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Description

BACKGROUND

1. Field

[0001] Exemplary embodiments of the present disclo-
sure relate to an ultrasound probe for generating images
of the inside of a subject using ultrasonic waves.

2. Description of the Related Art

[0002] An ultrasound diagnostic system includes a
noninvasive apparatus that irradiates an ultrasound sig-
nal to a body surface at a target organ in the body and
obtains cross-sectional images of, for example, soft tis-
sue and blood flow.
[0003] Compared to other imaging diagnostic systems
such as X-ray diagnostic systems, computed tomogra-
phy (CT) scanners, magnetic resonance imaging (MRI)
systems and diagnostic systems for nuclear medicine,
the ultrasound diagnostic system may have a compact
size and low price, display images in real time, and pro-
vide a high level of safety by eliminating exposure to ra-
diation. For at least these reasons, an ultrasound diag-
nostic system has been widely used for diagnosis in, for
example, cardiac medicine, abdominal imaging, urology,
obstetrics and gynecology.
[0004] The ultrasound diagnostic system includes an
ultrasound probe which transmits an ultrasound signal
to a subject and receives an ultrasound echo signal re-
flected from the subject to obtain an ultrasound image of
the subject.
[0005] The ultrasound probe includes a piezoelectric
layer of piezoelectric materials which convert electric sig-
nals into sound signals (e.g., acoustic), and vice versa,
through vibration of the piezoelectric materials, a match-
ing layer to reduce a difference in acoustic impedance
between the piezoelectric layer and the subject to allow
ultrasonic waves transmitted from the piezoelectric layer
to be transferred to the subject as much as possible, and
a lens to focus the ultrasonic waves traveling from the
front of the piezoelectric layer on a specific point, and a
backing layer to block the ultrasonic waves from traveling
in an opposite direction from the rear of the piezoelectric
layer to prevent image distortion.
[0006] US 2010/241004 A1 discloses a probe for an
ultrasonic diagnostic apparatus including backing mem-
bers, a first connector bonded between the backing mem-
bers and electrodes spaced from each other in an ar-
rangement direction, a ground connector bonded be-
tween the backing members to be spaced from the first
connector, and a piezoelectric member electrically con-
nected to the electrodes and the ground connector. A
method of manufacturing the same is also disclosed. The
piezoelectric member is joined to the first connector and
the ground connector or to first and second connectors
and the ground connector via first and second electrode

layers instead of using a complicated and laborious sol-
dering operation, thereby enabling easy connection be-
tween the piezoelectric member and the connectors
while preventing deterioration in performance caused by
defective connection therebetween and deterioration in
performance of the piezoelectric member caused by heat
during manufacture.
[0007] JP 2008 302044 A discloses an ultrasonic probe
including the piezoelectric vibrator which is configured
by alternately laminating piezoelectric bodies and the
electrode layers and has the side surface electrode
formed on a side surface perpendicular to the laminating
direction, and the side surface electrode is formed on two
facing side surfaces perpendicular to the direction in
which the piezoelectric vibrators are arrayed. Moreover,
the ultrasound probe has a back surface material on
which the piezoelectric vibrators are arrayed, and
grooves having a width in which a width of the piezoe-
lectric vibrator fits are formed at intervals of the array of
piezoelectric vibrators on the surface of the back surface
material for arraying the piezoelectric vibrators.
[0008] US 2003/055337 A1 discloses an ultrasonic
transducer, method, and system for performing ultrason-
ic harmonic imaging in a medium or a living body. The
ultrasonic transducer consists of a linear array of alter-
nating long and short elements. A first set of transducer
elements is for transmitting and receiving at a fundamen-
tal frequency, and a second set of transducer elements
is for receiving second harmonic or subharmonic echoes,
each set operating at their respective center frequencies.
This dual-frequency ultrasonic transducer is coupled to
an ultrasound system wherein transmit beamforming is
done at the fundamental frequency, and receive beam-
forming is done at the second harmonic or subharmonic
frequency. When receive beamforming at the fundamen-
tal frequency is added, the method enables parallel fun-
damental, harmonic, compound, and difference imaging.
These methods may be utilized to improve ultrasonic har-
monic imaging of hard-to-image patients by optimizing
the transmission of fundamental-frequency ultrasound
beams and the receiving of second harmonic or subhar-
monic echoes, while minimizing harmonic distortion and
signal losses.

SUMMARY

[0009] Therefore, it is an object of the present disclo-
sure to provide an ultrasound probe including a backing
layer and/or a matching layer provided with grooves in
which a piezoelectric member is allowed to be installed,
and a manufacturing method thereof.
[0010] Additional objects of the present disclosure will
be set forth in part in the description which follows and,
in part, will be obvious from the description, or may be
learned from practice of exemplary embodiments of the
present disclosure.
[0011] In accordance with one aspect of the present
disclosure, an ultrasound probe according to claim 1 is
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described.
[0012] The piezoelectric member may be arranged as
one of a one-dimensional array and a two-dimensional
array, and the at least one groove may have a shape
corresponding to the array of the piezoelectric member.
[0013] A ground electrode may be formed on at least
one side of each of elements constituting the array of the
piezoelectric member, and a signal electrode may be
formed on at least one side of each of the elements in-
cluding a side opposite to the side on which the ground
electrode is formed.
[0014] At least one conductive pattern to apply an elec-
tric signal to the array of the piezoelectric member is in-
stalled in the at least one groove.
[0015] The at least one conductive pattern is formed
on at least one side of the at least one groove.
[0016] The at least one conductive pattern may be
electrically connected with at least one of a ground elec-
trode and a signal electrode formed on an element of the
array of the piezoelectric member to apply an electric
signal to the element.
[0017] In accordance with one aspect of the present
disclosure, a manufacturing method of an ultrasound
probe according to claim 5 is described.
[0018] The forming at least one groove may include
arranging, on the one side of the backing layer, the at
least one groove in one of a one-dimensional array and
a two-dimensional array, and forming, on at least one
side of the at least one groove, at least one conductive
pattern to apply an electric signal to the array of the pie-
zoelectric member.
[0019] The installing a piezoelectric member may in-
clude installing a matching layer on one side of the pie-
zoelectric member, processing the piezoelectric member
on which the matching layer is installed into one of a one-
dimensional array and a two-dimensional array, forming
a ground electrode and a signal electrode on each of
elements constituting the array of the processed piezo-
electric member, and installing, in the at least one groove,
the array of the piezoelectric member provided with the
ground and signal electrodes.
[0020] The forming a ground electrode and a signal
electrode may include forming the ground electrode on
at least one side of each element constituting the array
of the processed piezoelectric member, and forming the
signal electrode on at least one side of each element
including a side opposite to the side on which the ground
electrode is formed.
[0021] At least one conductive pattern may be formed
in the at least one groove to be electrically connected
with at least one of the ground electrode and the signal
electrode to apply an electric signal to the element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] These and/or other aspects of the present dis-
closure will become apparent and more readily appreci-
ated from the following description of the embodiments,

