US 20130281857A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2013/0281857 Al

KO et al. 43) Pub. Date: Oct. 24,2013
(54) ULTRASONIC TRANSDUCER, ULTRASONIC HOIL 41/047 (2006.01)
PROBE, AND ULTRASOUND IMAGE A6IB 8/14 (2006.01)
DIAGNOSIS APPARATUS
(52) US.CL
(71) Applicant: SAMSUNG ELECTRONICS CO., CpPC ... AG61B 8/4494 (2013.01); HOIL 41/0474

(72) Inventors:

(73) Assignee:

(21) Appl. No.:

(22) Filed:

LTD., Suwon-si (KR)

Hyun-phill KO, Seongnam-si (KR);
Jong-mock Lee, Yongin-si (KR)

Samsung Electronics Co., Ltd.,
Suwon-si (KR)

13/708,186

Dec. 7, 2012

(30) Foreign Application Priority Data

Apr. 23,2012

(KR) o 10-2012-0042179

Publication Classification

(51) Int.CL
AGIB 8/00

(2006.01)

HO1L 41725 (2006.01)

A61B 8/08

(2006.01)

(2013.01); A61B 8/14 (2013.01); AGIB 8/4444
(2013.01); A61B 8/5207 (2013.01); HOIL
41/25 (2013.01)

USPC i 600/443; 310/336; 29/25.35

(7) ABSTRACT

An ultrasonic transducer, an ultrasonic probe, and an ultra-
sound image diagnosis apparatus include a plurality of piezo-
electric elements arranged in at least one column; individual
electrodes provided on at least one surface of top and bottom
surfaces of each of the piezoelectric elements; side electrodes
extending toward one side surfaces of the piezoelectric ele-
ments from the individual electrodes; and a side electrode
substrate including wiring lines that are bonded to the one
side surfaces of the piezoelectric elements and are electrically
connected to the side electrodes, respectively.
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ULTRASONIC TRANSDUCER, ULTRASONIC
PROBE, AND ULTRASOUND IMAGE
DIAGNOSIS APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2012-0042179, filed on Apr. 23,2012, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] One or more embodiments relate to an ultrasonic
transducer, an ultrasonic probe, and an ultrasound image
diagnosis apparatus, and more particularly, to an ultrasonic
transducer having an improved electrode connection struc-
ture, an ultrasonic probe, and an ultrasound image diagnosis
apparatus.

[0004] 2. Description of the Related Art

[0005] 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 (ultra-
sonic 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 apparatuses, such as an X-ray diag-
nosis apparatus, a computerized tomography (CT) scanner, a
magnetic resonance image (MRI) apparatus, or a nuclear
medicine diagnosis apparatus, the ultrasound image diagno-
sis 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.

[0006] The 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 may
include, for example a transducer, a case having 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 piezoelectric material for reversibly convert-
ing 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
subject 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 piezoelectric layer to be
focused on a particular point, and a sound wave absorption
layer that may prevent an ultrasonic wave from progressing
backward from the piezoelectric layer to prevent image dis-
tortion. In the piezoelectric layer of the transducer, a plurality
of piezoelectric elements to which electrical signals are inde-
pendently applied may be arranged. Electrical wiring lines
with respect to the piezoelectric elements may be factors in
determining the characteristics, shape, manufacturing pro-
cess, and costs of the transducer.
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SUMMARY

[0007] Additional aspects and/or advantages will be set
forth in part in the description which follows and, in part, will
be apparent from the description, or may be learned by prac-
tice of the invention.

[0008] One or more embodiments may provide an ultra-
sonic transducer having an improved electrode connection
structure for electrical connection of a piezoelectric layer, an
ultrasonic probe, and an ultrasound image diagnosis appara-
tus.

[0009] According to an aspect of one or more embodi-
ments, there may be provided an ultrasonic transducer which
may include: a plurality of piezoelectric elements arranged in
atleast one column; individual electrodes provided on at least
one surface of top and bottom surfaces of each of the piezo-
electric elements; side electrodes extending toward one side
surfaces of the piezoelectric elements from the individual
electrodes; and/or a side electrode substrate including wiring
lines that are bonded to the one side surfaces of the piezoelec-
tric elements and are electrically connected to the side elec-
trodes, respectively.

[0010] The side electrodes of the piezoelectric elements
located in one column may have different heights.

[0011] The heights of the side electrodes of the piezoelec-
tric elements located in one column may be gradually
decreased or increased in a lengthwise direction of the col-
umn.

[0012] 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 substrate.

[0013] A substrate body of the side electrode substrate may
be formed of an anisotropic electroconductive material hav-
ing an electroconductive property in a thickness direction and
having an insulating property in a surface direction, and the
wiring lines of the side electrode substrate may be provided in
asurface opposite to the surface where the substrate meets the
side electrodes of the piezoelectric elements.

[0014] The substrate body of the side electrode substrate
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.
[0015] 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 sub-
strates may be inserted into gaps between the columns of the
piezoelectric elements.

[0016] Heights of the side electrodes of the piezoelectric
elements of a first column may be gradually decreased in a
lengthwise direction of the column, and heights of side elec-
trodes of the piezoelectric elements of a second column adja-
cent to the first column may be gradually increased in the
lengthwise direction of the column.

[0017] Thewiring lines of the side electrode substrates may
include, for example, first parts respectively facing the side
electrodes, second parts extending toward side ends of the
side electrode substrates, and third parts exposed by the side
ends of the side electrode substrates, and the side ends by
which the third parts are exposed of a first side electrode
substrate bonded to 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 electrode substrate bonded
to the piezoelectric elements of the second column.
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[0018] Theultrasonic 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 connected to the exposed
third parts of the second side electrode substrate.

[0019] Heights of the side electrodes of the piezoelectric
elements of all columns may be gradually decreased or
increased in the same direction.

[0020] Thewiring lines ofthe 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 exposed by the one
side ends of the side electrode substrate, wherein the side ends
by which the third parts may be exposed of the side electrode
substrates may be arranged in the same direction.

[0021] The ultrasonic transducer may further include one
connection substrate electrically connected to the exposed
third parts of the side electrode substrates.

[0022] A substrate body of the side electrode substrate may
be formed of a sound absorbing material.

[0023] A substrate body of the side electrode substrate may
be formed of a flexible material.

[0024] The individual electrodes may be signal electrodes
respectively provided under the piezoelectric elements, and
common electrodes may be respectively provided on the
piezoelectric elements.

