals of the first elements 23.
The image is identified by rendering data.

[0065] A rendering circuit 85 is incorporated in the device
terminal 12. The rendering circuit 85 is connected to the
processing circuit 84. The display panel 15 is connected to the
rendering circuit 85. The rendering circuit 85 generates a
driving signal according to the rendering data generated in the
processing circuit 84. The driving signal is fed to the display
panel 15. As a result, an image is shown on the display panel
15.

(4) Operation of Ultrasonic Diagnostic Apparatus

[0066] Next, the operation of the ultrasonic diagnostic
apparatus 11 will be briefly described. To transmit ultrasonic
waves, a pulse signal is supplied to the piezoelectric elements
44 of the first elements 23. The pulse signal is supplied to the
first elements 23 on a row-by-row basis through the bottom
electrode terminals 35 and 38 and the top electrode terminals
34 and 37. In each of the first elements 23, an electric field acts
on the piezoelectric film 47 between the bottom electrode 46
and the top electrode 45. The piezoelectric film 47 vibrates at
the frequency of ultrasonic waves. The vibration of the piezo-
electric film 47 is transferred to the vibration film 25. Thus,
the vibration film 25 vibrates ultrasonically. As a result, a
desired ultrasonic beam is emitted toward the subject (for
example, the interior of a human body).
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[0067] Reflected waves of the ultrasonic waves vibrate the
vibration film 25 of the first element 23. The ultrasonic vibra-
tion of the vibration film 25 ultrasonically vibrates the piezo-
electric film 47 at a desired frequency. A voltage is output
from the piezoelectric element 44 in accordance with the
piezoelectric effect of the piezoelectric element 44. In each of
the first elements 23, a potential is generated between the top
electrode 45 and the bottom electrode 46. The generated
potentials are output from the bottom electrode terminals 35
and 38 and the top electrode terminals 34 and 37 as electric
signals. The ultrasonic waves are detected in this manner.
[0068] Ultrasonic waves are repeatedly transmitted and
received. As a result, a linear scan or a sector scan is achieved.
When the scan is completed, an image is formed based on
digital signals of the output signals. The image thus formed is
displayed on the screen of the display panel 15.
[0069] While a pulse signal is supplied to the piezoelectric
elements 44 of a driving row 31, a pulse signal is supplied to
the piezoelectric elements 51 of a reverberation suppression
row 32 adjacent thereto. The pulse signal is supplied to the
second elements 24 on a row-by-row basis via the bottom
electrode terminals 35 and 38 and the top electrode terminals
34 and 37. In each second element 24, an electric field acts on
the piezoelectric film 54 between the bottom electrode 53 and
the top electrode 52. The piezoelectric film 54 vibrates at the
frequency of ultrasonic waves. The vibration of the piezoelec-
tric film 54 is transferred to the vibration film 26. Thus, the
vibration film 26 vibrates ultrasonically. Ultrasonic vibration
ofak-th vibration film 26 inincreasing order of distance from
the second straight line LN2 propagates through the acoustic
matching layer 67 and is transmitted to the vibration film 25
of a corresponding k-th first element 23. Reverberant vibra-
tion of the vibration films 25a, 255, . . . of a driving row 31 is
at least partially cancelled out in accordance with the propa-
gation of ultrasonic vibration of the vibration films 26a, 265,
... of a corresponding reverberation suppression row 32.
[0070] The inventor of the invention newly found a certain
fact. According to that fact, it was found that in the ultrasonic
device 17, the nearer the centroid 28 (second straight line
LN2) of the element array region 27, the shorter the cycle of
reverberant vibration. Therefore, when the vibration films
25a, 25b, . . . of a driving row 31 generate vibration at the
same time, the phase of reverberant vibration of a (k+1)-th
vibration film 255, 25c¢, . . . lags behind that of ak-th vibration
film 25a, 255, . . ., which is nearer to the second straight line
LN2. When the vibration films 26a, 265, . . . of an adjacent
reverberation suppression row 32 generate vibration at the
same time, the vibration that propagates from the vibration
films 264, 265, . . . reaches corresponding k-th vibration films
25a, 256, . . . with time lags according to the propagation
distances D1, D2, . . . Dn. Thus, the vibration films 264, 265,
. . of the reverberation suppression row 32 can serve to
reduce reverberant vibration of the vibration films 254, 255, .
.. of the driving row 31.
[0071] In the ultrasonic device 17, when the distance
between two first elements 23 included in a driving row 31,
the first elements 23 respectively being the j-th (“5” is an
integer between 1 and n/2-1 inclusive) first element and the
(j+1)-th first element in increasing order of distance from the
second straight line LN2, is represented by S1,, and the dis-
tance between two second elements 24 included in a rever-
beration suppression row 32, the second elements 24 respec-
tively being the j-th second element and the (j+1)-th second
element in increasing order of distance from the second
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straight line LN2, is represented by S2, the relationships
S1,=81,,, and 82,<82,,, are satisfied. Those elements 23, 24
that belong to the same element row 31, 32 are driven by the
same driving signal. Since the relationship S1,<S1,,, and the
relationship S2<S2 ., are established within the same ele-
ment row, vibration propagating between the j-th elements 23
and 24 and between the (j+1)-th elements 23 and 24 according
to the distance from the second straight line LN2 can syn-
chronize with vibration of the destinations of propagation.
Thus, propagation contributes to a reduction of residual
vibration.

