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Description

[0001] The present invention relates to an ultrasonic
transducer, an ultrasonic probe, and an ultrasound image
diagnosis apparatus, and more particularly, to an ultra-
sonic transducer having an improved electrode connec-
tion structure, an ultrasonic probe, and an ultrasound im-
age diagnosis apparatus.

[0002] An ultrasound image diagnosis apparatus is an
apparatus that radiates an ultrasonic wave signal to a
desired inner site of a body via a body surface of a subject
and uses information about a reflected ultrasonic wave
signal (ultrasonic wave echo signal) to obtain an image
about a fault of soft tissues or blood flow in a noninvasive
manner. Compared to other image diagnosis apparatus-
es, such as an X-ray diagnosis apparatus, a computer-
ized tomography (CT) scanner, a magnetic resonance
image (MRI) apparatus, or a nuclear medicine diagnosis
apparatus, the ultrasound image diagnosis apparatus is
small and inexpensive, displays an image in real time,
and has high stability due to no radiation of, for example,
X-rays. Due to these advantages, the ultrasound image
diagnosis apparatus is widely used for heart, abdomen,
urinary system, and obstetrics diagnoses.

[0003] An ultrasound image diagnosis apparatus may
include, for example, an ultrasonic probe that transmits
an ultrasonic wave signal to a subject and receives an
ultrasonic wave echo signal reflected from the subject to
obtain an ultrasonic image of the subject. The ultrasonic
probe mayinclude, forexample atransducer, a case hav-
ing an open top end, and a cover that is coupled to the
top end of the case and directly contacts a surface of a
subject. In this regard, the transducer may include, for
example, a piezoelectric layer that includes a piezoelec-
tric material for reversibly converting an electric signal
and an acoustic signal during vibration, an acoustic
matching layer that may reduce an acoustic impedance
difference between the piezoelectric layer and the sub-
ject so as to allow an ultrasonic wave produced by the
piezoelectric layer to be transmitted to the subject as
much as possible, an acoustic lens layer that may allow
an ultrasonic wave progressing forward from the piezo-
electric layer to be focused on a particular point, and a
sound wave absorption layer that may prevent an ultra-
sonic wave from progressing backward from the piezo-
electric layer to prevent image distortion. In the piezoe-
lectric layer of the transducer, a plurality of piezoelectric
elements to which electrical signals are independently
applied may be arranged. Electrical wiring lines with re-
spect to the piezoelectric elements may be factors in de-
termining the characteristics, shape, manufacturing
process, and costs of the transducer.

[0004] US 2008/0015443 A1 (Hosono et al., January
17, 2008) describes a two-dimensional array ultrasonic
probe comprising laminated piezoelectric elements each
comprising a plurality of electrodes, part of which is ex-
posed to a side surface of the piezoelectric element and
in contact with a signal side electrode. A printed wiring
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board includes signal lines that are electrically connected
to a backing member of the signal side electrode.
[0005] The present invention provides an ultrasonic
transducer having an improved electrode connection
structure for electrical connection of a piezoelectric layer,
an ultrasonic probe, and an ultrasound image diagnosis
apparatus.

[0006] The invention relates to an ultrasonic transduc-
er as set forth in claim 1.

[0007] The heights of the side electrodes of the piezo-
electric elements located in one column may be gradually
decreased or increased in a lengthwise direction of the
column.

[0008] The wiring lines of the side electrode substrate
may include, for example, first parts respectively facing
the side electrodes, second parts extending toward one
side ends of the side electrode substrate, and third parts
exposed by the one side ends of the side electrode sub-
strate.

[0009] A substrate body of the side electrode substrate
may be formed of an anisotropic electroconductive ma-
terial having an electroconductive property in a thickness
direction and having an insulating property in a surface
direction, and the wiring lines of the side electrode sub-
strate may be provided in a surface opposite to the sur-
face where the substrate meets the side electrodes of
the piezoelectric elements.

[0010] The substrate body of the side electrode sub-
strate may be formed of an electric insulating material,
and the wiring lines of the side electrode substrate may
be provided in the surface where the substrate meets the
side electrodes.

[0011] The piezoelectric elements may be arranged in
a two-dimensional array to be spaced apart from one
another in columns and lines, and a plurality of the side
electrode substrates may be inserted into gaps between
the columns of the piezoelectric elements.

[0012] Heights of the side electrodes of the piezoelec-
tric elements of a first column may be gradually de-
creased in a lengthwise direction of the column, and
heights of side electrodes of the piezoelectric elements
of the first column may be opposite to the side ends by
which the third parts are exposed of a second side elec-
trode substrate bonded to the piezoelectric elements of
the second column.

[0013] The ultrasonic transducer may further include
a first connection substrate electrically connected to the
exposed third parts of the first side electrode substrate
and a second connection substrate electrically connect-
ed to the exposed third parts of the second side electrode
substrate.

[0014] Heights of the side electrodes of the piezoelec-
tric elements of all columns may be gradually decreased
or increased in the same direction.

[0015] The wiring lines of the side electrode substrates
may include, for example, first parts respectively facing
the side electrodes, second parts extending toward one
side ends of the side electrode substrate, and third parts
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exposed by the one side ends of the side electrode sub-
strate, wherein the side ends by which the third parts may
be exposed of the side electrode substrates may be ar-
ranged in the same direction.

[0016] The ultrasonic transducer may further include
one connection substrate electrically connected to the
exposed third parts of the side electrode substrates.
[0017] The individual electrodes may be signal elec-
trodes respectively provided under the piezoelectric el-
ements, and common electrodes may be respectively
provided on the piezoelectric elements.

[0018] The individual electrodes may be signal elec-
trodes respectively provided on the piezoelectric ele-
ments, and a common electrode may be provided under
the piezoelectric elements.

[0019] Accordingto another aspect of one or more em-
bodiments, there may be provided an ultrasonic probe
according to claim 13.

[0020] Accordingto another aspect of one or more em-
bodiments, there is provided an ultrasound image diag-
nosis apparatus according to claim 14.

[0021] The ultrasonic transducer, the ultrasonic probe,
and the ultrasound image diagnosis apparatus according
to the above-described embodiments of the present in-
vention may have the following effects.

[0022] Firstly, electrical signals may be respectively
applied to a plurality of piezoelectric elements via a side
electrode, and thus an electric connecting structure via
the side electrode may be easily applied to a two-dimen-
sional arrayed ultrasonic transducer, and further to a
stacked structured ultrasonic transducer.

[0023] Secondly, when a single ultrasonic transducer
is manufactured, a plurality of piezoelectric elements may
be assembled in units of columns, and thus the piezoe-
lectric elements may be tested in units of columns to de-
crease dispersion of piezoelectric characteristics, there-
by possibly reducing a fluctuation in performance of the
ultrasonic transducer.

[0024] The above and other features and advantages
of one or more embodiments will become more apparent
by describing in detail exemplary embodiments with ref-
erence to the attached drawings in which:

FIG. 1 is a block diagram illustrating an ultrasound
image diagnosis apparatus according to one or more
embodiments;

FIG. 2 is a perspective view of an ultrasonic trans-
ducer according to one or more embodiments;

FIG. 3 is an exploded perspective view of an ultra-
sonic transducer according to one or more embodi-
ments;

FIG. 4 is a view illustrating piezoelectric elements of
an ultrasonic transducer according to one or more
embodiments;

FIG. 5is a view illustrating a first side electrode sub-
strate attached to side surfaces of piezoelectric ele-
ments of odd numbered columns in an ultrasonic
transducer according to one or more embodiments;
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FIG. 6 is aview illustrating a side electrode substrate
and a connection substrate bonded together in an
ultrasonic transducer according to one or more em-
bodiments;

FIG. 7 is a view illustrating a second side electrode
substrate attached to piezoelectric elements ar-
ranged in even numbered columns in an ultrasonic
transducer according to one or more embodiments;
FIG. 8 is aviewillustrating two connection substrates
bonded to a side electrode substrate in an ultrasonic
transducer according to one or more embodiments;
FIG.9is aview llustrating a side electrode substrate
attached to side surfaces of piezoelectric elements
in an ultrasonic transducer according to one or more
embodiments;

FIG. 10 is a view illustrating a side electrode sub-
strate and a connection substrate bonded together
in an ultrasonic transducer according to one or more
embodiments;

FIG. 11 is a perspective view of an ultrasonic trans-
ducer according to one or more embodiments;
FIG. 12 is an exploded perspective view of an ultra-
sonic transducer according to one or more embodi-
ments;

FIG. 13 is a view illustrating piezoelectric elements
of an ultrasonic transducer according to one or more
embodiments;

FIG. 14 is a view illustrating a side electrode sub-
strate attached to side surfaces of piezoelectric ele-
ments according to one or more embodiments;
FIG. 15 is a view illustrating a side electrode sub-
strate attached to side surfaces of piezoelectric ele-
ments in an ultrasonic transducer according to one
or more embodiments;

FIG. 16 is a view illustrating a side electrode sub-
strate and a connection substrate bonded together
in an ultrasonic transducer according to one or more
embodiments;

FIGS. 17A to 17K are views illustrating a method of
manufacturing an ultrasonic transducer according to
one or more embodiments; and

FIGS. 18A to 18J are views illustrating a method of
manufacturing an ultrasonic transducer according to
one or more embodiments.

[0025] Reference will now be made in detail to one or
more embodiments, illustrated in the accompanying
drawings, wherein like reference numerals refer to like
elements throughout. Embodiments are merely de-
scribed below, by referring to the figures, to explain as-
pects of the present invention. The invention is solely
defined by the appended claims. In the drawings, the
thicknesses of layers and regions are exaggerated for
clarity.