taken in conjunction with the accompanying drawings of
which:

FIG.’S 1 and 2 are exploded perspective views illus-
trating an ultrasound probe according to an exem-
plary embodiment of the present disclosure;
FIG. 3 is a view illustrating an example of formation
of conductive patterns in grooves of a backing layer
of the ultrasound probe according to an embodiment
of the present disclosure;
FIG. 4 is a view illustrating an example of a piezoe-
lectric member provided with electrodes to be in-
stalled in the grooves of FIG. 3;
FIG. 5 is a view illustrating installation of the piezo-
electric member of FIG. 4 in the grooves of FIG. 3;
FIG. 6 is a view illustrating another example of the
piezoelectric member provided with electrodes to be
installed in the grooves of FIG. 3;
FIG. 7 is a view illustrating installation of the piezo-
electric member of FIG. 6 in the grooves of FIG. 3;
FIG. 8 is a view illustrating another example of for-
mation of conductive patterns in the grooves of the
backing layer of an ultrasound probe;
FIG. 9 is a view illustrating a piezoelectric member
provided with electrodes to be installed in the
grooves of FIG. 8;
FIG. 10 is a view illustrating installation of the piezo-
electric member of FIG. 9 in the grooves of FIG. 8;
FIG.’S 11 and 12 are views illustrating further exam-
ples of formation of conductive patterns in the
grooves of the backing layer of an ultrasound probe;
FIG. 13 is a view illustrating a piezoelectric member
provided with electrodes to be installed in the
grooves of FIG.’S 11 and 12;
FIG.’S 14 and 15 are exploded perspective views
illustrating an ultrasound probe according to another
example;
FIG. 16 is a flowchart illustrating a manufacturing
method of the ultrasound probe according to an em-
bodiment of the present disclosure;
FIG. 17 is a flowchart illustrating a manufacturing
method of the ultrasound probe according to the an-
other example.

DETAILED DESCRIPTION

[0023] Reference will now be made in detail to exem-
plary embodiments of the present disclosure, examples
of which are illustrated in the accompanying drawings,
wherein like reference numerals refer to like elements
throughout.
[0024] FIG. 1 is an exploded perspective view illustrat-
ing a two-dimensional-array of an ultrasound probe ac-
cording to an exemplary embodiment of the present dis-
closure, and FIG. 2 is an exploded perspective view il-
lustrating a one-dimensional-array of an ultrasound
probe according to an exemplary embodiment of the
present disclosure.
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[0025] The ultrasound probe according to the exem-
plary embodiment includes a piezoelectric layer 20, a
matching layer 10 disposed on a front-side surface of the
piezoelectric layer 20, and a backing layer 30 disposed
on a rear-side surface of the piezoelectric layer 20.
[0026] A piezoelectric material generates a voltage in
response to applied mechanical stress, and is mechan-
ically deformed in response to an applied voltage. These
effects are referred to as a piezoelectric effect and an
inverse piezoelectric effect, respectively.
[0027] That is, a piezoelectric material is a material that
converts electric energy into mechanical vibration ener-
gy, and vice versa.
[0028] The ultrasound probe according to an exempla-
ry embodiment includes the piezoelectric layer 20 formed
of a piezoelectric material(s) that generates an ultra-
sound by converting an applied electric signal into me-
chanical vibration.
[0029] Examples of piezoelectric materials constitut-
ing the piezoelectric layer 20 may include at least one of
lead zirconate titanate (PZT) ceramics, PZMT single
crystals made of a solid solution of lead magnesium nio-
bate and lead titanate, PZNT single crystals made of a
solid solution of lead zinc niobate and lead titanate, or
the like.
[0030] In addition, the piezoelectric layer 20 may be
arranged in either a single layer or a multilayered stack.
[0031] In general, when the piezoelectric layer 20 is
arranged in a multilayered stack, the impedance and volt-
age of the piezoelectric layer 20 may be adjusted more
easily, and better piezoelectric sensitivity, higher energy
conversion efficiency and a smoother spectrum may be
obtained.
[0032] The matching layer 10 is disposed on the front-
side surface of the piezoelectric layer 20. The matching
layer 10 reduces a difference in acoustic impedance be-
tween the piezoelectric layer 20 and the subject to enable
matching the acoustic impedance of the piezoelectric lay-
er 20 with that of the subject, thereby allowing ultrasound
generated by the piezoelectric layer 20 to be efficiently
transferred to the subject.
[0033] To this end, the matching layer 10 may be
adapted to have a middle value between the acoustic
impedances of the piezoelectric layer 20 and the subject.
[0034] The matching layer 10 may be formed of a glass
or resin material. Also, a plurality of matching layers 10
may be provided to allow the acoustic impedance to vary
gradually from the piezoelectric layer 20 toward the sub-
ject, and each of the plurality of matching layers may be
formed of a different material.
[0035] The piezoelectric layer 20 and the matching lay-
er 10 may be formed in a dicing process as a two-dimen-
sional array in the shape of a matrix shown in FIG. 1, or
as a one-dimensional array shown in FIG. 2.
[0036] Although not shown in FIG.’S 1 and 2, a protec-
tive layer may be disposed on a front-side surface of the
matching layer 10. The protective layer may prevent high
frequency signals generated by the piezoelectric layer