[0072] In the ultrasonic device 17, the second elements 24
included in a reverberation suppression row 32 are arranged
along a straight line that is parallel to the first straight line
[N1, and 81, S1,,,,S2, and S2,,, satisty the relationships
S1,<82 and 8i,,<S2 . Atthis time, the arrangement of the
reverberation suppression rows 32 extends parallel to the
arrangement of the driving rows 31. Accordingly, the distance
between the element rows 31 and 32 along the second straight
line LN2 can be reduced as far as possible, that is, minimized.
Thus, the elements 23 and 24 can be efficiently arranged.
[0073] In the ultrasonic device 17, the distance D, satisfies
the relationship D,<D,, , with respect to every value of “k”.
Synchronization of vibration between the elements 23 and 24
is secured. Residual vibration can thus be reliably reduced.
[0074] Here, the area of the vibration film 25 of each first
element 23 included in the driving rows 31 is larger than the
area of the vibration film 26 of each second element 24
included in the reverberation suppression rows 32. During
formation of an ultrasonic beam, vibration of the second
elements 24 included in the reverberation suppression rows
32 is not transmitted to the outside from the acoustic matching
layer 67 and mainly helps to reduce reverberant vibration.
Vibration control can thus be simplified.

(5) Structure of Ultrasonic Device According to
Second Embodiment

[0075] FIG. 6 shows an enlarged partial plan view of an
ultrasonic device 174 according to a second embodiment. In
the ultrasonic device 17a, when k-th vibration films (“k=I,
2, ...n)25aq, 25b, . . . are specified in increasing order of
distance from the second straight line LN2 within a single
driving row 31, the distance between a k-th vibration film 25
and a (k+1)-th vibration film 25 is smaller than the distance
between the (k+1)-th vibration film 25 and a (k+2)-th vibra-
tion film 25. For example, the distance S1 between the k-th
vibration film 25a and the (k+1)-th vibration film 25b is
smaller than the distance S2 between the (k+1)-th vibration
film 255 and the (k+2)-th vibration film 25¢. Also, the dis-
tance S2 between the (k+2)-th vibration film 256 and a (k+3)-
th vibration film 25¢ is smaller than the distance S3 between
the (k+3)-th vibration film 25¢ and a (k+4)-th vibration film
25. Here, the vibration films 254, 255, . . . of the first elements
23 are arranged in a single straight line. Since the vibration
films 25a, 255, . . . in each driving row 31 are arranged in a
single straight line in this manner, the first electric conductors
48 can be formed linearly. The first electric conductors 48 can
thus be easily formed. Moreover, the vibration films 254, 255,
... of the driving rows 31 can be efficiently arranged.