[0026] FIG. 1 is a block diagram illustrating an ultra-
sound image diagnosis apparatus according to one or
more embodiments.

[0027] Referring to FIG. 1, the ultrasound image diag-
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nosis apparatus of the current embodiment may include
an ultrasonic probe 100 and a signal processor 198. The
ultrasonic probe 100 may include an ultrasonic transduc-
er 110 that may transmit an ultrasonic wave 101 to a
subject 199, for example, ahuman body, and may receive
an ultrasonic wave 102 reflected from the subject 199,
and a housing 180 for accommodating the ultrasonic
transducer 110. The ultrasonic probe 100 may be elec-
trically connected to the signal processor 198 via a cable
190. The signal processor 198 may control the ultrasonic
probe 100 and may generate an image of the subject 199
based on an echo signal detected by the ultrasonic probe
100.

[0028] FIG. 2 is a perspective view of the ultrasonic
transducer 110 accommodated in the ultrasonic probe
100 according to one or more embodiments. FIG. 3 is an
exploded perspective view of the ultrasonic transducer
110 according to one or more embodiments. For conven-
ience of description, first and second connection sub-
strates 135 and 136 are omitted in FIG. 3. Also, in FIG.
3, although it is shown as if upper ends of a plurality of
side electrode substrates 131 correspond with top sur-
faces of piezoelectric elements 121, the upper ends of
the side electrode substrates 131 may extend to corre-
spond with top surfaces of a plurality of acoustic matching
layers 140.

[0029] Referringto FIGS. 2 and 3, the ultrasonic trans-
ducer 110 according to one or more embodiments may
include a piezoelectriclayer 120, an electrode connecting
unit 130 for electrical connection of the piezoelectric layer
120, acoustic matching layers 140 disposed on the pie-
zoelectric layer 120, and a rear surface supporting unit
150 disposed under the piezoelectric layer 120.

[0030] The piezoelectric layer 120 may include a plu-
rality of piezoelectric elements 121. The piezoelectric el-
ements 121 may be individually operated and may be
arranged spaced apart from one another on a two-dimen-
sional plane in m lines and n columns to possibly avoid
reciprocal interference. In this regard, m and n are natural
numbers and may be the same or different. The piezoe-
lectric elements 121 may include a plurality of piezoelec-
tric elements 121a of odd numbered columns and a plu-
rality of piezoelectric elements 121b of even numbered
columns. Patterns of side electrodes of the piezoelectric
elements 121a of the odd numbered columns may be
different from patterns of side electrodes of the piezoe-
lectric element 121b of the even numbered columns,
which will be described later.

[0031] The electrode connecting unit 130 may include
a plurality of side electrode substrates 131 electrically
connected to lower electrodes 124 (see FIG. 4) of the
piezoelectric elements 121, first and second connection
substrates 135 and 136 electrically connected to the side
electrode substrates 131, and a common electrode plate
139 electrically connected to upper electrodes 123 (see
FIG. 4) of the piezoelectric elements 121 via the top sur-
faces of the acoustic matching layers 140.

[0032] The side electrode substrates 131 may be at-
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tached to side surfaces of the piezoelectricelements 121.
As described above, as the piezoelectric elements 121
may be arranged spaced apart from one another in lines
and columns, horizontal gaps 128 and vertical gaps 129
may be formed between the piezoelectric elements 121.
Accordingly, a first side electrode substrate 131 may be
attached to outer surfaces of a first column of the piezo-
electric elements 121, and the rest of side electrode sub-
strates 131 may be inserted into the horizontal gaps 128
of the piezoelectric elements 121. The number of side
electrode substrates 131 may be the same as the number
of columns of the piezoelectric elements 121. The side
electrode substrates 131 may be formed of a sound ab-
sorbing material so as to suppress interference due to
adjacent piezoelectric elements 121 when the piezoelec-
tric elements 121 send and receive an ultrasonic wave.
From among the gaps between the piezoelectric ele-
ments 121, a sound absorbing material may be filled in
the vertical gaps 129 into which the side electrode sub-
strates 131 are not inserted, thereby suppressing inter-
ference due to adjacent piezoelectric elements 121.
[0033] The patterns of the side electrodes of the pie-
zoelectric elements 121a of the odd numbered columns
may be different from the patterns of the side electrodes
of the piezoelectric element 121b of the even numbered
columns. Correspondingly, wiring patterns of first side
electrode substrates 131a of the odd numbered columns
may be different from wiring patterns of second side elec-
trode substrates 131b of the even numbered columns,
which will be described later.

[0034] Thefirstand second connection substrates 135
and 136 may be substrates for integrating wiring lines of
the side electrode substrates 131. The first and second
connection substrates 135 and 136 may be attached to
outer surfaces of the piezoelectric elements 121. The
first and second connection substrates 135 and 136 may
be flexible printed circuit boards or hard printed circuit
boards. At least one of the first and second connection
substrates 135 and 136 may further include a circuit for
processing electric signals input to the piezoelectric ele-
ments 121 and electric signals output from the piezoe-
lectric elements 121. The wiring lines integrated by the
first and second connection substrates 135 and 136 may
be electrically connected to the signal processor 198 via
the cable190 (see FIG. 1).

[0035] The acoustic matching layers 140 may be pro-
vided on the piezoelectric layer 120. The acoustic match-
ing layers 140 may be respectively provided on the pie-
zoelectric elements 121 to be arranged spaced apart
from one another. In other words, horizontal gaps 148
and vertical gaps 149 corresponding to the horizontal
gaps 128 and vertical gaps 129 between the piezoelectric
elements 121 may be extended to the acoustic matching
layers 140. The acoustic matching layers 140 properly
match acoustic impedance of the piezoelectric layer 120
and acoustic impedance of the subject 199 (see FIG. 1)
to possibly reduce a loss of an ultrasonic wave transmit-
ted to the subject 199 or an ultrasonic wave transmitted
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from the subject 199. The acoustic matching layers 140
may promote matching of acoustic impedance between
the subject 199 and the piezoelectric layer 120 by, for
example, adjusting a physical parameter such as a thick-
ness or acoustic impedance. For example, the acoustic
matching layers 140 may include two layers 141 and 142
having different acoustic impedances. In other cases, the
acoustic matching layers 140 may consist of a single lay-
er or three or more layers. An acoustic lens (not shown)
for focusing an ultrasonic wave traveling forward on a
specific point may further be provided on the acoustic
matching layers 140.

[0036] An intermediate electrode layer 138 for electri-
cally connecting the upper electrodes 123 of the piezo-
electric elements 121 and the common electrode plate
139 may be formed on outer surfaces of the acoustic
matching layers 140. The acoustic matching layers 140
may be formed of a conductive material, and in this case,
the intermediate electrode layer 138 may be omitted. Fur-
thermore, when the acoustic matching layers 140 are
formed of a conductive material, the upper electrodes
123 respectively provided on the piezoelectric elements
121 may also be omitted.

[0037] In one or more embodiments, the acoustic
matching layers 140 may be respectively provided on the
piezoelectric elements 121 to be arranged spaced apart
from one another. However, the present invention is not
limited thereto. For example, the acoustic matching lay-
ers 140 may be formed as an integrated single layer to
be attached to the top surfaces of the piezoelectric ele-
ments 121.

[0038] The rear surface supporting unit 150 is a block
for supporting the piezoelectric layer 120. An upper por-
tion 151 of the rear surface supporting unit 150 may con-
sist of unit blocks that are spaced apart from one another
to correspond to the piezoelectric elements 121. In other
words, grooves may be formed in the upper portion 151
of the rear surface supporting unit 150 to form horizontal
gaps 158 and vertical gaps 159 respectively extending
from the vertical gaps 128 and the horizontal gaps 129
between the piezoelectric elements 121. The rear sur-
face supporting unit 150 may be entirely formed of an
insulating material, or at least the upper portion 151 of
the rear surface supporting unit 150 may be formed of
an insulating material. Also, the upper portion 151 of the
rear surface supporting unit 150 may be formed as a rear
sound wave absorption layer so as to possibly properly
control reflection of an ultrasonic wave generated from
the piezoelectric layer 120, thereby possibly preventing
image distortion by preventing a ultrasonic wave from
traveling rearward of the piezoelectric layer 120.

[0039] FIG. 4 is a view illustrating the piezoelectric el-
ements 121 arranged in any one column from among the
piezoelectric elements 121 arranged in lines and col-
umns in the ultrasonic transducer 110 according to one
or more embodiments. Referring to FIG. 4, each of the
piezoelectric elements 121 may include a piezoelectric
body 122 and the upper and lower electrodes 123 and
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124 respectively provided on top and bottom surfaces of
the piezoelectric body 122. The piezoelectric bodies 122
may be formed of a piezoelectric material in which an
electrical signal may be converted to a sound signal and
vice versa. For example, the piezoelectric bodies 122
may be formed of alead zirconate titanate (PZT) ceramic,
a PZNT single crystal including a solid solution of zinc
lead niobate and lead titanate, a PZMT single crystal in-
cluding a solid solution of magnesium lead niobate and
lead titanate, or the like. The piezoelectric bodies 122
may be formed to have a pillar shape having at least one
side surface. For example, the piezoelectric bodies 122
may be formed to have a rectangular parallelepiped
shape. The shape of the piezoelectric bodies 122 may
vary according to various designs. The upper electrodes
123 may be provided on the top surfaces of the piezoe-
lectric bodies 122. The upper electrodes 123 may be a
common electrode (or a ground electrode) of the piezo-
electric elements 121. The upper electrodes 123 of the
piezoelectric elements 121 may be electrically connected
to the common electrode plate 139 via an intermediate
electrode layer 138 which may be provided on the outer
surfaces of the acoustic matching layers 140.

