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(57) ABSTRACT

The present disclosure provides a probe for an ultrasonic
diagnostic apparatus. The probe includes a backing layer, a
piezoelectric layer disposed on one side of the backing layer,
a matching layer disposed on one side of the piezoelectric
layer, a signal connector disposed inside the backing layer to
transier a signal to the piezoelectric layer, and a ground
connector disposed outside the signal connector. The back-

ing layer, the piezoelectric layer and the matching layer are
sequentially disposed and the signal connector 1s electrically
connected to the piezoelectric layer at the other side of the
piezoelectric layer. The probe for an ultrasonic diagnostic
apparatus includes a stack of the backing layer, the piezo-
clectric layer and the matching layer, in which the piezo-
clectric layer 1s formed to have a certain curvature, thereby
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PROBE FOR ULTRASONIC DIAGNOSTIC
APPARATUS

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE 10O RELATED
APPLICATION

Morve than one reissue applications have been filed for the
reissue of U.S. Pat. No. §,773,002. The reissue applications
are application Ser. Nos. 15/203,954 (the present applica-
tion) and 15/201,917. This application is a continuation
reissue of application Ser. No. 15/201,917 which is an
application for reissue of U.S. Pat. No. 8,773,002. This
application claims the benefit of priority to Korvean Patent
Application No. 10-2010-00586838, filed on Sep. 6, 2010 with
the Korean Intellectual Property Office (KIPO).

BACKGROUND

1. Technical Field

The present disclosure relates to probes and, more par-
ticularly, to a probe for an ultrasonic diagnostic apparatus
that generates internal images of a diagnosis object with
ultrasound waves.

2. Description of the Related Art

Generally, an ultrasonic diagnostic apparatus refers to a
non-invasive apparatus that emits an ultrasound signal from
a surface of a patient body towards a target internal organ
beneath the body surface and obtains an 1image of a mono-
layer or blood tflow 1n soft tissue from information in the
reflected ultrasound signal (ultrasound echo-signal). The
ultrasonic diagnostic apparatus has been widely used for
inspection of the heart, the abdomen, the urinary organs, and
in obstetrics and gynecology due to various merits thereof
such as small size, low price, real-time 1mage display, and
high stability through elimination of radiation exposure, as
compared with other image diagnostic systems, such as
X-ray diagnostic systems, computerized tomography scan-
ners (CT scanners), magnetic resonance imagers (MRIs),
nuclear medicine diagnostic apparatuses, and the like.

The ultrasonic diagnostic apparatus includes a probe
which transmits an ultrasound signal to a diagnosis object
and receives the ultrasound echo-signal retlected therefrom
to obtain ultrasound 1mages of the diagnosis object.

The probe includes a transducer, a case open at an upper
end thereot, a cover coupled to the open upper end of the
case to directly contact the surface of the diagnosis object,
and the like.

The transducer includes a piezoelectric layer 1n which a
piezoelectric material converts electrical signals 1nto sound
signals or vice versa while vibrating, a matching layer
reducing a difference 1 sound impedance between the
piezoelectric layer and a diagnosis object to allow as much
of the ultrasound waves generated from the piezoelectric
layer to be transierred to the diagnosis object as possible, a
lens layer focusing the ultrasound waves, emitted from the
piezoelectric layer, onto a predetermined point, and a back-
ing layer preventing the ultrasound waves from traveling 1n
a rearward direction of the piezoelectric layer to prevent
image distortion.
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The piezoelectric layer includes a piezoelectric member
and electrodes provided to upper and lower ends of the

piezoelectric member, respectively. Further, a printed circuit
board (PCB) 1s bonded to the piezoelectric layer. The PCB
1s formed with wire electrodes connected to the electrodes of
the piezoelectric layer to transier a signal to the piezoelectric
layer. The PCB 1s connected to the piezoelectric layer by
connecting the wire electrodes of the PCB to the electrodes
of the piezoelectric layer.

It should be noted that the above description 1s provided
for understanding of the background art and 1s not a descrip-
tion of a well-known conventional technique to which the
present disclosure pertains.