[0076] The inventor of the invention examined reverberant
vibration of the first elements 23 based on the second embodi-
ment. A pulse signal was supplied to the first elements 23 of
adriving row 31. Ultrasonic vibration of the first elements 23
was simultaneously induced in response to the supply of the
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pulse signal. In one first element 23, for example, as shown in
FIG. 7, generation of reverberant vibration was observed by
the action of transverse propagation through the acoustic
matching layer 67. Next, a pulse signal was supplied to the
first elements 23 of the driving row 31, and at the same time,
a pulse signal was supplied to the second elements 24 of a
reverberation suppression row 32. Ultrasonic vibration of the
first elements 23 was induced in the same manner as
described above, and at the same time, ultrasonic vibration of
the second elements 24 was induced. In accordance with the
propagation distance between a second element 24 of the
reverberation suppression row 32 and a corresponding first
element 23 of the driving row 31, ultrasonic vibration having
a phase opposite to that of reverberant vibration of the first
element 23 was generated in the second element 24. As a
result, as shown in FIG. 8, a reduction of residual vibration
was observed.

[0077] The inventor of the invention newly found a certain
fact. The inventor of the invention examined residual vibra-
tion of a single row of first elements 23. A pulse signal was
supplied to the first elements 23 of a driving row 31. Ultra-
sonic vibration of the first elements 23 was simultaneously
induced in response to the supply of the pulse signal. As a
result, as shown in FIG. 9, generation of reverberant vibration
was observed. When a plurality of vibration films vibrate
simultaneously, the vibration of each vibration film propa-
gates through, for example, the acoustic matching layer to an
adjacent vibration film. So-called crosstalk was induced. As
is clear from FIG. 9, the nearer the centroid 28 (second
straight line LN2) of the element array region 27, the shorter
the cycle of reverberant vibration.

(6) Structure of Ultrasonic Device According to
Third Embodiment

[0078] FIG. 10 is an enlarged partial plan view of an ultra-
sonic device 17 according to a third embodiment. In the
ultrasonic device 175, two reverberation suppression rows 32
on both sides of a single driving row 31 are assigned to that
driving row 31. The vibration films 25 of a group of first
elements 23 belonging to the driving row 31 are arranged in a
third straight line LN3 in the row direction of the arrange-
ment. The vibration films 26 of a group of second elements 24
belonging to one of the reverberation suppression rows 32 are
arranged in a fourth straight line LN4 in the row direction of
the arrangement. The vibration films 26 of a group of second
elements 24 belonging to the other reverberation suppression
row 32 are arranged in a fifth straight line LNS5 in the row
direction of the arrangement. The distance between the third
straight line LN3 and the fourth straight line LN4 and the
distance between the third straight line LN3 and the fifth
straight line LN5 increase with the distance from the centroid
28 (second straight line [LN2). That is to say, the second
elements 24 included in the reverberation suppression rows
32 are disposed along the two line-symmetrical straight lines
LN4 and LN5, where the third straight line LN3 is the axis of
symmetry.

