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An ultrasonic transducer, an ultrasonic probe, and an image
diagnosis apparatus perform an ultrasonic procedure. The
ultrasonic transducer includes: a piezoelectric layer; an
acoustic matching layer disposed on an upper surface of the
piezoelectric layer; and a plurality of back efficiency layers
that are disposed on a lower surface of the piezoelectric layer
and have different acoustic impedances. The sensitivity,
bandwidth, and pulse length of the ultrasonic transducer may
be controlled by appropriately changing acoustic impedances
and thicknesses of the back efficiency layers.
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ULTRASONIC TRANSDUCER, ULTRASONIC
PROBE, AND ULTRASOUND IMAGE
DIAGNOSIS APPARATUS

CLAIM OF PRIORITY

This application claims, pursuant to 35 U.S.C. 119(a),
priority to and the benefit of the earlier filing date of Korean
Patent Application No. 10-2012-0000172, filed on Jan. 2,
2012, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein in its entirety by refer-
ence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an ultrasonic transducer, an
ultrasonic probe, and an ultrasound image diagnosis appara-
tus, and more particularly, to an ultrasonic transducer having
an improved back efficiency layer structure, an ultrasonic
probe, and an ultrasound image diagnosis apparatus.

2. Description of the Related Art

An ultrasound image diagnosis apparatus is an apparatus
that irradiates an ultrasonic wave signal to a desired inner site
of abody via a body surface ofa subject and uses information
of a reflected ultrasonic wave signal, that is, an ultrasonic
wave echo signal, to obtain an image about a fault of soft
tissues or blood flow, such as a blockage or a disease, in a
non-invasive manner. Compared to other image diagnosis
apparatuses, such as an X-ray diagnosis apparatus, a comput-
erized tomography (CT) scanner, a magnetic resonance
image (MRI) apparatus, or a nuclear medicine diagnosis
apparatus, the ultrasound image diagnosis apparatus is rela-
tively small and inexpensive, displays an image in real time,
and has high stability due to the lack of irradiation of, for
example, X-rays. Due to these advantages, the ultrasound
image diagnosis apparatus is widely used for heart, abdomen,
urinary system, and obstetrics diagnoses.

The ultrasound image diagnosis apparatus includes an
ultrasonic probe that transmits an ultrasonic wave signal to a
subject and receives an ultrasonic wave echo signal reflected
from the subject to obtain an ultrasonic image of the subject.
The ultrasonic probe includes a transducer, a case or housing
having an open top end, and a cover that is coupled to the top
end of the case and directly contacts the surface of a subject.
In this regard, the transducer includes a piezoelectric layer
that includes a piezoelectric material for reversibly convert-
ing an electric signal and an acoustic signal, during vibration,
an acoustic matching layer that reduces an acoustic imped-
ance difference between the piezoelectric layer and the sub-
ject so as to allow an ultrasonic wave produced by the piezo-
electric layer to be transmitted to the subject as much as
possible, an acoustic lens layer that allows an ultrasonic wave
progressing forward from the piezoelectric layer to be
focused on a particular point, and a sound wave absorption
layer that prevents an ultrasonic wave from progressing back-
ward from the piezoelectric layer to prevent image distortion.
The interior structure and arrangement of the transducer are
key factors in determining the characteristics, shape, manu-
facturing process, and costs of the transducer, and thus, many
businesses have implemented simple structures thereof.

SUMMARY OF THE INVENTION

The present invention provides an ultrasonic transducer
having an improved structure of back efficiency layers
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2

located under a piezoelectric layer, an ultrasonic probe, and
an ultrasound image diagnosis apparatus.

According to an aspect of the present invention, there is an
ultrasonic transducer including: a piezoelectric layer; an
acoustic matching layer disposed on an upper surface of the
piezoelectric layer; and a plurality of back efficiency layers
that are disposed on a lower surface of the piezoelectric layer
and have different acoustic impedances.

The acoustic impedances of the back efficiency layers may
decrease in a direction away from the piezoelectric layer.
Alternatively, the acoustic impedances of the back efficiency
layers sequentially may decrease to a predetermined back
efficiency layer, and then increase from the predetermined
back efficiency layer in a direction away from the piezoelec-
tric layer.

A thickness of each of the back efficiency layers may be in
arange of A/16 to A/2, in which A is the acoustic wavelength
of the ultrasonic transducer. In this regard, the back efficiency
layers may have different thicknesses.