[0040] The lower electrodes 124 may be provided on
the bottom surfaces of the piezoelectric bodies 122. The
lower electrodes 124 may be individual electrodes pro-
vided in the piezoelectric elements 121 and may be signal
electrodes to which individual signals are applied. The
lower electrodes 124 may extend to one side surfaces
of the piezoelectric bodies 122 to form side electrodes
125. The side electrodes 125 may be disposed on the
side surfaces of the piezoelectric elements 121 arranged
in a line in the same direction. Heights H of the side elec-
trodes 125 may be formed to be different from one an-
other. As shown in FIG. 4, the heights H of the side elec-
trodes 125 may be formed to be gradually decreased in
a column-wise direction (Y direction). As shown in FIG.
7, the heights H of the side electrodes 125 may be formed
to be gradually increased in the column-wise direction (Y
direction). In other cases, the heights H of the side elec-
trodes 125 may be formed to be equal to one another.
[0041] FIG. 5 is a view illustrating the first side elec-
trode substrates 131a attached to side surfaces of pie-
zoelectric elements 121a of the odd numbered columns
from among the piezoelectric elements 121.

[0042] Referring to FIG. 5, the piezoelectric elements
121a of the odd numbered columns may include the side
electrodes 125 formed to be decreased in height in the
column-wise direction (Y direction).

[0043] Each of the first side electrode substrates 131a
may include a substrate body 1311 and a plurality of wir-
ing lines 1312. The substrate body 1311 of the current
embodiment may be formed of an anisotropic electro-
conductive material. In other words, the substrate body
1311 may have an electroconductive property in a thick-
ness direction 1315 but may have an insulating property
in a surface direction 1316. A conductive rubber sheet,
an insulating resin sheet containing electroconductive
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particles, and the like that may be used for the substrate
body 1311 having an anisotropic electroconductive prop-
erty are well known. In addition, the substrate body 1311
may be formed of a sound absorbing material to suppress
interference between adjacent piezoelectric elements
121. A top end of the substrate body 1311 may corre-
spond with top ends of the acoustic matching layers 140.
A bottom end of the substrate body 1311 may cover at
least a part of the rear surface supporting unit 150. First
and second side ends 1311c and 1311d of the substrate
body 1311 correspond with two side ends of the piezo-
electric elements 121a of the odd numbered columns in
the column-wise direction.

[0044] One surface 1311a of the substrate body 1311
may contact the side surfaces of the piezoelectric ele-
ments 121a of the odd numbered columns on which the
side electrodes 125 may be provided. The wiring lines
1312 corresponding to the side electrodes 125 may be
provided on another surface 1311b of the substrate body
1311. The wiring lines 1312 may include first parts 1312a
that may at least partially overlap with positions of the
side electrodes 125, second parts 1312b that may extend
toward the first side end 1311c of the substrate body
1311, and third parts 1312c that may be exposed at the
first side end 1311c¢ of the substrate body 1311. The first
parts 1312a of the wiring lines 1312 may at least partially
overlap with the side electrodes 125 by interposing the
substrate body 1311 therebetween. The substrate body
1311 may have an electroconductive property in the
thickness direction 1315, and thus the side electrodes
125 and the first parts 1312a may be electrically connect-
ed to each other. The substrate body 1311 may have an
insulating property in the surface direction 1316, and thus
an electric insulating property may be maintained be-
tween adjacent wiring lines 1312. The second parts
1312b of the wiringlines 1312 may be arranged in parallel
in a vertical direction (that is, a Z direction), and thus the
heights H of the side electrodes 125 may be designed to
be gradually decreased in the column-wise direction (Y
direction) as described above, thereby possibly securing
a space where the second parts 1312b of the wiring lines
1312 may be disposed.

[0045] FIG. 6 is an enlarged view of a part A of FIG. 2
in which the first side electrode substrates 131a and the
first connection substrate 135 may be bonded together.
Referring to FIG. 6, the first connection substrate 135
may be directly attached to the first side end 1311c of
the first side electrode substrates 131a. A plurality of con-
nection terminals 1351 may be provided in the first con-
nection substrate 135 to face the first side end 1311c of
the first side electrode substrates 131a of the odd num-
bered columns. Accordingly, the third parts 1312c of the
wiring lines 1312 exposed by the first side end 1311¢ of
the first side electrode substrates 131a may directly con-
tact the connection terminals 1351 of the first connection
substrate 135 to be electrically connected to each other.
[0046] FIG. 7 isaview illustrating the second side elec-
trode substrates 131b attached to side surfaces of the
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piezoelectric elements 121b of the even numbered col-
umns from among the piezoelectric elements 121. Re-
ferring to FIG. 7, the piezoelectric elements 121b of the
even numbered columns may be substantially the same
as the above-described piezoelectric elements 121a of
the odd numbered columns except that heights of the
side electrodes 125 may be formed to be gradually in-
creased in the column-wise direction (Y direction). Mean-
while, the second side electrode substrates 131b may
be substantially the same as the first side electrode sub-
strates 131a except for the patterns of the wiring lines
1312. The wiring lines 1312 of the second side electrode
substrates 131b may include the first parts 1312a, which
may at least partially overlap with positions of the side
electrodes 125 of the piezoelectric elements 121b of the
even numbered columns, the second parts 1312b may
extend toward the second side end 1311d of the sub-
strate body 1311, and the third parts 1312¢c may be ex-
posed by the second side end 1311d of the substrate
body 1311. In this regard, the second side end 1311d of
the substrate body 1311 may be opposite to the first side
end 1311c in the column-wise direction (Y direction).

[0047] FIG. 8is aview illustrating electrical connection
between the first and second side electrode substrates
131a and 131b and the first and second connection sub-
strates 135 and 136. Referring to FIG. 8, the side elec-
trode substrates 131 may include the first side electrode
substrates 131a and the second side electrode sub-
strates 131b. The first side electrode substrates 131a
may be attached to the side surfaces of the piezoelectric
elements 121a of the odd numbered columns, and the
second side electrode substrates 131b may be attached
to the side surfaces of the piezoelectric element 121b of
the even numbered columns. The wiring lines 1312 of
the first side electrode substrates 131a may extend to-
ward the first side end 1311c as shown in FIG. 5, and
thus the third parts 1312c may be exposed by the first
side end 1311c of the substrate body 1311 as shown in
FIG. 5. The wiring lines 1312 of the second side electrode
substrates 131b may extend toward the second side end
1311d as shown in FIG. 7, and thus the third parts 1312¢c
may be exposed by the second side end 1311d. The first
connection substrate 135 may be attached to the first
side end 1311cofthefirst side electrode substrates 131a,
and the connection terminals 1351 of the first connection
substrate 135 may be electrically connected to the third
parts 1312c of the wiring lines 1312 exposed by the first
side end 1311cof the first side electrode substrates 131a.
Similarly, the second connection substrate 136 may be
attached to the second side end 1311d of the second
side electrode substrates 131b, and a plurality of con-
nection terminals 1361 of the second connection sub-
strate 136 may be electrically connected to the third parts
1312c of the wiring lines 1312 exposed by the second
side end 1311d of the second side electrode substrates
131b. As such, the first and second side electrode sub-
strates 131aand 131b may be alternately and electrically
connected to the first and second connection substrates
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135 and 136, respectively, and sufficient intervals be-
tween the connection terminals 1351 of the first connec-
tion substrate 135 may be secured and also sufficient
intervals between the connection terminals 1361 of the
second connection substrate 136 may be secured, and
thus tolerance may be secured in attaching the first and
second connection substrates 135 and 136 to side ends
of the first and second side electrode substrates 131a
and 131b, respectively.

[0048] In one or more embodiments, all the first side
electrode substrates 131a may be electrically connected
to the first connection substrate 135, and all the second
side electrode substrates 131b may be electrically con-
nected to the second connection substrate 136, but the
present invention is not limited thereto. For example, in
FIG. 5, some of the wiring lines 1312 of the first side
electrode substrates 131a may extend toward the first
side end 1311c and the rest of the wiring lines 1312 may
extend toward the second side end 1311d. In this case,
some of the wiring lines 1312 of the first side electrode
substrates 131a may be electrically connected to the first
connection substrate 135, and the rest of the wiring lines
1312 of the first side electrode substrates 131a may be
electrically connected to the second connection sub-
strate 136. Similarly, in FIG. 7, some of the wiring lines
1312 of the second side electrode substrates 131b may
extend toward the first side ends 1311c, and the rest of
the wiring lines 1312 may extend toward the second side
ends 1311d. In this case, some of the wiring lines 1312
of the second side electrode substrates 131b may be
electrically connected to the first connection substrate
135, and the rest of the wiring lines 1312 of the second
side electrode substrates 131b may be electrically con-
nected to the second connection substrate 136.