20 from being exposed to the outside and may block in-
troduction of external high frequency signals.
[0037] Further, the protective layer may protect inter-
nal components from water and chemicals such as those
used for disinfection, by applying or depositing a conduc-
tive material to the surface of a film with moisture-resist-
ance and chemical resistance.
[0038] Although not shown in FIG.’S 1 and 2, a lens
may be disposed on the front-side surface of the match-
ing layer 10. The lens may be formed to be convex in a
direction of irradiation of the ultrasonic waves to focus
the ultrasonic waves, or may be formed to be concave
in case the sound velocity is lower than in the subject.
[0039] The backing layer 30, which is disposed on the
rear-side surface of the piezoelectric layer 20, absorbs
a portion of the ultrasonic waves generated in the piezo-
electric layer 20 and traveling in a backward direction.
This blocks the portion of the ultrasonic waves from being
reflected in a forward direction, thereby preventing image
distortion. To enhance attenuation or blocking of ultra-
sound, a plurality of backing layers 30 may be provided.
[0040] When the piezoelectric layer 20 is formed as a
two-dimensional array, the backing layer 30 is also
formed to have a plurality of grooves 31 arranged in a
two-dimensional array, as shown in FIG. 1.
[0041] The number of grooves 31 may be equal to that
of elements21 (see FIG. 4) constituting the two-dimen-
sional array of the piezoelectric layer 20, and each of the
grooves 31 may be formed to have the same or a similar
cross-sectional shape as that of the corresponding ele-
ment 21 so that the respective elements 21 may be seat-
ed in the grooves 31.
[0042] When the piezoelectric layer 20 is formed as a
one-dimensional array, the backing layer 30 is also
formed to have a plurality of grooves 31 arranged in a
one-dimensional array, as shown in FIG. 2.
[0043] The number of grooves 31 may be equal to that
of elements 21 constituting the one-dimensional array of
the piezoelectric layer 20, and each of the grooves 31
may be formed to have the same or a similar cross-sec-
tional shape as that of the corresponding element 21 so
that the respective elements 21 may be seated in the
grooves 31.
[0044] The depth of the grooves 31 may be set to allow
the elements 21 to be stably seated while not degrading
the efficiency of generating ultrasonic waves.
[0045] The manufacturing technique used for forming
the grooves 31 in the backing layer 30 is not limited. Var-
ious manufacturing techniques may be used depending
on, for example, the shape of the grooves 31. For in-
stance, in one exemplary process, the backing layer 30
provided with grooves 31 may be manufactured through
casting.
[0046] When the elements 21 are installed in corre-
sponding grooves 31, an adhesive, a silver epoxy, a con-
ductive material, or the like, may be inserted between
contact surfaces of the element 21 and the groove 31 for
increasing accuracy in arranging the elements 21 to allow
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the elements 21 to be securely installed in the grooves 31.
[0047] FIG. 3 illustrates an example of conductive pat-
terns 32 and 33 formed in the grooves 31 of the backing
layer 30 of the ultrasound probe according to an exem-
plary embodiment of the present disclosure, FIG.’S 4 and
5 illustrate an example of a piezoelectric member which
may be installed in the groove 31 in FIG. 3 and installation
thereof in the groove 31, respectively, and FIG.’S 6 and
7 illustrate another example of a piezoelectric member
which may be installed in the groove 31 in FIG. 3 and
installation thereof in the groove 31, respectively.
[0048] For the piezoelectric layer 20 to generate ultra-
sonic waves, an electric signal should be applied to the
piezoelectric member constituting the piezoelectric layer
20. Therefore, the piezoelectric member is provided with
electrodes 22 and 23, that is, a ground electrode 22 and
a signal electrode 23, to which an electric signal is ap-
plied.
[0049] When the piezoelectric layer 20 is formed as a
one-dimensional array or two-dimensional array, the
ground electrode 22 and signal electrode 23 are formed
on each of the elements 21 constituting the array.
[0050] Also, to apply electric signals to the ground elec-
trode 22 and the signal electrode 23 formed on each of
the elements 21, conductive patterns 32 and 33 are
formed in each of the grooves 31 in which the elements
21 are installed.
[0051] As shown in FIG. 3, the conductive patterns 32
and 33 may be formed to extend from both lateral sides
of the groove 31 to outside the groove 31. The portions
of the conductive patterns 32 and 33 extending outside
the groove 31 may be electrically connected to an electric
signal-supply member, for example, a printed circuit
board (PCB) or a flexible printed circuit board (FPCB).
[0052] The conductive patterns 32 and 33 extending
toward each other from any two adjacent grooves 31 to
the outside thereof may be formed to have different po-
larities. When the conductive patterns 32 and 33 are
formed in this way, the conductive patterns 32 and 33
extending toward each other from the adjacent grooves
31 to the outside thereof are arranged not to contact each
other.
[0053] When the conductive patterns 32 and 33 ex-
tending toward each other from any two adjacent grooves
31 to the outside thereof have the same polarity, that is,
when both conductive patterns 32 and 33 contact the
ground electrode 22 or both conductive patterns 32 and
33 contact the signal electrode 23, they may be connect-
ed to each other.
[0054] However, the electric signals applied to the el-
ements 21 need to be adjusted differently from each oth-
er, and thus the conductive patterns 32 and 33 formed
by extending toward each other from the adjacent
grooves 31 to the outside thereof may be provided with
different polarities and arranged not to contact each oth-
er, as shown in FIG. 3.
[0055] FIG. 4 shows the piezoelectric member provid-
ed with the electrodes 22 and 23 adapted to be installed

