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(57) ABSTRACT

A probe for an ultrasonic diagnostic apparatus and a method
of manufacturing the same are disclosed. The probe includes
a sound matching layer having a mounting groove, a piezo-
electric member mounted on the mounting groove, a first
connector interconnected to the sound matching layer, and a
second connector interconnected to the piezoelectric mem-
ber. The probe permits interconnection of the piezoelectric
member to the first and second connectors to be performed
rapidly and easily through a single bonding operation,
thereby reducing manufacturing time while facilitating the
manufacture of the probe.
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PROBE FOR ULTRASONIC DIAGNOSTIC
APPARATUS AND METHOD OF
MANUFACTURING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2009-0103771, filed on Oct. 29, 2009, the
entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to probes and, more
particularly, to a probe for an ultrasonic diagnostic apparatus
that generates internal images of a patient body using ultra-
sound waves, and a method of manufacturing the same.
[0004] 2. Description of the Related Art

[0005] Generally, an ultrasonic diagnostic apparatus refers
to a non-invasive apparatus that irradiates an ultrasound sig-
nal from a surface of a patient body towards a target internal
organ beneath the body surface and obtains an image of a
monolayer or blood flow in soft tissue from information in the
reflected ultrasound signal (ultrasound echo-signal). The
ultrasonic diagnostic apparatus has been widely used for
diagnosis of the heart, the abdomen, the urinary organs, and in
obstetrics and gynecology due to various merits such as small
size, low price, real-time image display, and high stability
through elimination of radiation exposure, as compared with
other image diagnostic systems, such as X-ray diagnostic
systems, computerized tomography scanners (CT scanners),
magnetic resonance imagers (MRIs), nuclear medicine diag-
nostic apparatuses, and the like.

[0006] The ultrasonic diagnostic apparatus includes a
probe which transmits an ultrasound signal to a patient body
and receives the ultrasound echo-signal reflected therefrom to
obtain the ultrasound image of the patient body.

[0007] The probe includes a transducer, a case with an open
upper end, a cover coupled to the open upper end of the case
to directly contact the body surface of the patient, and the like.
[0008] The transducer includes a piezoelectric layer in
which a piezoelectric material converts electrical signals into
sound signals or vice versa while vibrating, a sound matching
layer reducing a difference in sound impedance between the
piezoelectric layer and a patient body to allow as much of the
ultrasound waves generated from the piezoelectric layer as
possible to be transferred to the patient body, a lens layer
focusing the ultrasound waves, which travel in front of the
piezoelectric layer, onto a predetermined point, and a backing
layer blocking the ultrasound waves from traveling in a rear-
ward direction of the piezoelectric layer to prevent image
distortion.

[0009] The piezoelectric layer includes a piezoelectric
member and electrodes provided to upper and lower ends of
the piezoelectric member, respectively. Further, a printed cir-
cuit board (PCB) is bonded to the piezoelectric layer. The
PCB is provided with wiring electrodes that are connected to
the electrodes of the piezoelectric layer to transfer signals
from the piezoelectric member. The PCB is connected to the
piezoelectric layer by connecting the wiring electrodes of the
PCB to the electrodes of the piezoelectric layer.

[0010] In fabrication of the probe as above, connection
between the wiring electrodes of the PCB and the electrodes
of the piezoelectric layer is a laborious operation, which
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requires significant fabrication time and causes deterioration
in performance of the probe due to low durability and non-
uniformity on the connection therebetween. Therefore, there
is a need to solve such problems.

SUMMARY OF THE INVENTION

[0011] The presentinvention is conceived to solve the prob-
lems of the related art as described above, and an aspect of the
present invention is to provide an improved probe for an
ultrasonic diagnostic apparatus configured to allow easy
manufacture of the probe while preventing deterioration in
performance caused by defective connection between a
piezoelectric layer and a PCB, and a method of manufactur-
ing the same.

[0012] In accordance with one aspect of the invention, a
probe for an ultrasonic diagnostic apparatus includes a sound
matching layer having a mounting groove; a piezoelectric
member having an upper face and a lower face, the piezoelec-
tric member mounted within the mounting groove such that
the upper face is coupled to the sound matching layer; a first
connector coupled to the sound matching layer; and a second
connector coupled to the first connector and to the lower face
of the piezoelectric member.