[0049] FIG. 9is aview illustrating a side electrode sub-
strate attached to side surfaces of piezoelectric elements
in an ultrasonic transducer according to one or more em-
bodiments. Referring to FIG. 9, components of the ultra-
sonic transducer of the current embodiment may be the
same as those of the ultrasonic transducer of the previous
embodiment except for a side electrode substrate 131’
The side electrode substrate 131’ may include a sub-
strate body 1311’ and a plurality of wiring lines 1312’
provided on one surface 1311a’ of the substrate body
1311’. The substrate body 1311’ may be formed of an
electric insulating material. In addition, the substrate
body 1311’ may be formed of a sound absorbing material
such as a high molecular material, for example, an epoxy
resin. The one surface 1311a’ of the substrate body 1311’
may be attached to the side surfaces of the piezoelectric
elements 121 on which the side electrodes 125 may be
provided. The substrate body 1311’ of the current em-
bodiment may have an insulating property, and thus the
side electrode substrate 131’ may be substantially the
same as the side electrode substrates 131 described with
reference to FIGS. 5 and 7 except for a location where
the wiring lines 1312’ may be formed. In other words, the
wiring lines 1312’ of the current embodiment may be
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formed in the one surface 1311a’ where the substrate
body 1311’ may meet the piezoelectric elements 121.
The wiring lines 1312’ may include first parts 1312a’ that
may directly contact the side electrodes 125 of the pie-
zoelectric elements 121, second parts 1312b’ that may
extend toward a first side end 1311¢’ of the substrate
body 1311’, and third parts 1312c’ that may be exposed
to the first side end 1311¢’ of the substrate body 1311°.
Wiring patterns of the side electrode substrates 131’ may
vary according to the patterns of the side electrodes 125
of the piezoelectric elements 121.

[0050] FIG. 10 is a view illustrating a side electrode
substrate and a connection substrate bonded together
in an ultrasonic transducer according to one or more em-
bodiments. Referring to FIG. 10, the third parts 1312c of
the wiring lines 1312 exposed in the side electrode sub-
strates 131 may be located in the same direction, and
thus the current embodiment is different from the above-
described embodiment in that only one connection sub-
strate 135’ is used in the current embodiment. For exam-
ple, the side electrode substrates 131 may have the same
wiring patterns as those of the first side electrode sub-
strates 131a as described with reference to FIG. 5. Ac-
cordingly, all the third parts 1312c of the wiring lines 1312
of the side electrode substrates 131 may be located in
the same direction. Also, in correspondence to the wiring
patterns of the side electrode substrates 131, the piezo-
electric elements 121 of all columns may have patterns
in which the heights H of the side electrodes 125 are
decreased in the column-wise direction (Y direction) sim-
ilar to the piezoelectric elements 121a of the odd num-
bered columns described with reference to FIG. 5. The
connection substrate 135’ may include a plurality of con-
nection terminals 1351’ provided to contact the third parts
1312c of the side electrode substrates 131. Thus, the
lower electrodes 124 of all the piezoelectric elements 121
may be electrically connected to the outside via the side
electrodes 125 extending from the lower electrodes 124,
the side electrode substrates 131, and the one connec-
tion substrate 135’.

[0051] In the above-described embodiments, the side
electrode substrates 131 and 131’ are formed in such a
way that side ends of the side electrode substrates 131
and 131’ may correspond to an outer side surface of an
assembly of the piezoelectric elements 121 arranged in
a rectangular shape, and thus the wiring lines 1312 and
1312’ of the side electrode substrates 131 and 131’ may
be drawn to the outside by using the connection sub-
strates 135, 136, and 135’. In other cases, the connection
substrates 135, 136, and 135’ may be omitted. For ex-
ample, the one side ends of the side electrode substrates
131 and 131’ may extend out of the outer side surface
of the assembly of the piezoelectric elements 121 ar-
ranged in a rectangular shape to be directly connected
to an outer cable.

[0052] FIG. 11 is a perspective view of an ultrasonic
transducer 210 according to one or more embodiments.
FIG. 12 is an exploded perspective view of the ultrasonic
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transducer 210 according to one or more embodiments.
For convenience of description, in FIG. 12, first and sec-
ond connection substrates 235 and 236 are omitted. Al-
so, although top ends of side electrode substrates 231
correspond to top surfaces of piezoelectric elements 221
in FIG. 12, the top ends of the side electrode substrates
231 may extend to correspond to top surfaces of acoustic
matching layers 240.

[0053] Referring to FIGS. 11 and 12, the ultrasonic
transducer 210 of one or more embodiments may in-
clude, for example a piezoelectric layer 220, an electrode
connecting unit 230 for electrical connection of the pie-
zoelectric layer 220, the acoustic matching layers 240
disposed on a top surface of the piezoelectric layer 220,
and/or a rear surface supporting unit 250 disposed on a
bottom surface of the piezoelectric layer 220.

[0054] The piezoelectric layer 220 may include a plu-
rality of piezoelectric elements 221. The piezoelectric el-
ements 221 may be arranged spaced apart from one
anotheron atwo-dimensional plane in lines and columns.
The piezoelectric elements 221 may be distinguished in
units of columns, and thus patterns of electrodes of pie-
zoelectric elements 221a of odd numbered columns may
be different from patterns of electrodes of piezoelectric
elements 221b of even numbered columns.

[0055] The electrode connecting unit 230 may include
the side electrode substrates 231 electrically connected
to upper electrodes 223 (see FIG. 13) of the piezoelectric
elements 221 and first and second connection substrates
235 and 236 that may be electrically connected to the
side electrode substrates 231.

[0056] The side electrode substrates 231 may be at-
tachedto side surfaces of the piezoelectric elements 221.
The patterns of the electrodes of the piezoelectric ele-
ments 221a of the odd numbered columns may be dif-
ferent from the patterns of the electrodes of the piezoe-
lectric elements 221b of the even numbered columns,
and thus wiring patterns of the odd-numbered side elec-
trode substrates 231a may be different from those of the
even-numbered side electrode substrates 231b.

[0057] Thefirstand second connection substrates 235
and 236 may be substrates for integrating the wiring lines
ofthe side electrode substrates 231 and may be attached
to outer surfaces of the piezoelectric elements 221. The
first connection substrate 235 may be electrically con-
nected to the odd-numbered side electrode substrates
231a, and the second connection substrate 236 may be
electrically connected to the even-numbered side elec-
trode substrates 231b.

[0058] The acoustic matching layers 240 may be pro-
vided on the top surface of the piezoelectric layer 220.
The acoustic matching layers 240 may be respectively
provided on the top surfaces of the piezoelectric ele-
ments 221 to be spaced apart from one another. The
acoustic matching layers 240 each may include two lay-
ers 241 and 242 having different acoustic impedances.
In other cases, the acoustic matching layers 240 may
consists of a single layer or three or more layers. An
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acoustic lens (not shown) for focusing an ultrasonic wave
traveling forward on a specific point may further be pro-
vided on the acoustic matching layers 240.

[0059] The rear surface supporting unit 250 is a block
for supporting the piezoelectric layer 220. An upper por-
tion 251 of the rear surface supporting unit 250 may in-
clude a plurality of unit blocks spaced apart from one
another to correspond to the piezoelectric elements 221.
In other words, horizontal gaps 258 and vertical gaps 259
may be formed in the upper portion 251 of the rear surface
supporting unit 250 to correspond to vertical gaps 259
and horizontal gaps 229 between the piezoelectric ele-
ments 221. The rear surface supporting unit 250 may be
entirely formed of a conductive material, or at least the
upper portion 251 of the rear surface supporting unit 250
may be formed of a conductive material. When the pie-
zoelectric layer 220 is supported by the rear surface sup-
porting unit 250, lower electrodes 224 (see FIG. 14) of
the piezoelectric elements 221 may be electrically con-
nected to the rear surface supporting unit 250, and thus
the entire rear surface supporting unit 250 may serve as
a common electrode or at least the upper portion 251 of
the rear surface supporting unit 250 may serve as a com-
mon electrode. The lower electrodes 224 of the piezoe-
lectric elements 221 may be omitted, and thus the rear
surface supporting unit 250 may directly serve as alower
electrode.

[0060] FIG. 13 is a view illustrating the piezoelectric
elements 221 arranged in any one column from among
the piezoelectric elements 221 arranged in lines and col-
umns in the ultrasonic transducer 210 of FIG. 12. Refer-
ring to FIG. 13, the piezoelectric elements 221 may in-
clude piezoelectric bodies 222 and upper and lower elec-
trodes 223 and 224 respectively provided on top and bot-
tom surfaces of the piezoelectric bodies 222. The upper
electrodes 223 may be individual electrodes respectively
provided in the piezoelectric elements 221 and may be
signal electrodes to which signals are independently ap-
plied. The lower electrodes 224 may be common elec-
trodes of the piezoelectric elements 121. The upper elec-
trodes 223 may extend to one side surfaces of the pie-
zoelectric materials 222 to from side electrodes 225. The
side electrodes 225 may be located on the side surfaces
of the piezoelectric elements 221 arranged in a line in
the same direction. Also, heights H of the side electrodes
225 may be formed to be different from one another. As
shown in Fig. 13, the heights H of the side electrodes
225 may be formed to be gradually decreased or in-
creased in the column-wise direction (Y direction). If nec-
essary, the heights H of the side electrodes 225 may be
formed to be equal to one another.