[0079] The third electric conductors 57 extend parallel to
one another in the column direction of the arrangement. A
k-th vibration film 254 belonging to the driving row 31 and
k-th vibration films 26a belonging to the respective reverbera-
tion suppression rows 32 are arranged in a common straight
line LN6. Similarly, a (k+1)-th vibration film 255 belonging
to the driving row 31 and (k+1)-th vibration films 265 belong-
ing to the reverberation suppression rows 32 are arranged in a
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common single straight line LN7, and a (k+2)-th vibration
film 25¢ belonging to the driving row 31 and (k+2)-th vibra-
tion films 26¢ belonging to the reverberation suppression
rows 32 are arranged in a common single straight line LNS.
Here, the vibration film 26« in the fourth straight line TN4 is
disposed next to the first vibration film 254 of the driving row
31 while being spaced apart therefrom by a first propagation
distance D1, whereas the vibration film 26a in the fifth
straight line LN35 is disposed on a side opposite to the former
vibration film 264 so as to be next to the vibration film 254
while being spaced apart therefrom by the first propagation
distance D1. Similarly, the second vibration film 265 in the
fourth straight line N4 is disposed next to the second vibra-
tion film 255 while being spaced apart therefrom by a second
propagation distance D2, whereas the vibration film 264 in
the fifth straight line LN5 is disposed on a side opposite to the
former vibration film 265 so as to be next to the second
vibration film 255 while being spaced apart therefrom by the
second propagation distance D2. In this manner, while the
third electric conductors 57 are formed linearly, a k-th vibra-
tion film 26 is disposed next to a corresponding vibration film
25 while being spaced apart therefrom by a distance that is
larger than the distance by which a (k-1)-th vibration film 26
is spaced apart from its corresponding vibration film 25.

[0080] In the ultrasonic device 175, the third electric con-
ductors 57 can be commonly formed in the column direction
of the arrangement so as to extend across the driving rows 31
and the reverberation suppression rows 32. Since the vibra-
tion films 25 and the vibration films 26 of the driving rows 31
and the reverberation suppression rows 32 are arranged in
straight lines, the common third electric conductors 57 can be
formed linearly. Thus, the third electric conductors 57 can be
easily formed. In this manner, while the third electric conduc-
tors 57 are formed linearly, the first propagation distance D1
is secured between each of the k-th vibration films 26 and the
k-th vibration film 25, and the second propagation distance
D2 is secured between each of the (k+1)-th vibration films 26
and the (k+1)-th vibration film 25.

[0081] In the ultrasonic device 174, the reverberation sup-
pression rows 32 are formed by not only the second elements
24 that are arranged along the fourth straight line LN4, but
also the second elements 24 that are arranged along the fifth
straight line LN5. At this time, when the distance between a
first element 23 included in the driving row 31, the first
element 23 being the k-th first element (“k” is an integer
between 1 and n/2-1 inclusive) in increasing order of distance
from the second straight line LN2, and a second element 24
included in the reverberation suppression row 32 extending in
the fifth straight line LN5, the second element being the k-th
second element in increasing order of distance from the sec-
ond straight line LN2, is represented by D2,, a relationship
D2,<D2,., is satisfied with respect to at least one value of
“k”. Thus, a single channel can be formed by three element
rOwS.

[0082] Inthisultrasonic device 175, the second elements 24
included in each reverberation suppression row 32 are
arranged along two line-symmetrical straight lines, where the
second straight line LN2 is the axis of symmetry. At this time,
when the distance L1/ from the second straight line LN2 to a
first element 23 included in the driving row 31, the first
element 23 being the i-th (“i” is an integer between 1 and n/2
inclusive) first element in increasing order of distance from
the second straight line LN2, is equal to the distance L.2i from
the second straight line LN2 to a second element 24 included
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in the reverberation suppression row 32, the second element
24 being the i-th second element in increasing order of dis-
tance from the second straight line LN2. Thus, the arrange-
ments in odd rows are disposed parallel to one another, and
the arrangements in even rows are disposed parallel to one
another.

