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(54) ULTRASONIC SENSOR AND METHOD FOR MANUFACTURING SAME

(57) An ultrasound sensor includes : a substrate
which has at least one opening portion 18; a diaphragm
50 which is provided on the substrate so as to block the
opening portion 18; a plurality of first electrodes 14 which
is provided so as to be opposite to the opening portion
18 of the diaphragm 50 and to be arranged in a Y-direc-
tion, and which extends in a X-direction orthogonal to the
Y-direction; a plurality of second electrodes 16 which is
provided so as to be opposite to the opening portion 18
of the diaphragm 50 and to be arranged in the X-direction,
and which extends in the Y-direction; and a plurality of
piezoelectric layers 15 which is provided between the
first electrode 14 and the second electrode 16 in at least
a portion in which the first electrode 14 and the second
electrode 16 intersect with each other, in which, in a Z-di-
rection orthogonal to the X-direction and the Y-direction,
a portion in which the first electrode 14, the piezoelectric
layer 15 and the second electrode 16 are overlapped is
referred to as an active portion, and a range to the extent
that the diaphragm 50 is oscillatable by driving the active
portion is referred to as a movable portion, when a unit
including one movable portion and the active portion
which is provided within the one movable portion is re-
ferred to as one ultrasound element in plan view, two or
more types of ultrasound elements in which a dimension
of the active portion with respect to a dimension of the
movable portion is different from each other in plan view
are provided.
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Description

Technical Field

[0001] The present invention relates to an ultrasound
sensor and a method of manufacturing thereof.

Background Art

[0002] Ultrasound sensors in which a semiconductor
substrate having an opening portion, two layers of elec-
trodes on an insulating film layer formed on the surface
of the semiconductor substrate while blocking the open-
ing portion and a PZT ceramic thin film layer interposed
between the two layers of electrodes are arranged in an
array form are known in the related art (for example, refer
to PTL 1).

Citation List

Patent Literature

[0003] PTL 1: JP-A-2010-164331

Summary of Invention

Technical Problem

[0004] In such an ultrasound sensor, a piezoelectric
material forming the piezoelectric layer has to be re-
placed in order to control transmission sensitivity and re-
ception sensitivity. That is, in a case where a dedicated
transmission type element and a dedicated reception
type element are provided, the elements having different
piezoelectric materials have to be arranged, which is very
difficult. In a case of unifying the piezoelectric materials,
even though the transmission sensitivity and the recep-
tion sensitivity are able to be adjusted by varying, for
example, a size of an opening portion, it is practically and
actually difficult to use since a resonance frequency will
be varied according to the varied size of the opening.
[0005] The invention was created in consideration of
the above-described situation and an object thereof is to
provide an ultrasound sensor in which elements having
different transmission-reception sensitivity are provided
together, without varying the specification of the reso-
nance frequency and a method for manufacturing there-
of.

Solution to Problem

[0006] An aspect of the invention for solving the prob-
lems is directed to an ultrasound sensor including: a sub-
strate which has at least one opening portion; a dia-
phragm which is provided on the substrate so as to block
the opening portion; a plurality of first electrodes which
is provided so as to be opposite to the opening portion
of the diaphragm and to be arranged in a Y-direction, and