The piezoelectric layer may include a plurality of piezo-
electric devices that are arranged spaced apart from each
other. In this regard, kerfs, that is, the distances between
transducer elements, such as among the piezoelectric devices
may extend to only a top surface of a back efficiency layer that
is the closest to the piezoelectric devices from among the back
efficiency layers. Alternatively, kerfs among the piezoelectric
devices may extend to at least one of the back efficiency
layers.

The acoustic matching layer may be a single layer or a
multi-layer structure.

The ultrasonic transducer may further include an acoustic
attenuation block located under the back efficiency layers.

According to another aspect of the present invention, there
is provided an ultrasonic probe including: an ultrasonic trans-
ducer including a piezoelectric layer, an acoustic matching
layer disposed on an upper surface of the piezoelectric layer,
and a plurality of back efficiency layers that are disposed ona
lower surface of the piezoelectric layer and have different
acoustic impedances; and a housing for housing the ultra-
sonic transducer.

According to another aspect of the present invention, there
is provided an ultrasound image diagnosis apparatus includ-
ing: an ultrasonic probe; and a signal processor that produces
an ultrasonic image based on an ultrasonic wave echo signal
detected by the ultrasonic probe, wherein the ultrasonic probe
includes an ultrasonic transducer including a piezoelectric
layer, an acoustic matching layer disposed on an upper sut-
face of the piezoelectric layer, and a plurality of back effi-
ciency layers that are disposed on a lower surface of the
piezoelectric layer and have different acoustic impedances;
and a housing for housing the ultrasonic transducer.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the present
invention will become more apparent by describing in detail
exemplary embodiments thereof with reference to the
attached drawings in which:

FIG. 1isablock diagram of an ultrasound image diagnosis
apparatus according to an exemplary embodiment of the
present invention;

FIG. 2 illustrates an example of an ultrasonic transducer
housed in an ultrasonic probe of the ultrasound image diag-
nosis apparatus illustrated in FIG. 1; and
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FIG. 3 illustrates another example of the ultrasonic trans-
ducer housed in the ultrasonic probe of the ultrasound image
diagnosis apparatus illustrated in FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, embodiments of the present invention are
described in detail with reference to the attached drawings. In
the drawings, like reference numerals denote like elements,
and the sizes or thicknesses of the respective elements may be
enlarged for clarity. In the following description, a detailed
explanation of known related functions and constructions
may be omitted to avoid unnecessarily obscuring the subject
matter of the present invention. This invention may, however,
be embodied in many different forms and should not be
construed as limited to the exemplary embodiments set forth
herein. Also, terms described herein, which are defined con-
sidering the functions of the present invention, may be imple-
mented differently depending on user and operator’s inten-
tion and practice. Therefore, the terms should be understood
on the basis of the disclosure throughout the specification.
The principles and features of this invention may be
employed in varied and numerous embodiments without
departing from the scope of the invention.

Furthermore, although the drawings represent exemplary
embodiments of the invention, the drawings are not necessat-
ily to scale and certain features may be exaggerated or omit-
ted in order to more clearly illustrate and explain the present
invention.

Expressions such as “at least one of,” when preceding a list
of elements, modify the entire list of elements and do not
modify the individual elements of the list.

FIG. 1 is a block diagram to explain an ultrasound image
diagnosis apparatus according to an exemplary embodiment
of the present invention.

Referring to FIG. 1, the ultrasound image diagnosis appa-
ratus according to the exemplary embodiment includes an
ultrasonic probe 100 and a signal processor 200.

The ultrasonic probe 100 includes an ultrasonic transducer
110 that transmits an ultrasonic wave 101 to a subject 300, for
example, a human body, and receives an ultrasonic wave 102
reflected from the subject 300, and a housing 180 for housing
the ultrasonic transducer 110. The ultrasonic probe 100
includes a cable 190 for connection with the signal processor
200 of the ultrasound image diagnosis apparatus. The signal
processor 200 controls the ultrasonic probe 100 and, based on
an echo signal providing information of the subject 300
detected by the ultrasonic probe 100, the signal processor 200
produces an image of the subject 300, which may be dis-
played on a display included in or connected to the signal
processor 200.

FIG. 2 illustrates an example of the ultrasonic transducer
110 housed in the ultrasonic probe 100 of the ultrasound
image diagnosis apparatus of FIG. 1. Referring to FIG. 2, the
ultrasonic transducer 110 includes a piezoelectric layer 120, a
first acoustic matching layer 131 and a second acoustic
matching layer 132 located on an upper surface of the piezo-
electric layer 120, and back efficiency layers 141, 142, and
143, including a first back efficiency layer 141, a second back
efficiency layer 142, and a third back efficiency layer 143
located on a lower surface of piezoelectric layer 120. An
acoustic attenuation block 150 is located under the back effi-
ciency layers 141, 142, and 143.