[0083] In the above-described ultrasonic devices 17, 174,
and 17h, when “n” is an odd number, a first element 23 and a
second element 24 at a distance=0 from the second straight
line LN2 are present. Moreover, further ultrasonic transducer
elements may also be disposed outside the “n” elements 23,
24. In addition, for example, as shown in FIG. 11, for each
reverberation suppression row 32, bottom electrode terminals
91 may also be formed in the first terminal array 33a and the
second terminal array 335. Such bottom electrode terminals
91 can be connected to the second electric conductor 55 for
each reverberation suppression row 32. Groups of the second
elements 24 of the respective reverberation suppression rows
32 are connected to the multiplexer 70 of the integrated circuit
chip CP on a row-by-row basis. The multiplexer 70 can sup-
ply a driving signal to each set of the driving rows 31 and the
reverberation suppression rows 32 at the same timing.
[0084] Although some embodiments of the invention have
been described in detail above, a person skilled in the art will
readily understand that various modifications may be made
without substantially departing from the novel teachings and
the effects of the invention. Therefore, such modifications are
entirely included within the scope of the invention. For
example, any term described at least once together with a
broader or synonymous different term in the specification or
the drawings may be replaced by the different term at any
place in the specification or the drawings. Moreover, the
configurations and operations of the device terminal 12, the
ultrasonic probe 13, the housing 16, the display panel 15, and
the like are not limited to those described in the foregoing
embodiments, but may be modified in various manners.
[0085] Theentire disclosure of Japanese Patent Application
No. 2014-156707 filed on Jul. 31, 2014 is expressly incorpo-
rated by reference herein.

What is claimed is:

1. An ultrasonic device, comprising:

a first interconnect and a second interconnect that are con-
nected to a first terminal;

a first element row in which “n” ultrasonic transducer
elements, “n” being an integer of 4 or more, are arranged
at line-symmetrical positions along a first straight line,
where a second straight line orthogonal to the first
straight line is an axis of symmetry, and are connected to
the first interconnect; and

a second element row in which “n” ultrasonic transducer
elements are arranged at line-symmetrical positions
adjacent to the first element row, where the second
straight line is the axis of symmetry, and are connected
to the second interconnect,

wherein when a distance between an element included in
the first element row, the element being the k-th element
in increasing order of distance from the second straight
line, “k” being an integer between 1 and n/2-1 inclusive,
and an element included in the second element row, the
element being the k-th element in increasing order of
distance from the second straight line, is represented by
D,, a relationship D, <D, , is satisfied with respect to at
least one value of “k”.
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2. The ultrasonic device according to claim 1,

wherein when a distance between two elements included in
the first element row, the elements respectively being the
j-th element and the (j+1)-th element in increasing order
of distance from the second straight line, *§” being an
integer between 1 and n/2-1 inclusive, is represented by

S1,,and a distance between two elements included in the

second element row, the elements being the j-th element

and the (j+1)-th element in increasing order of distance
from the second straight line, is represented by S2,
relationships S1.=S1, , and S2,<82 | are satisfied.

3. The ultrasonic device according to claim 2,

wherein the ultrasonic transducer elements included in the
second element row are arranged along a straight line
that is parallel to the first straight line, and the distances

S1,81,,, 82, and 82, satisfy relationships S1,<S2,

and S1,,,<S2 ;.

4. The ultrasonic device according to claim 3,

wherein the distance D, satisfies the relationship D,<D,,
with respect to every value of “k”.

5. An ultrasonic device, comprising:

a first interconnect and a second interconnect;

atransmitting unit that transmits a driving signal to the first
interconnect and the second interconnect at the same
timing;

a first element row in which “n” ultrasonic transducer
elements, “n” being an integer of 4 or more, are arranged
at line-symmetrical positions along a first straight line,
where a second straight line orthogonal to the first
straight line is an axis of symmetry, and are connected to
the first interconnect; and

a second element row in which “n” ultrasonic transducer
elements are arranged at line-symmetrical positions
adjacent to the first element row, where the second
straight line is the axis of symmetry, and are connected
to the second interconnect,

wherein when a distance between an element included in
the first element row, the element being the k-th element
in increasing order of distance from the second straight
line, “k” being an integer between 1 and n/2-1 inclusive,
and an element included in the second element row, the
element being the k-th element in increasing order of
distance from the second straight line, is represented by
D,, arelationship D,<D,_, , is satisfied with respect to at
least one value of “k”.

6. The ultrasonic device according to claim 1,

wherein the ultrasonic transducer elements each include a
vibration film provided on a base and a driving element
provided on the vibration film.

7. The ultrasonic device according to claim 6,

wherein the driving element includes a piezoelectric body
and two electrodes provided on the piezoelectric body.

