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LEE 43) Pub. Date: Oct, 26, 2017
(54) ULTRASONIC TRANSDUCER HAVING BO6B 1/06 (2006.01)
FLEXIBLE PRINTED CIRCUIT BOARD HO04R 31/00 (2006.01)
WITH THICK METAL LAYER AND A61B 8/00 (2006.01)
MANUFACTURING METHOD THEREOF (52) US. CL
] CPC ......... G018 1578956 (2013.01); HO4R 31/00
(71) - Applicant: ALPINION MEDICAL SYSTEMS (2013.01); A6IB 8/4494 (2013.01); BO6B
CO., LTD.. Seoul (KR) 10644 (2013.01); HO4R 17/00 (2013.01)
(72) Inventor: Won-Seok LEE, Daegu (KR)
(73) Assignee: ALPINION MEDICAL SYSTEMS (57) ABSTRACT
CO., LTD., Seoul (KR)
) An ultrasonic transducer having a flexible printed circuit
(21) Appl. No.: 15/526,108 board with a thick metal layer and a manufacturing method
(22) PCT Filed: Dec. 22. 2014 thereof are disclosed. The ultrasonic transducer, according to
’ T an embodiment of the present invention, comprises: an
86) PCT No.: PCT/KR2014/012636 active element that generates an ultrasonic signal, wherein
(86) © the active element has a thickness of %42 or less at the center
§ 371 (e)(D), frequency of the generated ultrasonic signal; and a flexible
(2) Date: May 11, 2017 printed circuit board that includes a metal layer with a
L . . predetermined thickness, which is formed on one surface of
Publication Classification the active element and is electrically connected to the active
(31) Int. CL element, wherein the metal layer blocks ultrasonic waves
GO1S 15/89 (2006.01) that propagate in an opposite direction to a predetermined
HO4R 17/00 (2006.01) trave] path of the ultrasonic waves.
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ULTRASONIC TRANSDUCER HAVING
FLEXIBLE PRINTED CIRCUIT BOARD
WITH THICK METAL LAYER AND
MANUFACTURING METHOD THEREOF

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic trans-
ducer which obtains internal image information of a subject
using ultrasonic waves.

BACKGROUND ART

[0002] An ultrasonic diagnostic apparatus is an apparatus
which images the internal tissue of a subject with a reflected
ultrasonic signal by emitting an ultrasonic signal to the
subject. The ultrasonic diagnostic apparatus transmits an
ultrasonic signal to a diagnostic region of a subject to be
examined and subsequently receives an ultrasonic signal
reflected from a boundary between the internal tissues of the
subject having different acoustic impedances, thereby
obtaining image information of the diagnostic region.
[0003] The ultrasonic diagnostic apparatus includes an
ultrasonic transducer to transmit an ultrasonic signal to a
subject and receive an ultrasonic signal reflected from the
subject. The ultrasonic transducer includes an active ele-
ment, a matching layer, and a backing layer.

Technical Problem

[0004] An ultrasonic transducer having a flexible printed
circuit board with a thick metal layer in order to improve the
sensitivity and bandwidth, and a manufacturing method
thereof are provided according to embodiments.

Technical Solution

[0005] The present invention provides an ultrasonic trans-
ducer including: an active element configured to generate an
ultrasonic signal and have a thickness of Y4 wavelength or
less at a center frequency of the generated ultrasonic signal,
and a flexible printed circuit board having a metal layer
which is formed on one surface of the active element, is
electrically connected to the active element and has a
predetermined thickness to block ultrasonic waves that
propagate in a direction opposite to a predetermined travel
path of the ultrasonic waves.

[0006] The thickness of the metal layer may be %5 wave-
length or more at the center frequency of the ultrasonic
signal.

