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(57) ABSTRACT

Disclosed herein are an ultrasonic diagnostic apparatus, and a
manufacturing method thereof. The ultrasonic diagnostic
apparatus includes: a matching layer; a flexible printed circuit
board having steps at both edge portions; a piezoelectric layer
disposed below the matching layer and on the flexible printed
circuit board such that a first electrode and a second electrode
of the piezoelectric layer, between which steps are formed
and which are separated from each other by polarization
areas, are respectively connected to a first electrode and a
second electrode of the flexible printed circuit board; and a
backing layer disposed below the piezoelectric layer.
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FIG. 10A

(_START )

USE DICING PROCESS TO FABRICATE
PIEZOELECTRIC SUBSTANCE WITH CERAMIC 510
COMPOSITES CONFIGURED BY ALTERNATELY

ARRANGING CERAMIC LAYERS AND
EPOXY LAYERS IN PARALLEL AND VERTICALLY

FORM STEPS [N PIEZOELECTRIC SUBSTANCE S20

PREPARE BACKING LAYER S30

PLACE FLEXIBLE PRINTED GIRCUIT |_sap
BOARD ON BACKING LAYER

PLACE PIEZOELECTRIC LAYER ON

FLEXIBLE PRINTED CIRCUIT BOARD S50

ELECTRICALLY CONNECT ELECTRODES OF
FLEXIBLE PRINTED CIRCUIT BOARD — 3560
T0 ELECTRODES OF PIEZOELECTRIC LAYER

PLACE MATCHING LAYER ON PIEZOELECTRIC LAYER |~S70

END
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FIG. 10B

(_START )

USE DICING PROCESS TO FABRICATE
PIEZOELECTRIC SUBSTANCE WITH CERAMIC L5110
COMPOSITES CONFIGURED BY ALTERNATELY

ARRANGING CERAMIC LAYERS AND
EPOXY LAYERS IN PARALLEL AND VERTICALLY

FORM STEPS IN PIEZOELECTRIC SUBSTANCE 3120

PREPARE BACKING LAYER S130

PLACE PIEZOELECTRIC LAYER L_S140
ON BACKING LAYER

PLACE FLEXIBLE PRINTED CIRCUIT 5150
BOARD ON PIEZOELECTRIC LAYER

ELECTRICALLY CONNECT ELECTRODES OF
FLEXIBLE PRINTED CIRCUIT BOARD ~S5160
10 ELECTRODES OF PIEZOELECTRIC LAYER

PLACE MATCHING LAYER ON L5170
FLEXIBLE PRINTED CIRCUIT BOARD

END
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ULTRASONIC DIAGNOSTIC APPARATUS
AND MANUFACTURING METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Applications No. 2013-0159833, filed on Dec. 20, 2013, and
No.2014-0100523, filed on Aug. 5, 2014 in the Korean Intel-
lectual Property Office, the disclosures of which are incorpo-
rated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] Embodiments of the present disclosure relate to an
ultrasonic diagnostic apparatus in which steps are formed at
edge portions of a piezoelectric layer to maintain the perfor-
mance of the ultrasonic diagnosis apparatus while stabilizing
the process of the ultrasonic diagnosis apparatus to thereby
improve yield, and a manufacturing method of the ultrasonic
diagnostic apparatus.

[0004] 2. Description of the Related Art

[0005] An ultrasonic diagnostic apparatus irradiates ultra-
sonic signals to a target region of an object from the surface of
the object, and receives ultrasonic signals (ultrasonic echo
signals) reflected from the target region so as to non-inva-
sively acquire section images about soft tissue of the object or
images about blood vessels of the object based on information
ofthe echo ultrasonic signals. The ultrasonic diagnostic appa-
ratus has advantages that it is a compact, low-priced apparatus
and it can display images in real time, compared to other
medical imaging apparatuses, such as an X-ray diagnostic
apparatus, an X-ray Computerized Tomography (CT) scan-
ner, a Magnetic Resonance Image (MRI) apparatus, and a
nuclear medical diagnostic apparatus. Also, the ultrasonic
diagnostic apparatus has high safety since there is no risk for
patients to be exposed to radiation such as X-rays. For the
advantages, the ultrasonic diagnostic apparatus is widely
used to diagnose the heart, abdomen, urinary organs, uterus,
etc.

[0006] The ultrasonic diagnostic apparatus includes a
transducer to transmit ultrasonic signals to an object and to
receive ultrasonic echo signals reflected from the object, in
order to acquire an ultrasonic image of the object.

[0007] The transducer may include a piezoelectric layer to
convert electrical signals into acoustic signals or acoustic
signals into electrical signals according to vibration of a
piezoelectric material, a matching layer to reduce a difference
in acoustic impedance between the piezoelectric layer and an
object so that a major part of ultrasonic waves generated from
the piezoelectric layer can be transferred to the object, a lens
layer to focus ultrasonic waves moving forward from the
piezoelectric layer on a specific region, and a backing layer to
block ultrasonic waves from being transmitted backward
from the piezoelectric layer to prevent image distortion.

SUMMARY

[0008] Therefore, it is an aspect of the present disclosure to
provide an ultrasonic diagnostic apparatus in which a piezo-
electric layer with steps at edge portions is electrically con-
nected to a flexible printed circuit board, and a manufacturing
method of the ultrasonic diagnostic apparatus.
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[0009] Additional aspects of the 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 by practice of
the disclosure.

[0010] Inaccordance with one aspect of the present disclo-
sure, an ultrasonic diagnostic apparatus includes: a matching
layer; a flexible printed circuit board; a piezoelectric layer in
which a first electrode and a second electrode between which
steps are formed and which are separated from each other by
polarization areas are respectively connected to a first elec-
trode and a second electrode of the flexible printed circuit
board, the piezoelectric layer disposed below the matching
layer and on the flexible printed circuit board; and a backing
layer placed below the piezoelectric layer.