which extends in a X-direction orthogonal to the Y-direc-
tion; a plurality of second electrodes which is provided
so as to be opposite to the opening portion of the dia-
phragm and to be arranged in the X-direction, and which
extends in the Y-direction; and a plurality of piezoelectric
layers which is provided between the first electrode and
the second electrode in at least a portion in which the
first electrode and the second electrode intersect with
each other, in which, in a Z-direction orthogonal to the
X-direction and the Y-direction, a portion in which the first
electrode, the piezoelectric layer and the second elec-
trode are overlapped is referred to as an active portion,
and a range to the extent that the diaphragm is oscillat-
able by driving the active portion is referred to as a mov-
able portion, when a unit including one movable portion
and the active portion which is provided within the one
movable portion is referred to as one ultrasound element
in plan view, two or more types of ultrasound elements
in which a dimension of the active portion with respect
to a dimension of the movable portion is different from
each other in plan view are provided.
[0007] In the aspect, the ultrasound elements which
are optimized to the dedicated transmission type and the
dedicated reception type can be provided, transmission
and reception can be efficiently performed, and the reli-
ability can be improved by varying a ratio of the active
portion to the movable portion without changing a spec-
ification of the resonance frequency.
[0008] It is preferable that two or more types of ultra-
sound elements which have the movable portions with
the same dimension but the active portions with the dif-
ferent dimension in plan view are provided. Thereby,
change in the resonance frequency can be significantly
suppressed compared with a case where the dedicated
transmission element and the dedicated reception ele-
ment have the active portions with the same dimension
but the movable portions varying in dimension. That is,
resonance frequency difference between the elements
including the active portions with a dimension different
from each other can be reduced. Thereby, it is possible
to easily realize the ultrasound sensor having the ultra-
sound elements which are optimized to the dedicated
transmission type and the dedicated reception type with
same specification of the resonance frequency.
[0009] It is preferable that, in plan view, the opening
portions corresponding to the ultrasound elements have
the substantially same dimension, the piezoelectric layer
corresponding to one opening portion has the same di-
mension, and any one of the first electrode and the sec-
ond electrode, corresponding to one opening portion, has
different dimension. Thereby, the ultrasound elements
which are optimized to the dedicated transmission type
and the dedicated reception type can be provided without
drastically changing in the manufacturing processes.
[0010] It is preferable that the plurality of second elec-
trodes has a width different from each other. According
to this configuration, basic manufacturing processes of
the ultrasound element do not need to be modified. In a
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process for forming the second electrodes, the ultra-
sound elements which are optimized to the dedicated
transmission type and the dedicated reception type can
be provided only by varying a width of the second elec-
trode when patterning the second electrodes with areas
of the dedicated transmission element and the dedicated
reception element. Thus, it is possible to obtain the ul-
trasound sensor having ultrasound elements which are
optimized to the dedicated transmission type and the
dedicated reception type very easily.
[0011] It is preferable that the second electrode has a
width different in the X-direction. Thereby, the ultrasound
elements having the dedicated transmission element and
the dedicated reception element which are optimally ar-
ranged can be provided more easily.
[0012] It is preferable that the plurality of piezoelectric
layers is formed of the substantially same piezoelectric
material. According to this configuration, the ultrasound
elements which are optimized to the dedicated transmis-
sion type and the dedicated reception type can be pro-
vided without changing the piezoelectric material. The
substantially same material is free of unavoidable or nat-
urally mixed impurities. Such impurity components are
contained with a volume of preferably 3% or less, more
preferably 1% or less.
[0013] Another aspect of the invention is directed to a
method for manufacturing an ultrasound sensor, the
method including steps of: forming a diaphragm on a sub-
strate; forming a plurality of first electrodes on the dia-
phragm so as to be arranged in a Y-direction, which ex-
tends in a X-direction orthogonal to the Y-direction; form-
ing a piezoelectric layer on the first electrode; forming a
second electrode layer on the diaphragm in which the
first electrode and the piezoelectric layer are formed;
forming a plurality of the piezoelectric layers and a plu-
rality of second electrodes so as to be arranged in the X-
direction, which extend in the Y-direction, by patterning
the piezoelectric layer and the second electrode layer;
and forming at least one opening portion on a plane op-
posite to the diaphragm of the substrate, in which, in a
Z-direction orthogonal to the X-direction and the Y-direc-
tion, a portion in which the first electrode, the piezoelectric
layer and the second electrode are overlapped is referred
to as an active portion, and a range to the extent that the
diaphragm is oscillatable by driving the active portion is
referred to as a movable portion, when a unit including
one movable portion and the active portion which is pro-
vided within the one movable portion is referred to as one
ultrasound element in plan view, two or more types of
ultrasound elements in which a dimension of the active
portion with respect to a dimension of the movable portion
is different from each other in plan view are formed by
further patterning only the second electrode layer after
patterning the piezoelectric layer and the second elec-
trode layer.
[0014] In the aspect, the ultrasound elements which
are optimized to the dedicated transmission type and the
dedicated reception type can be manufactured and trans-

mission performance and reception performance can be
improved, respectively, only by varying a dimension of
the second electrode (for example, a width of the second
electrode) with areas of the dedicated transmission ul-
trasound element and the dedicated reception ultra-
sound element when forming the second electrode in a
film-manufacturing process and when patterning the sec-
ond electrode.

Brief Description of Drawings

[0015]

[Fig. 1] Fig. 1 is a cross-sectional view illustrating a
configuration example of an ultrasound device ac-
cording to Embodiment 1.
[Fig. 2] Fig. 2 is an exploded perspective view illus-
trating a configuration example of an ultrasound sen-
sor according to Embodiment 1.
[Fig. 3] Fig. 3 is an enlarged perspective view illus-
trating a configuration example of an ultrasound el-
ement array.
[Fig. 4] Fig. 4 is a plan view illustrating a schematic
configuration of the ultrasound sensor element ac-
cording to Embodiment 1.
[Fig. 5] Fig. 5 shows cross-sections of the ultrasound
sensor element according to Embodiment 1.
[Fig. 6] Fig. 6 is a plan view illustrating a schematic
configuration of the ultrasound sensor according to
Embodiment 1.
[Fig. 7] Fig. 7 shows cross-sections of the ultrasound
sensor according to Embodiment 1.
[Fig. 8] Fig. 8 shows a plan view and a cross-sec-
tional view illustrating a manufacturing example of
the ultrasound sensor according to Embodiment 1.
[Fig. 9] Fig. 9 shows a plan view and a cross-sec-
tional view illustrating a manufacturing example of
the ultrasound sensor according to Embodiment 1.
[Fig. 10] Fig. 10 shows a plan view and a cross-sec-
tional view illustrating a manufacturing example of
the ultrasound sensor according to Embodiment 1.
[Fig. 11] Fig. 11 shows a plan view and a cross-sec-
tional view illustrating a manufacturing example of
the ultrasound sensor according to Embodiment 1.
[Fig. 12] Fig. 12 shows a plan view and a cross-sec-
tional view illustrating a manufacturing example of
the ultrasound sensor according to Embodiment 1.
[Fig. 13] Fig. 13 shows a plan view and a cross-sec-
tional view illustrating a manufacturing example of
the ultrasound sensor according to Embodiment 1.
[Fig. 14] Fig. 14 shows a plan view and a cross-sec-
tional view illustrating a manufacturing example of
the ultrasound sensor according to Embodiment 2.
[Fig. 15] Fig. 15 shows a plan view and a cross-sec-
tional view illustrating a manufacturing example of
the ultrasound sensor according to Embodiment 2.
[Fig. 16] Fig. 16 shows a plan view and a cross-sec-
tional view illustrating a manufacturing example of
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the ultrasound sensor according to Embodiment 2.
[Fig. 17] Fig. 17 shows a plan view and a cross-sec-
tional view illustrating a manufacturing example of
the ultrasound sensor according to Embodiment 2.
[Fig. 18] Fig. 18 shows a plan view and a cross-sec-
tional view illustrating a manufacturing example of
the ultrasound sensor according to Embodiment 2.
[Fig. 19] Fig. 19 shows a plan view and a cross-sec-
tional view illustrating a manufacturing example of
the ultrasound sensor according to Embodiment 2.
[Fig. 20] Fig. 20 shows a plan view and a cross-sec-
tional view of the ultrasound sensor according to Em-
bodiment 3.
[Fig. 21] Fig. 21 shows a plan view and a cross-sec-
tional view of the ultrasound sensor according to Em-
bodiment 4.
[Fig. 22] Fig. 22 is a perspective view illustrating an
example of an ultrasonic diagnostic apparatus.
[Fig. 23] Fig. 23 is a perspective view illustrating an
example of an ultrasound probe.