[0025] The common electrodes further may include upper
electrodes respectively provided on top surfaces of the piezo-
electric elements and an upper electrode plate that may be
provided on top surfaces of the upper electrodes and that is
commonly and electrically connected to the upper electrodes.
[0026] The ultrasonic transducer may further include an
acoustic matching layer provided between the upper elec-
trodes and an upper electrode layer, and the acoustic matching
layer may be formed of a conductive material, or atleast a part
of an outer surface of the acoustic matching layer is coated
with a conductive material.

[0027] The individual electrodes may be signal electrodes
respectively provided on the piezoelectric elements, and a
common electrode may be provided under the piezoelectric
elements.

[0028] Theultrasonic transducer may further include a rear
surface supporting unit provided under the piezoelectric ele-
ments to support the piezoelectric elements, wherein the rear
surface supporting unit may be formed of a conductive mate-
rial and may be electrically connected to the common elec-
trode.

[0029] A plurality of kerfs may be formed in portions of the
rear surface supporting unit contacting the piezoelectric ele-
ments to correspond to gaps between the piezoelectric ele-
ments.

[0030] At least a portion of the rear surface supporting unit
contacting the piezoelectric elements may be formed of a
sound absorbing material.

[0031] According to anotheraspect of one or more embodi-
ments, there may be provided an ultrasonic probe which may
include, for example: an ultrasonic transducer; and a housing
accommodating the ultrasonic transducer, wherein the ultra-
sonic transducer may include, for example: a plurality of
piezoelectric elements arranged in at least one column,; indi-
vidual electrodes provided on at least one surface of top and
bottom surfaces of each of the piezoelectric elements; side
electrodes extending toward one side surfaces of the piezo-
electric elements from the individual electrodes; and/or a side

Oct. 24,2013

electrode substrate including wiring lines that are bonded to
the one side surfaces of the piezoelectric elements and are
electrically connected to the side electrodes, respectively.
[0032] According to another aspect of one or more embodi-
ments, there is provided an ultrasound image diagnosis appa-
ratus which may include, for example: an ultrasonic probe
including an ultrasonic transducer and a housing accommo-
dating the ultrasonic transducer; and a signal processor for
generating an ultrasonic wave image based on an ultrasonic
wave echo signal detected by the ultrasonic probe, wherein
the ultrasonic transducer may include, for example: a plural-
ity of piezoelectric elements arranged in at least one column;
individual electrodes provided on at least one surface of top
and bottom surfaces of each of the piezoelectric elements;
side electrodes extending toward one side surfaces of the
piezoelectric elements from the individual electrodes; and a
side electrode substrate which may include wiring lines that
may be bonded to the one side surfaces of the piezoelectric
elements and may be electrically connected to the side elec-
trodes, respectively.

[0033] According to another aspect of one or more embodi-
ments, there is provided a method of manufacturing an ultra-
sonic transducer, the method may include, for example: pro-
viding a piezoelectric layer; forming an electrode layer on at
least one surface of the piezoelectric layer; forming one block
by bonding a support structure to a bottom surface of the
piezoelectric layer; providing a plurality of sub-blocks by
cutting a block including the support structure and the piezo-
electric layerin a vertical direction at equal intervals; forming
aside electrode electrically connected to an electrode layer of
the piezoelectric layer in one side surface of the block includ-
ing the support structure and the piezoelectric layer; forming
aplurality of kerfs at equal intervals from uppermost portions
of the sub-blocks to a predetermined position of the support
structure; providing a side electrode substrate having wiring
patterns corresponding to side electrodes of the sub-blocks;
bonding the side electrode substrate to the sub-blocks in
which the kerfs are formed; bonding the sub-blocks to which
the side electrode substrate is bonded to a supporting block in
a width direction; and/or bonding a connection substrate to a
side surface of the supporting block to which the sub-blocks
are bonded.

[0034] The method may further include an operation of
detecting and selecting a piezoelectric property for each sub-
block to which the side electrode substrate is bonded before
the sub-blocks to which the side electrode substrate is bonded
are bonded to the supporting block in the width direction.
[0035] The ultrasonic transducer, the ultrasonic probe, and
the ultrasound image diagnosis apparatus according to the
above-described embodiments of the present invention may
have the following effects.

[0036] 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-dimensional
arrayed ultrasonic transducer, and further to a stacked struc-
tured ultrasonic transducer.

[0037] Secondly, when a single ultrasonic transducer is
manufactured, a plurality of piezoelectric elements may be
assembled in units of columns, and thus the piezoelectric
elements may be tested in units of columns to decrease dis-
persion of piezoelectric characteristics, thereby possibly
reducing a fluctuation in performance of the ultrasonic trans-
ducer.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0038] The above and other features and advantages of one
or more embodiments will become more apparent by describ-
ing in detail exemplary embodiments with reference to the
attached drawings in which:

[0039] FIG. 11is a block diagram illustrating an ultrasound
image diagnosis apparatus according to one or more embodi-
ments;

[0040] FIG. 2 is a perspective view of an ultrasonic trans-
ducer according to one or more embodiments;

[0041] FIG. 3 is an exploded perspective view of an ultra-
sonic transducer according to one or more embodiments;
[0042] FIG. 4 is a view illustrating piezoelectric elements
of an ultrasonic transducer according to one or more embodi-
ments;

[0043] FIG. 5 is a view illustrating a first side electrode
substrate attached to side surfaces of piezoelectric elements
of odd numbered columns in an ultrasonic transducer accord-
ing to one or more embodiments;

[0044] FIG. 6 is a view illustrating a side electrode sub-
strate and a connection substrate bonded together in an ultra-
sonic transducer according to one or more embodiments;
[0045] FIG. 7is a view illustrating a second side electrode
substrate attached to piezoelectric elements arranged in even
numbered columns in an ultrasonic transducer according to
one or more embodiments;

[0046] FIG. 8 is a view illustrating two connection sub-
strates bonded to a side electrode substrate in an ultrasonic
transducer according to one or more embodiments;

[0047] FIG. 9 is a view illustrating a side electrode sub-
strate attached to side surfaces of piezoelectric elements in an
ultrasonic transducer according to one or more embodiments;
[0048] FIG. 10 is a view illustrating a side electrode sub-
strate and a connection substrate bonded together in an ultra-
sonic transducer according to one or more embodiments;
[0049] FIG. 11 is a perspective view of an ultrasonic trans-
ducer according to one or more embodiments;

[0050] FIG. 12 is an exploded perspective view of an ultra-
sonic transducer according to one or more embodiments;
[0051] FIG. 13 is a view illustrating piezoelectric elements
of an ultrasonic transducer according to one or more embodi-
ments;

[0052] FIG. 14 is a view illustrating a side electrode sub-
strate attached to side surfaces of piezoelectric elements
according to one or more embodiments;

[0053] FIG. 15 is a view illustrating a side electrode sub-
strate attached to side surfaces of piezoelectric elements in an
ultrasonic transducer according to one or more embodiments;
[0054] FIG. 16 is a view illustrating a side electrode sub-
strate and a connection substrate bonded together in an ultra-
sonic transducer according to one or more embodiments;
[0055] FIGS.17A to 17K are views illustrating a method of
manufacturing an ultrasonic transducer according to one or
more embodiments; and

[0056] FIGS. 18A to 18] are views illustrating a method of
manufacturing an ultrasonic transducer according to one or
more embodiments.