[0011] The flexible printed circuit board may have steps at
both edge portions, and be connected to the piezoelectric
layer. Alternatively, a plurality of flexible printed circuit
boards, each flexible printed circuit board having a step at one
edge portion, may be connected to the piezoelectric layer.
[0012] Each step of the piezoelectric layer may correspond
to a thickness of the flexible printed circuit board, and the
piezoelectric layer may be configured with ceramic compos-
ites.

[0013] Inaccordance with one aspect of the present disclo-
sure, a method of manufacturing an ultrasonic diagnostic
apparatus, includes: providing a backing layer; placing a flex-
ible printed circuit board on the backing layer; placing, on the
flexible printed circuit board, a piezoelectric layer in which a
first electrode and a second electrode between which steps are
formed with respect to polarization areas are respectively
connected to a first electrode and a second electrode of the
flexible printed circuit board; and placing a matching layer on
the piezoelectric layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] These and/or other aspects of the disclosure will
become apparent and more readily appreciated from the fol-
lowing description of the embodiments, taken in conjunction
with the accompanying drawings of which:

[0015] FIG. 1 is a cross-sectional view of an ultrasonic
diagnostic apparatus according to an embodiment of the
present disclosure;

[0016] FIG. 2A is a cross-sectional view of a piezoelectric
layer according to an embodiment of the present disclosure;
[0017] FIG. 2B is a cross-sectional view of a piezoelectric
layer according to another embodiment of the present disclo-
sure;

[0018] FIG. 3Ais a perspective view of an ultrasonic diag-
nosis apparatus according to an embodiment of the present
disclosure;

[0019] FIG. 3B is a perspective view of an ultrasonic diag-
nosis apparatus according to another embodiment of the
present disclosure;

[0020] FIG. 4A is a perspective view showing a piezoelec-
tric layer according to an embodiment of the present disclo-
sure, an integrated flexible printed circuit board, and a back-
ing layer;

[0021] FIG. 4B is a perspective view showing a piezoelec-
tric layer according to another embodiment of the present
disclosure, an integrated flexible printed circuit board, and a
backing layer;

[0022] FIG. 5is atop view of an integrated flexible printed
circuit board according to an embodiment of the present
disclosure;
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[0023] FIG. 6A is a perspective view of an ultrasonic diag-
nostic apparatus according to an embodiment of the present
disclosure;

[0024] FIG. 6B is a perspective view of an ultrasonic diag-
nostic apparatus according to another embodiment of the
present disclosure;

[0025] FIG. 7A is a perspective view showing a piezoelec-
tric layer according to an embodiment of the present disclo-
sure, a separated flexible printed circuit board, and a backing
layer;

[0026] FIG. 7B is a perspective view showing a piezoelec-
tric layer according to another embodiment of the present
disclosure, a separated flexible printed circuit board, and a
backing layer;

[0027] FIG. 8 is a top view of separated flexible printed
circuit boards according to an embodiment of the present
disclosure;

[0028] FIG. 9A is a cross-sectional view of a piezoelectric
layer with both edge portions configured with ceramic com-
posites, according to an embodiment of the present disclo-
sure;

[0029] FIG. 9B is a cross-sectional view of a ceramic com-
posites piezoelectric layer whose both edge portions are con-
figured with epoxy and whose center portion is configured
with a ceramic, according to an embodiment of the present
disclosure;

[0030] FIG. 9C is a cross-sectional view of a piezoelectric
layer configured with ceramic composites, according to an
embodiment of the present disclosure;

[0031] FIG. 10A is a flowchart illustrating a method of
manufacturing an ultrasonic diagnostic apparatus, according
to an embodiment of the present disclosure; and

[0032] FIG. 10B is a flowchart illustrating a method of
manufacturing an ultrasonic diagnostic apparatus, according
to another embodiment of the present disclosure.

DETAILED DESCRIPTION

[0033] Reference will now be made in detail to the embodi-
ments of the present disclosure, examples of which are illus-
trated in the accompanying drawings. In the following
description, if it is determined that detailed descriptions for
related art make the subject matter of the present disclosure
obscure unnecessarily, the detailed descriptions will be omit-
ted.

[0034] The following terms are terms selected in consider-
ation of functions in the embodiments. Accordingly, the
meanings of the terms may vary according to a user’s or an
operator’s intention or judicial cases. Therefore, the mean-
ings of the terms used in the following embodiments must be
interpreted according to definitions specifically indicated in
the specification. Unless specifically indicated in the specifi-
cation, the terms must be interpreted as meanings generally
understood in the art to which the present invention pertains.
[0035]  Also, the configurations of embodiments that can be
optionally or selectively implemented in the following
description must be, although they are shown as a single
integrated configuration in the corresponding drawings,
understood to be able to be freely combined with each other,
unless specifically indicated in the specification and unless
the combination is determined as a technical contradiction by
one of ordinary skill in the art.

[0036] Hereinafter, an ultrasonic diagnostic apparatus
according to an embodiment of the present disclosure will be
described with reference to the appended drawings.
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[0037] FIG. 1 is a cross-sectional view of an ultrasonic
diagnostic apparatus according to an embodiment of the
present disclosure.

[0038] Referring to FIG. 1, an ultrasonic diagnostic appa-
ratus 1 may include: an acoustic module 100 configured with
a piezoelectric layer 3, a backing layer 4 disposed below the
piezoelectric layer 3, and a matching layer 2 disposed on the
piezoelectric layer 3; a protection layer 5 to cover the upper
surface and parts of the lateral surfaces of the acoustic module
100; and a lens layer 6 to cover the upper and lateral surfaces
of the protection layer 5.