[0007] The metal layer of the flexible printed circuit board

may be formed on a rear surface of the active element and
applies an electrical signal to the active element, the active
element may generate the ultrasonic signal by an electrical
signal applied from the metal layer and transmit the ultra-
sonic signal, and an interface between the metal layer and
the active element may act as a node due to the thickness of
the metal layer so that the ultrasonic signal is blocked from
propagating in a direction of a backing layer formed on a
rear surface of the flexible printed circuit board and the
ultrasonic signal propagates only in the direction of the
predetermined travel path of ultrasonic waves, and thereby
sensitivity and bandwidth of the ultrasonic transducer are
increased.

[0008] The metal layer of the flexible printed circuit board
may be deposited on one surface of the active element to a
predetermined thickness.
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[0009] The metal layer of the flexible printed circuit board
may be deposited as a thick film.

[0010] An acoustic impedance and thermal conductivity
of the metal layer may be controlled by selecting or mixing
at least one or more metal raw materials.

[0011] The metal layer may be formed of one of copper,
gold, silver, aluminum, tungsten, tantalum, cobalt, nickel,
indium, beryllium, brass, iron, platinum, titanium, tungsten
carbide, molybdenum oxide, chromium carbide, tantalum
carbide, a PGS graphite sheet obtained by graphitizing a
polymer film, graphite, carbon nanotube, aluminum nitride,
boron nitride, silicon carbide, beryllium oxide, magnesium
oxide, and zinc oxide, or a combination thereof

[0012] The ultrasonic transducer may further include a
ground sheet formed on the other surface of the active
element and electrically connected to the active element.
[0013] The present invention also provides a method of
manufacturing an ultrasonic transducer, the method includ-
ing: providing an ultrasonic element having a thickness of ¥4
wavelength or less at a center frequency of an ultrasonic
signal; and forming a flexible printed circuit board including
a metal layer on one surface of the active element, wherein
the forming of the flexible printed circuit board comprises
increasing a thickness of the metal layer in order to block
ultrasonic waves which propagate from the active element in
a direction opposite to a direction of a predetermined travel
path of the ultrasonic waves.

[0014] The forming of the flexible printed circuit board by
increasing the thickness of the metal layer may include
increasing the thickness to be %5 wavelength or more at a
center frequency of an ultrasonic signal.

[0015] The forming of the flexible printed circuit board by
increasing the thickness of the metal layer may include
thick-film depositing the metal layer on the surface of the
active element.

Advantageous Effects

[0016] According to one embodiment, the thickness of a
metal layer of a flexible printed circuit board is increased,
and thus the interface between the metal layer and an active
element acts as a node so that ultrasonic waves which
propagate in a direction opposite to a direction of a prede-
termined travel path of ultrasonic waves are blocked and the
ultrasonic waves propagate only in the predetermined travel
path of the ultrasonic waves, and thereby the sensitivity and
bandwidth of the ultrasonic transducer are improved.
[0017] In addition, in order to block the ultrasonic waves
that propagate in a direction opposite to a direction of the
predetermined travel path of the ultrasonic waves, only a
thickness of the metal layer of the flexible printed circuit
board is increased without need of adding a de-matching
layer between the active element and a backing layer,
wherein the de-matching layer has an acoustic impedance
value greater than the acoustic impedance value of the active
element, and hence the manufacturing method thereof is
simple and the manufacturing cost can be reduced.

[0018] Moreover, since the thickness of the active element
is a length of V4 wavelength (Y4)) or less based on a center
frequency of the active element, the acoustic impedance is
reduced and the electrical matching with a system is easy. In
this case, a ¥4 wavelength transducer may be provided by
only increasing the thickness of the metal layer of the
flexible printed circuit board.
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[0019] Also, the flexible printed circuit board having a
thick metal layer of the present invention can be applied to
any types of transducers, such as an inner array, a convex
array, a phased array, a single element, and the like.

[0020] Furthermore, since a thick-film deposition method
is used when the metal layer of the flexible printed circuit
board is formed on one surface of the active element, the
thickness of the flexible printed circuit board can be pre-
cisely controlled without complicated processes, such as
grinding and cutting, which are required in a conventional
processing method, such as bonding. In addition, the manu-
facturing cost is reduced as compared with the processing
method.