The probe for an ultrasonic diagnostic apparatus generally
includes a planar piezoelectric layer and employs a curved
lens. When manufacturing the probe for an ultrasonic diag-
nostic apparatus, the electrodes must be manually connected
to the piezoelectric layer, thereby increasing manufacturing,
time and deteriorating performance of the probe due to low
durability and non-uniformity at connected portions. There-
fore, there 1s a need for an improved probe for an ultrasonic
diagnostic apparatus.

BRIEF SUMMARY

The present disclosure provides a probe for an ultrasonic
diagnostic apparatus which may employ a planar lens and 1s
configured to prevent deterioration in performance caused
by connection failure between a piezoelectric layer and
clectrodes.

In accordance with one aspect, a probe for an ultrasonic
diagnostic apparatus includes: a backing layer; a piezoelec-
tric layer disposed on one side of the backing layer; a
matching layer disposed on one side of the piezoelectric
layer; a signal connector disposed 1nside the backing layer to
transier a signal to the piezoelectric layer; and a ground
connector disposed outside the signal connector, wherein the
backing layer, the piezoelectric layer and the matching layer
are sequentially disposed and the signal connector 1s elec-
trically connected to the piezoelectric layer at the other side
of the piezoelectric layer.

The piezoelectric layer may include a convex piezoelec-
tric portion convexly formed towards the piezoelectric layer.

The backing layer may be provided with backing layer
clectrodes, the piezoelectric layer may be provided with a
piezoelectric layer electrode contacting the backing layer
clectrodes, the matching layer may be provided with a
matching layer electrode contacting the piezoelectric layer
clectrode, and an insulator may be provided between the
backing layer electrodes to divide the backing layer elec-
trodes 1nto first and second backing layer electrodes. The
signal connector and the ground connector may be con-
nected to the first and second backing layer electrodes,
respectively, and the signal connector and the ground con-
nector may be disposed 1n the backing layer and extend in
a different direction than the piezoelectric layer.

The backing layer may be provided with backing layer
clectrodes, the piezoelectric layer may be provided with a
piezoelectric layer electrode, which surrounds the piezoelec-
tric layer such that one side of the piezoelectric layer
clectrode contacts the backing layer electrodes and the other
side of the piezoelectric layer electrode contacts the match-
ing layer, and an insulator may be provided between the
backing layer electrodes to divide the backing layer elec-
trodes 1nto first and second backing layer electrodes. The
signal connector and the ground connector may be con-
nected to the first and second backing layer electrodes,
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respectively, and the signal connector and the ground con-
nector may be disposed 1n the backing layer and extend in
a diflerent direction than the piezoelectric layer.

The matching layer may include a convex matching
portion convexly formed corresponding to a shape of the
convex piezoelectric portion. The probe may further include
a lens disposed outside the matching layer and formed at one
side thereof with a lens convex portion convexly formed
corresponding to a shape of the convex matching portion. In
one embodiment, the other side of the lens opposite the lens
convex portion 1s a planar surface. In another embodiment,
the other side of the lens opposite the lens convex portion 1s
convex 1n a different direction from the lens convex portion.

The signal connector and the ground connector may be
disposed only inside the backing layer.

BRIEF DESCRIPTION OF THE

DRAWINGS

The above and other features and advantages of the
present disclosure will become apparent from the following,
description of exemplary embodiments given in conjunction
with the accompanying drawings, in which:

FIG. 1 1s a side sectional view of a probe for an ultrasonic
diagnostic apparatus according to one exemplary embodi-
ment of the present disclosure;

FIG. 2 1s a side sectional view of a lens mounted on the
probe of FIG. 1;

FIG. 3 1s a side sectional view of a di
on the probe of FIG. 1;

FI1G. 4 1s a side sectional view of a probe for an ultrasonic
diagnostic apparatus according to another exemplary
embodiment of the present disclosure;

FIG. 5 15 a side sectional view of a lens mounted on the
probe of FIG. 4; and

FIG. 6 1s a side sectional view of a di
on the probe of FIG. 4.

terent lens mounted

Terent lens mounted

DETAILED DESCRIPTION

Exemplary embodiments of the present disclosure will
now be described in detail with reference to the accompa-
nying drawings. It should be noted that the drawings are not
to precise scale and may be exaggerated 1n thickness of lines
or size of components for descriptive convenience and
clarity only. Furthermore, terms used herein are defined by
taking functions of the present disclosure into account and
can be changed according to the custom or intention of users
or operators. Therefore, definition of the terms should be
made according to the overall disclosures set forth herein.