[0039] The acoustic module 100 is also termed an ultra-
sonic transducer. The ultrasonic transducer may be a magne-
tostrictive ultrasound transducer using the magnetostrictive
effect of a magnetic material, a capacitive micromachined
ultrasonic transducer (CMUT) that transmits and receives
ultrasonic waves using vibration of several hundreds or thou-
sands of micromachined thin films, or a piezoelectric ultra-
sonic transducer using the piezoelectric effect of a piezoelec-
tric material. In the current embodiment, the ultrasonic
transducer is assumed to be a piezoelectric ultrasonic trans-
ducer.

[0040] An effect in which a voltage is generated when
mechanical pressure is applied to a predetermined material,
and an effect in which mechanical deformation occurs when
a voltage is applied are called a piezoelectric effect and a
converse piezoelectric effect, respectively. A material having
the piezoelectric effect and the converse piezoelectric effect is
called a piezoelectric material. That is, a piezoelectric mate-
rial is a material of converting electricity energy into
mechanical vibration energy and mechanical vibration
energy into electricity energy.

[0041] The ultrasonic diagnostic apparatus 1 may include
the piezoelectric layer 3 made of a piezoelectric material of
converting, when an electrical signal is applied, the electrical
signal into mechanical vibration to generate ultrasonic waves.

[0042] The piezoelectric material constituting the piezo-
electric layer 3 may be a ceramic of lead zirconate titanate
(PZT), a PZMT single crystal containing a solid solution of
lead magnesium niobate and lead titanate, or a PZNT single
crystal containing a solid solution of lead zincniobate and
lead titanate. However, other various materials capable of
converting electrical signals into mechanical vibration than
the aforementioned materials may be used as an example of
the piezoelectric material constituting the piezoelectric layer
3.

[0043] The piezoelectric layer 3 may have a single-layer
structure or amulti-layer structure. Generally, a piezoelectric
layer of a multi-layer structure can acquire excellent sensitiv-
ity, high energy efficiency, and a smooth spectrum since it is
easy to adjust impedance and a voltage. However, any other
structure for improving the performance of the piezoelectric
layer 3 may be applied to the piezoelectric layer 3.

[0044] The backing layer 4 may be positioned below the
piezoelectric layer 3 to absorb ultrasonic waves generated
from the piezoelectric layer 3 and transmitted backward,
thereby blocking ultrasonic waves from being transmitted to
the back of the piezoelectric layer 3. As a result, the backing
layer 4 can prevent image distortion. The backing layer 4 may
be fabricated as a multi-layer structure in order to effectively
attenuate or block ultrasonic waves. However, the backing
layer 4 may have any other structure that can effectively
attenuate or block ultrasonic waves.
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[0045] Thematching layer 2 may be disposed on the piezo-
electric layer 3. The matching layer 2 may reduce a difference
in acoustic impedances between the piezoelectric layer 3 and
an object to match acoustic impedance of the piezoelectric
layer 3 with acoustic impedance of the object so that ultra-
sonic waves generated from the piezoelectric layer 3 can be
efficiently transferred to the object. In order to efficiently
transfer ultrasonic waves to the object, the matching layer 2
may be configured to have, as its acoustic impedance value, a
median value of an acoustic impedance value of the piezo-
electric layer 3 and an acoustic impedance value ofthe object.
[0046] The matching layer 2 may be formed with glass or
resin. However, the matching layer 2 may be formed with any
other material that can match acoustic impedance of the
piezoelectric layer 3 with acoustic impedance of the object.
[0047] Also, the matching layer 2 may be fabricated as a
multi-layer structure so that acoustic impedance can change
gradually from the piezoelectric layer 3 toward the object, and
in this case, a plurality of layers constituting the matching
layer 2 may be formed with different materials. However, the
matching layer 2 may be fabricated as any other structure of
which acoustic impedance can change gradually.

[0048] Meanwhile, the piezoelectric layer 3 and the match-
ing layer 2 may be machined in a matrix form of a 2Dimen-
sional (2D) array by a dicing process, or may be machined in
the form of a 1Dimensional (1D) array.

[0049] The protection layer 5 may be configured to cover
the upper surface of the matching layer 2 and parts of the
lateral surfaces of the acoustic module 100. The protection
layer 5 may be a chemical shield formed by coating or depos-
iting a conductive material on the surface of a film having
excess moisture tolerance and chemical resistance in order to
protect internal components from water and chemicals for
disinfection. The chemical shield may be formed by using a
polymer film to form a parylene-coating on the upper surface
of the matching layer 2 and the parts of the lateral surfaces of
the acoustic module 100. Alternatively, the chemical shield
may be formed by applying sputtering on a polymer film.
[0050] Also, the protection layer 5 may be a Radio Fre-
quency (RF) shield to prevent high-frequency components
generated by the piezoelectric layer 3 from leaking out, and to
block high-frequency signals from the outside. However, the
protection layer 5 may have any other structure that can
intercept high-frequency components.

[0051] The lens layer 6 may be configured to cover the
upper and lateral surfaces of the protection layer 5. The lens
layer 6 may be formed with a low attenuation material to
prevent ultrasonic signals generated from the piezoelectric
layer 3 from attenuating. For example, the lens layer 6 may be
formed with low viscosity epoxy resin such as DER322, or
epoxy such as DEH24. However, the lens layer 6 may be
formed with any other material that can prevent ultrasonic
signals from attenuating. As such, by fabricating the lens
layer 6 with a low attenuation material, sensitivity of ultra-
sonic signals may be improved.