DESCRIPTION OF DRAWINGS

[0021] FIG. 1 is a structural view diagrammatically show-
ing a configuration of an ultrasonic transducer having a thick
flexible printed circuit board (FPCB) according to one
embodiment of the present invention.

[0022] FIG. 2 is a structural diagram of an ultrasonic
transducer for describing an ultrasonic signal propagation
principle of the ultrasonic transducer including a thin active
element and an FPCB having a thick metal layer according
to one embodiment of the present invention.

[0023] FIG. 3 is a block diagram illustrating an ultrasonic
diagnostic apparatus according to one embodiment of the
present invention.

[0024] FIG. 4 is a flowchart illustrating a method of
manufacturing an ultrasonic transducer according to one
embodiment of the present invention.

[0025] FIGS. 5 to 7 are graphs showing differences in
performance between a conventional ultrasonic transducer
and an ultrasonic transducer having a thin active element
and an FPCB including a thick metal layer according to one
embodiment of the present invention.

MODE FOR INVENTION

[0026] A preferred embodiment of the present invention
will be described herein below with reference to the accom-
panying drawings. In the following description, well-known
functions or constructions are not described in detail since
they would obscure the invention in unnecessary detail. The
terms used herein are defined in consideration of the func-
tions of elements in the present invention. The terms can be
changed according to the intentions or the customs of a user
and an operator.

[0027] It will be understood that when a first layer is
referred to as being “on” or “connected to” a second layer
and unless it is explicitly stated that the first layer is “directly
on” or “directly connected to” the second layer, the first
layer can be directly on or directly connected to the second
layer, or a third layer may intervene between the first and
second layers.

[0028] FIG. 1 is a structural view diagrammatically show-
ing a configuration of an ultrasonic transducer having a thick
flexible printed circuit board according to one embodiment
of the present invention.

[0029] The term “diagrammatic” used herein means that
the shown drawings illustrate relative positional relation-
ships or stacking relationships between elements included in
the ultrasonic transducer. Therefore, the specific shape,
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thickness, etc. of the elements included in the ultrasonic
transducer may not necessarily match those shown in the
drawings.

[0030] Referring to FIG. 1, the ultrasonic transducer 1
includes a backing layer 10, a flexible printed circuit board
(FPCB, hereinafter, will be referred to as an “FPCB”) 11, an
active element 12, a matching layer 13, and a kerf 15, and
may further include a ground sheet (GRS, hereinafter, will
be referred to as a “GRS”) 14.

[0031] The ultrasonic transducer 1 may be a single ele-
ment transducer or an array transducer which consists of a
plurality of elements. Types of the array transducer may
include a linear array, a convex array, and a phased array,
and the present invention may be applicable to all types of
array transducer.

[0032] The active element 12 generates and transmits an
ultrasonic signal to a subject, and receives an ultrasonic
signal reflected from the subject, and, for example, a piezo-
electric element is used. The backing layer 10 minimizes the
returning of the reflective waves of the ultrasonic signal
which is generated by the active element 12 and propagates
in an undesired direction, i.e., toward the backing layer 10.
[0033] Generally, in a transducer, a thickness of an active
element has a half wavelength (¥21) length based on the
center frequency of an ultrasonic signal generated by the
active element. However. in order to enhance the sensitivity
and expand the bandwidth of the transducer, the present
invention uses the active element 12 having a length of Y4A,
or less based on the center frequency. Since the thickness of
the % wavelength active element 12 is reduced by half
compared with the thickness of a 2 wavelength active
element, acoustic impedance is reduced, the sensitivity is
high and the bandwidth is wide.