FI1G. 1 1s a side sectional view of a probe for an ultrasonic
diagnostic apparatus according to one exemplary embodi-
ment of the present disclosure.

Referring to FIG. 1, a probe 100 for an ultrasonic diag-
nostic apparatus according to one exemplary embodiment
includes a backing layer 110, a piezoelectric layer 120, a
matching layer 150, a signal connector 160, and a ground
connector 170.

The backing layer 110 1s disposed on one side of the
piezoelectric layer 120 described below. The backing layer
110 suppresses vibration of the piezoelectric layer 120 to
reduce the pulse width of ultrasound waves and blocks the
ultrasound waves from traveling in a rearward direction of
the piezoelectric layer 120 to prevent 1mage distortion. In
this embodiment, the backing layer 110 1s formed with
backing layer electrodes 111, which are divided into first and
second backing layer electrodes 112, 114 by an 1nsulator 125
described below.
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The piezoelectric layer 120 generates ultrasound waves
using a resonance phenomenon. The piezoelectric layer 120
includes a piezoelectric convex portion 121, which 1s con-
vex towards the backing layer 110. The piezoelectric convex
portion 121 may have the same width as that of the backing
layer 110 or a smaller width than the backing layer 110. As
such, the piezoelectric convex portion 121 may be modified
in various ways. In this manner, the piezoelectric layer 120
has a curvature, whereby a planar lens may be applied
instead of a curved lens to the probe according to the
embodiment. Consequently, a high frequency probe may
also use a planar lens by adopting the structure of the probe
according to the embodiment. The piezoelectric layer 120 1s
formed with a piezoelectric layer electrode 122 which
contact the backing layer electrodes 111.

The matching layer 150 1s disposed on the other side of
the piezoelectric layer 120. The matching layer 150 matches
sound 1impedances between the piezoelectric layer 120 and
a diagnosis object to allow as much of the ultrasound signals
generated from the piezoelectric layer 120 as possible to be
transierred to the diagnosis object. In this embodiment, the
matching layer 150 includes a first matching layer 130 and
a second matching layer 140, which are made of different
materials such that sound impedance changes stepwise from
the piezoelectric layer 120 to the diagnosis object. The
matching layer 150 includes matching convex portions 131,
141, each of which 1s convexly formed corresponding to the
shape of the piezoelectric convex portion 121. In this
embodiment, the matching layer 150 1s provided with a
matching layer electrode 135 which contact the piezoelectric
layer electrode 122.

The backing layer 110, the piezoelectric layer 120 and the
matching layer 150 are sequentially disposed adjacent to
cach other to prevent the signal connector 160 or ground
connector 170 from being disposed therebetween. In this
manner, the backing layer 110, the piezoelectric layer 120
and the matching layer 150 are stacked on one another, so
that interference from the signal connector 160 or ground
connector 170 can be minimized, thereby improving perior-
mance of the probe 100.

The signal connector 160 1s disposed 1nside the backing
layer 110 and transfers a signal to the piezoelectric layer
120. The signal connector 160 1s electrically connected to
the piezoelectric layer 120 at the other side of the piezo-
clectric layer 120, as shown 1n FIG. 1. In this embodiment,
the signal connector 160 1s connected to the first backing
layer electrode 112. The signal connector 160 1s disposed
inside the backing layer 110 and extends in a different
direction than the piezoelectric layer 120. For example, the
signal connector 160 extends from the first backing layer
clectrode 112 in a downward direction of the backing layer
110 with reference to FIG. 1.

The ground connector 170 1s disposed outside the signal
connector 160. In this embodiment, the ground connector
170 1s disposed 1nside the backing layer 110 and extends 1n
a different direction than the piezoelectric layer 120. For
example, the ground connector 170 1s connected to the
second backing layer electrode 114 and extends from the
second backing layer electrode 114 in the downward direc-
tion of the backing layer 110 with reference to FIG. 1.