[0052] Also, by covering parts of the lateral surfaces of the
acoustic module 100, that is, parts of the kerfs of the acoustic
module 100 with the lens layer 6, crosstalk may be reduced.
[0053] Hereinafter, the structures of steps, polarization
areas, and first and second electrodes of a piezoelectric layer
according to an embodiment of the present disclosure will be
described with reference to FIGS. 2A and 2B.

[0054] FIG. 2A is a cross-sectional view of a piezoelectric
layer according to an embodiment of the present disclosure,
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and FIG. 2B is a cross-sectional view of a piezoelectric layer
according to another embodiment of the present disclosure.
[0055] Referring to FIGS. 2A and 2B, a piezoelectric layer
3 may include steps 14, a first electrode 11, a second electrode
12, and polarization areas 13.

[0056] Thewidth of the upper part of the piezoelectric layer
3 may be wider than that of the lower part of the piezoelectric
layer 3. The width of the piezoelectric layer 3 may be decided
according to ultrasonic waves to be generated and the perfor-
mance of the ultrasonic diagnostic apparatus 1. Also, the
piezoelectric layer 3 may protrude at the center portion of the
lower part, as shown in FIG. 2A, or at edge portions of the
lower part, as shown in FIG. 2B. However, the piezoelectric
layer 3 may be formed in any other shape that can form steps
in the lower part.

[0057] Also, in the lower part of the piezoelectric layer 3,
both edge portions of the piezoelectric layer 3 except for the
second electrode 12 may have a less influence on ultrasonic
waves generated from the piezoelectric layer 3. Accordingly,
by forming the steps 14 in space located in both edge portions
of the lower part of the piezoelectric layer 3 so that the
matching layer 2, a flexible printed circuit board, the backing
layer 4, and the piezoelectric layer 3 are structurally inte-
grated, high accuracy and high yield can be ensured in a
manufacturing process of connecting the matching layer 2,
the flexible printed circuit board, the backing layer 4, and the
piezoelectric layer 3 to each other.

[0058] Also, the length of the step 14 of the piezoelectric
layer 3 may be arbitrarily decided in the space of the piezo-
electric layer 3 that is a range in which the piezoelectric
performance of the piezoelectric layer 3 is not degraded. For
example, the length of the step 14 of the piezoelectric layer 3
may be decided to correspond to a thickness of a flexible
printed circuit board to which the piezoelectric layer 3 is to be
connected. However, the length of the step 14 may be decided
to an arbitrary length that can facilitate manufacturing of the
ultrasonic diagnostic apparatus 1 in a range in which the
piezoelectric performance of the piezoelectric layer 3 is not
degraded.

[0059] Also, the steps 14 of the piezoelectric layer 3 may be
formed by bonding another ceramic using epoxy or by etch-
ing using laser. Also, the steps 14 may be formed through a
dicing process, a grinding process, or an etching process.
However, the steps 14 of the piezoelectric layer 3 may be
formed by any other method than the aforementioned meth-
ods.

[0060] Also, a thickness of the piezoelectric layer 3 may be
decided in consideration of an ultrasonic wave frequency that
is used by the ultrasonic diagnostic apparatus 1. Generally, an
ultrasonic wave frequency increases at a thinner thickness of
the piezoelectric layer 3. Accordingly, the piezoelectric layer
3 having a thick thickness may be used in order to use ultra-
sonic waves of a low frequency, and the piezoelectric layer 3
having a thin thickness may be used in order to use ultrasonic
waves of a high frequency.

[0061] The piezoelectric layer 3 may include the first elec-
trode 11 and the second electrode 12. The first electrode 11 of
the piezoelectric layer 3 may be formed to cover the entire
upper surface of the piezoelectric layer 3 and the edge por-
tions of the lower surface of the piezoelectric layer 3. Also, the
second electrode 12 of the piezoelectric layer 3 may be
formed on the lower surface of the piezoelectric layer 3 to
extend to the polarization areas 13 adjacent to the first elec-
trode 11. The first and second electrodes 11 and 12 of the
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piezoelectric layer 3 may be formed with a high conductivity
material, and may be formed with a flexible material in order
to be resistant against piezoelectric vibration.

[0062] Each polarization area 13 may be used to electri-
cally separate the first electrode 11 of the piezoelectric layer
3 from the second electrode 12 of the piezoelectric layer 3.
Accordingly, the polarization area 13 may be located between
the first electrode 11 of the piezoelectric layer 3 and the
second electrode 12 of the piezoelectric layer 3.

[0063] The polarization area 13 may be formed in the shape
of a groove, or in the shape of a protrusion, or in the shape of
a plane, between the first electrode 11 of the piezoelectric
layer 3 and the second electrode 12 of the piezoelectric layer
3, as shown in FIGS. 2A and 2B. However, the polarization
area 13 may be formed in any other shape that can separate the
first electrode 11 of the piezoelectric layer 3 from the second
electrode 12 of the piezoelectric layer 3.

[0064] Also, the polarization area 13 may be formed with a
low conductivity material in order to electrically separate the
first electrode 11 of the piezoelectric layer 3 from the second
electrode 12 of the piezoelectric layer 3. However, the polar-
ization area 13 may be formed with any other material that
can electrically separate the first electrode 11 of the piezo-
electric layer 3 from the second electrode 12 of the piezoelec-
tric layer 3.

[0065] Hereinafter, an ultrasonic diagnostic apparatus hav-
ing an integrated flexible printed circuit board, according to
an embodiment of the present disclosure, will be described
with reference to FIGS. 3A to 5.