[0061] FIG. 14 is a view illustrating the side electrode
substrates 231 attached to the side surfaces of piezoe-
lectric elements 221 according to one or more embodi-
ments. Referringto FIG. 14, the side electrode substrates
231 may be attached to the side surfaces of the piezoe-
lectric elements 221 on which the side electrodes 225
are provided.
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[0062] Inone ormore embodiments, the side electrode
substrates 231 each may include a substrate body 2311
and wiring lines 2312 provided in the substrate body
2311. The substrate body 2311 may be formed of an
anisotropic electroconductive material having an electro-
conductive property in a thickness direction 2315 and
having an insulating property in a surface direction 2316.
One surface 2311 a of the substrate body 2311 may be
attached to the side surfaces of the piezoelectric ele-
ments 221 on which the side electrodes 225 may be pro-
vided. The wiring lines 2312 may be provided in a surface
2311b opposite to the one surface 2311a of the substrate
body 2311. The wiring lines 2312 may include first parts
2312a of which at least a part may overlap with the side
electrodes 225 of the piezoelectric elements 121 by in-
terposing the substrate body 2311 therebetween, second
parts 2312b which may extend toward a first side end
2311c of the substrate body 2311, and third parts 2312¢
which may be exposed by the first side end 2311c of the
substrate body 2311. Since the substrate body 2311 may
have an electroconductive property in the thickness di-
rection 2315, the side electrodes 225 of the piezoelectric
elements 221 and the first parts 2312a may be electrically
connected to each other. The substrate body 2311 may
have an insulating property in the surface direction 2316,
and thus an electric insulating property may be main-
tained between adjacent wiring lines 2312. Accordingly,
the upper electrodes 223 of the piezoelectric elements
221 may be connected to the outside via the side elec-
trode substrates 231. Meanwhile, the lower electrodes
224 of the piezoelectric elements 221 may be connected
to the outside via the rear surface supporting unit 250
having a conductive property.

[0063] Patterns of the side electrodes 225 of the pie-
zoelectric elements 221a of the odd numbered columns
and wiring patterns of the odd-numbered side electrode
substrates 231a, and patterns of the side electrodes 225
of the piezoelectric elements 221b of the even numbered
columns and wiring patterns of the even-numbered side
electrode substrates 231b may vary substantially in the
same way as the example described with reference to
FIG. 7. In other words, the piezoelectric elements 221a
(see FIG. 12) of the odd numbered columns may be ex-
posed by the third parts 2312c of the substrate body 2311
to be electrically connected to the first connection sub-
strate 235, and the wiring lines 2312 of the piezoelectric
elements 221b of the even numbered columns may be
exposed to a side end opposite to the third parts 2312¢c
of the substrate body 2311 to be electrically connected
to the second connection substrate 236.

[0064] In the ultrasonic transducer 210 of one or more
embodiments, the side electrodes 225 of the piezoelec-
tric elements 121 may be formed to extend from the upper
electrodes 223, and thus the ultrasonic transducer 210
may be substantially the same as the ultrasonic trans-
ducer 110 of one or more embodiments described with
reference to FIGS. 1 to 8 except that the wiring patterns
of the side electrode substrates 231 and locations of the
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common electrodes of the current embodiment may be
changed from those of one or more previous described
embodiments.

[0065] FIG. 15 is a view illustrating a side electrode
substrate attached to side surfaces of piezoelectric ele-
ments in an ultrasonic transducer according to one or
more embodiments. Referring to FIG. 15, components
of the ultrasonic transducer of the current embodiment
may be the same as those of the ultrasonic transducer
of one or more embodiments described with reference
to FIGS. 11 to 14 except for a side electrode substrate
231’. The side electrode substrate 231’ may include a
substrate body 2311’ and wiring lines 2312’ provided on
one surface 2311a’ of the substrate body 2311’. The sub-
strate body 2311’ may be formed of an electric insulating
material. The one surface 2311a’ of the substrate body
2311’ may be attached to the side surfaces of the piezo-
electric elements 221 on which the side electrodes 225
may be provided. The substrate body 2311’ of the current
embodiment may be substantially the same as the side
electrode substrates 231 described with respect to FIG.
14 except for the fact that locations where the wiring lines
2312’ may be formed are different from those where the
wiring lines 2312 may be formed. In other words, the
wiring lines 2312’ of one or more embodiments may be
formed in the one surface 2311a’ where the substrate
body 2311’ meets the piezoelectric elements 221. The
wiring lines 2312’ may include first parts 2312a’ of which
at least some directly contact the side electrodes 225 of
the piezoelectric elements 221, second parts 2312b’
which may extend toward a first side end 2311¢’ of the
substrate body 2311’, and third parts 1312c’ which may
be exposed by the first side end 2311c¢’ of the substrate
body 2311°. As described above with reference to FIG.
14, wiring patterns of the side electrode substrates 231’
may vary according to the patterns of the side electrodes
225 of the piezoelectric elements 221.

[0066] FIG. 16 is a view illustrating a side electrode
substrate and a connection substrate bonded together
in an ultrasonic transducer according to one or more em-
bodiments.

[0067] Referring to FIG. 16, components of the ultra-
sonic transducer of the current embodiment may be the
same as those of the ultrasonic transducer of one or more
embodiments described with reference to FIGS. 12 to 14
except for an electrical connection structure of the lower
electrodes 224 of a plurality of piezoelectric elements
221’. In the current embodiment, the rear surface sup-
porting unit 250 may be formed of an insulating material.
Thus, the rear surface supporting unit 250 may not be
used as a common electrode of the piezoelectric ele-
ments 221°. Accordingly, in the current embodiment, the
lower electrodes 224 may be individually provided on bot-
tom surfaces of the piezoelectric elements 221, and the
lower electrodes 224 may extend toward side surfaces
of the piezoelectric elements 221’ to form lower side elec-
trodes 226. Also, a second wiring line 2316 commonly
corresponding to the lower side electrodes 226 of the
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piezoelectric elements 221’ may be provided in the one
surface 2311a of a side electrode substrate 231". In other
words, the second wiring line 2316 may face the lower
side electrodes 226 of the piezoelectric elements 221’
by interposing the substrate body 2311 of the side elec-
trode substrate 231" therebetween, and may be simul-
taneously and electrically connected to the lower side
electrodes 226 by electric anisotropy of the substrate
body 2311. An end of the second wiring line 2316 may
be exposed by the first side end 2311c¢ of the side elec-
trode substrate 231" similar to the third parts 2312c of
the wiring lines 2312. Accordingly, the lower electrodes
224 of the piezoelectric elements 221’ may be electrically
connected to the outside or grounded via the side elec-
trode substrate 231" and the first and second connection
substrates 235 and 236 (see FIG. 11).

[0068] Next, a method of manufacturing an ultrasonic
transducer according to an embodiment of the present
invention will be described.

[0069] FIGS. 17A to 17K illustrate a method of manu-
facturing an ultrasonic transducer according to one em-
bodiment of the present invention.

[0070] As shown in FIG. 17A, the piezoelectric bodies
122 having a flat plate shape may be prepared. As shown
in FIG. 17B, the upper and lower electrodes 123 and 124
may be respectively provided on the top and bottom sur-
faces of the piezoelectric bodies 122 to form the piezo-
electric layer 120.

[0071] Similarly, as shown in FIG. 17C, the acoustic
matching layers 140 having a flat plate shape may be
prepared. The acoustic matching layers 140 may include
the two layers 141 and 142 having different acoustic im-
pedances. As shown in FIG. 17D, upper and lower elec-
trodes 138a and 138b may be formed on the top surfaces
and bottom surfaces of the acoustic matching layers 140.
Any one of the upper electrode 123 of the piezoelectric
layer 120 and the lower electrode 138b of the acoustic
matching layers 140 may be omitted.

[0072] As shown in FIG. 17E, the piezoelectric layer
120 may be bonded to the support structure 151, and the
acoustic matching layers 140 may be bonded to a top
surface of the piezoelectric layer 120. The upper elec-
trode 123 of the piezoelectric layer 120 and the lower
electrode 138b of the acoustic matching layers 140 may
be bonded together.

[0073] As shownin FIG. 17F, a block including the pi-
ezoelectric layer 120 and the acoustic matching layers
140 having flat plate shapes may be cut in a vertical di-
rection at equal intervals to form a plurality of sub-blocks
160. FIG. 17G illustrates the divided single sub-block
160. The sub-block 160 may have a rectangular paral-
lelepiped shape that is relatively long in one direction.
[0074] As shown in FIG. 17H, electrode patterns may
be formed on a side surface of the sub-block 160. In other
words, the side electrodes 125 electrically connected to
the lower electrodes 124 of the piezoelectric bodies 122
may be formed on the side surfaces of the piezoelectric
bodies 122, and a side electrode 138c for electrically con-
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necting the upper electrode 138a and the lower electrode
138b formed on the top and bottom surfaces of the acous-
tic matching layers 140 may be formed on side surfaces
of the acoustic matching layers 140. The upper electrode
138a, the lower electrode 138b, and the side electrode
138c formed in the acoustic matching layer 140 together
may form the intermediate electrode layer 138. The
heights of the side electrodes 125 formed on the side
surfaces of the piezoelectric body 122 may be formed to
be gradually decreased or increased in a lengthwise di-
rection of the sub-block 160 as described above.
[0075] As shown in FIG. 171, a plurality of kerfs 162
may be formed in the sub-block 160 in a depth direction
at equal intervals. The kerfs 162 may be formed in such
away that heights of the kerfs 162 reach a predetermined
position of the support structure 151. In the sub-block
160, the piezoelectric elements 121 may correspond to
the piezoelectric elements 121 arranged in the column-
wise direction in one or more embodiments described
with reference to FIG. 4.

[0076] As shown in Fig. 17J, the side electrode sub-
strates 131 in which the wiring lines 1312 are provided
may be bonded to a surface of the sub-block 160 in which
the side electrodes 125 may be formed.