It 1s desirable that the signal connector 160 and the ground
connector 170 be disposed only inside the backing layer 110
so as not to interfere with ultrasound waves generated from
the piezoelectric layer 120. As such, the signal connector
160 and the ground connector 170 are disposed inside the
backing layer 110, thereby achieving improvement 1n per-
formance of the probe 100. Further, the signal connector 160
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and the ground connector 170 may include printed circuit
boards (PCB) or other components capable of supplying a
signal or electric power. As such, the signal connector 160
and the ground connector 170 may be modified 1n various
manners. Operation and behavior of the signal connector 3
160 and the ground connector 170 are well known 1n the art,
and a detailed description thereof will thus be omitted
herein.

The insulator 1235 1s provided between the backing layer
clectrodes 111 to divide the backing layer electrodes 111 into 10
the first and second backing layer electrodes 112, 114. The
signal connector 160 1s connected to the first backing layer
clectrode 112 and the ground connector 170 1s connected to
the second backing layer electrode 114. The insulator 125
may consist of insulator members separated from each other 15
to divide the backing layer electrodes 111 into the first
backing layer electrode 112 connected to the signal connec-
tor 160 and the second backing layer electrode 114 con-
nected to the ground connector 170. Alternatively, an 1nsu-
lation material for the insulator 112 may be interposed 20
between the first and second backing layer electrodes 112,
114. As such, the msulator 125 may be modified in various
manners.

FIG. 2 1s a side sectional view of the probe of FIG. 1,
which includes a lens mounted thereon, and FIG. 3 1s a side 25
sectional view of the probe for an ultrasonic diagnostic
apparatus of FIG. 1, which includes a lens different from the
lens of FIG. 2. Referring to FIG. 2, the probe 100 according
to the embodiment further includes a lens 180 mounted on
the matching layer 150. The lens 180 includes a lens convex 30
portion 181 which 1s convexly formed corresponding to the
shape of the matching convex portions 131, 141. In one
embodiment, one side of the lens 180 1s convex towards the
matching layer 150 to form the lens convex portion 181 and
the other side of the lens 180 opposite the lens convex 35
portion 181 1s a planar surface. Thus, the probe 100 accord-
ing to the embodiment enables application of the planar lens
even 1n the case where a curved lens cannot be applied.
Specifically, since the probe according to the embodiment
can decrease the thickness of the lens, it 1s possible to 40
improve sensitivity by inhibiting ultrasonic attenuation
caused by the lens thickness and to prevent a problem of
frequency drop. Consequently, the probe according to the
embodiment may be used as a high frequency probe.

In another embodiment, the other side 182 of the lens 180 45
opposite the lens convex portion 181 may be convex 1n a
different direction from the lens convex portion 181, as

shown 1 FIG. 3. As such, the lens 180 may be modified 1n
various manners.

FI1G. 4 1s a side sectional view of a probe for an ultrasonic 50
diagnostic apparatus according to another exemplary
embodiment, FIG. 5 1s a side sectional view of a lens
mounted on the probe of FIG. 4, and FIG. 6 1s a side
sectional view of a different lens mounted on the probe of
Fl1G. 4. 55

For convenience of description, the same components as
those of the embodiments shown i FIGS. 1 to 3 will be
denoted by the same reference numerals, and a detailed
description thereof will be omitted herein.

Referring to FIG. 4, a backing layer 110 of a probe 200 for 60
an ultrasonic diagnostic apparatus according to this embodi-
ment includes backing layer electrodes 111. A piezoelectric
layer 120 1s provided with a piezoelectric layer electrode
122 surrounding the piezoelectric layer 120 such that one
side of the piezoelectric layer electrode 122 contacts the 65
backing layer electrodes 111 and the other side of the
piezoelectric layer electrode 122 contacts a matching layer

6

150. An insulator 1235 1s interposed between the backing
layer electrodes 111 to divide the backing layer electrodes
111 into a first backing layer electrode 112 and a second
backing layer electrode 114.

In this embodiment, a signal connector 160 1s connected
to the first backing layer electrode 112 and a ground con-
nector 170 1s connected to the second backing layer elec-
trode 114. Further, the signal connector 160 and the ground
connector 170 are disposed 1nside the backing layer 110 and
extend in a different direction than the piezoelectric layer
120, as shown i1n FIG. 4.