[0013] The mounting groove may include a contact part
formed parallel to the piezoelectric member and coupled to
the upper face of the piezoelectric member; and an extension
part extending from the contact part towards the first connec-
tor.
[0014]
part.
The first connector may include a right first connector and a
left first connector. The right first connector may be coupled
to the extension part and the second connector. The left first
connector may be coupled to the extension part and the sec-
ond connector.

The first connector may be coupled to the extension

[0015] The mounting groove may have a bracket (“&=”
shape.
[0016] The first connector and the second connector may

include a flexible printed circuit board (FPCB).

[0017] Inaccordance with another aspect of the invention,
a method of manufacturing a probe for an ultrasonic diagnos-
tic apparatus may include stacking a first connector on a
second connector; stacking a piezoelectric member on the
second connector between the first connector; stacking a
sound matching layer having a mounting groove on the piezo-
electric member and the first connector so that the piezoelec-
tric member is disposed within the mounting groove; and
coupling a lower face of the piezoelectric member and the
second connector, an upper face of the piezoelectric member
and the sound matching layer, and the sound matching layer
and the first connector through a single bonding operation.
[0018] Inthe coupling through a single bonding operation,
the first connector may be coupled only to the sound matching
layer.

[0019] As such, the probe for an ultrasonic diagnostic appa-
ratus and the method of manufacturing the same according to
one embodiment can eliminate laborious operation such as
soldering or welding, and permit interconnection of a piezo-
electric member to first and second connectors to be per-
formed rapidly and easily through a single bonding operation,
thereby reducing manufacturing time while facilitating the
manufacture of the probe.

[0020] Further, according to the embodiment, the intercon-
nection of the piezoelectric member to the first and second
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connectors may be performed with the first and second con-
nectors stably positioned, so that durability and uniformity of
connected portions are enhanced, thereby preventing deterio-
ration in performance of the probe due to failure of the con-
nection between the piezoelectric member and the first and
second connectors.

[0021] Further, according to the embodiment, since the first
connector is connected to the piezoelectric member via the
sound matching layer instead of being directly connected
thereto, the first connector is not disposed between the back-
ing layer and the piezoelectric layer, so that performance of
the piezoelectric member can be enhanced and the length of
the first connector is decreased while reducing influence of
impedance, thereby reducing manufacturing costs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The above and other aspects, features and advan-
tages of the invention will become apparent from the follow-
ing description of embodiments given in conjunction with the
accompanying drawings, in which:

[0023] FIG. 1is a perspective view of a probe for an ultra-
sonic diagnostic apparatus according to one embodiment of
the present invention;

[0024] FIG. 2 is an exploded perspective view of the probe
shown in FIG. 1;

[0025] FIG. 3 is a cross-sectional view of the probe shown
in FIG. 1; and

[0026] FIG. 4 is a flowchart of a method of manufacturing
a probe for an ultrasonic diagnostic apparatus according to
one embodiment of the invention.

DETAILED DESCRIPTION OF THE
EMBODIMENT

[0027] Exemplary embodiments of the invention will now
be described in detail with reference to the accompanying
drawings. It should be noted that the drawings are not to
precise scale and may be exaggerated in thickness of lines or
size of components for descriptive convenience and clarity
only. Furthermore, terms used herein are defined by taking
functions of the invention 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 overall disclosures set forth herein.

[0028] FIG. 1is a perspective view of a probe for an ultra-
sonic diagnostic apparatus according to one embodiment of
the invention, FIG. 2 is an exploded perspective view of the
probe shown in FIG. 1, and FIG. 3 is a cross-sectional view of
the probe shown in FIG. 1.

[0029] Referring to FIGS. 1 to 3, a probe 100 for an ultra-
sonic diagnostic apparatus according to this embodiment
includes a backing layer 110, a piezoelectric member 120, a
sound matching layer 130, a first connector 140, and a second
connector 150.