[0077] As shown in FIG. 17K, the sub-blocks 160 to
which the side electrode substrates 131 may be bonded
may be arranged to be tightly adhered to a top surface
of a supporting block 152. The support structure 151 and
the supporting block 152 may be formed of the same
material or different materials. The common electrode
plate 139 (see FIG. 2) may be bonded to the top surfaces
of the acoustic matching layers 140, and the first and
second connection substrates 135 and 136 (see FIG. 2)
may be bonded to the side ends of the side electrode
substrates 131, thereby completing the manufacture of
the ultrasonic transducer 110 as shown in FIG. 2.
[0078] Before the sub-blocks 160 to which the side
electrode substrates 131 are bonded are bonded to the
supporting block 152, a process for detecting a piezoe-
lectric property by applying voltages individually to the
sub-blocks 160 may be additionally performed. In a con-
ventional method of manufacturing an ultrasonic trans-
ducer, a piezoelectric layer is formed by using one pie-
zoelectric material, but it is not easy to uniformly provide
apiezoelectric characteristic over the entire piezoelectric
material in terms of a characteristic of the piezoelectric
material. As a result, in a conventional ultrasonic trans-
ducer, a piezoelectric characteristic may be not uniformly
provided over an entire area of a plurality of piezoelectric
elements arranged in a two-dimensional array. Mean-
while, according to the method of manufacturing an ul-
trasonic transducer of the present invention, when the
single ultrasonic transducer 110 is manufactured, since
the piezoelectric layer 120 is formed by coupling the sub-
blocks 160 in units of columns, each sub-block 160 is
tested before coupling the sub-blocks 160 and the sub-
blocks 160 not having a uniform piezoelectric character-
istic equal to or greater than a reference value are dis-
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carded, and thus dispersion of the piezoelectric charac-
teristics of the piezoelectric elements 121 is decreased,
thereby reducing a fluctuation in performance of the ul-
trasonic transducer 110 as much as possible.

[0079] FIGS. 18A to 18J illustrate a method of manu-
facturing an ultrasonic transducer according to another
embodiment of the present invention.

[0080] As shown in FIG. 18A, the piezoelectric bodies
222 having a flat plate shape may be prepared. As shown
in FIG. 18B, the upper and lower electrodes 223 and 224
may be provided on the top and bottom surfaces of the
piezoelectric bodies 222 to form the piezoelectric layer
220.

[0081] As shown in FIG. 18C, the acoustic matching
layers 240 having a flat plate shape may be prepared.
The acoustic matching layer 240 may include the two
layers 241 and 242 having different acoustic impedanc-
es.

[0082] As shown in Fig. 18D, the piezoelectric layer
220 may be bonded to the support structure 251, and the
acoustic matching layers 240 may be bonded to the top
surface of the piezoelectric layer 220. The support struc-
ture 251 may be formed of a conductive material.
[0083] As shown in FIG. 18E, a block including the pi-
ezoelectric layer 220 and the acoustic matching layers
240 having flat plate shapes may be cut in a vertical di-
rection at equal intervals. FIG. 18F illustrates one of a
plurality of divided sub-blocks 260.

[0084] AsshowninFIG. 18G, an electrode pattern may
be formed in a side surface of the sub-block 260. In other
words, the side electrodes 225 electrically connected to
the upper electrode 223 of the piezoelectric bodies 222
may be formed in side surfaces of the piezoelectric bod-
ies 222. The side electrodes 225 formed in the side sur-
faces of the piezoelectric material 222 may be formed in
such a way that heights of the side electrodes 225 are
gradually decreased or increased as described above.
[0085] As shown in FIG. 18H, a plurality of kerfs 262
may be formed in the sub-block 260 in a depth direction
at equal intervals. The kerfs 262 may be formed in such
a way that heights of the kerfs 262 may reach a prede-
termined position of the support structure 251.

[0086] As shown in FIG. 18I, the side electrode sub-
strates 231 in which the wiring lines 2312 may be pro-
vided may be bonded to a surface of the sub-block 260
in which the side electrodes 225 may be formed.
[0087] As shown in FIG. 18J, the sub-blocks 260 to
which the side electrode substrates 231 may be bonded
may be arranged to be fixed to a top surface of a sup-
porting block 252. The support structure 251 and the sup-
porting block 252 together may form the rear surface sup-
porting unit 250. The support structure 251 and the sup-
porting block 252 may be formed of the same material
or different materials. The first and second connection
substrates 235 and 236 (see FIG. 11) may be bonded to
side ends of the side electrode substrate 231, thereby
completing the manufacture of the ultrasonic transducer
210 as shown in FIG. 11.
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[0088] The ultrasonic transducer, the ultrasonic probe,
and the ultrasound image diagnosis apparatus according
to the above-described one or more embodiments have
the following effects.

[0089] Firstly, electrical signals may be be respectively
applied to a plurality of piezoelectric elements via a side
electrode, and thus an electric connecting structure via
the side electrode may be easily applied to a two-dimen-
sional arrayed ultrasonic transducer, and further to a
stacked structured ultrasonic transducer.

[0090] Secondly, when a single ultrasonic transducer
is manufactured, a plurality of piezoelectric elements may
be assembled in units of columns, and thus the piezoe-
lectric elements may be tested in units of columns to de-
crease dispersion of piezoelectric characteristics, there-
by possibly reducing a fluctuation in performance of the
ultrasonic transducer.

[0091] While aspects of the presentinvention has been
particularly shown and described with reference to dif-
fering embodiments thereof, it should be understood that
these embodiments should be considered in a descrip-
tive sense only and not for purposes of limitation. De-
scriptions of features or aspects within each embodiment
should typically be considered as available for other sim-
ilar features or aspects in the remaining embodiments.

Claims
1. An ultrasonic transducer (110, 210) comprising:

a plurality of piezoelectric elements (121, 221)
arranged in at least one column;

individual electrodes (123, 124, 223, 224) pro-
vided on at least one surface of top and bottom
surfaces of each of the piezoelectric elements
(121, 221);

a plurality of side electrodes (125, 225) formed
from the individual electrodes (123, 124, 223,
224) and extending toward corresponding side
surfaces of each of the plurality of piezoelectric
elements; and

aside electrode substrate (131, 231) comprising
a plurality of wiring lines (1312, 2312) respec-
tively bonded to each of the side surfaces of
each of the plurality of piezoelectric elements
(121, 221) and electrically connected to the plu-
rality of side electrodes (125, 225),

wherein each of the plurality of side electrodes
(125, 225) of the plurality of piezoelectric ele-
ments (121, 221) located in one column has a
different height.

2. The ultrasonic transducer (110) of claim1, wherein
the heights of the plurality of side electrodes (125,
225) of the plurality of piezoelectric elements (121,
221) located in one column are gradually decreased
or increased in a lengthwise direction of the column.
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The ultrasonic transducer (110) of claim 1 or 2,
wherein the plurality of wiring lines (1312, 2312) of
the side electrode substrate (131, 231) comprise first
parts (1312a, 2312a) respectively facing the plurality
of side electrodes (125, 225), second parts (1312b,
2312b) extending toward one side ends (1311c,
2311c) of the side electrode substrate (131, 231),
and third parts (1312c, 2312c) exposed by the one
side ends (1311¢, 2311c) of the side electrode sub-
strate (131).

The ultrasonic transducer (110) of claim 3, wherein
a substrate body (1311, 2311) of the side electrode
substrate (131, 231) is formed of an anisotropic elec-
troconductive material having an electroconductive
property in a thickness direction and having an insu-
lating property in a surface direction, and the plurality
of wiring lines (1312, 2312) of the side electrode sub-
strate (131, 231) are provided in a surface (1311b,
2311b) opposite to the surface (1311a, 2311a)
where the substrate meets the side electrodes (125,
225) of the piezoelectric elements (121, 221).

The ultrasonic transducer (110) of claim 3 or 4,
wherein the substrate body (1311, 2311) of the side
electrode substrate (131, 231) is formed of an elec-
tricinsulating material, and the plurality of wiring lines
(1312, 2312) of the side electrode substrate (131,
231) are provided in the surface where the substrate
meets the side electrodes (125, 225).

The ultrasonic transducer (110) of any one of claims
1to 5, wherein the plurality of piezoelectric elements
(121, 221) are arranged in a two-dimensional array
to be spaced apart from one another in columns and
lines, and a plurality of the side electrode substrates
are inserted into gaps between the columns of the
plurality of piezoelectric elements (121, 221).

The ultrasonic transducer (110) of claim 6, wherein
heights of the plurality of side electrodes (125, 225)
of the piezoelectric elements (121, 221) of a first col-
umn are gradually decreased in a lengthwise direc-
tion of the first column, and heights of side electrodes
(125, 225) of the piezoelectric elements (121, 221)
of a second column adjacent to the first column are
gradually increased in the lengthwise direction of the
second column.

The ultrasonic transducer (110) of claim 7, wherein
the plurality of wiring lines (1312, 2312) of the plu-
rality of side electrode substrates (131, 231) com-
prise first parts respectively facing the plurality of
side electrodes (125, 225), second parts extending
toward side ends of the plurality of side electrode
substrates (131, 231), and third parts exposed by
the side ends of the plurality of side electrode sub-
strates (131, 231), and the side ends by which the
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1.

12.

13.

22

third parts are exposed of a first side electrode sub-
strate bonded to the piezoelectric elements (121,
221) of the first column are opposite to the side ends
by which the third parts are exposed of a second
side electrode substrate bonded to the piezoelectric
elements (121, 221) of the second column,

the ultrasonic transducer (110) further comprising a
first connection substrate (135, 136) electrically con-
nected to the exposed third parts of the first side
electrode substrate and a second connection sub-
strate (135, 136) electrically connected to the ex-
posed third parts of the second side electrode sub-
strate.

The ultrasonic transducer (110) of claim 6, 7 or 8,
wherein heights of the plurality of side electrodes
(125, 225) of the plurality of piezoelectric elements
(121, 221) of all columns are gradually decreased or
increased in the same direction.