Description of Embodiments

[0016] Below, embodiments of the invention will be de-
scribed with reference to the drawings. The description
below illustrates one form of the invention, and arbitrary
modifications are possible within the scope of the inven-
tion. In the respective drawings, portions given the same
reference numeral illustrate the same members, and de-
scription thereof will not be made, as appropriate.

(Embodiment 1)

(Ultrasound Device)

[0017] Fig. 1 is a cross-sectional view illustrating a con-
figuration example of an ultrasound device on which the
ultrasound sensor according to Embodiment 1 of the in-
vention is mounted. As illustrated in Fig. 1, the ultrasound
probe I is formed including a CAV surface type ultrasound
sensor 1, a flexible printed substrate (FPC substrate 2)
connected to the ultrasound sensor 1, a cable 3 drawn
out from an apparatus terminal (not shown), a relay sub-
strate 4 that serves as an intermediate between the FPC
substrate 2 and the cable 3, a housing 5 that protects the
ultrasound sensor 1, the FPC substrate 2 and the relay
substrate 4, and a waterproof resin 6 which fills the space
between the housing 5 and the ultrasound sensor 1.
[0018] Ultrasound waves are transmitted from the ul-
trasound sensor 1. Ultrasound waves reflected from a
measurement target are received by the ultrasound sen-
sor 1. Information (such as position and shape) pertaining
to the measurement target is detected in the apparatus
terminal of the ultrasound probe I based on the waveform
signal of the ultrasound waves.
[0019] According to the ultrasound sensor 1, it is pos-
sible to ensure high reliability, as described later. Accord-
ingly, by mounting the ultrasound sensor 1, an ultrasound

device with various superior characteristics is formed. It
is possible to also apply the invention to any ultrasound
sensor 1, such as a dedicated transmission type opti-
mized to the transmission of ultrasound waves, a dedi-
cated reception type optimized to the reception of ultra-
sound waves, and a transmission and reception integrat-
ed type optimized to the transmission and reception of
ultrasound waves. The ultrasound device on which the
ultrasound sensor 1 is able to be mounted is not limited
to the ultrasound probe I.

(Ultrasound Sensor)

[0020] Fig. 2 is an exploded perspective view of the
ultrasound sensor. Fig. 3 is an enlarged perspective view
illustrating a configuration example of an ultrasound sen-
sor element array. Fig. 4 is a plan view of the ultrasound
sensor element configuring the ultrasound sensor ac-
cording to Embodiment 1 of the invention, Fig. 5 shows
a cross-sectional view taken along line A-A’ and a cross-
sectional view taken along line B-B’, Fig. 6 is a plan view
illustrating a schematic configuration of the ultrasound
sensor, Fig. 7 shows a cross-sectional view taken along
line C-C’, and a cross-sectional view taken along line D-
D’.
[0021] The ultrasound sensor 1 is formed including an
ultrasound element 10, an acoustic matching layer 30, a
lens member 31, and an enclosure plate 40. The ultra-
sound element 10 is formed including a substrate 11, a
diaphragm 50, and a piezoelectric element 17. In Fig. 2,
although the enclosure plate 40 and the support member
41 are depicted as separate bodies, in practice, both are
integrally formed.
[0022] When two mutually orthogonal axes are the X-
axis and the Y-axis and the plane formed by the X-axis
and the Y-axis is the XY-plane, the substrate 11 follows
the XY-plane. Below, the X-axis is referred to as the first
direction X, the Y-axis as the second direction Y, and the
Z-axis direction which is orthogonal to both of the first
direction X and the second direction Y as the third direc-
tion Z.
[0023] A plurality of dividing walls 19 are formed on the
substrate 11. A plurality of spaces 20 are divided along
the first direction X and the second direction Y by the
plurality of dividing walls 19. The spaces 20 are formed
so as to pass through the substrate 11 in the third direc-
tion Z. The spaces 20 are formed in a two-dimensional
form, that is, a plurality in the first direction X and a plu-
rality in the second direction Y. The arrangement or
shape of the spaces 20 can be modified in various ways.
For example, the spaces 20 may also be formed in a one-
dimensional form, that is, along one direction of either of
the first direction X and the second direction Y. The spac-
es 20 may also have a long shape (a ratio of lengths in
the first direction X and the second direction Y other than
1:1) when viewed from the third direction Z.
[0024] The diaphragm 50 is provided on the substrate
11 so as to block an opening portion 18 formed of the
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space 20. Below, the surface on the substrate 11 side of
the diaphragm 50 is referred to as a first surface 50a,
and the surface facing the first surface 50a is referred to
as a second surface 50b. The diaphragm 50 is formed
of an elastic film 12 formed on the substrate 11 and an
insulator film 13 formed on the elastic film 12. In this case,
the first surface 50a is formed of the elastic film 12 and
the second surface 50b of the insulator film 13.
[0025] Hereinafter, the ultrasound element will be de-
scribed in detail.
[0026] As illustrated in drawing, the ultrasound ele-
ment 10 of the embodiment is formed of an elastic film
12 formed of a silicon dioxide film provided on one surface
of the substrate 11 formed of a silicon substrate and the
piezoelectric element 17 which is formed on the insulator
film 13 formed of zirconium oxide and which formed of a
first electrode 14, a piezoelectric layer 15, and a second
electrode 16. The opening portion 18 is formed in a region
corresponding to the piezoelectric element 17 of the sub-
strate 11, and the space 20 forming the opening portion
18 is divided by the dividing wall 19.
[0027] Although it is possible to use a single-crystal
silicon substrate as the substrate 11, there is no limitation
thereto. In the embodiment, although the diaphragm is
configured by the elastic film 12 formed of silicon dioxide
or the like and the insulator film 13 formed of zirconium
oxide or the like, there is no limitation thereto, and either
one may be used or another film may be used.
[0028] The piezoelectric element 17, which is formed
of the first electrode 14 , the piezoelectric layer 15 with
a thin film thickness of 3 mm or less and preferably 0.3
mm to 1.5 mm, and the second electrode 16 with an ad-
hesive layer interposed as necessary, is formed on the
insulator film 13. Here, the piezoelectric element 17 re-
fers to the portion that contains the first electrode 14, the
piezoelectric layer 15, and the second electrode 16. A
region interposed between the first electrode 14 and the
second electrode 16 is referred to an active portion.
[0029] In general, in a case of driving the piezoelectric
element 17, although either one of the electrodes is a
common electrode and the other electrode is an individ-
ual electrode, in the ultrasound element 10, since driving
and scanning are performed for each plurality of ultra-
sound elements 10, it is not realistic to distinguish which
one is the common electrode and which is the individual
electrode. In any case, in a case of using a form in which
the ultrasound elements 10 are arranged one-dimension-
ally or two-dimensionally, it is possible to drive only a
predetermined piezoelectric element 17 by providing the
first electrode 14 so as to span in one direction, provide
the second electrode 16 so as to span in a direction or-
thogonal to the one direction, and applying a voltage be-
tween the first electrode 14 and the second electrode 16
selected, as appropriate. When selecting the predeter-
mined piezoelectric element 17, the driving is generally
performed by selecting one row or a plurality of rows as
one group. In the embodiment, four rows of the first elec-
trodes 14 are bound and shared. This is tentatively re-