DETAILED DESCRIPTION

[0057] 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. In this regard, embodiments of the present inven-
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tion may be embodied in many different forms and should not
be construed as being limited to embodiments set forth
herein, as various changes, modifications, and equivalents of
the systems, apparatuses and/or methods described herein
will be understood to be included in the invention by those of
ordinary skill in the art after embodiments discussed herein
are understood. Accordingly, embodiments are merely
described below, by referring to the figures, to explain aspects
of the present invention. In the drawings, the thicknesses of
layers and regions are exaggerated for clarity. Expressions
such as “at least one of,” when preceding a list of elements,
modify the entire list of elements and do not modify the
individual elements of the list.

[0058] FIG. 1is a block diagram illustrating an ultrasound
image diagnosis apparatus according to one or more embodi-
ments.

[0059] Referring to FIG. 1, the ultrasound image diagnosis
apparatus of the current embodiment may include an ultra-
sonic probe 100 and a signal processor 198. The ultrasonic
probe 100 may include an ultrasonic transducer 110 that may
transmit an ultrasonic wave 101 to a subject 199, for example,
a human body, and may receive an ultrasonic wave 102
reflected from the subject 199, and a housing 180 for accom-
modating the ultrasonic transducer 110. The ultrasonic probe
100 may be electrically 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 sub-
ject 199 based on an echo signal detected by the ultrasonic
probe 100.

[0060] FIG. 2 is a perspective view of the ultrasonic trans-
ducer 110 accommodated in the ultrasonic probe 100 accord-
ing to one or more embodiments. FIG. 3 is an exploded
perspective view of the ultrasonic transducer 110 according
to one or more embodiments. For convenience of description,
first and second connection substrates 135 and 136 are omit-
ted inFIG. 3. Also, in FIG. 3, although it is shown as if upper
ends of a plurality of side electrode substrates 131 correspond
with top surfaces of piezoelectric elements 121, the upper
ends of the side electrode substrates 131 may extend to cor-
respond with top surfaces of a plurality of acoustic matching
layers 140.

[0061] Referring to FIGS. 2 and 3, the ultrasonic transducer
110 according to one or more embodiments may include a
piezoelectric layer 120, an electrode connecting unit 130 for
electrical connection of the piezoelectric layer 120, acoustic
matching layers 140 disposed on the piezoelectric layer 120,
and a rear surface supporting unit 150 disposed under the
piezoelectric layer 120.

[0062] The piezoelectric layer 120 may include a plurality
of piezoelectric elements 121. The piezoelectric elements 121
may be individually operated and may be arranged spaced
apart from one another on a two-dimensional 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 piezoelectric elements 121 may include a
plurality of piezoelectric elements 121 of odd numbered
columns and a plurality of piezoelectric elements 1215 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 piezo-
electric element 1215 of the even numbered columns, which
will be described later.

[0063] The electrode connecting unit 130 may include a
plurality of side electrode substrates 131 electrically con-
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nected to lower electrodes 124 (see FIG. 4) of the piezoelec-
tric 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 surfaces of the acoustic matching
layers 140.

[0064] Theside electrode substrates 131 may beattached to
side surfaces of the piezoelectric elements 121. As described
above, as the piezoelectric elements 121 may be arranged
spaced apart from one another in lines and columns, horizon-
tal 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 piezoelectric elements 121, and the rest of side
electrode substrates 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 elec-
trode substrates 131 may be formed of a sound absorbing
material so as to suppress interference due to adjacent piezo-
electric elements 121 when the piezoelectric elements 121
send and receive an ultrasonic wave. From among the gaps
between the piezoelectric elements 121, a sound absorbing
material may be filled in the vertical gaps 129 into which the
side electrode substrates 131 are not inserted, thereby sup-
pressing interference due to adjacent piezoelectric elements
121.

[0065] The patterns of the side electrodes of the piezoelec-
tric elements 121a of the odd numbered columns may be
different from the patterns of the side electrodes of the piezo-
electric element 1215 of the even numbered columns. Corre-
spondingly, wiring patterns of first side electrode substrates
131a of the odd numbered columns may be different from
wiring patterns of second side electrode substrates 13156 of
the even numbered columns, which will be described later.
[0066] The first and 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 connec-
tion 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 elements 121 and electric signals output from
the piezoelectric 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
cable 190 (see FIG. 1).

[0067] The acoustic matching layers 140 may be provided
on the piezoelectric layer 120. The acoustic matching layers
140 may be respectively provided on the piezoelectric ele-
ments 121 to be arranged spaced apart from one another. In
other words, horizontal gaps 148 and vertical gaps 149 cor-
responding 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 piezo-
electric layer 120 and acoustic impedance of the subject 199
(see F1G. 1) to possibly reduce a loss of an ultrasonic wave
transmitted to the subject 199 or an ultrasonic wave transmit-
ted from the subject 199. The acoustic matching layers 140
may promote matching of acoustic impedance between the
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subject 199 and the piezoelectric layer 120 by, for example,
adjusting a physical parameter such as a thickness 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 layer 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.

[0068] An intermediate electrode layer 138 for electrically
connecting the upper electrodes 123 of the piezoelectric ele-
ments 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 con-
ductive material, and in this case, the intermediate electrode
layer 138 may be omitted. Furthermore, when the acoustic
matching layers 140 are formed of a conductive material, the
upper electrodes 123 respectively provided on the piezoelec-
tric elements 121 may also be omitted.

[0069] Inoneor 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 layers 140 may be formed as
an integrated single layer to be attached to the top surfaces of
the piezoelectric elements 121.

[0070] The rear surface supporting unit 150 is a block for
supporting the piezoelectric layer 120. An upper portion 151
of the rear surface supporting unit 150 may consist 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 sup-
porting 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 surface 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 piezoelec-
tric layer 120, thereby possibly preventing image distortion
by preventing a ultrasonic wave from traveling rearward of
the piezoelectric layer 120.