According to this embodiment, the backing layer 110 1s
provided with the signal connector 160 therein and has a
curved surface to allow a curved piezoelectric layer 120 to
be mounted on the backing layer 110. Further, in this
embodiment, the piezoelectric layer electrode 122 surrounds
the piezoelectric layer 120 and the insulator 125 1s inter-
posed to divide the piezoelectric layer electrode 122 from
the backing layer electrodes 111. As such, since the piezo-
clectric layer electrode 122 i1s formed to surround the
piezoelectric layer 120, the signal connector 160 and the
ground connector 170 may be disposed inside the backing
layer 110 to permit electrical connection between compo-
nents. Furthermore, since the piezoelectric layer electrode
122 surrounds the piezoelectric layer 120, the probe may
climinate an operation for bonding electrodes to the match-
ing layer 150, thereby simplifying a manufacturing process.

As such, according to embodiments of the present dis-
closure, the probe for an ultrasonic diagnostic apparatus
includes a stack of a backing layer, a piezoelectric layer and
a matching layer, in which the piezoelectric layer 1s formed
to have a certain curvature, thereby achieving performance
improvement by minimization of interference from a signal
connector and a ground connector.

In addition, in the case where a curved lens cannot be
applied, the probe enables application of a planar lens and
thus decreases the thickness of the lens, thereby improving
sensitivity by inhibiting ultrasonic attenuation caused by the
lens thickness, while preventing a problem of frequency
drop. Accordingly, the probe according to the embodiment
may be used as a high frequency probe.

Further, the probe includes a piezoelectric layer electrode
configured to surround the piezoelectric layer and thus
climinates an operation for bonding electrodes to the match-
ing layer, thereby simplifying a manufacturing process.

Further, 1n the probe for an ultrasonic diagnostic appara-
tus according to the embodiments, a signal connector and a
ground connector may be bonded inside the backing layer,
thereby eliminating a delicate manual soldering process.
Thus, the probe allows easy connection of components, does
not sufler from deterioration 1 performance caused by a
connection failure between the components, and can prevent
deterioration 1 performance of the piezoelectric layer
caused by heat generation during manufacture of the probe.

Further, the signal connector and the ground connector are
bonded 1nside the backing layer and electrically connected
to the piezoelectric layer, instead of being disposed between
the backing layer and the piezoelectric layer, so that the
probe can prevent deterioration in performance caused by a
connection failure between the piezoelectric layer and the
signal connector and prevent damage of the ground connec-
tor or the signal connector.

Further, the signal connector and the ground connector are
disposed 1nside the backing layer, thereby allowing separate
manufacture or storage of the backing layer from other
components of the probe. Accordingly, backing layers hav-
ing various desired shapes and sizes may be manufactured
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and easily assembled with other components, thereby reduc-
ing manufacturing costs, facilitating manufacture of the
probe, and improving umiformity of finished products.

Furthermore, the signal connector may be disposed near
the ground connector, thereby reducing noise of the probe.

Although the present disclosure has been described with
reference to the embodiments shown in the drawings, 1t
should be understood by those skilled in the art that these
embodiments are given by way of illustration only, and that
various modifications, variations, and alternations can be
made without departing from the spirit and scope of the
present disclosure. The scope of the present disclosure
should be limited only by the accompanying claims and
equivalents thereof.

What 1s claimed 1s:

[1. A probe for an ultrasonic diagnostic apparatus, com-
prising:

a backing layer;

a piezoelectric layer disposed on one side of the backing

layer;

a matching layer disposed on one side of the piezoelectric

layer;

a signal connector disposed inside the backing layer to

transier a signal to the piezoelectric layer; and
a ground connector disposed outside the signal connector,
wherein the backing layer, the piezoelectric layer and
the matching layer are sequentially disposed and the
signal connector 1s electrically connected to the piezo-
clectric layer at the other side of the piezoelectric layer,

wherein the backing layer i1s provided with backing layer
clectrodes including first and second backing layer
clectrodes, the piezoelectric layer 1s provided with a
piezoelectric layer electrode contacting the first back-
ing layer electrodes, the matching layer i1s provided
with a matching layer electrode contacting the piezo-
clectric layer electrode and the second backing layer
clectrode, and an insulator 1s provided between the
backing layer electrodes to divide the backing layer
clectrodes 1nto the first and second backing layer elec-
trodes,

wherein the signal connector and the ground connector

are connected to the first and second backing layer
clectrodes, respectively, the signal connector and the
ground connector being disposed inside the backing
layer and extending in a different direction than a
direction of the piezoelectric layer.]