[0066] FIG.3A is a perspective view of an ultrasonic diag-
nosis apparatus according to an embodiment of the present
disclosure, FIG. 3B is a perspective view of an ultrasonic
diagnosis apparatus according to another embodiment of the
present disclosure, FIG. 4A is a perspective view showing a
piezoelectric layer according to an embodiment of the present
disclosure, an integrated flexible printed circuit board, and a
backing layer, F1G. 4B is a perspective view showing a piezo-
electric layer according to another embodiment of the present
disclosure, an integrated flexible printed circuit board, and a
backing layer, and FIG. 5 is a top view of an integrated
flexible printed circuit board according to an embodiment of
the present disclosure.

[0067] Referring to FIG. 3A, an ultrasonic diagnostic appa-
ratus 1 may include a lens layer 6, a matching layer 2, a
piezoelectric layer 3, a backing layer 4, and an integrated
flexible printed circuit board 20.

[0068] In detail, the lens layer 6 may prevent ultrasonic
signals generated from the piezoelectric layer 3 from attenu-
ating, and the matching layer 2 may reduce a difference in
acoustic impedance between the piezoelectric layer 3 and an
object to match acoustic impedance of the piezoelectric layer
3 with acoustic impedance of the object so that ultrasonic
waves generated from the piezoelectric layer 3 can be effi-
ciently transferred to the object. The piezoelectric layer 3 may
convert electricity energy into mechanical vibration energy
and mechanical vibration energy into electricity, and the
backing layer 4 may absorb ultrasonic waves generated from
the piezoelectric layer 3 and transmitted backward to thereby
block ultrasonic waves from being transmitted to the back of
the piezoelectric layer 3.

[0069] Also, the integrated flexible printed circuit board 20
may be a single flexible printed circuit board (FPCB) that is
electrically connected to the piezoelectric layer 3. The flex-
ible printed circuit board 20 may be a circuit board fabricated
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by attaching a flexible copper film on a thin insulating film
having a thickness of 10 pm. Accordingly, the flexible printed
circuit board 20 may be fabricated with aheat-resistant plastic
film, such as polyester (PET) or polyimide (PI), which is a
flexible material, to have flexibility allowing bending, over-
lapping, folding, rolling, twisting, and the like, unlike a rigid
printed circuit board made of a rigid material, thereby facili-
tating effective use of space and 3Dimensional (3D) wiring.

[0070] As shown in FIG. 4A, the piezoelectric layer 3 may
be connected to the flexible printed circuit board 20 by cou-
pling steps as female and male to each other. The piezoelectric
layer 3 may protrude at the center portion of the lower part, or
at the edge portions of the lower part. Also, the first electrode
11 of the piezoelectric layer 3 may be formed on both edge
portions of the lower part, and the second electrode 12 of the
piezoelectric layer 3 may be formed on the center portion of
the lower part. Also, the integrated flexible printed circuit
board 20 may protrude or be caved in at both edge portions of
the upper part. Also, the first electrode 21 of the integrated
flexible printed circuit board 20 may be formed on both edge
portions of the upper part of the integrated flexible printed
circuit board 20, and the second electrode 22 of the integrated
flexible printed circuit board 20 may be formed on the center
portion of the upper part of the integrated flexible printed
circuit board 20. Accordingly, the piezoelectric layer 3 can be
tightly coupled with the integrated flexible printed circuit
board 20 through the steps that are coupled with each other as
female and male. As a result, the first electrode 11 of the
piezoelectric layer 3 may be electrically connected to the first
electrode 21 of the integrated flexible printed circuit board 20,
and the second electrode 12 of the piezoelectric layer 3 may
be electrically connected to the second electrode 22 of the
integrated flexible printed circuit board 20.

[0071] Also, the piezoelectric layer 3 may be connected to
the integrated flexible printed circuit board 20, and the lower
part of the integrated flexible printed circuit board 20 may be
connected to the upper part of the backing layer 4.

[0072] As shown in FIG. 4B, the piezoelectric layer 3 may
be connected to the integrated flexible printed circuit board 20
such that steps correspond, as female and male, to each other.
More specifically, the piezoelectric layer 3 may protrude at
the center portion of the upper part, or at edge portions of the
upper part. Also, a first electrode 11 of the piezoelectric layer
3 may be formed at both edge portions of the upper part, and
a second electrode 12 of the piezoelectric layer 3 may be
formed on the center portion of the upper part. The integrated
flexible printed circuit board 20 may protrude or be caved in
at both edge portions of the lower part. Also, a first electrode
21 of the integrated flexible printed circuit board 20 may be
formed at both edge portions of the lower part, and a second
electrode 22 of the integrated flexible printed circuit board 20
may be formed on the center portion of the lower part.
Accordingly, the piezoelectric layer 3 may be tightly coupled
with the integrated flexible printed circuit board 20 along
steps that are coupled with each other as female and male.
Therefore, the first electrode 11 of the piezoelectric layer 3
may be electrically connected to the first electrode 21 of the
integrated flexible printed circuit board 20, and the second
electrode 12 of the piezoelectric layer 3 may be electrically
connected to the second electrode 22 of the integrated flexible
printed circuit board 20.
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[0073] Also, the piezoelectric layer 3 may be coupled with
the integrated flexible printed circuit board 20, and the lower
part of the piezoelectric layer 3 may be coupled with the upper
part of the backing layer 4.

[0074] Ifthe first electrodes 11 and 22 of the piezoelectric
layer 3 and the integrated printed circuit board 20 are electri-
cally connected to each other, and the second electrodes 12
and 22 of the piezoelectric layer 3 and the integrated printed
circuit board 20 are electrically connected to each other, the
first electrode 21 of the integrated printed circuit board 20
may be connected to the ground, and the second electrode 22
of the integrated printed circuit board 20 may be connected to
an ultrasonic wave generator. Also, the first electrode 11 of the
piezoelectric layer 3 may be connected to the ground, and the
second electrode 12 of the piezoelectric layer 3 may be con-
nected to the ultrasonic wave generator. Accordingly, a
ground signal and an ultrasonic signal may be respectively
transferred to the first electrode 11 and the second electrode
12 of the piezoelectric layer 3 through connection parts 23 of
the flexible printed circuit board 20, so that the piezoelectric
layer 3 can generate desired ultrasonic waves.