ferred to as 1-channel, and a plurality of channels are
provided spanning the first direction X. The second elec-
trode 16 is continuously provided as one row along the
first direction X, and a plurality of rows is provided along
the second direction Y.
[0030] In such a configuration, when all rows of the
second electrodes 16 are shared, all of the piezoelectric
elements 17 in the 1-channel are driven at the same time
and each channel is driven sequentially, it is possible to
acquire data of one dimension along the first direction X.
[0031] When the second electrodes 16 are shared one
row at a time or a plurality of rows at a time, the piezoe-
lectric elements 17 in 1-channel are shared by the second
electrodes 16 and sequentially driven a group at a time,
and each channel is sequentially driven, it is possible to
acquire two-dimensional data in the XY direction.
[0032] Hereafter, the combination of the piezoelectric
element 17, and the elastic film 12 and the insulator film
13 which are the diaphragm 50 in which displacement
occurs due to driving of the piezoelectric element 17 are
referred to as an actuator apparatus. In the above-de-
scribed examples, although the elastic film 12 and the
insulator film 13, the adhesive layer which is provided as
necessary, and the first electrode 14 act as the dia-
phragm 50, there is no limitation thereto. For example,
the diaphragm 50 need not be provided, and the piezo-
electric element 17 itself may substantially serve as the
diaphragm 50.
[0033] In the piezoelectric element 17, the active por-
tion indicates a portion in which the first electrode 14, the
piezoelectric layer 15 and the second electrode 16 are
overlapped in plan view and also a region in which the
piezoelectric layer 15 is interposed between the first elec-
trode 14 and the second electrode 16. Furthermore, the
movable portion refers to a region in which the first elec-
trode 14 and the second electrode 16, in addition to the
elastic film 12 and the insulator film 13, also serve as the
diaphragm 50 blocking the opening portion 18 and which
corresponds to the opening portion 18 of the diaphragm
50, i.e. a region in which the diaphragm 50 can be oscil-
lated by driving the piezoelectric element 17. The active
portion corresponds to the movable portion one-to-one.
In the present embodiment, the active portion corre-
sponds to the opening portion 18 one-to-one. However,
one opening portion 18 may contain a plurality of the
active portions in plan view. In this case, the active portion
can substantially correspond to the movable portion one-
to-one by providing, for example, a columnar partition,
which suppresses the oscillation of the diaphragm 50,
between the neighboring active portions and limiting a
region in which the diaphragm 50 can be oscillated within
the opening portion 18.
[0034] The first electrode 14 and the second electrode
16 are not limited as long as they have conductivity and
it is possible to use metal materials, such as platinum
(Pt), iridium (Ir), gold (Au), aluminum (Al), copper (Cu),
titanium (Ti), and stainless steel; tin oxide-based conduc-
tive materials, such as indium tin-oxide (ITO), and fluo-
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rine-doped tin oxide (FTO); zinc-oxide-based conductive
materials, conductive oxides, such as strontium ruthen-
ate (SrRuO3), lanthanum nickelate (LaNiO3), element
doped strontium titanate; and conductive polymers. How-
ever, there is no restriction to these materials.
[0035] It is possible to use a complex oxide with a lead
zirconate titanate (PZT)-based perovskite structure for
the piezoelectric layer 15, as a representative. Thereby,
the displacement amount of the piezoelectric element 17
is easily ensured.
[0036] The piezoelectric layer 15 does not include lead,
and, for example, it is possible to use a complex oxide
with a perovskite structure which includes at least bis-
muth (Bi), barium (Ba), iron (Fe), and titanium (Ti). There-
by, it is possible to realize an ultrasound element 10 using
a non-lead based material with a low load on the envi-
ronment.
[0037] The A site of such a perovskite structure, that
is, an ABO3 type structure, is coordinated with 12 oxygen
atoms, and, in addition, the B site is coordinated with 6
oxygen atoms, thereby forming an octahedron. In the ex-
ample of the above-described piezoelectric layer 15
which does not contain lead, the Bi, Ba, and Li are posi-
tioned at the A site and the Fe and Ti at the B site.
[0038] In the complex oxide which includes a per-
ovskite structure including Bi, Ba, Fe, and Ti, although
the constitution formula is represented by (Bi, Ba) (Fe,
Ti)O3, a representative constitution is represented as a
mixed crystal of bismuth ferrate and barium titanate. The
bismuth ferrite and barium titanate of the mixed crystal
are not detected singly in an X-ray diffraction pattern.
Constitutions deviating from the constitution of the mixed
crystal are also included.
[0039] Constitutions shifted from the stoichiometric
constitution due to lack or excess or in which a portion
of the elements are substituted with other elements are
also included in the complex oxide with a perovskite
structure. That is, as long as a perovskite structure is
obtainable, the inevitable deviations in the constitution
due to lattice mismatching, oxygen faults and the like
such as partial substitution of elements are naturally also
permissible.
[0040] The configuration of the complex oxide with a
perovskite structure is not limited to the examples, and
the configuration may include other elements. It is pref-
erable that the piezoelectric layer 15 further include man-
ganese (Mn). Thereby, leakage current is suppressed
and it is possible to realize a high-reliability ultrasound
element 10 as a non-lead based material.
[0041] Bi at the A site of the piezoelectric layer 15 may
be substituted with lithium (Li), samarium (Sm), cerium
(Ce) or the like, and the Fe at the B site may be substituted
with aluminum (Al), cobalt (Co), and the like. Thereby,
various characteristics are improved, thereby easily
achieving diversification of the configuration and func-
tion. Even in the case of a compound oxide including
these other elements, it is preferable that the configura-
tion have a perovskite structure.