[0034] The efliciency of the transducer is lowered when an
ultrasonic signal propagates in both the direction of a
predetermined travel path of ultrasonic waves and the direc-
tion of the backing layer which is opposite to the direction
of the predetermined travel path of ultrasonic waves. In
order to block or attenuate the ultrasonic signal propagating
in the direction of the backing layer, a de-matching layer
may be provided between the active element and the backing
layer. The de-matching layer has an acoustic impedance
value which is greater than the acoustic impedance value of
the active element, for example, at least two times greater
than the acoustic impedance value of the active element. In
this case, another de-matching layer needs to be additionally
provided.

[0035] In the ultrasonic transducer 1 according to the
present invention, a metal layer 110 of the FPCB 11 having
a function of electrical interconnection of the active element
12 is formed to be thick at a lower side of the active element
12 without using an additional de-matching layer, and thus
the interface between the metal layer 110 and the active
element 12 acts as a node due to the thickness of the metal
layer 110, so that the ultrasonic signal is prevented from
propagating in a direction opposite to the predetermined
ultrasonic propagation path. The active element 12 to which
abaffle condition is applied generates an ultrasonic signal by
deforming the active element 12, for example, a piezoelec-
tric element, in a direction of a predetermined travel path of
ultrasonic waves with respect to the contacting surface
between the active element 12 and the metal layer 110, and
the ultrasonic signal generated by the active element 12 is
blocked from propagating in the direction of the backing
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layer 10. Therefore, the ultrasonic signal propagates only in
the direction of the predetermined travel path of ultrasonic
waves, and thereby the sensitivity is improved.

[0036] Hereinafter, each element of the ultrasonic trans-
ducer 1 having a thick FPCB 11 will be described in detail.
[0037] The backing layer 10 is configured such that the
acoustic impedance matches the active element 12. The
backing layer 10 may be configured to have acoustic attenu-
ation characteristics, which are excellent sound absorption
characteristics. The backing layer 10 having the excellent
sound absorption characteristics suppresses the free vibra-
tion of the active element 12 formed on the front surface to
reduce the pulse width of ultrasonic waves and to block the
unnecessary propagation of the ultrasonic waves to a rear
surface which are generated by the active element 12,
thereby effectively preventing the occurrence of image dis-
tortion. The backing layer 10 may be formed with a single
or a plurality of layers using a material with excellent sound
absorption characteristics.

[0038] The FPCB 11 according to one embodiment is
formed on a rear surface of the active element 12. The metal
layer 110 of the FPCB 11 is electrically connected to the
active element 12 and applies voltage to the active element
12. In addition, the active element 12 of the metal layer 110
has a thick thickness in order to block the ultrasonic waves
propagating in a direction of the backing layer 10. The
thickness of the metal layer 110 may be a length of 25
wavelength (%4M) or more at the center frequency of the
ultrasonic signal generated by the active element 12. The
thickness of the metal layer 10 may be 50 um to 50 mm, but
is not limited thereto.

[0039] The FPCB 11 according to one embodiment con-
sists of a substrate layer 112 and the metal layer 110, and the
metal layer 110 is formed on the substrate layer 112. The
substrate layer 112 may be polyimide (PI), but is not limited
thereto. For the metal layer 110, at least one or more metal
raw materials are selected or mixed together to adjust the
acoustic impedance and the thermal conductivity. For
example, the metal layer 110 may be formed of one of
copper, gold, silver, aluminum, tungsten, tantalum, cobalt,
nickel, indium, beryllium, brass, iron, platinum, titanium,
tungsten carbide, molybdenum oxide, chromium carbide,
tantalum carbide, a PGS graphite sheet obtained by graphi-
tizing a polymer film, graphite, carbon nanotube, aluminum
nitride, boron nitride, silicon carbide, beryllium oxide, mag-
nesium oxide, and zinc oxide, or a combination thereof.
However, the metal layer 110 may be made of any material
having conductivity.

[0040] The metal layer 110 of the FPCB 11 according to
one embodiment may be deposited as a thick film on one
surface of the active element 12. In this case, the deposition
may be performed such that the thickness of the metal layer
110 becomes a length of %5 wavelength or more at the center
frequency of the ultrasonic signal. The deposition method
for the metal layer 110 will be described with reference to
FIG. 4.