[0075] Hereinafter, an ultrasonic diagnostic apparatus hav-
ing separated flexible printed circuit boards will be described
with reference to FIGS. 6A to 8.

[0076] FIG. 6A is a perspective view of an ultrasonic diag-
nostic apparatus according to an embodiment of the present
disclosure, FIG. 6B is a perspective view of an ultrasonic
diagnostic apparatus according to another embodiment of the
present disclosure, FIG. 7A is a perspective view showing a
piezoelectric layer according to an embodiment of the present
disclosure, a separated flexible printed circuit board, and a
backing layer, FIG. 7B is a perspective view showing a piezo-
electric layer according to another embodiment of the present
disclosure, a separated flexible printed circuit board, and a
backing layer, and FIG. 8 is a top view of separated flexible
printed circuit boards according to an embodiment of the
present disclosure.

[0077] Referring to FIG. 6A, an ultrasonic diagnostic appa-
ratus 1 may include a lens layer 6, a matching layer 2, a
piezoelectric layer 3, a backing layer 4, and separated flexible
printed circuit boards 30.

[0078] Thelens layer 6 may prevent ultrasonic signals gen-
erated from the piezoelectric layer 3 from attenuating, and the
matching layer 2 may reduce a difference in acoustic imped-
ance between the piezoelectric layer 3 and an object to match
acoustic impedance of the piezoelectric layer 3 with acoustic
impedance of the object so that ultrasonic waves generated
from the piezoelectric layer 3 can be efficiently transferred to
the object. Also, the piezoelectric layer 3 may convert elec-
tricity energy into mechanical vibration energy and mechani-
cal vibration energy into electricity energy. The backing layer
4 may absorb ultrasonic waves generated from the piezoelec-
tric layer 3 and transferred backward to thereby block ultra-
sonic waves from being transmitted to the back of the piezo-
electric layer 3.

[0079] The separated flexible printed circuit boards 30 may
be a single flexible printed circuit board (FPCB) that is elec-
trically connected to the piezoelectric layer 3. The separated
printed circuit boards 30 may be fabricated with the same
material as or a different material from the integrated flexible
printed circuit board 30 described above.

[0080] As shown in FIG. 7A, the piezoelectric layer 3 may
be coupled with two separated printed circuit boards 30 by
coupling steps as female and male with each other. The piezo-
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electric layer 3 may protrude at the center portion of the lower
part, as shown in FIG. 2A, or at both edge portions of the
lower part, as shown in FIG. 2B. Also, a first electrode 11 of
the piezoelectric layer 3 may be formed on both edge portions
of the lower part of the piezoelectric layer 3, and a second
electrode 12 of the piezoelectric layer 3 may be formed on the
center portion of the lower part of the piezoelectric layer 3.
Each separated flexible printed circuit board 30 may protrude
or be caved in at one edge portion of the upper part. Also, a
first electrode 31 of the separated flexible printed circuit
board 30 may be formed on one edge portion of the upper part
of the separated flexible printed circuit board 30, and a second
electrode 32 of the separated flexible printed circuit board 30
may be formed on the center portion of the upper part of the
separated flexible printed circuit board 30. Accordingly,
when the piezoelectric layer 3 is coupled with the separated
flexible printed circuit boards 30, the piezoelectric layer 3 can
be tightly coupled with the separated flexible printed circuit
boards 30 through the steps that are coupled with each other
as female and male. As a result, the first electrode 11 of the
piezoelectric layer 3 may be electrically connected to the first
electrodes 31 of the separated flexible printed circuit boards
30, and the second electrode 12 of the piezoelectric layer 3
may be electrically connected to the second electrodes 32 of
the separated flexible printed circuit boards 30.

[0081] Also, the piezoelectric layer 3 may be coupled with
the separated flexible printed circuit boards 30, and the lower
parts of the separated flexible printed circuit boards 30 may be
coupled with the upper part of the backing layer 4.

[0082] As shown in FIG. 7B, the piezoelectric layer 3 may
be coupled with the two separated flexible printed circuit
boards 30 by coupling the corresponding steps as female and
male with each other. The piezoelectric layer 3 may protrude
atthe center portion of the upper part, or at both edge portions
of the upper part. Also, the first electrode 11 of the piezoelec-
tric layer 3 may be formed on both edge portions of the upper
part of the piezoelectric layer 3, and the second electrode 12
of the piezoelectric layer 3 may be formed on the center
portion of the upper part of the piezoelectric layer 3. Also,
each separated flexible printed circuit board 30 may protrude
or be caved in at one edge portion of the lower part. Also, the
first electrode 31 of the separated flexible printed circuit
board 30 may be formed on one edge portion of the lower part
of the separated flexible printed circuit board 30, and the
second electrode 32 of the separated flexible printed circuit
board 30 may be formed on the center portion of the lower
part of the separated flexible printed circuit board 30. Accord-
ingly, the piezoelectric layer 3 can be tightly coupled with the
separated flexible printed circuit boards 30 through the steps
that are coupled with each other as female and male. As a
result, the first electrode 11 of the piezoelectric layer 3 may be
electrically connected to the first electrodes 31 of the sepa-
rated flexible printed circuit boards 30, and the second elec-
trode 12 of the piezoelectric layer 3 may be electrically con-
nected to the second electrodes 32 of the separated flexible
printed circuit boards 30.