The ultrasonic transducer (110) of claim 9, wherein
the plurality of wiring lines (1312, 2312) of the plu-
rality of side electrode substrates (131, 231) com-
prise first parts respectively facing the plurality of
side electrodes (125, 225), second parts extending
toward one side ends of the side electrode substrate
(131, 231), and third parts exposed by the one side
ends of the side electrode substrate (131, 231),
wherein the side ends by which the third parts are
exposed of the plurality of side electrode substrates
(131, 231) are arranged in the same direction,

the ultrasonic transducer (110) further comprising
one connection substrate electrically connected to
the exposed third parts of the plurality of side elec-
trode substrates.

The ultrasonic transducer (110) of any of claims
1-10, wherein the individual electrodes provided on
the bottom surfaces of each of the piezoelectric el-
ements (121, 221) comprise signal electrodes, and
the individual electrodes provided on the top surfac-
es of each of the piezoelectric elements (121, 221)
comprise common electrodes.

The ultrasonic transducer (110) of any of claims
1-10, wherein the individual electrodes provided on
the top surfaces of each of the piezoelectric elements
(121, 221) comprise signal electrodes, and the indi-
vidual electrodes provided on the bottom surfaces
of each of the piezoelectric elements (121, 221) com-
prise common electrodes.

An ultrasonic probe (100) comprising an ultrasonic
transducer (110) according to any of claims 1 to 12,
the ultrasonic probe (100) further comprising:

a housing accommodating the ultrasonic transducer
(110).
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14. An ultrasound image diagnosis apparatus compris-

ing an ultrasonic probe (100) according to claim 13,
the ultrasound image diagnosis apparatus further
comprising:

a signal processor (198) for generating an ultrasonic
wave image based on an ultrasonic wave echo signal
detected by the ultrasonic probe.

Patentanspriiche

Ultraschallwandler (110, 210), der Folgendes um-
fasst:

eine Mehrzahl von piezoelektrischen Elemen-
ten (121, 221), die in wenigstens einer Spalte
ausgerichtet sind;

einzelne Elektroden (123, 124,223, 224), die an
wenigstens einer Flache aus oberen und unte-
ren Flachen jedes der piezoelektrischen Ele-
mente (121, 221) angeordnet sind;

eine Mehrzahl von Seitenelektroden (125, 225),
die aus den einzelnen Elektroden (123, 124,
223, 224) gebildet ist und sich in Richtung ent-
sprechender Seitenflachen jedes aus der Mehr-
zahlvon piezoelektrischen Elementen erstreckt;
und

ein Seitenelektrodensubstrat (131, 231), das ei-
ne Mehrzahl von Verdrahtungsleitungen (1312,
2312) umfasst, die jeweils mit jeder der Seiten-
flachen jedes aus der Mehrzahl von piezoelek-
trischen Elementen (121, 221) gebondet ist und
mit der Mehrzahl von Seitenelektroden (125,
225) elektrisch verbunden ist,

wobei jede aus der Mehrzahl von Seitenelekt-
roden (125, 225) der Mehrzahl von piezoelekt-
rischen Elementen (121, 221), die in einer Spal-
te angeordnet sind, eine unterschiedliche Héhe
aufweist.

2. Ultraschallwandler (110) nach Anspruch 1, wobeidie

Hoéhen der Mehrzahl von Seitenelektroden (125,
225) der Mehrzahl von piezoelektrischen Elemente
(121, 221), die in einer Spalte angeordnet sind, in
einer Langsrichtung der Spalte nach und nach ab-
nehmen oder zunehmen.

Ultraschallwandler (110) nach Anspruch 1 oder 2,
wobei die Mehrzahl von Verdrahtungsleitungen
(1312, 2312) des Seitenelektrodensubstrats (131,
231) erste Teile (1312a, 2312a), die jeweils der
Mehrzahl von Seitenelektroden (125, 225) zuge-
wandt sind, zweite Teile (1312b, 2312b), die sich in
Richtung eines Seitenendes (1311c¢, 2311c) des Sei-
tenelektrodensubstrats (131, 231) erstrecken, und
dritte Teile (1312c, 2312c), die von einem Seitenen-
de (1311c, 2311c) des Seitenelektrodensubstrats
(131) frei liegen, umfassen.
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4.

Ultraschallwandler (110) nach Anspruch 3, wobei ein
Substratkorper (1311, 2311) des Seitenelektroden-
substrats (131, 231) aus einem anisotropischen
elektrisch leitenden Material gebildetist, das in einer
Richtung der Dicke eine elektrisch leitende Eigen-
schaft aufweist und in einer Oberflachenrichtung ei-
ne isolierende Eigenschaft aufweist, und die Mehr-
zahl von Verdrahtungsleitungen (1312, 2312) des
Seitenelektrodensubstrats (131, 231) in einer Ober-
flache (1311b, 2311b) gegeniiber der Oberflache
(1311a, 2311a), an der das Substrat auf die Seiten-
elektroden (125, 225) der piezoelektrischen Elemen-
te (121, 221) trifft, vorgesehen sind.

Ultraschallwandler (110) nach Anspruch 3 oder 4,
wobei der Substratkérper (1311, 2311) des Seiten-
elektrodensubstrats (131, 231) aus einem elektrisch
isolierenden Material ausgebildet ist und wobei die
Mehrzahl von Verdrahtungsleitungen (1312, 2312)
des Seitenelektrodensubstrats (131, 231) in der
Oberflache vorgesehen sind, an der das Substrat
auf die Seitenelektroden (125, 225) trifft.

Ultraschallwandler (110) nach einem der Anspriiche
1 bis 5, wobei die Mehrzahl von piezoelektrischen
Elementen (121, 221) in einer zweidimensionalen
Anordnung so ausgerichtet sind, dass sie voneinan-
derin Spalten und Zeilen beabstandet sind, und wo-
bei eine Mehrzahl der Seitenelektrodensubstrate in
Licken zwischen den Spalten der Mehrzahl von pi-
ezoelektrischen Elementen (121, 221) eingefiigt ist.

Ultraschallwandler (110) nach Anspruch 6, wobei die
Héhen der Mehrzahl von Seitenelektroden (125,
225) der piezoelektrischen Elemente (121, 221) ei-
ner ersten Spalte in einer Langsrichtung der ersten
Spalte nach und nach abnehmen, und wobei die H6-
hen der Seitenelektroden (125, 225) der piezoelek-
trischen Elemente (121, 221) einer an die erste Spal-
te angrenzenden zweiten Spalte in der Langsrich-
tung der zweiten Spalte nach und nach zunehmen.

Ultraschallwandler (110) nach Anspruch 7, wobei die
Mehrzahl von Verdrahtungsleitungen (1312, 2312)
der Mehrzahl von Seitenelektrodensubstrate (131,
231) erste Teile, die jeweils der Mehrzahl von Sei-
tenelektroden (125, 225) zugewandt sind, zweite
Teile, die sich in Richtung von Seitenenden der
Mehrzahl von Seitenelektrodensubstrate (131, 231)
erstrecken, und dritte Teile, die von einem Seitenen-
de der Mehrzahl von Seitenelektrodensubstrate
(131, 231) frei liegen, umfassen, und wobei die Sei-
tenenden, durch die die dritten Teile von einem mit
den piezoelektrischen Elementen (121, 221) derers-
ten Spalte gebondeten ersten Seitenelektrodensub-
strat frei liegen, den Seitenenden gegeniber liegen,
durch die die dritten Teile von einem mit den piezo-
elektrischen Elementen (121, 221) der zweiten Spal-
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te gebondeten zweiten Seitenelektrodensubstrat frei
liegen,

wobei der Ultraschallwandler (110) weiterhin Fol-
gendes umfasst: ein erstes Verbindungssubstrat
(135, 136), das mit den frei liegenden dritten Teilen
desersten Seitenelektrodensubstrats elektrisch ver-
bunden ist, und ein zweites Seitenelektrodensubst-
rat (135, 136), das mit den frei liegenden dritten Tei-
len des zweiten Seitenelektrodensubstrats elek-
trisch verbunden ist.

Ultraschallwandler (110) nach Anspruch 6, 7 oder 8,
wobei die H6hen der Mehrzahl von Seitenelektroden
(125, 225) der Mehrzahl von piezoelektrischen Ele-
mente (121, 221) aller Spalten in der gleichen Rich-
tung nach und nach abnehmen oder zunehmen.

Ultraschallwandler (110) nach Anspruch 9, wobeidie
Mehrzahl von Verdrahtungsleitungen (1312, 2312)
der Mehrzahl von Seitenelektrodensubstrate (131,
231) erste Teile, die jeweils der Mehrzahl von Sei-
tenelektroden (125, 225) zugewandt sind, zweite
Teile, die sich in Richtung eines Seitenendes des
Seitenelektrodensubstrats (131, 231) erstrecken,
und dritte Teile, die von einem Seitenende des Sei-
tenelektrodensubstrats (131, 231) freiliegen, umfas-
sen, wobei die Seitenenden, durch die die dritten
Teile von der Mehrzahl von Seitenelektrodensubst-
rate (131, 231) frei liegen, in der gleichen Richtung
ausgerichtet sind,

wobei der Ultraschallwandler (110) weiterhin ein
Verbindungssubstrat umfasst, das mit den frei lie-
genden dritten Teilen der Mehrzahl von Seitenelek-
trodensubstrate elektrisch verbunden ist.

Ultraschallwandler (110) nach einem der Anspriiche
1 bis 10, wobei die einzelnen Elektroden, die auf den
unteren Flachen jedes der piezoelektrischen Ele-
mente (121, 221) vorgesehen sind, Signalelektroden
umfassen, und wobei die einzelnen Elektroden, die
auf den oberen Flachen jedes der piezoelektrischen
Elemente (121, 221) vorgesehen sind, gemeinsame
Elektroden umfassen.