[0041] The active element 12 according to one embodi-
ment has a length of V4 wavelength (¥4A) or less based on the
center frequency in order to enhance the sensitivity of the
transducer and expand the bandwidth. The active element 12
generates an ultrasonic signal when energy is applied thereto
by a method, such as applying an electrical signal from the
FPCB 11 and the GRS 14 which are located at both ends.
The type of the active element 12 may vary depending on the
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type of the ultrasonic transducer 1, and generally may be
formed as a piezoelectric element. The piezoelectric element
has the properties that a voltage is generated when a
mechanical pressure is applied through a piezoelectric effect
and a mechanical deformation occurs when a voltage is
applied. The shape or array pattern of the piezoelectric
elements is not particularly limited. The piezoelectric ele-
ment may be formed of a piezoelectric ceramic, such as a
lead zirconate titanate (PZT) group, a single crystal, or a
composite piezoelectric material in which these materials
and a polymer material are combined, a piezoelectric mate-
rial of a polymer material typified by polyvinylidene fluoride
(PVDF), or the like.

[0042] The matching layer 13 is disposed between the
active element 12 and the subject to mediate the difference
in acoustic impedance between the two elements. For
example, the matching layer 13 may transfer the ultrasonic
waves generated by the active element 12 to the subject or
reduce the reflected signal returning from the subject. The
matching layer 13 may serve as a buffer to reduce problems,
such as image distortion due to a sudden change in acoustic
impedance between the active element 12 and the subject.
[0043] The matching layer 13 may have a structure in
which multiple layers are stacked. For example, as shown in
FIG. 1, the matching layer 13 may be composed of a first
matching layer 131 and a second matching layer 132, but the
number of matching layers is not limited to two. The reason
for composing the matching layer 13 with multiple layers is
that it is difficult to form the matching layer having a
required characteristic with a layer of a single material
because the difference in acoustic impedance between the
active element 12 and the human tissue, which is the subject,
is relatively large.

[0044] The GRS 14 may be formed between the matching
layer 13 and the active element 12, and the matching layer
13 may exchange an electrical signal with the active element
12 through the GRS 14. The kerf 15 is filled between the
elements.

[0045] Meanwhile, in FIG. 1, the FPCB 11 is located on
the front surface of the backing layer 10 and the GRS 14 is
located on the rear surface of the matching layer 13, but the
positions thereof may vary depending on the polarization
direction of the layer constituting the active element. For
example, the GRS 14 may be formed at the position of the
FPCB 11 and the FPCB 11 may be formed at the position of
the GRS 14.

[0046] FIG. 2 is a structural diagram of an ultrasonic
transducer for describing an ultrasonic signal propagation
principle of the ultrasonic transducer including a thin active
element and an FPCB having a thick metal layer according
to one embodiment of the present invention.

[0047] Referring to FIG. 2, in the transducer according to
one embodiment, the thickness of the active element is thin
and the thickness of the metal layer of the FPCB is thick. For
example, the active element 12 has a length of %4 wavelength
(Vah) or less based on the center frequency of an ultrasonic
signal, and the metal layer 110 of the FPCB 11 has a
thickness of % wavelength (%5)) or more based on the center
frequency of the ultrasonic signal. Accordingly, a bafile
condition is satisfied, which blocks the propagation of the
ultrasonic signal in a direction opposite to a predetermined
travel path of ultrasonic waves. The active element 12 to
which the baffle condition is applied generates an ultrasonic
signal by deforming the active element 12, for example, a
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piezoelectric element, in a direction of a predetermined
travel path of ultrasonic waves with respect to the contacting
surface between the active element 12 and the metal layer
110, and the ultrasonic signal generated by the active ele-
ment 12 is blocked from propagating in the direction of the
backing layer 10. Therefore, the ultrasonic signal propagates
only in the direction of the predetermined travel path of
ultrasonic waves, and thereby the sensitivity is improved.