[0071] FIG. 4 is a view illustrating the piezoelectric ele-
ments 121 arranged in any one column from among the piezo-
electric elements 121 arranged in lines and columns in the
ultrasonic transducer 110 according to one or more embodi-
ments. Referring to FIG. 4, each of the piezoelectric elements
121 may include a piezoelectric body 122 and the upper and
lower electrodes 123 and 124 respectively provided on top
and bottom surfaces of the piezoelectric body 122. The piezo-
electric 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 including 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 rectan-
gular parallelepiped shape. The shape of the piezoelectric
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bodies 122 may vary according to various designs. The upper
electrodes 123 may be provided on the top surfaces of the
piezoelectric bodies 122. The upper electrodes 123 may be a
common electrode (or a ground electrode) of the piezoelectric
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.

[0072] The lower electrodes 124 may be provided on the
bottom surfaces of the piezoelectric bodies 122. The lower
electrodes 124 may be individual electrodes provided 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 electrodes 125 may be formed to be different
from one another. As shown in FIG. 4, the heights H of the
side electrodes 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 direc-
tion). In other cases, the heights H of the side electrodes 125
may be formed to be equal to one another.

[0073] FIG. 51s a view illustrating the first side electrode
substrates 131a attached to side surfaces of piezoelectric
elements 1214 of the odd numbered columns from among the
piezoelectric elements 121.

[0074] 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).

[0075] Each of the first side electrode substrates 131a may
include a substrate body 1311 and a plurality of wiring lines
1312. The substrate body 1311 of the current embodiment
may be formed of an anisotropic electroconductive material.
In other words, the substrate body 1311 may have an electro-
conductive property in a thickness direction 1315 but may
have an insulating property in a surface direction 1316. A
conductive rubber sheet, an insulating resin sheet containing
electroconductive particles, and the like that may be used for
the substrate body 1311 having an anisotropic electroconduc-
tive property are well known. In addition, the substrate body
1311 may be formed of a sound absorbing material to sup-
press interference between adjacent piezoelectric elements
121. A top end of the substrate body 1311 may correspond
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 13114 of the substrate body 1311 correspond with
two side ends of the piezoelectric elements 121a of the odd
numbered columns in the column-wise direction.

[0076] One surface 13114 of the substrate body 1311 may
contact the side surfaces of the piezoelectric elements 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
13115 of the substrate body 1311. The wiring lines 1312 may
include first parts 1312q that may at least partially overlap
with positions of the side electrodes 125, second parts 13125
that may extend toward the first side end 1311c of the sub-
strate body 1311, and third parts 1312¢ that may be exposed
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atthe first side end 1311 ¢ 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 sub-
strate 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 connected to each other. The sub-
strate body 1311 may have an insulating property in the
surface direction 1316, and thus an electric insulating prop-
erty may be maintained between adjacent wiring lines 1312.
The second parts 13125 of the wiring lines 1312 may be
arranged in parallel in a vertical direction (that is, a Z direc-
tion), and thus the heights H of the side electrodes 125 may be
designed to be gradually decreased in the column-wise direc-
tion (Y direction) as described above, thereby possibly secur-
ing a space where the second parts 13125 of the wiring lines
1312 may be disposed.

[0077] 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 1311¢ of the first side electrode
substrates 131a. A plurality of connection terminals 1351
may be provided in the first connection substrate 135 to face
the first side end 1311¢ of the first side electrode substrates
131a of the odd numbered columns. Accordingly, the third
parts 1312¢ of the wiring lines 1312 exposed by the first side
end 1311c¢ of the first side electrode substrates 131e¢ may
directly contact the connection terminals 1351 of the first
connection substrate 135 to be electrically connected to each
other.

[0078] FIG. 7 is a view illustrating the second side elec-
trode substrates 1315 attached to side surfaces of the piezo-
electric elements 1215 of the even numbered columns from
among the piezoelectric elements 121. Referring to FIG. 7,
the piezoelectric elements 1215 of the even numbered col-
umns may be substantially the same as the above-described
piezoelectric elements 121¢ of the odd numbered columns
except that heights of the side electrodes 125 may be formed
to be gradually increased in the column-wise direction (Y
direction). Meanwhile, the second side electrode substrates
1315 may be substantially the same as the first side electrode
substrates 131a except for the patterns of the wiring lines
1312. The wiring lines 1312 of the second side electrode
substrates 1315 may include the first parts 1312a, which may
at least partially overlap with positions of the side electrodes
125 of the piezoelectric elements 1215 of the even numbered
columns, the second parts 13125 may extend toward the
second side end 13114 of the substrate body 1311, and the
third parts 1312¢ may be exposed by the second side end
1311d of the substrate body 1311. In this regard, the second
side end 13114 of the substrate body 1311 may be opposite to
the first side end 1311c¢ in the column-wise direction (Y
direction).

[0079] FIG. 8 is a view illustrating electrical connection
between the first and second side electrode substrates 131a
and 1316 and the first and second connection substrates 135
and 136. Referring to FIG. 8, the side electrode substrates 131
may include the first side electrode substrates 131a and the
second side electrode substrates 1315. 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 1315 may be
attached to the side surfaces of the piezoelectric element 1215
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of the even numbered columns. The wiring lines 1312 of the
first side electrode substrates 131a may extend toward the
first sideend 1311¢ as shown in FIG. 5, and thus the third parts
1312¢ may be exposed by the first side end 1311¢ of the
substrate body 1311 as shown in FIG. 5. The wiring lines
1312 of the second side electrode substrates 1315 may extend
toward the second side end 13114 as shown in FIG. 7, and
thus the third parts 1312¢ may be exposed by the second side
end 1311d. The first connection substrate 135 may be
attached to the first side end 1311¢ of the first side electrode
substrates 131a, and the connectionterminals 1351 of the first
connection substrate 135 may be electrically connected to the
third parts 1312¢ of the wiring lines 1312 exposed by the first
side end 1311¢ of the first side electrode substrates 131a.
Similarly, the second connection substrate 136 may be
attached to the second side end 13114 of the second side
electrode substrates 1315, and a plurality of connection ter-
minals 1361 of the second connection substrate 136 may be
electrically connected to the third parts 1312¢ of the wiring
lines 1312 exposed by the second side end 13114 of the
second side electrode substrates 1315. As such, the first and
second side electrode substrates 131a and 1315 may be alter-
nately and electrically connected to the first and second con-
nection substrates 135 and 136, respectively, and sufficient
intervals between the connection terminals 1351 of the first
connection substrate 135 may be secured and also sufficient
intervals between the connection terminals 1361 of the sec-
ond connection substrate 136 may be secured, and thus tol-
erance may be secured in attaching the first and second con-
nection substrates 135 and 136 to side ends of the first and
second side electrode substrates 131a and 1315, respectively.