[0083] Also, the piezoelectric layer 3 may be coupled with
the separated flexible printed circuit boards 30, and the lower
part of the piezoelectric layer 3 may be coupled with the upper
part of the backing layer 4.

[0084] Ifthe first electrodes 11 and 32 of the piezoelectric
layer 3 and the separated printed circuit boards 30 are elec-
trically connected to each other, and the second electrodes 12
and 32 of the piezoelectric layer 3 and the separated printed
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circuit boards 30 are electrically connected to each other, the
first electrodes 31 of the separated printed circuit boards 30
may be connected to the ground, and the second electrodes 32
of the separated printed circuit boards 30 may be connected to
the ultrasonic wave generator. Also, the first electrode 11 of
the piezoelectric layer 3 may be connected to the ground, and
the second electrode 12 of the piezoelectric layer 3 may be
connected to the ultrasonic wave generator. Accordingly, a
ground signal and an ultrasonic signal may be respectively
transferred to the first electrode 11 and the second electrode
12 of the piezoelectric layer 3 through connection parts 33 of
the flexible printed circuit boards 20, so that the piezoelectric
layer 3 can generate desired ultrasonic waves.

[0085] Hereinafter, a piezoelectric layer configured with
ceramic composites consisting of ceramic and epoxy, accord-
ing to an embodiment of the present disclosure, will be
described with reference to FIGS. 9A to 9C.

[0086] FIG. 9A is a cross-sectional view of a piezoelectric
layer with both edge portions configured with ceramic com-
posites, according to an embodiment of the present disclo-
sure, FIG. 9B is a cross-sectional view of a ceramic compos-
ites piezoelectric layer whose both edge portions are
configured with epoxy and whose center portion is configured
with ceramic, according to an embodiment of the present
disclosure, and FIG. 9C is a cross-sectional view of a piezo-
electric layer configured with ceramic composites, according
to an embodiment of the present disclosure.

[0087] Ceramic composites may be configured by alter-
nately arranging epoxy layers and ceramic layers, or by form-
ing a predetermined portion with epoxy and the remaining
portion with ceramic.

[0088] A method of alternately arranging epoxy layers 42
and ceramic layers 41 vertically to the upper and lower sut-
faces of the piezoelectric layer 3 may be forming notches in a
ceramic layer to inject epoxy between the ceramic layer
through a dicing process, or directly bonding a plurality of
ceramic layers with epoxy. However, the method of alter-
nately arranging the epoxy layers 42 and the ceramic layers
41 vertically to the upper and lower surfaces of the piezoelec-
tric layer 3 is not limited to the above-described methods.
[0089] The piezoelectric layer 3 may be configured with
ceramic composites at both edges portions, as shown in FIG.
9A, or the piezoelectric layer 3 may be configured with epoxy
42 at both edge portions and with ceramic 41 at the center
portion, as shown in FIG. 9B. Also, the entire of the piezo-
electric layer 3 may be configured with ceramic composites
consisting of ceramic layers 41 and epoxy layers 42, as shown
in FIG. 9C.

[0090] However, the material of the piezoelectric layer 3 is
not limited to ceramic composites. That is, the piezoelectric
layer 3 may be formed with any other material or in any other
shape, as long as the piezoelectric performance of the piezo-
electric layer 3 can be maintained at a predetermined level.
[0091] Hereinafter, a method of manufacturing an ultra-
sonic diagnostic apparatus, according to an embodiment of
the present disclosure, will be described with reference to
FIGS. 10A and 10B.

[0092] FIG. 10A is a flowchart sequentially illustrating a
method of manufacturing an ultrasonic diagnostic apparatus,
according to an embodiment of the present disclosure.
[0093] First, a dicing process may be used to fabricate a
piezoelectric substance with ceramic composites configured
by alternately arranging ceramic layers and epoxy layers in
parallel and vertically to the upper and lower surfaces of the

Jun. 25, 2015

piezoelectric substance, in operation S10. Then, steps may be
formed in the piezoelectric substance, so that a piezoelectric
layer that can be used in an ultrasonic diagnostic apparatus
may be fabricated, in operation S20.

[0094] Successively, a backing layer may be prepared, in
operation S30, a flexible printed circuit board may be placed
on the backing layer, in operation S40, and the piezoelectric
layer may be placed on the flexible printed circuit board, in
operation S50.

[0095] Thereafter, the flexible printed circuit board may be
tightly coupled with the piezoelectric layer such that a first
electrode of the flexible printed circuit board is electrically
connected to a first electrode of the piezoelectric layer, and a
second electrode of the flexible printed circuit board is elec-
trically connected to a second electrode of the piezoelectric
layer, in operation S60. Then, a matching layer may be placed
on the piezoelectric layer, thereby completing an ultrasonic
diagnostic apparatus, in operation S70.

[0096] FIG. 10B is a flowchart illustrating a method of
manufacturing an ultrasonic diagnostic apparatus, according
to another embodiment of the present disclosure.

[0097] First, a dicing process may be used to fabricate a
piezoelectric substance with ceramic composites configured
by alternately arranging ceramic layers and epoxy layers in
parallel and vertically to the upper and lower surfaces of the
piezoelectric substance, in operation S110. Then, steps may
be formed in the piezoelectric substance, so that a piezoelec-
tric layer that can be used in an ultrasonic diagnostic appara-
tus may be fabricated, in operation S120. Successively, a
backing layer may be prepared, in operation S130, the piezo-
electric layer may be placed on the backing layer, in operation
S140, and a flexible printed circuit board may be placed on the
piezoelectric layer, in operation S150.