[0048] FIG. 3 is a block diagram illustrating an ultrasonic
diagnostic apparatus according to one embodiment of the
present invention.

[0049] Referring to FIG. 3, the ultrasonic diagnostic appa-
ratus 30 may include an ultrasonic transducer 1, a beam-
forming unit 2, an image processor 3, and an output unit 4.

[0050] The ultrasonic transducer 1 may be formed with a
plurality of transducer elements 300-1, 300-2 to 300-x.
According to one embodiment, the ultrasonic transducer 1
includes an active element having a thickness of Y4 wave-
length or less at the center frequency of an ultrasonic signal
and an FPCB having a thick metal layer on one surface of
the active element. The metal layer is electrically connected
to the active element to provide an electrical signal to the
active element, and has a thickness thick enough to block
ultrasonic waves which propagate in a direction opposite to
a predetermined travel path of ultrasonic waves. The thick-
ness of the metal layer may be %5 wavelength or more at the
center frequency of an ultrasonic signal. The metal layer of
the FPCB according to one embodiment is deposited as a
thick film on one surface of the active element so as to have
a thick thickness.

[0051] The beamforming unit 2 drives the ultrasonic trans-
ducer 1 to transmit an ultrasonic signal to a subject and
generates a beam signal by processing a reflected signal
returning from the subject. The image processor 3 receives
the beam signal from the beamforming unit 2 and generates
an ultrasonic image. The output unit 4 displays the ultrasonic
image generated by the image processor 3 to the outside.

[0052] FIG. 4 is a flowchart illustrating a method of
manufacturing an ultrasonic transducer according to one
embodiment of the present invention.

[0053] Referring to FIG. 4, the method of manufacturing
an ultrasonic transducer includes an operation of forming a
thick metal layer of an FBCB on one surface of an active
element. To this end, the active element having a thickness
of Y wavelength or less at the center frequency of an
ultrasonic signal is provided, as depicted in 400. In addition,
the FPCB is formed on one surface, for example, a rear
surface of the active element, wherein the thickness of the
metal layer formed on the rear surface of the active element
is increased. The metal layer is deposited as a thick film so
as to have a thick thickness, as depicted in 410. In this case,
the deposition may be performed such that the thickness of
the metal layer is a length of %3 wavelength or more at the
center frequency of the ultrasonic signal. The thickness of
the FPCB may be precisely controlled without complicated
processes, such as grinding and cutting, by using the thick
film deposition method of the present invention rather than
a conventional processing method, such as bonding. In
addition, the manufacturing cost is reduced as compared
with the processing method.

[0054] FIGS. 5 to 7 are graphs showing differences in
performance between a conventional ultrasonic transducer
and an ultrasonic transducer having a thin active element
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and an FPCB including a thick metal layer according to one
embodiment of the present invention.

[0055] Referring to FIGS. 5 to 7, it is shown that the
sensitivity and bandwidth of the ultrasonic transducer hav-
ing an FPCB with a thick metal layer are improved.
[0056] In detail. FIG. 5 is a graph comparing the magni-
tude of output voltage of a conventional ultrasonic trans-
ducer with respect to time and the magnitude of output
voltage of an ultrasonic transducer having an FPCB with a
thin active element and a thick metal layer of the present
invention. As shown in FIG. 5, it is seen that the ultrasonic
transducer of the present invention exhibits a larger voltage
change during the same time interval.

[0057] FIG. 6 is a graph comparing a normalized magni-
tude of a conventional ultrasonic transducer with respect to
frequency and a normalized magnitude of the ultrasonic
transducer having the FPCB with a thin active element and
a thick metal layer of the present invention.

[0058] Referring to FIG. 6, it is seen that the ultrasonic
transducer of the present invention exhibits a larger normal-
ized magnitude in a wider range. Accordingly, the band-
width of the ultrasonic transducer of the present invention is
broadened and the sensitivity thereof is enhanced. In the
case of an active element to which a baffle condition is
applied, the active element is deformed in an upward direc-
tion with respect to the contacting surface between the active
element and the metal layer of the FPCB, so that all the
ultrasonic waves generated by the active element propagate
only in a direction opposite to a direction of a backing
material.