[0080] In one or more embodiments, all the first side elec-
trode substrates 131a may be electrically connected to the
first connection substrate 135, and all the second side elec-
trode substrates 1315 may be electrically connected 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 1311¢ and the rest of the
wiring lines 1312 may extend toward the second side end
13114. 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 substrate
136. Similarly, in FIG. 7, some of the wiring lines 1312 of the
second side electrode substrates 1315 may extend toward the
first side ends 1311 ¢, 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 sub-
strates 1315 may be electrically connected to the first connec-
tion substrate 135, and the rest of the wiring lines 1312 of the
second side electrode substrates 1315 may be electrically
connected to the second connection substrate 136.

[0081] FIG.9 is a view illustrating a side electrode sub-
strate attached to side surfaces of piezoelectric elements in an
ultrasonic transducer according to one or more embodiments.
Referring to FIG. 9, components of the ultrasonic 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 substrate body 1311' and a plurality of
wiring lines 1312' provided on one surface 1311¢' of the
substrate body 1311'. The substrate body 1311' may be
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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 13114a' 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 pro-
vided. The substrate body 1311' of the current embodiment
may have an insulating property. and thus the side electrode
substrate 131' may be substantially the same as the side elec-
trode 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 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 piezoelec-
tric elements 121, second parts 13125' that may extend toward
a first side end 1311¢' of the substrate body 1311', and third
parts 1312¢' 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.

[0082] FIG. 10 is a view illustrating a side electrode sub-
strate and a connection substrate bonded together in an ultra-
sonic transducer according to one or more embodiments.
Referring to FIG. 10, the third parts 1312¢ of the wiring lines
1312 exposed in the side electrode substrates 131 may be
located in the same direction, and thus the current embodi-
ment is different from the above-described embodiment in
that only one connection substrate 135' is used in the current
embodiment. For example, the side electrode substrates 131
may have the same wiring patterns as those of the first side
electrode substrates 1314 as described with reference to FIG.
5. Accordingly, all the third parts 1312c¢ of the wiring lines
1312 of the side electrode substrates 131 may belocated inthe
same direction. Also, in correspondence to the wiring patterns
of the side electrode substrates 131, the piezoelectric ele-
ments 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) similar to the piezoelec-
tric elements 121a of the odd numbered columns described
with reference to FIG. 5. The connection substrate 135" may
include a plurality of connection terminals 1351' provided to
contact the third parts 1312¢ 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 connection
substrate 135'.

[0083] In the above-described embodiments, the side elec-
trode 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 substrates 135, 136, and 135", In other cases,
the connection substrates 135, 136, and 135' may be omitted.
Forexample, the one side ends ofthe side electrode substrates
131 and 131' may extend out of the outer side surface of the
assembly of the piezoelectric elements 121 arranged in a
rectangular shape to be directly connected to an outer cable.

[0084] FIG. 11 is a perspective view of an ultrasonic trans-
ducer 210 according to one or more embodiments. FIG. 12 is
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an exploded perspective view of the ultrasonic transducer 210
according to one or more embodiments. For convenience of
description, in FIG. 12, first and second connection substrates
235 and 236 are omitted. Also, although top ends of side
electrode substrates 231 correspond to top surfaces of piezo-
electric 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.

[0085] Referring to FIGS. 11 and 12, the ultrasonic trans-
ducer 210 of one or more embodiments may include, for
example a piezoelectric layer 220, an electrode connecting
unit 230 for electrical connection of the piezoelectric 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.

[0086] The piezoelectric layer 220 may include a plurality
of piezoelectric elements 221. The piezoelectric elements 221
may be arranged spaced apart from one another on a two-
dimensional plane in lines and columns. The piezoelectric
elements 221 may be distinguished in units of columns, and
thus patterns of electrodes of piezoelectric elements 221a of
odd numbered columns may be different from patterns of
electrodes of piezoelectric elements 2215 of even numbered
columns.

[0087] 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.

[0088] Theside electrode substrates 231 may be attached to
side surfaces of the piezoelectric elements 221. The patterns
ofthe electrodes ofthe piezoelectric elements 2214 of the odd
numbered columns may be different from the patterns of the
electrodes of the piezoelectric elements 2215 of the even
numbered columns, and thus wiring patterns of the odd-
numbered side electrode substrates 231a may be different
from those of the even-numbered side electrode substrates
231b.

[0089] The first and second connection substrates 235 and
236 may be substrates for integrating the wiring lines of the
side electrode substrates 231 and may be attached to outer
surfaces of the piezoelectric elements 221. The first connec-
tion substrate 235 may be electrically connected to the odd-
numbered side electrode substrates 2314, and the second
connection substrate 236 may be electrically connected to the
even-numbered side electrode substrates 2315.

[0090] The acoustic matching layers 240 may be provided
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 elements 221 to be spaced apart
from one another. The acoustic matching layers 240 each may
include two layers 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
acoustic lens (not shown) for focusing an ultrasonic wave
traveling forward on a specific point may further be provided
on the acoustic matching layers 240.

[0091] The rear surface supporting unit 250 is a block for
supporting the piezoelectric layer 220. An upper portion 251
of the rear surface supporting unit 250 may include a plurality
of unit blocks spaced apart from one another to correspond to
the piezoelectric elements 221. In other words, horizontal
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gaps 258 and vertical gaps 259 may be formed in the upper
portion 251 of the rear surface supporting unit 250 to corre-
spond to vertical gaps 259 and horizontal gaps 229 between
the piezoelectric elements 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
piezoelectric 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 connected 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 common electrode. The lower elec-
trodes 224 of the piezoelectric elements 221 may be omitted,
and thus the rear surface supporting unit 250 may directly
serve as a lower electrode.

[0092] FIG. 13 is a view illustrating the piezoelectric ele-
ments 221 arranged in any one column from among the piezo-
electric elements 221 arranged in lines and columns in the
ultrasonic transducer 210 of FIG. 12. Referring to F1G. 13, the
piezoelectric elements 221 may include piezoelectric bodies
222 and upper and lower electrodes 223 and 224 respectively
provided on top and bottom 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 inde-
pendently applied. The lower electrodes 224 may be common
electrodes of the piezoelectric elements 121. The upper elec-
trodes 223 may extend to one side surfaces of the piezoelec-
tric materials 222 to from side electrodes 225. The side elec-
trodes 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 shownin FIG. 13,
the heights H of the side electrodes 225 may be formed to be
gradually decreased or increased in the column-wise direc-
tion (Y direction). If necessary, the heights H of the side
electrodes 225 may be formed to be equal to one another.