[0042] As illustrated in Fig. 6, the ultrasound elements
10 of the ultrasound sensor 1 of the present embodiment
are arranged two-dimensionally in the first direction X
and the second direction Y orthogonal thereto, and the
first direction X and the second direction Y are the scan-
ning direction and the slice direction, respectively. In such
an ultrasound sensor 1, it is possible to continuously ac-
quire, in the scanning direction, sensing information in
the slice direction by performing driving, that is, perform-
ing transmission and reception of ultrasonic waves for
each row extending in the slice direction while scanning
in the scanning direction.
[0043] In the present embodiment, the elements are
assigned to the dedicated transmission type and the ded-
icated reception type for one row extended in the first
direction X at a time. That is, as illustrated in Fig. 7, the
piezoelectric layer 15 and a second electrode 16A have
the same width in a center row, while the second elec-
trode 16B has a narrower width than that of the piezoe-
lectric layer 15 in rows on both sides. The piezoelectric
layers 15 and the opening portion 18 share the same
width, and a second electrode 16B is narrower than the
second electrode 16A in any of the rows.
[0044] In such ultrasound sensor 1, the movable por-
tion when the piezoelectric element 17 is driven corre-
sponds to a dimension of the opening portion 18. In a
center piezoelectric element 17A, the active portion, i.e.
a region in which the piezoelectric layer 15 is interposed
between the first electrode 14 and the second electrode
16, has a dimension different from that of the active por-
tions in a piezoelectric elements 17B on both sides. The
active portions in the piezoelectric elements on both
sides are smaller.
[0045] If the dimension of the active portion is changed
by varying the width of the second electrode 16 only, the
transmission characteristic and the reception character-
istic can be changed while the change in resonance fre-
quency (resonance frequency difference) is drastically
suppressed. The transmission characteristic (transmis-
sion sensitivity) is proportional to an excluded volume v
due to the displacement of the movable portion based
on driving of the active portion. The excluded volume v
is proportional to a dimension S of the active portion. That
is, the larger the dimension S of the active portion is, the
better the transmission characteristic is. Furthermore, in
the present embodiment, the reception characteristic (re-
ception sensitivity) is evaluated based on voltage gener-
ated by the reception. The generated voltage V is repre-
sented by V=Q/C (Q indicates generated charge and C
indicates a capacitance) and is inversely proportional to
the capacitance of the piezoelectric element. The capac-
itance C is represented by ε0 x εr x (S/t) (ε0 indicates a
vacuum permittivity, εr indicates a relative permittivity of
the piezoelectric element, S indicates the dimension of
the active portion and t indicates a thickness of the pie-
zoelectric element (active portion)). The smaller the di-
mension S of the active portion is, the smaller the capac-
itance C is. That is, the reception characteristic is im-
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proved but the transmission characteristic is deteriorated
as the width of the second electrode 16 becomes nar-
rower. The transmission characteristic is improved but
the reception characteristic is deteriorated as the width
of the second electrode 16 becomes wider. Thus, the
center piezoelectric element 17A acts as the dedicated
transmission element, and the piezoelectric elements
17B on both sides act as the dedicated reception ele-
ments. This configuration allows both transmission char-
acteristic and reception characteristic to be improved.
Moreover, the dedicated reception element and the ded-
icated transmission element are provided with the active
portions having different dimensions but the movable
portions having the same dimension, the resonance fre-
quency difference between them is extremely small.
Therefore, transmission and reception can be efficiently
performed without varying in a specification of the reso-
nance frequency in the dedicated reception element and
the dedicated transmission element.
[0046] Hereinafter, examples of a method for manu-
facturing the ultrasound sensor of Embodiment 1 will be
described with reference to Figs. 8 to 13. Each of these
drawings illustrates each process and includes a plan
view and cross-sectional views taken along lines b-b’ and
c-c’.
[0047] First, as illustrated in Fig. 8, after forming an
elastic film 12 formed of silicon oxide by thermal oxidation
or the like of the substrate 11, a zirconium film is formed
thereupon, and thermally oxidized at 500 to 1200°C, and
the insulator film 13 formed of zirconium oxide is formed.
The first electrode 14 is formed on the insulator film 13
by a sputtering method, a deposition method or the like,
and patterning carried out so that the first electrode 14
takes a predetermined shape.
[0048] Next, as illustrated in Fig. 9, the piezoelectric
layer 15 is layered on the first electrode 14 and patterning
carried out. It is possible to form a piezoelectric layer 15
using a chemical solution deposition (CSD) method in
which a piezoelectric material formed of a metal oxide is
obtained by coating and drying a metal complex is in
which a metal complex is dissolved and dispersed in a
solvent and further baking at a high temperature. There
is no limitation to the CSD method, and a sol-gel method,
a laser ablation method, a sputtering method, a pulse
laser deposition method (PLD method), a CVD method,
an aerosol deposition method and the like may be used.
[0049] Next, as illustrated in Fig. 10, the primary sec-
ond electrode 16a is formed by a sputtering method, a
thermal oxidation method or the like on the piezoelectric
layer 15 and, as illustrated in Fig. 11, the primary second
electrode 16a and the piezoelectric layer 15 are subject-
ed to patterning for each piezoelectric element.
[0050] Next, as illustrated in Fig. 12, the secondary
second electrode 16b is provided in the same manner of
the primary second electrode 16a. As illustrated in Fig.
13, the primary second electrode 16a and the secondary
second electrode 16b are subjected to patterning and
divided for each row in the second direction Y such that