[0059] FIG. 7 is a graph comparing the magnitude of
impedance of a conventional ultrasonic transducer and the
magnitude of impedance of the ultrasonic transducer having
an FPCB with a thin active element and a thick metal layer
of the present invention.

[0060] Referring to FIG. 7, it is seen that in the case of the
ultrasonic transducer of the present invention, the magnitude
of acoustic impedance is reduced due to a reduced active
element and the electrical matching with a system is easy.
[0061] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

1. An ultrasonic transducer comprising:

an active element configured to generate an ultrasonic
signal and have a thickness of % wavelength or less at
a center frequency of the generated ultrasonic signal,
and

a flexible printed circuit board having a metal layer which

is formed on one surface of the active element, is
electrically connected to the active element and has a
predetermined thickness to block ultrasonic waves that
propagate in a direction opposite to a predetermined
travel path of the ultrasonic waves.

2. The ultrasonic transducer of claim 1, wherein the
thickness of the metal layer is %5 wavelength or more at the
center frequency of the ultrasonic signal.

3. The ultrasonic transducer of claim 1, wherein the metal
layer of the flexible printed circuit board is formed on a rear
surface of the active element and applies an electrical signal
to the active element,
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the active element generates the ultrasonic signal by an
electrical signal applied from the metal layer and
transmits the ultrasonic signal, and an interface
between the metal layer and the active element acts as
anode due to the thickness of the metal layer so that the
ultrasonic signal is blocked from propagating in a
direction of a backing layer formed on a rear surface of
the flexible printed circuit board and the ultrasonic
signal propagates only in the direction of the predeter-
mined travel path of ultrasonic waves, and thereby
sensitivity and bandwidth of the ultrasonic transducer
are increased.

4. The ultrasonic transducer of claim 1, wherein the metal
layer of the flexible printed circuit board is deposited on one
surface of the active element to a predetermined thickness.

5. The ultrasonic transducer of claim 4, wherein the metal
layer of the flexible printed circuit board is deposited as a
thick film.

6. The ultrasonic transducer of claim 1, wherein an
acoustic impedance and thermal conductivity of the metal
layer are controlled by selecting or mixing at least one or
more metal raw materials.

7. The ultrasonic transducer of claim 6, wherein the metal
layer is formed of one of copper, gold, silver, aluminum,
tungsten, tantalum, cobalt, nickel, indium, beryllium, brass,
iron, platinum, titanium, tungsten carbide, molybdenum
oxide, chromium carbide, tantalum carbide, a PGS graphite
sheet obtained by graphitizing a polymer film, graphite,
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carbon nanotube, aluminum nitride, boron nitride, silicon
carbide, beryllium oxide, magnesium oxide, and zinc oxide,
or a combination thereof

8. The ultrasonic transducer of claim 1, further compris-
ing a ground sheet formed on the other surface of the active
element and electrically connected to the active element.

9. A method of manufacturing an ultrasonic transducer,
the method comprising:

providing an ultrasonic element having a thickness of %4

wavelength or less at a center frequency of an ultra-
sonic signal; and

forming a flexible printed circuit board including a metal

layer on one surface of the active element,

wherein the forming of the flexible printed circuit board

comprises increasing a thickness of the metal layer in
order to block ultrasonic waves which propagate from
the active element in a direction opposite to a direction
of a predetermined travel path of the ultrasonic waves.

10. The method of claim 9, wherein the forming of the
flexible printed circuit board by increasing the thickness of
the metal layer comprises increasing the thickness to be %
wavelength or more at a center frequency of an ultrasonic
signal.

11. The method of claim 9, wherein the forming of the
flexible printed circuit board by increasing the thickness of
the metal layer comprises thick-film depositing the metal
layer on the surface of the active element.
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