[0030] The backing layer 110 is disposed behind the piezo-
electric member 120. The backing layer 110 reduces a pulse
width of an ultrasound wave by suppressing free vibration of
the piezoelectric member 120 and prevents image distortion
by blocking unnecessary propagation of the ultrasound wave
in the rearward direction of the piezoelectric member 120.
The backing layer 110 may be formed of a material contain-
ing a rubber to which epoxy, tungsten powder, and the like are
added.
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[0031] The piezoelectric member 120 is disposed in front
of the backing layer 110. The piezoelectric member 120 gen-
erates ultrasound waves using a resonance phenomenon and
may be formed of a ceramic of lead zirconate titanate (PZT),
a PZNT single crystal made of a solid solution of lead zinc
niobate and lead titanate, a PZMT single crystal made of a
solid solution of lead magnesium niobate and lead titanate, or
the like.

[0032] The piezoelectric member 120 is formed with elec-
trodes (not shown). According to this embodiment, the elec-
trodes are formed on opposite sides of the piezoelectric mem-
ber 120, that is, on a front side and a rear side of the
piezoelectric member 120, respectively. The electrodes may
be formed of a highly conductive metal such as gold, silver, or
copper.

[0033] One of the electrodes formed on the opposite sides
of the piezoelectric member 120 corresponds to a positive
electrode (signal electrode) of the piezoelectric member 120
and the other corresponds to a negative electrode (ground
electrode) of the piezoelectric member 120. The electrodes
are formed such that the positive electrode is separated from
the negative electrode. In this embodiment, the electrode
formed on one side of the piezoelectric member 120 is illus-
trated as the negative electrode, and the electrode formed on
the other side of the piezoelectric member 120 is illustrated as
the positive electrode.

[0034] Thesound matching layer 130 is disposed in front of
the backing layer 110. The sound matching layer 130 allows
ultrasound signals generated from the piezoelectric member
120 to be efficiently transferred to a target by matching sound
impedances of the piezoelectric member 120 and the target.
The sound matching layer 130 is configured to have an inter-
mediate value between the sound impedance of the piezoelec-
tric member 120 and the sound impedance of the target. The
sound matching layer 130 may be formed of a glass or resin
material.

[0035] Inthis embodiment, the sound matching layer 130 is
illustrated as including a first sound matching layer 132 and a
second sound matching layer 134, which are formed of dif-
ferent materials to allow the sound impedance to be changed
stepwise from the piezoelectric member 120 to the target.
[0036] The sound matching layer 130 is provided with a
mounting groove 135. In this embodiment, the mounting
groove 135 is illustrated as being formed on the second sound
matching layer 134. The mounting groove 135 is formed to
have a bracket (“1="") shape open towards the backing layer
110. According to this embodiment, the piezoelectric mem-
ber 120 is mounted on the mounting groove 135. The mount-
ing groove 135 includes a contact part 136 and an extension
part 138.

[0037] The contact part 136 is formed parallel to the piezo-
electric member 120 and contacts the piezoelectric member
120. The contact part 136 is disposed in front of the piezo-
electric member 120 to contact one side of the piezoelectric
member 120.

[0038] Theextension part 138 extends from the contact part
136 to the first connector 140. In this embodiment, the exten-
sion part 138 extends from opposite ends of the contact part
136 to the first connector 140. The extension part 138 is
disposed at lateral sides of the piezoelectric member 120 to be
separated therefrom.

[0039] The mounting groove 135 including the contact part
136 and the extension part 138 has the bracket (“="") shape
open towards the backing layer 110. With this configuration,
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the piezoelectric member 120 mounted on the mounting
groove 135 has upper and opposite lateral sides, that is, three
sides thereof, surrounded by the contact part 136 and the
extension part 138.

[0040] The sound matching layer 130 is interconnected to
the piezoelectric member 120, so that electric connection
between the sound matching layer 130 and the piezoelectric
member 120 can be obtained.

[0041] In one example, the sound matching layer 130 is
provided with electrodes (not shown). The electrodes may be
provided to the second sound matching layer 134, specifi-
cally, to the mounting groove 135 so as to be provided to the
entirety of the mounting groove 135 including the contact part
136 and the extension part 138.