8. The ultrasonic device according to claim 1, further com-

prising an acoustic matching layer that covers the first ele-
ment row and the second element row.

9. The ultrasonic device according to claim 6,

wherein an area of each of the vibration films of the ultra-
sonic transducer elements included in the first element
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row islarger than an area of each of the vibration films of
the ultrasonic transducer elements included in the sec-
ond element row.

10. The ultrasonic device according to claim 1, comprising:

a third interconnect connected to the first terminal; and

a third element row in which “n” ultrasonic transducer
elements are arranged at line-symmetrical positions
adjacent to the first element row, where the second
straight line is the axis of symmetry, and are connected
to the third interconnect,

wherein when a distance between an element included in
the first element row, the element being the k-th element
in increasing order of distance from the second straight
line, “k” being an integer between 1 and n/2-1 inclusive,
and an element included in the third element row, the
element being the k-th element in increasing order of
distance from the second straight line, is represented by
D2, arelationship D2,<D2,_, is satisfied with respect to
the at least one value of “k”.

11. The ultrasonic device according to claim 1,

wherein the ultrasonic transducer elements included in the
second element row are arranged along two line-sym-
metrical straight lines, where the second straight line is
the axis of symmetry, and

a distance L1/ from the second straight line to an element
included in the first element row, the element being the
i-th element in increasing order of distance from the
second straight line, “i” being an integer between 1 and
1/2 inclusive, is equal to a distance [.2/ from the second
straight line to an element included in the second ele-
ment row, the element being the i-th element in increas-
ing order of distance from the second straight line.

12. A probe, comprising:

the ultrasonic device according to claim 1; and

a housing that supports the ultrasonic device.

13. An electronic apparatus, comprising:

the ultrasonic device according to claim 1; and

a processor that is connected to the ultrasonic device and
that processes an output from the ultrasonic device.

14. An ultrasonic imaging apparatus, comprising:

the ultrasonic device according to claim 1; and

adisplay device that displays an image generated based on
an output from the ultrasonic device.

15. An ultrasonic device, comprising;

a first element row in which first ultrasonic transducer
elements are arranged in a first direction at first intervals,
and the same driving signal is input to first ultrasonic
transducer elements; and

a second element row in which second ultrasonic trans-
ducer elements are arranged in the first direction at sec-
ond intervals, the same driving signal is input to the
second ultrasonic transducer elements,

wherein the first element row and the second element row
are arranged line-symmetrically with respect to a center
line extending in a second direction that is orthogonal to
the first direction, and

the second intervals are larger than the first intervals.

* #* * #* #®



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

IPCHEKS
CPCH %5
LR

H A0 FF 3R
ShERaELE

BEX)

BERERESESE - HhBEFRERTERE - ELTEEL
WLE , HREE-EXEXNE-ELEXIWH , F EEZIE—
BEEF- s AP EFRESRAHTEESSE —THTHSHEN
WAE , ERE-EERNHH , FRERIE-_HE, HYOBRES -
ARTHNBNTEREEREEF AN TRITHNBN TR Z B
MD k ®RRAE , XRDk & #x3c; Dk + 1 T KHED—MERFR

i,

BEREEURRAMEFRE

US20160030004A1 AFF(AE)A
US14/808334 BiE A
BIZTEERASH

SEIKO EPSON CORPORATION

SEIKO EPSON CORPORATION

NAKAZAWA YUSUKE
TSURUNO JIRO

NAKAZAWA, YUSUKE
TSURUNO, JIRO

A61B8/00 A61B8/08

patsnap

2016-02-04

2015-07-24

A61B8/4494 A61B8/4272 A61B8/5215 A61B8/4444 A61B8/4427 A61B8/461

2014156707 2014-07-31 JP

US10307137

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/795b9f6b-b57d-4954-a9b2-6214e58860d5
https://worldwide.espacenet.com/patent/search/family/055178792/publication/US2016030004A1?q=US2016030004A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160030004%22.PGNR.&OS=DN/20160030004&RS=DN/20160030004