in the grooves 31.
[0056] If the conductive patterns 32 and 33 are formed
on opposite lateral side surfaces of the groove 31 as
shown in FIG. 3, the ground electrode 22 and signal elec-
trode 23 may be formed on corresponding opposite lat-
eral side surfaces of the element 21 as shown in FIG. 4,
so that when the element 21 is installed in the groove 31
(see FIG. 5), the ground electrode 22 and signal electrode
23 formed on the element 21 may contact the conductive
patterns 32 and 33, respectively. The ground electrode
22 and signal electrode 23 may be formed only on the
opposite lateral side surfaces of the element 21, or may
further extend therefrom toward the front-side surface or
rear-side surface of the element 21.
[0057] Alternatively, the ground electrode 22 and sig-
nal electrode 23 may be formed on the front-side and
rear-side surfaces of the element 21 rather than on the
opposite lateral side surfaces of the element 21 as shown
in FIG. 13.
[0058] FIG. 6 shows the ground electrode 22 and sig-
nal electrode 23 formed on the front-side and rear-side
surfaces of the element 21 and FIG. 7 illustrates instal-
lation of the element 21 of FIG. 6 in the groove 31.
[0059] When the ground electrode 22 and signal elec-
trode 23 are formed on the front-side and rear-side sur-
faces of the element 21, they may extend toward opposite
lateral side surfaces so that when the element 21 is in-
stalled in the groove 31, the ground electrode 22 and
signal electrode 23 formed on the front-side and rear-
side surfaces of the element 21, respectively, may con-
tact the corresponding conductive patterns 32 and 33.
[0060] FIG. 8 illustrates another example of conductive
patterns 32 and 33 formed in the groove 31 of the backing
layer 30 of an ultrasound probe, FIG. 9 shows a piezoe-
lectric member that may be installed in the grooves 31
of FIG. 8, and FIG. 10 illustrates installation of the pie-
zoelectric member of FIG. 9 in the grooves 31 of FIG. 8.
[0061] As shown in FIG. 8, a bottom of the groove 31
may be provided with two conductive patterns 32 and 33
which are connected respectively to the ground electrode
22 and signal electrode 23. The conductive patterns 32
and 33 may be exposed at the bottom of the groove 31
and extend to a rear side of the backing layer 30 through
an internal portion of the backing layer 30. At the rear
side of the backing layer 30, the conductive patterns 32
and 33 may be connected to an external member sup-
plying electrical signals.
[0062] FIG. 9 shows the piezoelectric member provid-
ed with the ground electrode 22 and signal electrode 23
adapted to be installed in the grooves 31.
[0063] If the bottom of the groove 31 is provided with
two conductive patterns 32 and 33 as shown in FIG. 8,
the ground electrode 22 and signal electrode 23 may be
formed on the element 21 as shown in FIG. 9, so that
when the element 21 is installed in the groove 31 (see
FIG. 10), the ground electrode 22 and signal electrode
23 may contact the conductive patterns 32 and 33, re-
spectively.
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[0064] When the ground electrode 22 and signal elec-
trode 23 are formed on the front-side and rear-side sur-
faces of the element 21, the ground electrode 22 is ar-
ranged on the rear-side surface and the signal electrode
23 on the front-side surface. The signal electrode 23
formed on the front-side surface of the element 21 may
be arranged to extend to the rear-side surface of the el-
ement 21 along a lateral side surface of the element 21.
Alternatively, the ground electrode 22 may be formed on
the front-side surface of the element 21 and the signal
electrode 23 formed on the rear-side surface of the ele-
ment 21 as shown in, for example, FIG. 6.
[0065] When the ground electrode 22 and signal elec-
trode 23 are formed on lateral side surfaces of the ele-
ment 21, the ground electrode 22 and the signal electrode
23 may be respectively arranged on the opposite lateral
side surfaces of element 21 and both may be arranged
to extend to the rear-side surface of the element 21.
[0066] As an alternative to forming the ground elec-
trode 22 and signal electrode 23 on the front-side and
rear-side surfaces or the opposite lateral side surfaces,
one of the ground electrode 22 and signal electrode 23
may extend to a surface of the element 21 on which the
other one of the ground electrode 22 and signal electrode
23 is formed, as shown in the example on the left in FIG.
9. Alternatively, both the ground electrode 22 and signal
electrode 23 may be formed to extend from the lateral
side surfaces of the element 21 to the rear-side surface
of the element 21 as shown in the example on the right
in FIG. 9, and in this case the conductive patterns 32 and
33 may be provided only at the bottom of the groove 31.
[0067] Since the ground electrode 22 and signal elec-
trode 23 extending to the rear-side surface of the element
21 only need to be connected to the respective conduc-
tive patterns 32 and 33 formed on the bottom of the
groove 31, they may be arranged to occupy as small an
area of the rear-side surface of the element 21 as pos-
sible.
[0068] FIG.’S 11 and 12 illustrate further examples of
conductive patterns formed in the grooves 31 of the back-
ing layer 30 of an ultrasound probe, and FIG. 13 shows
a piezoelectric member that may be installed in the
grooves 31 of FIG.’S 11 and 12.
[0069] The backing layer 30 shown in FIG. 11 includes
a backing member 34 provided with the grooves 31, a
backing block 35 to support the backing member 34, and
a conductive pattern 32 installed between the backing
member 34 and the backing block 35.
[0070] The conductive pattern 32 is electrically con-
nected to an external member supplying electric signals
and contacts one of the ground electrode 22 and signal
electrode 23 of the element 21.
[0071] That is, in this exemplary embodiment, there
are not two conductive patterns 32 and 33 formed to con-
tact the ground electrode 22 and signal electrode 23,
respectively, like the conductive patterns 32 and 33 in
FIG.’S 3 and 8 described above, but one conductive pat-
tern 32 is provided to contact only one of the ground