[0042] The electrodes formed on the sound matching layer
130 are electrically connected to the electrodes formed on one
side of the piezoelectric member 120, so that the sound
matching layer 130 is interconnected to the piezoelectric
member 120 via the electrodes electrically connected to one
another. The electrodes may be formed of a highly electrically
conductive material, such as gold, silver or copper, by depo-
sition, sputtering, plating, spraying or the like.

[0043] Inanother example, the sound matching layer 130 is
directly connected to the piezoelectric member 120. That is,
the sound matching layer 130 is formed of the conductive
material, such as gold, silver or copper, and directly electri-
cally connected to the piezoelectric member 120.

[0044] The sound matching layer 130 is electrically con-
nected to the electrodes formed on the one side of the piezo-
electric member 120, so that interconnection between the
sound matching layer 130 and the piezoelectric member 120
is obtained.

[0045] Inthe sound matching layer 130 formed of the elec-
trically conductive material, the entirety of the sound match-
ing layer 130 including the first and second sound matching
layers 132,134 may be formed of the electrically conductive
material, or only the second sound matching layer 134 con-
nected to the piezoelectric member 120 may be formed of the
electrically conductive material. Since the sound matching
layer 130 is electrically connected to the electrodes formed on
the one side of the piezoelectric member 120 without a sepa-
rate electrode, interconnection between the sound matching
layer 130 and the piezoelectric member 120 can be obtained.

[0046] The first connector 140 is interconnected to the
sound matching layer 130. In this embodiment, the first con-
nector 140 includes, but is not limited to, a flexible printed
circuit board (FPCB). The first connector 140 may include a
printed circuit board or any configuration capable of supply-
ing signals or electricity as well as the printed circuit board
(PCB).

[0047] The first connector 140 is formed with wiring elec-
trodes (not shown). The wiring electrodes are formed on
surfaces of the first connector 140 contacting the sound
matching layer 130 and are electrically connected to the
sound matching layer 130.

[0048] The first connector 140 is respectively disposed on
the opposite lateral sides of the sound matching layer 130 on
which the extension part 138 is located. Each of the first
connector 140 contacts the extension part 138 in a state of
being inserted into a space between the extension part 138 and
the backing layer 110.
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[0049] Each of the first connector 140 contacting the exten-
sion part 138 is interconnected to the extension part 138 via
the wiring electrodes electrically connected to the extension
part 138.

[0050] In this embodiment, the first connector 140 is dis-
posed so as not to overlap the piezoelectric member 120 and
is interconnected only to the extension part 138. Herein, the
interconnection of the first connector 140 only to the exten-
sion part 138 means that the first connector 140 is intercon-
nected only to the sound matching layer 130 through inter-
connection between the first connector 140 and the extension
part 138, and does not mean that the first connector 140 is not
interconnected to other parts of the sound matching layer 130,
for example, the contact part 136 of the sound matching layer
130.

[0051] The first connector 140 is interconnected to the
sound matching layer 130 through the extension part 138, and
are interconnected only to one side of the piezoelectric mem-
ber 120 through the contact part 136 of the sound matching
layer 130 without interconnection to the other side of the
piezoelectric member 120.

[0052] The second connector 150 is interconnected to the
piezoelectric member 120. In this embodiment, the second
connector 150 includes, but is not limited to, a flexible printed
circuit board (FPCB). The second connector 150 may include
a printed circuit board or any configuration capable of sup-
plying signals or electricity as well as the printed circuit board
(PCB).

[0053] The second connector 150 is formed with wiring
electrodes (not shown). The wiring electrodes are formed on
a surface of the second connector 150 contacting the other
side of the piezoelectric member 120 and are electrically
connected to the other side of the piezoelectric member 120.
[0054] According to this embodiment, the second connec-
tor 150 is disposed in front of the backing layer 110 to contact
the other side of the piezoelectric member 120. The second
connector 150 is interconnected to the other side of the piezo-
electric member 120 via electrical connection between the
wiring electrodes and the electrodes formed on the other side
of the piezoelectric member 120.