they are continuously arranged for each row in the first
direction X. In the center raw of the drawing, the second
electrode 16A is wider, of which width is the approximate-
ly same as that of the piezoelectric layer 15. In the rows
on both sides, the narrower second electrodes 16B are
provided. With this configuration, the dedicated transmis-
sion piezoelectric element 17A having the wider second
electrode 16A and the dedicated reception piezoelectric
element 17B having the narrower second electrode 16B
are formed.
[0051] Subsequently, a protective film is formed and
subjected to patterning as appropriate, and then the
opening portion is formed. Thereby, the ultrasound sen-
sor 1 is obtained.
[0052] As described above, the dedicated transmis-
sion piezoelectric element 17A and the dedicated recep-
tion piezoelectric element 17B can be manufactured and
transmission performance and reception performance
can be improved, respectively, only by varying the pat-
terning of the secondary second electrode 16b, which is
performed in a last stage of the film-forming process of
the ultrasound sensor 1.

(Embodiment 2)

[0053] An ultrasound sensor 1A of Embodiment 2 will
be described with reference to one example of the man-
ufacturing method. Each of Figs. 14 to 19 illustrates each
process and includes a plan view and cross-sectional
views taken along lines b-b’ and c-c’. In Embodiment 1
stated above, the second electrode 16 is a common elec-
trode, but in Embodiment 2, the first electrode 14 is a
common electrode.
[0054] First, as illustrated in Fig. 14, after forming an
elastic film 12 formed of silicon oxide by thermal oxidation
or the like of a substrate 11, a zirconium film is formed
thereupon, and thermally oxidized at 500 to 1200°C, and
an insulator film 13 formed of zirconium oxide is formed.
The first electrode 14 is formed on the insulator film 13
by a sputtering method, a deposition method or the like,
and patterning carried out so that the first electrode 14
takes a predetermined shape.
[0055] Next, as illustrated in Fig. 15, the piezoelectric
layer 15 is layered on the first electrode 14 and patterning
carried out. It is possible to form a piezoelectric layer 15
using a chemical solution deposition (CSD) method in
which a piezoelectric material formed of a metal oxide is
obtained by coating and drying a metal complex is in
which a metal complex is dissolved and dispersed in a
solvent and further baking at a high temperature. There
is no limitation to the CSD method, and a sol-gel method,
a laser ablation method, a sputtering method, a pulse
laser deposition method (PLD) method, a CVD method,
an aerosol deposition method and the like may be used.
[0056] Next, as illustrated in Fig. 16, the primary sec-
ond electrode 16a is formed by a sputtering method, a
thermal oxidation method or the like on the piezoelectric
layer 15 and, as illustrated in Fig. 17, the primary second
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electrode 16a and the piezoelectric layer 15 are subject-
ed to patterning for each piezoelectric element.
[0057] Next, as illustrated in Fig. 18, the secondary
second electrode 16b is provided in the same manner of
the primary second electrode 16a. As illustrated in Fig.
19, the primary second electrode 16a and the secondary
second electrode 16b are subjected to patterning and
divided for each row in the second direction Y such that
they are continuously arranged for each row in the first
direction X. In the center raw of the drawing, the second
electrode 16A is wider, of which width is the approximate-
ly same as that of the piezoelectric layer 15. In the rows
on both sides, the narrower second electrodes 16B are
provided. With this configuration, the dedicated transmis-
sion piezoelectric element 17A having the wider second
electrode 16A and the dedicated reception piezoelectric
element 17B having the narrower second electrode 16B
are formed.
[0058] Subsequently, a protective film is formed and
subjected to patterning as appropriate, and then the
opening portion 18 is formed. Thereby, the ultrasound
sensor 1A is obtained.
[0059] This method also enables that the dedicated
transmission piezoelectric element 17A and the dedicat-
ed reception piezoelectric element 17B can be manufac-
tured and transmission performance and reception per-
formance can be improved, respectively, only by varying
the patterning of the secondary second electrode 16b,
which is performed in a last stage of the film-forming proc-
ess of the ultrasound sensor.