electrode 22 and signal electrode 23.
[0072] The conductive pattern 32 shown in FIG. 12
may be exposed at the bottom of the groove 31 to contact
the ground electrode 22 of the element 21 to be installed
in the groove 31, and may extend to the rear side of the
backing layer 30 through the internal portion (e.g., back-
ing block 35) of the backing layer 30. At the rear side of
the backing layer 30, the conductive pattern 32 may be
connected to an external member supplying electric sig-
nals.
[0073] Similar to the conductive pattern 32 in FIG. 11,
the conductive pattern 32 in FIG. 12 contacts one of the
ground electrode 22 and signal electrode 23 of the ele-
ment 21.
[0074] FIG. 13 illustrates a piezoelectric member pro-
vided with the ground electrode 22 and signal electrode
23 to be installed in the grooves 31 in FIG.’S 11 and 12.
[0075] If one conductive pattern 32 is formed at the
bottom of the groove 31 as in FIG.’S 11 and 12, the
ground electrode 22 and signal electrode 23 formed on
the element 21 may be arranged on the front-side and
rear-side surfaces of the element 21 as shown in FIG.
13, so that when the element 21 is installed in the groove
31, the one of the ground electrode 22 and signal elec-
trode 23 may contact the conductive pattern 32.
[0076] In the illustrated example shown in FIG. 13,
among the ground electrode 22 and signal electrode 23,
only the ground electrode 22 formed on the rear-side
surface of the element 21 may receive an electric signal
from the conductive pattern 32 formed in the groove 31.
[0077] The signal electrode 23 formed on the front-side
surface of the element 21 may receive an electric signal
from a separate conductive pattern to be installed on the
front-side surface of the piezoelectric member.
[0078] The ground electrode 22 and signal electrode
23 may be formed only on the front-side and rear-side
surfaces of the element 21, or may be arranged to extend
from the front-side and rear-side surfaces to the opposite
lateral side surfaces.
[0079] FIG.’S 14 and 15 illustrate another example.
That is, grooves 11 in which corresponding piezoelectric
members are installed are formed in the matching layer
10 rather than in the backing layer 30.
[0080] If the piezoelectric layer 20 is formed as a two-
dimensional array, the matching layer 10 is formed to
have a plurality of grooves 11 arranged in a two-dimen-
sional array, as shown in FIG. 14.
[0081] The number of grooves 11 may be equal to that
of the elements 21 constituting the two-dimensional array
of the piezoelectric layer 20, and each of the grooves 31
may be formed to have the same or a similar cross-sec-
tional shape as that of the corresponding element 21 so
that the respective elements 21 may be installed in the
grooves 31.
[0082] If the piezoelectric layer 20 is formed as a one-
dimensional array, the matching layer 10 is formed to
have a plurality of grooves 11 arranged in a one-dimen-
sional array, as shown in FIG. 15.
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[0083] The number of grooves 11 may be equal to that
of the elements 21 constituting the one-dimensional array
of the piezoelectric layer 20, and each of the grooves 31
may be formed to have the same or a similar cross-sec-
tional shape as that of the corresponding element 21 so
that the respective elements 21 may be installed in the
grooves 31.
[0084] The depth of the grooves 11 may be set to allow
the elements 21 to be stably seated while not degrading
the efficiency of generating ultrasonic waves.
[0085] The manufacturing technique used for forming
the grooves 11 in the matching layer 10 is not limited.
Various manufacturing techniques may be used depend-
ing on, for example, the shape of the grooves 11. For
instance, in one exemplary process, the matching layer
10 provided with grooves 11 may be manufactured
through casting.
[0086] If the grooves 11 are formed in the matching
layer 10, the orientation of the ground electrode 22 and
signal electrode 23 formed on the elements 21 and the
conductive patterns 32 and 33 formed in the grooves 11
are opposite to that defined in the exemplary embodi-
ments illustrated in FIG.’S 3 to 13. The other details of
the ground electrode 22 and signal electrode 23 and the
conductive patterns 32 and 33 are the same as those for
the embodiments illustrated in FIG.’S 3 to 13, and thus
for the other details, refer to the description given above
with respect to FIG.’S 3 to 13.
[0087] FIG. 16 is a flowchart illustrating a manufactur-
ing method of the ultrasound probe according to an em-
bodiment of the present disclosure.
[0088] As shown in FIG. 16, the matching layer 10 is
installed on one side of the piezoelectric member (100).
[0089] After the matching layer 10 is installed on the
one side of the piezoelectric member, the piezoelectric
member and the matching layer 10 are processed into a
one-dimensional or two-dimensional array (110).
[0090] The array of the piezoelectric member may be
formed through a dicing process. After the piezoelectric
member is formed, it may have the shape shown in FIG.’S
1 and 2.
[0091] Once the piezoelectric member is formed into
the array, the ground electrode 22 and signal electrode
23 are formed on each of the elements 21 constituting
the array (120), the grooves 31 are provided on one side
of the backing layer 30 in the same one-dimensional or
two-dimensional array as that of the piezoelectric mem-
ber (130), and then the conductive patterns 32 and 33
are formed in the grooves 31 (140).
[0092] If the piezoelectric member is a one-dimension-
al array, the grooves 31 to be formed on the backing layer
30 are also manufactured in a one-dimensional array. If
the piezoelectric member is a two-dimensional array, the
grooves 31 to be formed on the backing layer 30 are also
manufactured in a two-dimensional array.
[0093] The number of grooves 31 may be equal to that
of the elements 21 constituting the array of the piezoe-
lectric member, and each of the grooves 31 is formed to