[0093] FIG. 14 is a view illustrating the side electrode sub-
strates 231 attached to the side surfaces of piezoelectric ele-
ments 221 according to one or more embodiments. Referring
to FIG. 14, the side electrode substrates 231 may be attached
to the side surfaces of the piezoelectric elements 221 on
which the side electrodes 225 are provided.

[0094] In one or more 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 elec-
troconductive material having an electroconductive property
in a thickness direction 2315 and having an insulating prop-
erty in a surface direction 2316. One surface 2311a of the
substrate body 2311 may be attached to the side surfaces of
the piezoelectric elements 221 on which the side electrodes
225 may be provided. The wiring lines 2312 may be provided
in a surface 23115 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 interpos-
ing the substrate body 2311 therebetween, second parts
23125 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 electrocon-
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ductive property in the thickness direction 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 prop-
erty may be maintained between adjacent wiring lines 2312.
Accordingly, the upper electrodes 223 of the piezoelectric
elements 221 may be connected to the outside via the side
electrode 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 propetty.

[0095] Patterns of the side electrodes 225 of the piezoelec-
tric elements 2214 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 2215 of the even numbered columns and wiring
patterns of the even-numbered side electrode substrates 2315
may vary substantially in the same way as the example
described with reference to FIG. 7. In other words, the piezo-
electric elements 221a (see FIG. 12) of the odd numbered
columns may be exposed by the third parts 2312¢ of the
substrate body 2311 to be electrically connected to the first
connection substrate 235, and the wiring lines 2312 of the
piezoelectric elements 2215 of the even numbered columns
may be exposed to a side end opposite to the third parts 2312¢
of the substrate body 2311 to be electrically connected to the
second connection substrate 236.

[0096] In the ultrasonic transducer 210 of one or more
embodiments, the side electrodes 225 of the piezoelectric
elements 121 may be formed to extend from the upper elec-
trodes 223, and thus the ultrasonic transducer 210 may be
substantially the same as the ultrasonic transducer 110 of one
or more embodiments described with reference to FIGS. 1 to
8 except that the wiring patterns of the side electrode sub-
strates 231 and locations of the common electrodes of the
current embodiment may be changed from those of one or
more previous described embodiments.

[0097] FIG. 15 is a view illustrating a side electrode sub-
strate attached to side surfaces of piezoelectric elements 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
asubstrate body 2311' and wiring lines 2312' provided on one
surface 2311a' of the substrate body 2311'. The substrate
body 2311' may be formed of an electric insulating material.
The one surface 23114’ of the substrate body 2311' may be
attached to the side surfaces of the piezoelectric elements 221
on which the side electrodes 225 may be provided. The sub-
strate body 2311 of the current embodiment may be substan-
tially 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 23114' where the substrate body
2311' meets the piezoelectric elements 221. The wiring lines
2312' may include first parts 23124" of which at least some
directly contact the side electrodes 225 of the piezoelectric
elements 221, second parts 23125' which may extend toward
a first side end 2311¢' of the substrate body 2311', and third
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parts 1312¢' which may be exposed by the first side end
2311 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.

[0098] FIG. 16 is a view illustrating a side electrode sub-
strate and a connection substrate bonded together in an ultra-
sonic transducer according to one or more embodiments.
[0099] Referring to FIG. 16, components of the ultrasonic
transducer of the current embodiment may be the same as
those of the ultrasonic transducer of one or more embodi-
ments 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 supporting unit 250 may be
formed of an insulating material. Thus, the rear surface sup-
porting unit 250 may not be used as a common electrode of
the piezoelectric elements 221'. Accordingly, in the current
embodiment, the lower electrodes 224 may be individually
provided on bottom 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
electrodes 226. Also, a second wiring line 2316 commonly
corresponding to the lower side electrodes 226 of the piezo-
electric 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 electrode substrate 231" ther-
ebetween, and may be simultaneously and electrically con-
nected 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 2311¢ of the side
electrode substrate 231" similar to the third parts 2312¢ 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 electrode substrate
231" and the first and second connection substrates 235 and
236 (see FIG. 11).

[0100] Next, a method of manufacturing an ultrasonic
transducer according to an embodiment of the present inven-
tion will be described.

[0101] FIGS. 17A to 17K illustrate a method of manufac-
turing an ultrasonic transducer according to one embodiment
of the present invention.

[0102] Asshownin 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 surfaces of the
piezoelectric bodies 122 to form the piezoelectric layer 120.
[0103] Similarly, as shown in FIG. 17C, the acoustic
matching layers 140 having a flat plate shape may be pre-
pared. The acoustic matching layers 140 may include the two
layers 141 and 142 having different acoustic impedances. As
shown in FIG. 17D, upper and lower electrodes 138a and
1385 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 1385 of the acoustic matching layers 140 may be
omitted.

[0104] 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 electrode 123 of the piezo-
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electric layer 120 and the lower electrode 1385 of the acoustic
matching layers 140 may be bonded together.

[0105] As shown in FIG. 17F, a block including the piezo-
electric layer 120 and the acoustic matching layers 140 hav-
ing flat plate shapes may be cut in a vertical direction 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 parallelepiped shape that is rela-
tively long in one direction.

[0106] 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 138¢ for electrically connecting the upper electrode
138a and the lower electrode 1385 formed on the top and
bottom surfaces of the acoustic matching layers 140 may be
formed on side surfaces of the acoustic matching layers 140.
The upper electrode 1384, the lower electrode 1385, and the
side electrode 138¢ 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 direction of the sub-
block 160 as described above.

[0107] 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 a way 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.

[0108] As shown in FIG. 171, the side electrode substrates
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.

[0109] 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.