[2. The probe according to claim 1, wherein the piezo-
clectric layer comprises a convex piezoelectric portion con-
vexly formed towards the piezoelectric layer.]

[3. The probe according to claim 2, wherein the matching
layer comprises a convex matching portion convexly formed
corresponding to a shape of the convex piezoelectric por-
tion. ]

[4. The probe according to claim 3, further comprising: a
lens disposed outside the matching layer and formed at one
side thereol with a lens convex portion convexly formed
corresponding to a shape of the convex matching portion.}

[S. The probe according to claim 4, wherein the other side
of the lens opposite the lens convex portion 1s a planar
surface.]

[6. The probe according to claim 4, wherein the other side
of the lens opposite the lens convex portion 1s convex in a
different direction from the lens convex portion.]

[7. The probe according to claim 1, wherein the signal
connector and the ground connector are disposed only 1mnside
the backing layer.]
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8

8. A probe for an ultrasonic diagnostic apparatus, com-

prising:

a backing layer,

a first backing layer electrode facing the backing layer,

a second backing layver electrode facing the backing
layer;

an insulator disposed between the first backing layer
electrode and the second backing layer electrode to
separate the first backing layer electrode from the
second backing laver electrode;

a piezoelectric layer disposed on one side of the backing
layer,

a first piezoelectric laver electrode and a second piezo-
electric layer electrode disposed on opposite sides of
the piezoelectric laver respectively;

the first piezoelectric layer electrode contacting the first
backing layver electrode;

a matching laver disposed on one side of the piezoelectric
layer,

a matching layer electrode contacting the second piezo-
electric layer electrode and the second backing layer
electrode;

a signal connector disposed inside the backing layer to
transfer a signal to the piezoelectric layer, wherein the
signal connector is connected to the first backing laver
electrode; and

a ground connector disposed outside the signal connector,
wherein the ground comnector is connected to the
second backing laver electrode,

wherein the backing laver, the piezoelectric laver and the
matching laver are sequentially disposed and the signal
connector is electrically connected to the piezoelectric
laver at the other side of the piezoelectric layver, and

the signal connector and the ground connector arve dis-
posed inside the backing layer and extending in a
different divection than a direction of the piezoelectric
layer.

9. The probe according to claim 8, wherein the piezoelec-

tric laver comprises a convex piezoelectrvic portion convexly

formed towards the backing layer.

10. The probe according to claim 9, wherein the matching
layer comprises a convex matching portion convexly formed
corresponding to a shape of the convex piezoelectric por-
tion.

11. The probe according to claim 10, further comprising:
a lens disposed outside the matching laver and formed at
one side of the lens with a lens convex portion convexly

Jormed corresponding to a shape of the convex matching

50 portion.

55

60
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12. The probe according to claim 11, wherein the other
side of the lens opposite the lens convex portion is a planar
surface.

13. The probe according to claim 11, wherein the other
side of the lens opposite the lens convex portion is convex in
a different divection from the lens convex portion.

14. The probe according to claim 8, wherein the signal
connector and the ground comnnector ave disposed only
inside the backing layer.

15. The probe according to claim 8, wherein the backing
laver suppresses vibration of the piezoelectric layer to
reduce a pulse width of ultrasound waves and blocks the
ultrasound waves from traveling in a rearward divection of
the piezoelectric layer to prevent image distortion.

16. The probe according to claim 15, wherein the piezo-
electric layer generates ultrasound waves using a vesonance

phenomenon.
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17. The probe according to claim 10, wherein the piezo-
electric convex portion has the same width as that of the
backing laver or a smaller width than the backing layer.

18. The probe accorvding to claim 8, wherein the signal
connector and the ground connector include printed circuit
boards for supplying a signal or electric power.

19. The probe according to claim 8, wherein the insulator
consist of insulator members separated from each other to
separate the first backing layer electrode connected to the
signal comnnector and the second backing layver electrode
connected to the ground connector.

20. The probe according to claim 8, wherein the piezo-
electric layer electrode surrounds piezoelectric layer.

¥ oH H ¥ ¥
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