[0055] On the other hand, although not shown in the draw-
ings, the probe for an ultrasonic diagnostic apparatus accord-
ing to this embodiment may further include a lens layer (not
shown) disposed in front of the sound matching layer 130 to
focus forwardly traveling ultrasound waves on a predeter-
mined point.

[0056] FIG. 4 is a flowchart of a method of manufacturing
a probe for an ultrasonic diagnostic apparatus according to
one embodiment of the invention.

[0057] Next, referring to FIGS. 1 to 4, a method of manu-
facturing a probe for an ultrasonic diagnostic apparatus
according to one embodiment will be described.

[0058] To manufacture the probe according to this embodi-
ment, a first connector 140 is stacked on a second connector
150, in S10.

[0059] Here, each of the first connector 140 is stacked on a
front side of the second connector 150, that is, on a side of the
second connector 150 having wiring electrodes of the second
connector 150 formed thereon, to be separated from the sec-
ond connector 150 such that the wiring electrodes of the
second connector 150 are exposed between the first connector
140. Preferably, the first connector 140 is separated from each
other by a distance corresponding to the distance between an
extension part 138 at one side of a mounting groove 135 and
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an extension part 138 at the other side of the mounting groove
135 provided to a sound matching layer 130.

[0060] The first connector 140 and the second connector
150 are stacked on a backing layer 110. Here, the first con-
nector 140 and the second connector 150 may be stacked as a
stacked assembly on the backing layer 110 or may be stacked
thereon in such a way of stacking the second connector 150 on
the backing layer 110, followed by stacking the first connec-
tor 140 on the second connector 150.

[0061] Then, a piezoelectric member 120 is stacked on the
second connector 150 between the first connector 140, in S20.
That is, the piezoelectric member 120 is stacked in front of the
second connector 150 to be disposed on the portion of the
second connector 150 exposed between the first connector
140.

[0062] As a result, the second connector 150 is intercon-
nected to the piezoelectric member 120 by electrical connec-
tion of the second connector 150 to electrodes formed on one
side of the piezoelectric member 120, and the first connector
140 is disposed so as not to overlap the piezoelectric member
120.

[0063] Additionally, the sound matching layer 130 is
mounted on the piezoelectric member 120 and the first con-
nector 140 such that the piezoelectric member 120 is inserted
into the mounting groove 135, in S30.

[0064] When the sound matching layer 130 is stacked on
the piezoelectric member 120 and the first connector 140, one
side of the piezoelectric member 120 contacts a contact part
136 of the mounting groove 135, and the first connector 140
is disposed so as not to overlap the piezoelectric member 120
and contacts the extension part 138 of the mounting groove
135.

[0065] As aresult, the piezoelectric member 120 is electri-
cally connected to the contact part 136 through the electrodes
formed on the one side of the piezoelectric member 120 to
interconnect with the sound matching layer 130, and the first
connector 140 is electrically connected to the extension part
138 through the wiring electrodes to interconnect with the
sound matching layer 130.

[0066] The piezoelectric member 120 may be intercon-
nected to the first connector 140 by the interconnections
between the piezoelectric member 120 and the sound match-
ing layer 130 and between the first connector 140 and the
sound matching layer 130.

[0067] Then, the stacked piezoelectric member 120, sound
matching layer 130, first connector 140 and second connector
150 are interconnected through a single bonding operation.
That is, interconnection between one side of the piezoelectric
member 120 and the sound matching layer 130, interconnec-
tion between the other side of the piezoelectric member 120
and the second connector 150, interconnection between the
sound matching layer 130 and the first connector 140 is
obtained through the single bonding operation, in S40. Here,
the first connector 140 may be interconnected only to the
sound matching layer 130. The bonding operation may be
carried out using conductive or non-conductive adhesives.

[0068] On the other hand, in this embodiment, the first
connector 140 is stacked on the second connector 150, and the
piezoelectric member 120 is stacked on the second connector
150, followed by stacking the sound matching layer 130 on
the piezoelectric member 120 and the first connector 140.
However, it should be noted that the method of manufacturing
aprobe for an ultrasonic diagnostic apparatus is not limited to
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the sequence described above, and the processes of the
method may be performed in a different sequence or at the
same time.