[0110] Before the sub-blocks 160 to which the side elec-
trode substrates 131 are bonded are bonded to the supporting
block 152, a process for detecting a piezoelectric property by
applying voltages individually to the sub-blocks 160 may be
additionally performed. In a conventional method of manu-
facturing an ultrasonic transducer, a piezoelectric layer is
formed by using one piezoelectric material, but it is not easy
to uniformly provide a piezoelectric characteristic over the
entire piezoelectric material in terms of a characteristic of the
piezoelectric material. As a result, in a conventional ultra-
sonic transducer, a piezoelectric characteristic may be not
uniformly provided over an entire area of a plurality of piezo-
electric elements arranged in a two-dimensional array. Mean-
while, according to the method of manufacturing an ultra-
sonic transducer of the present invention, when the single
ultrasonic transducer 110 is manufactured, since the piezo-
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electric layer 120 is formed by coupling the sub-blocks 160 in
units of columns, each sub-block 160 is tested before cou-
pling the sub-blocks 160 and the sub-blocks 160 not having a
uniform piezoelectric characteristic equal to or greater than a
reference value are discarded, and thus dispersion of the
piezoelectric characteristics of the piezoelectric elements 121
is decreased, thereby reducing a fluctuation in performance of
the ultrasonic transducer 110 as much as possible.

[0111] FIGS. 18A to 18] illustrate a method of manufac-
turing an ultrasonic transducer according to another embodi-
ment of the present invention.

[0112] Asshown 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.

[0113] 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 impedances.

[0114] 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 structure 251 may be
formed of a conductive material.

[0115] As shown in FIG. 18E, a block including the piezo-
electric layer 220 and the acoustic matching layers 240 hav-
ing flat plate shapes may be cut in a vertical direction at equal
intervals. FIG. 18F illustrates one of a plurality of divided
sub-blocks 260.

[0116] As shown in FIG. 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 bodies 222. The side
electrodes 225 formed in the side surfaces 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.

[0117] 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 predetermined position
of the support structure 251.

[0118] As shown in FIG. 18I, the side electrode substrates
231 in which the wiring lines 2312 may be provided may be
bonded to a surface of the sub-block 260 in which the side
electrodes 225 may be formed.

[0119] As shown in FIG. 18], the sub-blocks 260 to which
the side electrode substrates 231 may be bonded may be
arranged to be fixed to a top surface ofa supporting block 252.
The support structure 251 and the supporting block 252
together may form the rear surface supporting unit 250. The
support structure 251 and the supporting 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 FI1G. 11.

[0120] The ultrasonic transducer, the ultrasonic probe, and
the ultrasound image diagnosis apparatus according to the
above-described one or more embodiments have the follow-
ing effects.
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[0121] 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-dimensional
arrayed ultrasonic transducer, and further to a stacked struc-
tured ultrasonic transducer.

[0122] Secondly, when a single ultrasonic transducer is
manufactured, a plurality of piezoelectric elements may be
assembled in units of columns, and thus the piezoelectric
elements may be tested in units of columns to decrease dis-
persion of piezoelectric characteristics, thereby possibly
reducing a fluctuation in performance of the ultrasonic trans-
ducer.

[0123] While aspects of the present invention has been
particularly shown and described with reference to differing
embodiments thereof, it should be understood that these
embodiments should be considered in a descriptive sense
only and not for purposes of limitation. Descriptions of fea-
tures or aspects within each embodiment should typically be
considered as available for other similar features or aspects in
the remaining embodiments. Suitable results may equally be
achieved if the described techniques are performed in a dif-
ferent order and/or if components in a described system,
architecture, device, or circuit are combined in a different
manner and/or replaced or supplemented by other compo-
nents or their equivalents.

[0124] Thus, although a few embodiments have been
shown and described, with additional embodiments being
equally available, it would be appreciated by those skilled in
the art that changes may be made in these embodiments
without departing from the principles and spirit of the inven-
tion, the scope of which is defined in the claims and their
equivalents.

What is claimed is:

1. An ultrasonic transducer comprising:

aplurality of piezoelectric elements arranged in at least one
column;

individual electrodes provided on at least one surface of top
and bottom surfaces of each of the piezoelectric ele-
ments;

a plurality of side electrodes extending toward one side
surface of each of the plurality of piezoelectric elements
from the individual electrodes; and

a side electrode substrate comprising a plurality of wiring
lines bonded to the one side surfaces of the plurality of
piezoelectric elements and electrically connected to the
plurality of side electrodes, respectively.

2. The ultrasonic transducer of claim 1, wherein each of the
plurality of side electrodes of the plurality of piezoelectric
elements located in one column have different heights.

3. The ultrasonic transducer of claim 2, wherein the heights
of the plurality of side electrodes of the plurality of piezo-
electric elements located in one column are gradually
decreased or increased in a lengthwise direction of the col-
umn.

4. The ultrasonic transducer of claim 1, wherein the plu-
rality of wiring lines of the side electrode substrate comprise
first parts respectively facing the plurality of side electrodes,
second parts extending toward one side ends of the side elec-
trode substrate, and third parts exposed by the one side ends
of the side electrode substrate.

5. The ultrasonic transducer of claim 4, wherein a substrate
body of the side electrode substrate is formed of an anisotro-
pic electroconductive material having an electroconductive
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property in a thickness direction and having an insulating
property in a surface direction, and the plurality of wiring
lines of the side electrode substrate are provided in a surface
opposite to the surface where the substrate meets the side
electrodes of the piezoelectric elements.

6. The ultrasonic transducer of claim 4, wherein the sub-
strate body of the side electrode substrate is formed of an
electric insulating material, and the plurality of wiring lines of
the side electrode substrate are provided in the surface where
the substrate meets the side electrodes.

7. The ultrasonic transducer of claim 1, wherein the plu-
rality of piezoelectric elements are arranged in a two-dimen-
sional 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.

8. The ultrasonic transducer of claim 7, wherein heights of
the plurality of side electrodes of the piezoelectric elements
of a first column are gradually decreased in a lengthwise
direction of the first column, and heights of side electrodes of
the piezoelectric elements of a second column adjacent to the
first column are gradually increased in the lengthwise direc-
tion of the second column.

9. The ultrasonic transducer of claim 8, wherein the plu-
rality of wiring lines of the plurality of side electrode sub-
strates comprise first parts respectively facing the plurality of
side electrodes, second parts extending toward side ends of
the plurality of side electrode substrates, and third parts
exposed by the side ends of the plurality of side electrode
substrates, and the side ends by which the third parts are
exposed ofa first side electrode substrate bonded to the piezo-
electric elements 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 of
the second column.

10. The ultrasonic transducer of claim 9, further compris-
ing a first connection substrate electrically connected to the
exposed third parts of the first side electrode substrate and a
second connection substrate electrically connected to the
exposed third parts of the second side electrode substrate.

11. The ultrasonic transducer of claim 7, wherein heights of
the plurality of side electrodes of the plurality of piezoelectric
elements of all columns are gradually decreased or increased
in the same direction.