(Embodiment 3)

[0060] Fig. 20 shows an ultrasound sensor 1B of Em-
bodiment 3. In the present embodiment, when patterning
the secondary second electrode 16b, the second elec-
trode 16 and a discontinuous electrode 22 which is elec-
trically discontinued from the second electrode 16 are
separated by a groove 21 instead of removing unneces-
sary portion of the second electrode 16. By varying a
forming position of the groove 21, the wider second elec-
trode 16A is provided in a center row in the vertical di-
rection, the narrower second electrodes 16B are provid-
ed on both sides in the vertical direction, the dedicated
transmission piezoelectric element 17A is provided in a
center row and the dedicated reception piezoelectric el-
ements 17B are provided on both sides in the vertical
direction.
[0061] This process also enables that the dedicated
transmission piezoelectric element 17A and the dedicat-
ed reception piezoelectric element 17B can be manufac-
tured and transmission performance and reception per-
formance can be improved, respectively, only by varying
the patterning of the secondary second electrode 16b,
which is performed in a last stage of the film-forming proc-
ess of the ultrasound sensor.

(Embodiment 4)

[0062] Fig. 21 shows an ultrasound sensor 1C of Em-
bodiment 4. In the present embodiment, the width of the
first electrodes 14 is varied so as to serve as the dedi-
cated transmission element and the dedicated reception
element instead of varying the width of the second elec-
trode 16. In the present embodiment, when patterning
the first electrode 14, i.e. the common electrode, a center
row in the vertical direction is subjected to patterning so
as to be a wider first electrode 14A, and rows on both
sides in the vertical direction are subjected to patterning
so as to be a narrower first electrodes 14B. After that,
the same processes as those of the embodiments stated
above are employed. The dedicated transmission piezo-
electric element 17A having the wider first electrode 14A
is provided in the center row in the vertical direction, and
the dedicated reception piezoelectric elements 17B hav-
ing the narrower first electrodes 14B are provided in the
rows on both sides in the vertical direction.
[0063] This process also enables that the dedicated
transmission piezoelectric element 17A and the dedicat-
ed reception piezoelectric element 17B can be manufac-
tured and transmission performance and reception per-
formance can be improved, respectively, only by varying
the patterning of the first electrode 14, which is performed
in a first stage of the film-forming process of the ultra-
sound sensor.

(Other Embodiments)

[0064] Although not described in each of the above-
described embodiments, it is possible to use a configu-
ration in which the opposite side to the piezoelectric el-
ement 17 of the diaphragm becomes a pass-through re-
gion for ultrasonic waves transmitted towards a meas-
urement target or ultrasound waves reflected from the
measurement target (echo signal). Accordingly, it is pos-
sible to simplify the configuration of the opposite side to
the piezoelectric element 17 of the diaphragm, and pos-
sible to ensure a favorable pass-through region for ultra-
sonic waves and the like. An electrical region of the elec-
trodes, wirings and the like and the contact and fixing
region of each member is distanced from the measure-
ment target, and it becomes easier to prevent contami-
nation or leakage current between these and the meas-
urement target. Accordingly, it is possible to also favora-
bly apply the invention a medical device which is partic-
ularly averse to contamination or leakage current, for ex-
ample, ultrasound diagnostic equipment, blood pressure
gages, and eye pressure gages.
[0065] In general, the opening portion 18 of the sub-
strate 11 is filled with a resin serving as the acoustic
matching layer, such as silicone oil, a silicone resin or a
silicone rubber, and the opening portion 18 is sealed with
a lens member through which the ultrasound can be
passed. Thereby, the acoustic impedance difference be-
tween the piezoelectric element 17 and the measurement
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target can be reduced, and the ultrasound can be trans-
mitted efficiently to the measurement target side.
[0066] Furthermore, although not described in the
above-described embodiments, it is preferable that a
sealing plate that seals the region which includes the
piezoelectric element 17 is bonded to the substrate 11.
Thereby, because it is possible to physically protect the
piezoelectric element 17, and the strength of the ultra-
sound sensor 1 also increases, it is possible to increase
the structural stability. It is possible for the handling prop-
erties of the ultrasound sensor 1 which includes the pie-
zoelectric elements 17 to be improved in a case where
the piezoelectric elements 17 are formed as thin films.
[0067] In the above-described embodiment, although
an example is given in which the opening portion 18 is
formed for each piezoelectric element 17, there is no lim-
itation thereto, and the openings may be formed corre-
sponding to a plurality of piezoelectric elements 17. For
example, an opening which is shared by a row of piezo-
electric elements 17 arranged along the scanning direc-
tion may be provided or one opening may be formed for
all piezoelectric elements 17. Although the vibration
states of the piezoelectric elements 17 become different
in a case where an opening shared for a plurality of pie-
zoelectric elements 17 is provided, a pressing member
or the like is provided between each of the piezoelectric
elements 17 from the opposite side to the substrate 11
of the diaphragm, and similar vibration may be performed
as a case where independent openings are provided.
[0068] Here, an example of an ultrasonic diagnostic
apparatus using the ultrasound sensor described above
will be described. Fig. 22 is a perspective view illustrating
a schematic configuration of an example of the ultrasonic
diagnostic apparatus, and Fig. 23 is a cross-sectional
view illustrating the ultrasound probe.
[0069] As illustrated in the drawings, an ultrasonic di-
agnostic apparatus 101 is provided with a device terminal
102 and an ultrasound probe (probe) 103. The device
terminal 102 and the ultrasound probe 103 are connected
by a cable 104. The device terminal 102 and the ultra-
sound probe 103 exchange electrical signals through the
cable 104. A display panel (display device) 105 is incor-
porated in the device terminal 102. A screen of the display
panel 105 is exposed in the surface of the device terminal
102. In the device terminal 102, an image is generated
based on ultrasonic waves transmitted from the ultra-
sound sensor 1 of the ultrasound probe 103 and detected.
The imaged detection results are displayed on the screen
of the display panel 105.
[0070] The ultrasound probe 103 includes a housing
106. The ultrasound sensor 1 in which a plurality of ul-
trasound sensor elements 10 are two-dimensionally ar-
ranged in the first direction X and the second direction Y
is stored in the housing 106. The ultrasound sensor 1 is
provided so that the surface thereof is exposed in the
surface of the housing 106. The ultrasound sensor 1 out-
puts ultrasonic waves from the surface and receives the
reflected waves of the ultrasound. It is possible to provide