have the same or similar cross-sectional shape as that
of the corresponding element 21.
[0094] The manufacturing technique used for forming
the grooves 31 in the backing layer 30 is not limited. Var-
ious manufacturing techniques may be used depending
on, for example, the shape of the grooves 31. For in-
stance, in one exemplary process, the backing layer 30
provided with grooves 31 may be manufactured through
casting.
[0095] The ground electrode 22 and signal electrode
23 are formed on each of the elements 21 constituting
the array of the piezoelectric member, and the structure
of the ground electrode 22 and signal electrode 23 is
related to that of the conductive patterns 32 and 33 in-
stalled in the grooves 31 of the backing layer 30.
[0096] As shown in FIG. 4, the ground electrode 22
and signal electrode 23 formed on opposite lateral side
surfaces of the element 21 may have various shapes. If
the ground electrode 22 and signal electrode 23 are
formed to extend from the front-side and rear-side sur-
faces of the element 21 to the opposite lateral side sur-
faces as shown in FIG. 6, the conductive patterns 32 and
33 may be formed in the groove 31 of the backing layer
30 as shown in FIG. 3 or FIG. 7.
[0097] If two conductive patterns are formed at the bot-
tom of the groove 31 as shown in FIG. 8, the ground
electrode 22 and signal electrode 23 may be formed on
the element 21 as shown in FIG. 9, so that when the
element 21 is installed in the groove 31, the ground elec-
trode 22 and signal electrode 23 may contact the con-
ductive patterns 32 and 33, respectively.
[0098] That is, when the ground electrode 22 and sig-
nal electrode 23 are formed on the front-side and rear-
side surfaces of the element 21, the ground electrode 22
is arranged on the rear-side surface and the signal elec-
trode 23 on the front-side surface. The signal electrode
23 formed on the front-side surface of the element 21
may be arranged to extend to the rear-side surface of
the element 21 along a lateral side surface of the element
21. Alternatively, the ground electrode 22 may be formed
on the front-side surface of the element 21 and the signal
electrode 23 formed on the rear-side surface of the ele-
ment 21.
[0099] When the ground electrode 22 and signal elec-
trode 23 are formed on opposite lateral side surfaces of
the element 21, the ground electrode 22 and the signal
electrode 23 may be respectively arranged on the oppo-
site lateral sides of element 21 and both may be arranged
to extend to the rear-side surface of the element 21.
[0100] When the ground electrode 22 and signal elec-
trode 23 of various different shapes are formed on the
front-side and rear-side surfaces of the element 21 in the
manner shown in FIG. 13, the conductive pattern 32 may
be formed in the groove 31 of the backing layer 30 as
shown in FIG. 11 or FIG. 12. In this case, the signal elec-
trode 23 formed on the front-side surface of the element
21 may receive an electric signal from a separate con-
ductive pattern to be installed on the front-side surface
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of the piezoelectric member.
[0101] After the conductive patterns 32 and 33 are
formed in the grooves 31 of the backing layer 30, the
array of the piezoelectric member is installed in the
grooves 31 of the backing layer 30 (150).
[0102] The array of the piezoelectric member should
be installed such that the ground electrode 22 and signal
electrode 23 formed on the elements 21 of the array con-
tact the conductive patterns 32 and 33, respectively.
[0103] When the array of the piezoelectric member is
installed in the grooves 31, an adhesive, a silver epoxy,
a conductive material, or the like, may be inserted be-
tween contact surfaces of the element 21 and the groove
31 for increasing accuracy in arranging the elements 21
to allow the elements 21 to be securely installed in the
grooves 31.
[0104] FIG. 17 is a flowchart illustrating a manufactur-
ing method of the ultrasound probe according to an ex-
ample.
[0105] As shown in FIG. 17, the piezoelectric member
is installed on one side of the backing layer (200).
[0106] After being installed on one side of the backing
layer, the piezoelectric member is processed into a one-
dimensional or two-dimensional array (210).
[0107] The piezoelectric member may be processed
into an array through a dicing process. After the piezoe-
lectric member is processed, it has the shape as shown
in FIG.’S 14 and 15.
[0108] Once the piezoelectric member is formed into
the array, the ground electrode 22 and signal electrode
23 are formed on each of the elements 21 constituting
the array (220), the grooves 11 are formed on one side
of the matching layer 10 in the same one-dimensional or
two-dimensional array as that of the piezoelectric mem-
ber (230), and then the conductive patterns 32 and 33
are formed in the grooves 11 (240).
[0109] If the piezoelectric member is a one-dimension-
al array, the grooves 11 to be formed in the matching
layer 10 are also processed in a one-dimensional array.
If the piezoelectric member is a two-dimensional array,
the grooves 11 to be formed are also processed in a two-
dimensional array. The number of grooves 11 may be
equal to that of the elements 21 constituting the array of
the piezoelectric member, and each of the grooves 11 is
formed to have the same or similar cross-sectional shape
as that of the corresponding element 21.
[0110] The manufacturing technique used for forming
the grooves 11 in the matching layer 10 is not limited.
Various manufacturing techniques may be used depend-
ing on, for example, the shape of the grooves 11. For
instance, in one exemplary process, the matching layer
10 provided with the grooves 11 may be manufactured
through casting.
[0111] If the grooves 11 are formed in the matching
layer 10, the orientation of the ground electrode 22 and
signal electrode 23 formed on the elements 21 and the
conductive patterns 32 and 33 formed in the grooves 11
are opposite to that for the case in which the grooves 31

are formed in the backing layer 30. The other details of
the ground electrode 22 and signal electrode 23 and the
conductive patterns 32 and 33 are the same as those for
the case in which the grooves 31 are formed in the back-
ing layer 30, and thus for the other details, refer to the
description given above with respect to FIG. 16.
[0112] Once the conductive patterns 32 and 33 are
formed in the grooves 11 of the matching layer 10, the
array of the piezoelectric member is installed in the
grooves 11 of the matching layer 10 (250).
[0113] When the array of the piezoelectric member is
installed in the grooves 11, an adhesive, a silver epoxy,
a conductive material, or the like, may be inserted be-
tween contact surfaces of the element 21 and the groove
11 for increasing accuracy in arranging the elements 21
to allow the elements 21 to be securely installed in the
grooves 11.
[0114] As is apparent from the above description, an
ultrasound probe and manufacturing method thereof ac-
cording to exemplary embodiments of the present dis-
closure may lower a defect rate and increase yield of
ultrasound probes by improving the way the components
of the ultrasound probe are connected to each other.
[0115] In addition, the ultrasound probe and manufac-
turing method thereof according to exemplary embodi-
ments of the present disclosure may reduce crosstalk
and provide a wider bandwidth and good sensitivity.
[0116] Although a few embodiments of the present dis-
closure have been shown and described, it would be ap-
preciated by those having ordinary skill in the art that
changes may be made in these embodiments without
departing from the principles of the disclosure, the scope
of which is defined in the claims.

Claims

1. An ultrasound probe comprising:

a piezoelectric member; and
a backing layer (30) disposed on a rear-side sur-
face of the piezoelectric member and provided,
on a front-side surface of the backing layer (30),
with at least one groove (31) in which the piezo-
electric member is installed,
wherein at least one conductive pattern (32,33)
is installed in the at least one groove (31) to apply
an electric signal to the piezoelectric member,
characterised in that
the at least one conductive pattern (32,33) is
formed to extend in a lateral direction from both
lateral sides of the groove (31) to outside the
groove (31).