12. The ultrasonic transducer of claim 11, wherein the
plurality of wiring lines of the plurality of side electrode
substrates comprise first parts respectively facing the plural-
ity of 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 substrate, wherein
the side ends by which the third parts are exposed of the
plurality of side electrode substrates are arranged in the same
direction.

13. The ultrasonic transducer of claim 12, further compris-
ing one connection substrate electrically connected to the
exposed third parts of the plurality of side electrode sub-
strates.

14. The ultrasonic transducer of c¢laim 1, wherein a sub-
strate body of the side electrode substrate is formed ofa sound
absorbing material.

15. The ultrasonic transducer of c¢laim 1, wherein a sub-
strate body of the side electrode substrate is formed of a
flexible material.
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16. The ultrasonic transducer of claim 1, wherein the indi-
vidual electrodes provided on the bottom surfaces of each of
the piezoelectric elements comprise signal electrodes, and the
individual electrodes provided on the top surfaces of each of
the piezoelectric elements comprise common electrodes.

17. The ultrasonic transducer of claim 16, wherein the
common electrodes further comprise upper electrode plates
provided on top surfaces of each of the common electrodes,
respectively, each of the upper electrode plates being com-
monly and electrically connected to each of the common
electrodes, respectively.

18. The ultrasonic transducer of claim 17, further compris-
ing an acoustic matching layer provided between the com-
mon electrodes and an upper electrode layer, the acoustic
matching layer being formed of a conductive material or at
least a portion of an outer surface of the acoustic matching
layer being coated with a conductive material.

19. The ultrasonic transducer of claim 1, wherein the indi-
vidual electrodes provided on the top surfaces of each of the
piezoelectric elements comprise signal electrodes, and the
individual electrodes provided on the bottom surfaces of each
of the piezoelectric elements comprise common electrodes.

20. The ultrasonic transducer of claim 19, further compris-
ing a rear surface supporting unit provided under the piezo-
electric elements to support the piezoelectric elements, the
rear surface supporting unit being formed of a conductive
material and being electrically connected to the common
electrodes.

21. The ultrasonic transducer of claim 1, further compris-
ing an acoustic matching layer located above each of the
piezoelectric elements.

22. The ultrasonic transducer of claim 1, further compris-
ing a rear surface supporting unit provided under the piezo-
electric elements to support the piezoelectric elements.

23. The ultrasonic transducer of claim 22, further compris-
ing a plurality of kerfs formed in portions of the rear surface
supporting unit to correspond to gaps between the piezoelec-
tric elements.

24. The ultrasonic transducer of claim 22, wherein at least
a portion of the rear surface supporting unit contacting the
piezoelectric elements is formed of a sound absorbing mate-
rial.

25. An ultrasonic probe comprising:

an ultrasonic transducer; and

a housing accommodating the ultrasonic transducer,

wherein the ultrasonic transducer comprises: a plurality of

piezoelectric elements arranged in at least one column;
individual electrodes provided on at least one surface of
top and bottom surfaces of each of the piezoelectric
elements; a plurality of side electrodes extending toward
one side surfaces of each of the plurality of piezoelectric
elements from the individual electrodes; and a side elec-
trode substrate comprising a plurality of wiring lines
bonded to the one side surfaces of the plurality of piezo-
electric elements and electrically connected to the plu-
rality of side electrodes, respectively.

26. An ultrasound image diagnosis apparatus comprising:

an ultrasonic probe comprising an ultrasonic transducer

and a housing accommodating the ultrasonic transducer;
and

asignal processor for generating an ultrasonic wave image

based on an ultrasonic wave echo signal detected by the
ultrasonic probe,
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wherein the ultrasonic transducer comprises: a plurality of
piezoelectric elements arranged in at least one column;
individual electrodes provided on at least one surface of
top and bottom surfaces of each of the piezoelectric
elements; a plurality of side electrodes extending toward
one side surfaces of each of the plurality of piezoelectric
elements from the individual electrodes; and a side elec-
trode substrate comprising a plurality of wiring lines
bonded to the one side surfaces of the plurality of piezo-
electric elements and electrically connected to the plu-
rality of side electrodes, respectively.

27. A method of manufacturing an ultrasonic transducer,

the method comprising:

providing a piezoelectric layer;

forming an electrode layer on at least one surface of the
piezoelectric layer;

forming one block by bonding a support structure to a
bottom surface of the piezoelectric layer;

providing a plurality of sub-blocks by cutting the block
comprising the support structure and the piezoelectric
layer in a vertical direction at equal intervals;

forming a side electrode electrically connected to the elec-
trode layer of the piezoelectric layer in one side surface
of the block comprising the support structure and the
piezoelectric layer;

forming a plurality of kerfs at equal intervals from upper-
most portions of the sub-blocks to a predetermined posi-
tion of the support structure;

providing a side electrode substrate having wiring patterns
corresponding to side electrodes of the sub-blocks;

bonding the side electrode substrate to the sub-blocks in
which the kerfs are formed,;

bonding the sub-blocks to which the side electrode sub-
strate is bonded to a supporting block in a width direc-
tion; and

bonding a connection substrate to a side surface of the
supporting block to which the sub-blocks are bonded.

28. The method of claim 27, further comprising detecting

and selecting a piezoelectric property for each sub-block to
which the side electrode substrate is bonded before the sub-
blocks to which the side electrode substrate is bonded are
bonded to the supporting block in the width direction.

29. An ultrasonic transducer comprising:

aplurality of piezoelectric elements arranged in at least one
column;

individual electrodes provided on at least one surface of top
and bottom surfaces of each of the piezoelectric ele-
ments;

a plurality of side electrodes extending toward one side
surface of each of the plurality of piezoelectric elements
from the individual electrodes, each of the plurality of
side electrodes of the plurality of piezoelectric elements
located in one column having different heights; and

a side electrode substrate comprising a plurality of wiring
lines bonded to the one side surfaces of the plurality of
piezoelectric elements and electrically connected to the
plurality of side electrodes, respectively,

wherein the plurality of piezoelectric elements 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.
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30. The ultrasonic transducer of claim 29, wherein heights
of the plurality of side electrodes of the piezoelectric ele-
ments of a first column are gradually decreased in a length-
wise direction of the first column, and heights of side elec-
trodes of the piezoelectric elements of a second column
adjacent to the first column are gradually increased in the
lengthwise direction of the second column.

31. The ultrasonic transducer of claim 29, wherein heights
of the plurality of side electrodes of the plurality of piezo-
electric elements of all columns are gradually decreased or
increased in the same direction.

® 0% % % %
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