Ultraschallwandler (110) nach einem der Anspriiche
1 bis 10, wobei die einzelnen Elektroden, die auf den
oberen Flachen jedes der piezoelektrischen Ele-
mente (121, 221) vorgesehen sind, Signalelektroden
umfassen, und wobei die einzelnen Elektroden, die
aufden unteren Flachen jedes der piezoelektrischen
Elemente (121, 221) vorgesehen sind, gemeinsame
Elektroden umfassen.

Ultraschallsonde (100) umfassend einen Ultra-
schallwandler (110) nach einem der Anspriiche 1 bis
12, wobei die Ultraschallsonde (100) weiterhin Fol-
gendes umfasst:

ein Gehause, das den Ultraschallwandler (110) auf-

10

20

25

30

35

40

45

50

55

14

EP 2 844 997 B1

14.

26
nimmt.

Ultraschalldiagnosevorrichtung umfassend eine Ul-
traschallsonde (100) nach Anspruch 13, wobei die
Ultraschalldiagnosevorrichtung weiterhin Folgen-
des umfasst:

eine Signalverarbeitungseinrichtung (198) zur Er-
zeugung eines Ultraschallwellenbildes basierend
auf einem von der Ultraschallsonde erfassten Ultra-
schallwellenechosignal.

Revendications

1.

Transducteur ultrasonore (110, 210) comprenant:

une pluralité d’éléments piézoélectriques (121,
221) agencés en au moins une colonne,

des électrodes individuelles (123, 124, 223,
224) prévues sur au moins une surface parmi
les surfaces supérieure et inférieure de chacun
des éléments piézoélectriques (121, 221),

une pluralité d’électrodes latérales (125, 225)
constituées d’électrodes individuelles (123,
124, 223, 224) et s’étendant vers une surface
latérale correspondante de chacun des élé-
ments piézoélectriques de la pluralité d’élé-
ments piézoélectriques, et

un substrat d’électrode latéral (131, 231) com-
prenant une pluralit¢ de lignes de cablage
(1312, 2312) respectivement collées a chacune
des surfaces latérales de chacun des éléments
piézoélectriques de la pluralité d’éléments pié-
zoélectriques (121, 221) et raccordées électri-
quement a la pluralité d’électrodes latérales
(125, 225);

chacune des électrodes de la pluralité d’électro-
des latérales (125, 225) de la pluralité d’élé-
ments piézoélectriques (121, 221) situés dans
une colonne ayant une hauteur différente.

2. Transducteur ultrasonore (110) selon la revendica-

tion 1, dans lequel la hauteur de la pluralité d’élec-
trodes latérales (125, 225) de la pluralité d’éléments
piézoélectriques (121, 221) situés dans une colonne
diminue ou augmente graduellement dans le sens
de la longueur de la colonne.

Transducteur ultrasonore (110) selon la revendica-
tion 1 ou 2, dans lequel la pluralité de lignes de ca-
blage (1312, 2312) du substrat d’électrode latéral
(131, 231) comprennent des premiéres parties
(1312a, 2312a) respectivement orientées vers la
pluralité d’électrodes latérales (125, 225), des
deuxiemes parties (1312b, 2312b) s’étendant vers
une extrémité latérale (1311c, 2311c) du substrat
d’électrode latéral (131, 231), et des troisiemes par-
ties (1312c¢, 2312c) exposées par I'extrémité latérale
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(1311c, 2311c¢) du substrat d’électrode latéral (131).

Transducteur ultrasonore (110) selon la revendica-
tion 3, danslequel un corps (1311, 2311) du substrat
d’électrode latéral (131, 231) se compose d’'un ma-
tériau électroconducteur anisotrope présentant une
propriété électroconductrice dans le sens de I'épais-
seur et présentant une propriété isolante dans le
sens de la surface, etla pluralité de lignes de cablage
(1312, 2312) du substrat d’électrode latéral (131,
231) sont prévues dans une surface (1311b, 2311b)
opposée a la surface (1311a, 2311a) ou le substrat
rejoint les électrodes latérales (125, 225) des élé-
ments piézoélectriques (121, 221).

Transducteur ultrasonore (110) selon la revendica-
tion 3 ou 4, dans lequel le corps (1311, 2311) du
substrat d’électrode latéral (131, 231) se compose
d’'un matériau électriquement isolant, et la pluralité
delignes de cablage (1312,2312) du substratd’élec-
trode latéral (131, 231) sont prévues dans la surface
ou le substrat rejoint les électrodes latérales (125,
225).

Transducteur ultrasonore (110) selon I'une quelcon-
que des revendications 1 a 5, dans lequel la pluralité
d’éléments piézoélectriques (121, 221) sont agen-
cés selon un ensemble bidimensionnel avec un es-
pacement mutuel en colonnes et en lignes, et une
pluralité des substrats d’électrode latéraux sont in-
sérés dans les interstices séparant les colonnes de
la pluralité d’éléments piézoélectriques (121, 221).

Transducteur ultrasonore (110) selon la revendica-
tion 6, dans lequel la hauteur de la pluralité d’élec-
trodes latérales (125, 225) des éléments piézoélec-
triques (121, 221) d’'une premiere colonne diminue
graduellement dans le sens de la longueur de la pre-
miére colonne, et la hauteur des électrodes latérales
(125, 225) des éléments piézoélectriques (121, 221)
d’'une deuxieéme colonne adjacente a la premiére co-
lonne augmente graduellement dans le sens de la
longueur de la deuxiéme colonne.

Transducteur ultrasonore (110) selon la revendica-
tion 7, dans lequel la pluralité de lignes de cablage
(1312, 2312) de la pluralité de substrats d’électrodes
latéraux (131, 231) comprennent des premiéres par-
ties respectivement orientées vers la pluralité d’élec-
trodes latérales (125, 225), des deuxiémes parties
s'étendant vers une extrémité latérale de la pluralité
de substrats d’électrodes latéraux (131, 231), etdes
troisiemes parties exposées par I'extrémité latérale
de la pluralité de substrats d’électrodes latéraux
(131, 231), et I'extrémité latérale, par laquelle les
troisiemes parties sont exposées, d’'un premier
substrat d’électrode latéral collé aux éléments pié-
zoélectriques (121, 221) de la premiéere colonne est
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opposée a I'extrémité latérale, par laquelle les troi-
siémes parties sont exposées, d’un deuxiéme subs-
trat d’électrode latéral collé aux éléments piézoélec-
triques (121, 221) de la deuxiéme colonne,

le transducteur ultrasonore (110) comprenant en
outre un premier substrat de raccord (135, 136) rac-
cordé électriquement aux troisiemes parties expo-
sées du premier substrat d’électrode latéral et un
deuxieme substrat de raccord (135, 136) raccordé
électriquement aux troisiémes parties exposées du
deuxieme substrat d’électrode latéral.

Transducteur ultrasonore (110) selon la revendica-
tion 6, 7 ou 8, dans lequel la hauteur de la pluralité
d’électrodes latérales (125, 225) de la pluralité d’élé-
ments piézoélectriques (121, 221) de toutes les co-
lonnes diminuent ou augmentent graduellement
dans le méme sens.

Transducteur ultrasonore (110) selon la revendica-
tion 9, dans lequel la pluralité de lignes de cablage
(1312, 2312) de la pluralité de substrats d’électrodes
latéraux (131, 231) comprennentdes premiéres par-
ties respectivement orientées vers la pluralité d’élec-
trodes latérales (125, 225), des deuxiémes parties
s’étendant vers une extrémité latérale du substrat
d’électrode latéral (131, 231), et des troisiemes par-
ties exposées par l'extrémité latérale du substrat
d’électrode latéral (131, 231) ; chaque extrémité la-
térale, par laquelle les troisiémes parties sont expo-
sées, de la pluralité de substrats d’électrodes laté-
raux (131, 231) étant agencée dans le méme sens,
le transducteur ultrasonore (110) comprenant en
outre un substrat de raccord raccordé électrique-
ment aux troisiémes parties exposées de la pluralité
de substrats d’électrode latéraux.

Transducteur ultrasonore (110) selon 'une quelcon-
que des revendications 1 a 10, dans lequel les élec-
trodes individuelles prévues sur la surface inférieure
de chacun des éléments piézoélectriques (121, 221)
comprennent des électrodes de signaux, et les élec-
trodes individuelles prévues sur la surface supérieu-
re de chacun des éléments piézoélectriques (121,
221) comprennent des électrodes communes.

Transducteur ultrasonore (110) selon 'une quelcon-
que des revendications 1 a 10, dans lequel les élec-
trodes individuelles prévues sur la surface supérieu-
re de chacun des éléments piézoélectriques (121,
221) comprennent des électrodes de signaux, et les
électrodes individuelles prévues sur la surface su-
périeure de chacun des éléments piézoélectriques
(121, 221) comprennent des électrodes communes.

Sonde ultrasonore (100) comprenant un transduc-
teur ultrasonore (110) selon 'une quelconque des
revendications 1 a 12, la sonde ultrasonore (100)
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comprenant en outre:
un boitier dans lequel loge le transducteur ultraso-
nore (110).

Appareil de diagnostic par échographie comprenant
une sonde ultrasonore (100) selon la revendication
13, l'appareil de diagnostic par échographie com-
prenant en outre:

un processeur de signaux (198) destiné a générer
une image échographique compte tenu d’'un signal
échographique capté par la sonde ultrasonore.
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