2. The ultrasound probe according to claim 1, wherein:

the piezoelectric member is arranged as one of
a one-dimensional array and a two-dimensional
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array, and
the at least one groove (31) has a shape corre-
sponding to the array of the piezoelectric mem-
ber.

3. The ultrasound probe according to claim 2, wherein
a ground electrode (22) is formed on at least one
side of each of elements constituting the array of the
piezoelectric member, and a signal electrode (23) is
formed on at least one side of each of the elements
including a side opposite to the side on which the
ground electrode (22) is formed.

4. The ultrasound probe according to claim 2, wherein
the at least one conductive pattern (32,33) is elec-
trically connected with at least one of a ground elec-
trode (22) and a signal electrode (23) formed on an
element of the array of the piezoelectric member to
apply an electric signal to the element.

5. A manufacturing method of an ultrasound probe
comprising:

forming at least one groove (31) on one side of
a backing layer (30); and
installing a piezoelectric member in the at least
one groove (31),
wherein at least one conductive pattern (32,33)
is formed in the at least one groove (31) to apply
an electric signal to the piezoelectric member,
characterised in that
the at least one conductive pattern (32,33) is
formed to extend in a lateral direction from both
lateral sides of the groove (31) to outside the
groove (31).

6. The manufacturing method according to claim 5,
wherein the forming at least one groove (31) com-
prises:

arranging, on the one side of the backing layer
(30), the at least one groove (31) in one of a one-
dimensional array and a two-dimensional array;
and
forming, on at least one side of the at least one
groove (31), the at least one conductive pattern
(32,33) to apply an electric signal to the array of
the piezoelectric member.

7. The manufacturing method according to claim 5,
wherein the installing a piezoelectric member com-
prises:

installing a matching layer (10) on one side of
the piezoelectric member;
processing the piezoelectric member on which
the matching layer (10) is installed into one of a
one-dimensional array and a two-dimensional

array;
forming a ground electrode (22) and a signal
electrode (23) on each of elements constituting
the array of the processed piezoelectric mem-
ber; and
installing, in the at least one groove (31), the
array of the piezoelectric member provided with
the ground and signal electrodes (23).

8. The manufacturing method according to claim 7,
wherein the forming a ground electrode (22) and a
signal electrode (23) comprises:

forming the ground electrode on at least one side
of each element constituting the array of the
processed piezoelectric member; and
forming the signal electrode (23) on at least one
side of each element including a side opposite
to the side on which the ground electrode (22)
is formed.

9. The manufacturing method according to claim 7,
wherein the at least one conductive pattern (32,33)
is formed in the at least one groove (31) to be elec-
trically connected with at least one of the ground
electrode (22) and the signal electrode (23) to apply
an electric signal to the element.

Patentansprüche

1. Ultraschallsonde, welche Folgendes aufweist:

ein piezoelektrisches Element; und
eine Trägerschicht (30), die auf einer rückseiti-
gen Oberfläche des piezoelektrischen Elements
angeordnet und auf einer vorderseitigen Ober-
fläche der Trägerschicht (30) mit wenigstens ei-
ner Nut (31) versehen ist, in der das piezoelek-
trische Element installiert ist,
wobei wenigstens ein leitendes Muster (32,33)
in der wenigstens einen Nut (31) installiert ist,
um ein elektrisches Signal auf das piezoelektri-
sche Element aufzubringen,
dadurch gekennzeichnet, dass
das wenigstens eine leitende Muster (32,33) so
ausgebildet ist, dass es sich in einer seitlichen
Richtung von beiden seitlichen Seiten der Nut
(31) zu der Außenseite der Nut (31) erstreckt.

2. Ultraschallsonde nach Anspruch 1, wobei:

das piezoelektrische Element als eines eines
eindimensionalen Arrays und eines zweidimen-
sionalen Arrays angeordnet ist, und
die wenigstens eine Nut (31) eine Form auf-
weist, die dem Array des piezoelektrischen Ele-
ments entspricht.
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3. Ultraschallsonde nach Anspruch 2, wobei eine Mas-
seelektrode (22) auf wenigstens einer Seite von je-
dem der Elemente gebildet ist, die das Array des
piezoelektrischen Elements bilden, und eine Signal-
elektrode (23) auf wenigstens einer Seite von jedem
der Elemente gebildet ist, einschließlich einer Seite
gegenüberliegend zu der Seite, auf welcher die Mas-
seelektrode (22) gebildet ist.

4. Ultraschallsonde nach Anspruch 2, wobei das we-
nigstens eine leitfähige Muster (32,33) mit wenigs-
tens einer einer Masseelektrode (22) und einer Sig-
nalelektrode (23) elektrisch verbunden ist, die auf
einem Element des Arrays des piezoelektrischen
Elements gebildet ist, um ein elektrisches Signal auf
das Element aufzubringen.

5. Verfahren zur Herstellung einer Ultraschallsonde,
welche Folgendes aufweist:

Erzeugen wenigstens einer Nut (31) auf einer
Seite einer Trägerschicht (30); und
Installieren eines piezoelektrischen Elements in
der wenigstens einen Nut (31),
wobei wenigstens ein leitendes Muster (32,33)
in der wenigstens einen Nut (31) gebildet wird,
um ein elektrisches Signal auf das piezoelektri-
sche Element aufzubringen,
dadurch gekennzeichnet, dass
das wenigstens eine leitende Muster (32,33) so
ausgebildet wird, dass es sich in einer seitlichen
Richtung von beiden seitlichen Seiten der Nut
(31) zu der Außenseite der Nut (31) erstreckt.

6. Herstellungsverfahren nach Anspruch 5, wobei das
Erzeugen der wenigstens einen Nut (31) Folgendes
aufweist:

Anordnen der wenigstens einen Nut (31) auf der
einen Seite der Trägerschicht (30) in einem ei-
nes eindimensionalen Arrays und eines zweidi-
mensionalen Arrays; und
Bilden des wenigstens einen leitenden Musters
(32,33) auf wenigstens einer Seite der wenigs-
tens einen Nut (31), um ein elektrisches Signal
auf das Array des piezoelektrischen Elements
aufzubringen.