the ultrasound probe 103 with a probe head 103b which
is freely detachable from a probe main body 103a. At this
time, it is possible for the ultrasound sensor 1 to be in-
corporated in the housing 106 of the probe head 103b.
The ultrasound sensor 1 is formed with the ultrasound
sensor elements 10 arranged two-dimensionally in the
first direction X and the second direction Y.

Reference Signs List

[0071]

1, 1A to 1C ultrasound sensor

10 ultrasound element

11 substrate

12 elastic film

13 insulator film

14 first electrode

15 piezoelectric layer

16 second electrode

17 piezoelectric element

18 opening portion

Claims

1. An ultrasound sensor comprising:

a substrate which has at least one opening por-
tion;
a diaphragm which is provided on the substrate
so as to block the opening portion;
a plurality of first electrodes which is provided
so as to be opposite to the opening portion of
the diaphragm and to be arranged in a Y-direc-
tion, and which extends in a X-direction orthog-
onal to the Y-direction;
a plurality of second electrodes which is provid-
ed so as to be opposite to the opening portion
of the diaphragm and to be arranged in the X-
direction, and which extends in the Y-direction;
and
a plurality of piezoelectric layers which is pro-
vided between the first electrode and the second
electrode in at least a portion in which the first
electrode and the second electrode intersect
with each other,
wherein, in a Z-direction orthogonal to the X-
direction and the Y-direction, a portion in which
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the first electrode, the piezoelectric layer and
the second electrode are overlapped is referred
to as an active portion, and a range to the extent
that the diaphragm is oscillatable by driving the
active portion is referred to as a movable portion,
when a unit including one movable portion and
the active portion which is provided within the
one movable portion is referred to as one ultra-
sound element in plan view, two or more types
of ultrasound elements in which a dimension of
the active portion with respect to a dimension of
the movable portion is different from each other
in plan view are provided.

2. The ultrasound sensor according to claim 1, wherein
two or more types of ultrasound elements which have
the movable portions with the same dimension but
the active portions with the different dimension in
plan view are provided.

3. The ultrasound sensor according to claim 1 or 2,
wherein, in plan view, the opening portions corre-
sponding to the ultrasound elements have the sub-
stantially same dimension, the piezoelectric layer
corresponding to one opening portion has the same
dimension, and any one of the first electrode and the
second electrode, corresponding to one opening
portion, has different dimension.

4. The ultrasound sensor according to any one of
claims 1 to 3, wherein the plurality of second elec-
trodes has a width different from each other.

5. The ultrasound sensor according to any one of
claims 1 to 3, wherein the second electrode has a
width different in the X-direction.

6. The ultrasound sensor according to any one of
claims 1 to 3, wherein the plurality of piezoelectric
layers is formed of the substantially same piezoelec-
tric material.

7. A method for manufacturing an ultrasound sensor,
the method comprising steps of:

forming a diaphragm on a substrate;
forming a plurality of first electrodes on the dia-
phragm so as to be arranged in a Y-direction,
which extends in a X-direction orthogonal to the
Y-direction;
forming a piezoelectric layer on the first elec-
trode;
forming a second electrode layer on the dia-
phragm in which the first electrode and the pie-
zoelectric layer are formed;
forming a plurality of the piezoelectric layers and
a plurality of second electrodes so as to be ar-
ranged in the X-direction, which extend in the Y-

direction, by patterning the piezoelectric layer
and the second electrode layer; and
forming at least one opening portion on a plane
opposite to the diaphragm of the substrate,
wherein, in a Z-direction orthogonal to the X-
direction and the Y-direction, a portion in which
the first electrode, the piezoelectric layer and
the second electrode are overlapped is referred
to as an active portion, and a range to the extent
that the diaphragm is oscillatable by driving the
active portion is referred to as a movable portion,
and
when a unit including one movable portion and
the active portion which is provided within the
one movable portion is referred to as one ultra-
sound element in plan view, two or more types
of ultrasound elements in which a dimension of
the active portion with respect to a dimension of
the movable portion is different from each other
in plan view are formed by further patterning only
the second electrode layer after patterning the
piezoelectric layer and the second electrode lay-
er.
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