[0098] Thereafter, the flexible printed circuit board may be
tightly coupled with the piezoelectric layer such that a first
electrode of the flexible printed circuit board is electrically
connected to a first electrode of the piezoelectric layer, and a
second electrode of the flexible printed circuit board is elec-
trically connected to a second electrode of the piezoelectric
layer, in operation S160. Then, a matching layer may be
placed on the flexible printed circuit board, in operation S170,
thereby completing an ultrasonic diagnostic apparatus.
[0099] According to the ultrasonic diagnostic apparatus
and the manufacturing method thereof, by configuring the
ultrasonic diagnostic apparatus with a piezoelectric layer
having steps, it is possible to improve vield while maintaining
the performance of the ultrasonic diagnostic apparatus.
[0100] Although a few embodiments of the present disclo-
sure have been shown and described, it would be appreciated
by those skilled in the art that changes may be made in these
embodiments without departing from the principles and spirit
of the disclosure, the scope of which is defined in the claims
and their equivalents.

What is claimed is:

1. An ultrasonic diagnostic apparatus comprising:

a matching layer;

a piezoelectric layer disposed below the matching layer,

and having steps with respect to polarization areas; and

a backing layer disposed below the piezoelectric layer.

2. The ultrasonic diagnostic apparatus of claim 1, further
comprising a flexible printed circuit board disposed on the
backing layer and having steps formed at both edge portions,

wherein a first electrode and a second electrode of the

piezoelectric layer, between which the steps are formed
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and which are separated from each other by the polar-
ization areas, are respectively connected to a first elec-
trode and a second electrode of the flexible printed cir-
cuit board, the piezoelectric layer disposed below the
matching layer and on the flexible printed circuit board.

3. The ultrasonic diagnostic apparatus of claim 1, further
comprising a flexible printed circuit board disposed below the
matching layer and having steps at both edge portions,

wherein a first electrode and a second electrode of the

piezoelectric layer, between which the steps are formed
and which are separated from each other by the polar-
ization areas, are respectively connected to a first elec-
trode and a second electrode of the flexible printed cir-
cuit board, the piezoelectric layer disposed below the
flexible printed circuit board and on the backing layer.

4. The ultrasonic diagnostic apparatus of claim 1, further
comprising a plurality of flexible printed circuit boards dis-
posed on the backing layer, each flexible printed circuit board
having a step at one edge portion,

wherein a first electrode and a second electrode of the

piezoelectric layer, between which the steps are formed
and which are separated from each other by the polar-
ization areas, are respectively connected to first elec-
trodes and second electrodes of the flexible printed cir-
cuit boards, the piezoelectric layer disposed below the
matching layer and on the flexible printed circuit boards.

5. The ultrasonic diagnostic apparatus of claim 1, further
comprising a plurality of flexible printed circuit boards dis-
posed below the matching layer, each flexible printed circuit
board having a step at one edge portion,

wherein a first electrode and a second electrode of the

piezoelectric layer, between which the steps are formed
and which are separated from each other by the polar-
ization areas, are respectively connected to first elec-
trodes and second electrodes of the flexible printed cir-
cuit boards, the piezoelectric layer disposed below the
flexible printed circuit boards and on the backing layer.

6. The ultrasonic diagnostic apparatus of claim 2, wherein
the first electrode of the flexible printed circuit board is con-
nected to a ground, and the second electrode of the flexible
printed circuit board is connected to an ultrasonic wave gen-
erator.

7. The ultrasonic diagnostic apparatus of claim 2, wherein
the first electrode of the flexible printed circuit board is con-
nected to an ultrasonic wave generator, and the second elec-
trode of the flexible printed circuit board is connected to a
ground.

8. The ultrasonic diagnostic apparatus of claim 2, wherein
each step of the piezoelectric layer corresponds to a thickness
of the flexible printed circuit board.
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9. The ultrasonic diagnostic apparatus of claim 1, wherein
the piezoelectric layer is configured with ceramic compos-
ites.

10. The ultrasonic diagnostic apparatus of claim 1, wherein
both edge portions of the piezoelectric layer are formed with
a material that is different from a material of the center por-
tion of the piezoelectric layer.

11. A method of manufacturing an ultrasonic diagnostic
apparatus, comprising:

providing a backing layer;

placing a piezoelectric layer having steps with respect to

polarization areas on the backing layer; and

placing a matching layer on the piezoelectric layer.

12. The method of claim 11, further comprising:

placing a flexible printed circuit board on the backing layer,

wherein the placing of the piezoelectric layer comprises

placing the piezoelectric layer on the flexible printed
circuit board such that a first electrode and a second
electrode of the piezoelectric layer, which have the steps
with respect to the polarization areas, are respectively
connected to a first electrode and a second electrode of
the flexible printed circuit boards.

13. The method of claim 11, further comprising:

placing a flexible printed circuit board below the matching

layer,

wherein the placing of the piezoelectric layer comprises

placing the piezoelectric layer below the flexible printed
circuit board such that a first electrode and a second
electrode of the piezoelectric layer, which have the steps
with respect to the polarization areas, are respectively
connected to a first electrode and a second electrode of
the flexible printed circuit board.

14. The method of claim 12, further comprising connecting
a first electrode of the flexible printed circuit board to a
ground, and connecting a second electrode of the flexible
printed circuit board to an ultrasonic wave generator.

15. The method of claim 12, further comprising connecting
a first electrode of the flexible printed circuit board to an
ultrasonic wave generator, and connecting a second electrode
of the flexible printed circuit board to a ground.

16. The method of claim 12, further comprising forming
the steps of the piezoelectric layer, each step corresponding to
a thickness of the flexible printed circuit board.

17. The method of claim 11, further comprising forming
the piezoelectric layer with ceramic composites.

18. The method of claim 11, further comprising forming
the piezoelectric layer such that both edge portions of the
piezoelectric layer are formed with a material that is different
from a material ofthe center portion of the piezoelectric layer.
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