7. Herstellungsverfahren nach Anspruch 5, wobei das
Installieren eines piezoelektrischen Elements Fol-
gendes aufweist:

Installieren einer passenden Schicht bzw. Ab-
stimmschicht (10) auf einer Seite des piezoelek-
trischen Elements;
Verarbeiten des piezoelektrischen Elements,
auf dem die Abstimmschicht (10) installiert ist,
in eines eines eindimensionalen Arrays und ei-

nes zweidimensionalen Arrays;
Bilden einer Masseelektrode (22) und einer Si-
gnalelektrode (23) auf jedem Element, das das
Array auf dem verarbeiteten piezoelektrischen
Element bildet; und
Installieren des Arrays des piezoelektrischen
Elements, das mit den Masse- und Signalelek-
troden (23) versehen ist, in der wenigstens einen
Nut (31).

8. Herstellungsverfahren nach Anspruch 7, wobei das
Bilden einer Masseelektrode (22) und einer Signal-
elektrode (23) Folgendes aufweist:

Erzeugen der Masseelektrode auf wenigstens
einer Seite von jedem Element, das das Array
des verarbeiteten piezoelektrischen Elements
bildet; und
Erzeugen der Signalelektrode (23) auf wenigs-
tens einer Seite von jedem Element,
einschließlich einer Seite gegenüberliegend der
Seite, auf der die Masseelektrode (22) gebildet
ist.

9. Herstellungsverfahren nach Anspruch 7, wobei das
wenigstens eine leitende Muster (32,33) in der we-
nigstens einen Nut (31) gebildet ist, um elektrisch
mit wenigstens einer der Masseelektrode (22) und
der Signalelektrode (23) verbunden zu sein, um ein
elektrisches Signal auf das Element aufzubringen.

Revendications

1. Sonde à ultrasons comprenant:

un élément piézoélectrique, et
une couche de support (30) disposée sur une
surface arrière de l’élément piézoélectrique et
pourvue, sur une surface avant de la couche de
support (30), d’au moins une rainure (31) dans
laquelle l’élément piézoélectrique est installé,
dans laquelle au moins un motif conducteur (32,
33) est installé dans ladite au moins une rainure
(31) pour appliquer un signal électrique à l’élé-
ment piézoélectrique,
caractérisé en ce que
ledit au moins un motif conducteur (32, 33) est
formé pour s’étendre dans une direction latérale
des deux côtés latéraux de la rainure (31) jus-
qu’à l’extérieur de la rainure (31).

2. Sonde à ultrasons selon la revendication 1, dans
laquelle :

l’élément piézoélectrique est agencé comme
l’un d’un système à une dimension et d’un sys-
tème à deux dimensions, et
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ladite au moins une rainure (31) a une forme
correspondant au système de l’élément piézoé-
lectrique.

3. Sonde à ultrasons selon la revendication 2, dans la-
quelle une électrode de masse (22) est formée sur
au moins un côté de chacun des éléments consti-
tuant le système de l’élément piézoélectrique, et une
électrode de signal (23) est formée sur au moins un
côté de chacun des éléments incluant un côté op-
posé au côté sur lequel l’électrode de masse (22)
est formée.

4. Sonde à ultrasons selon la revendication 2, dans la-
quelle ledit au moins un motif conducteur (32, 33)
est connecté électriquement à au moins une élec-
trode de masse (22) et une électrode de signal (23)
formées sur un élément du système de l’élément pié-
zoélectrique pour appliquer un signal électrique à
l’élément.

5. Procédé de fabrication d’une sonde à ultrasons
comprenant :

la formation d’au moins une rainure (31) sur un
côté d’une couche de support (30); et
l’installation d’un élément piézoélectrique dans
ladite au moins une rainure (31), dans lequel au
moins un motif conducteur (32, 33) est formé
dans au moins une rainure (31) pour appliquer
un signal électrique à l’élément piézoélectrique,
caractérisé en ce que
ledit au moins un motif conducteur (32, 33) est
formé pour s’étendre dans une direction latérale
des deux côtés latéraux de la rainure (31) jus-
qu’à l’extérieur de la rainure (31).

6. Procédé de fabrication selon la revendication 5, dans
lequel la formation d’au moins une rainure (31) com-
prend:

l’agencement, sur un côté de la couche de sup-
port (30), de ladite au moins une rainure (31)
dans l’un du système à une dimension et du sys-
tème à deux dimensions; et
la formation, sur au moins un côté de ladite au
moins une rainure (31), dudit au moins un motif
conducteur (32, 33) pour appliquer un signal
électrique au système de l’élément piézoélectri-
que.

7. Procédé de fabrication selon la revendication 5, dans
lequel l’installation d’un élément piézoélectrique
comprend:

l’installation d’une couche correspondante (10)
sur un côté de l’élément piézoélectrique ;
le traitement de l’élément piézoélectrique sur le-

quel la couche correspondante (10) est installée
dans l’un d’un système à une dimension et d’un
système à deux dimensions;
la formation d’une électrode de masse (22) et
d’une électrode de signal (23) sur chacun des
éléments constituant le système de l’élément
piézoélectrique traité; et
l’installation, dans ladite au moins une rainure
(31), du système de l’élément piézoélectrique
muni des électrodes de masse et de signal (23).

8. Procédé de fabrication selon la revendication 7, dans
lequel la formation d’une électrode de masse (22) et
d’une électrode de signal (23) comprend:

la formation de l’électrode de masse sur au
moins un côté de chaque élément constituant le
système de l’élément piézoélectrique traité ; et
la formation de l’électrode de signal (23) sur au
moins un côté de chaque élément comprenant
un côté opposé à celui sur lequel l’électrode de
masse (22) est formée.

9. Procédé de fabrication selon la revendication 7, dans
lequel ledit au moins un motif conducteur (32, 33)
est formé dans ladite au moins une rainure (31) pour
être connecté électriquement à au moins une élec-
trode de masse (22) et une électrode de signal (23)
pour appliquer un signal électrique à l’élément.
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