[0069] Inthe method of manufacturing a probe for an ultra-
sonic diagnostic apparatus, the stacked piezoelectric member
120, sound matching layer 130, first connector 140 and sec-
ond connector 150 are interconnected through a single bond-
ing operation, instead of complicated and laborious operation
of directly connecting the individual wiring electrodes of the
first and second connectors 140, 150 to the electrodes of the
piezoelectric member 120 with the first and second electrodes
140, 150 not stably positioned, so that the first and second
connectors 140, 150 may be interconnected to the piezoelec-
tric member 120.

[0070] The probe 100 for an ultrasonic diagnostic appara-
tus manufactured by the method according to the embodi-
ment permits interconnection of the piezoelectric member
120 to the first and second connectors 140, 150 to be per-
formed rapidly and easily through a single bonding operation,
thereby reducing manufacturing time while facilitating the
manufacture of the probe.

[0071] Further, the probe according to the embodiment
allows interconnection of the piezoelectric member 120 to the
first and second connectors 140, 150 to be performed, with the
first and second connectors 140, 150 stably positioned, so that
durability and uniformity of connected portions are
enhanced, thereby preventing deterioration in performance of
the probe due to failure of the connection between the piezo-
electric member 120 and the first and second connectors 140,
150.

[0072] Further, according to the embodiment, since the first
connector 140 is connected to the piezoelectric member 120
via the sound matching layer 130 instead of being directly
connected thereto, the first connector 140 is not disposed
between the backing layer 110 and the piezoelectric layer
120, so that performance of the piezoelectric member 120 can
be enhanced and the length of the first connector 140 is
decreased while reducing influence of impedance, thereby
reducing manufacturing costs.

[0073] Although some embodiments have been provided to
illustrate the invention in conjunction with the drawings, it
will be apparent to those skilled in the art that the embodi-
ments are given by way of illustration only, and that various
modifications and equivalent embodiments can be made
without departing from the spirit and scope of the invention.
The scope of the invention should be limited only by the
accompanying claims.

What is claimed is:

1. A probe for an ultrasonic diagnostic apparatus, compris-

ing:

a sound matching layer having a mounting groove;

a piezoelectric member having an upper face and a lower
face, the piezoelectric member mounted within the
mounting groove such that the upper face is coupled to
the sound matching layer;

a first connector coupled to the sound matching layer; and

a second connector coupled to the first connector and to the
lower face of the piezoelectric member.

2. The probe according to claim 1, wherein the mounting

groove comprises:

a contact part formed parallel to the piezoelectric member
and coupled to the upper face of the piezoelectric mem-
ber; and
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an extension part extending from the contact part towards

the first connector.

3. The probe according to claim 2, wherein the first con-
nector is coupled to the extension part.

4. The probe according to claim 2, wherein the first con-
nector comprises a right first connector and a left first con-
nector.

5. The probe according to claim 4, wherein the right first
connector is coupled to the extension part and the second
connector.

6. The probe according to claim 4, wherein the left first
connector is coupled to the extension part and the second
connector.

7. The probe according to claim 1, wherein the mounting
groove has a bracket (“”) shape.

8. The probe according to claim 1, wherein the first con-
nector comprises a flexible printed circuit board (FPCB).

9. The probe according to claim 1, wherein the second
connector comprises a flexible printed circuit board (FPCB).
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10. A method of manufacturing a probe for an ultrasonic
diagnostic apparatus, comprising:
stacking a first connector on a second connector;
stacking a piezoelectric member on the second connector
between the first connector;
stacking a sound matching layer having a mounting groove
on the piezoelectric member and the first connector so
that the piezoelectric member is disposed within the
mounting groove; and
coupling a lower face of the piezoelectric member and the
second connector, an upper face of the piezoelectric
member and the sound matching layer, and the sound
matching layer and the first connector through a single
bonding operation.
11. The method according to claim 10, wherein, in the
coupling through a single bonding operation, the first connec-
tor is coupled only to the sound matching layer.

* * #* ok %
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