The piezoelectric layer 120 includes a plurality of piezo-
electric devices 121. The piezoelectric devices 121 individu-
ally operate and may be spaced apart from each other to
prevent interferences therebetween. The piezoelectric
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devices 121 may be arranged linearly (that is, 1-dimension-
ally) or in rows and columns (that is, 2-dimensionally) on the
first back efficiency layer 141. Each of the piezoelectric
devices 121 includes a piezoelectric body 122, a first elec-
trode 123, and a second electrode 124. The piezoelectric body
122 may include a piezoelectric material that converts an
electrical signal into an acoustic signal and vice versa. For
example, the piezoelectric body 122 may include a ceramic of
lead zirconate titanate (PZT), a monocrystal formed from a
solid solution of lead zirconate niobate titanate (PZNT), a
monocrystal formed from a solid solution of lead magnesium
niobate titanate (PMNT), or a monocrystal formed from a
solid solution of lead magnesium niobate-lead zirconate
titanate (PMN-PZT). The electrodes 123 and 124 may be
respectively located on two sides of the piezoelectric body
122, for example, on top and bottom ends of the piezoelectric
body 122. Any one of the electrodes 123 and 124 may be a
cathode or a signal electrode of the piezoelectric body 122,
and the other one may be an anode or a ground electrode of the
piezoelectric body 122. The electrodes 123 and 124 may be
interconnected via a known manner, such as by use of a soft
circuit substrate or a hard circuit substrate. The piezoelectric
devices 121 receive an electric signal and produce an ultra-
sonic wave, and convert an ultrasonic wave transmitted by the
subject 300 of FIG. 1 into an electric signal.

The acoustic matching layers 131 and 132 appropriately
match an acoustic impedance of the piezoelectric layer 120
and an acoustic impedance of the subject 300 to reduce loss of
the ultrasonic wave transmitted to the subject 300 or the
reflected ultrasonic wave transmitted back by the subject 300.
The matching of the acoustic impedances of the subject 300
and the piezoelectric layer 120 may be performed by adjust-
ing physical parameters, such as a velocity of sound, thick-
ness, and acoustic impedance of the acoustic matching layers
131 and 132. That is, the acoustic matching layers 131 and
132 suppress reflection of an ultrasonic wave due to a differ-
ence between the acoustic impedance of the subject 300 and
the acoustic impedance of the piezoelectric layer 120. FIG. 2
illustrates an exemplary embodiment of two acoustic match-
ing layers. However, the exemplary embodiment is not lim-
ited to the structure of FIG. 2. Instead of the two acoustic
matching layers 131 and 132, one acoustic matching layer or
three or more acoustic matching layers may be used in alter-
ative exemplary embodiments. In addition, the acoustic
matching layers 131 and 132 may be divided into a plurality
of devices and may be located on a top end of each of the
piezoelectric devices 121. In other words, kerfs 160 for sup-
pressing interferences among the piezoelectric devices 121
may be formed through or between the acoustic matching
layers 131 and 132.

Also, the ultrasonic transducer 110 may further include an
acoustic lens layer, known in the art, that is disposed on an
upper surface of the second acoustic matching layer 132 of
FIG. 2 and allows an ultrasonic wave signal progressing
upward to be focused on a particular site. In this case, the
irradiating and receiving of an ultrasonic wave may be per-
formed via the acoustic lens layer contacting a diagnosis
location, such as the skin, of the subject 300.

The back efficiency layers 141, 142, and 143 are located
under the piezoelectric layer 120. The back efficiency layers
141, 142, and 143 may have different acoustic impedances
and different thicknesses along the longitudinal length of the
ultrasonic transducer, as shown in FIG. 2.

The acoustic impedances and thicknesses of the back effi-
ciency layers 141, 142, and 143 affect the behavior of ultra-
sonic waves S2, S3, and S4 that are produced by the piezo-
electric layer 120 and progress under the piezoelectric layer
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120. Thus, characteristics of the ultrasonic transducer 110 are
controlled by appropriately changing the acoustic imped-
ances and thicknesses of the back efficiency layers 141, 142,
and 143.

The back efficiency layers 141, 142, and 143 may satisfy
the inequality of Equation 1 below:

757577 M

wherein an acoustic impedance of the first back efficiency
layer 141 is Z,, an acoustic impedance of the second back
efficiency layer 142 is Z,, and an acoustic impedance of the
third back efficiency layer 143 is Z,.

In this regard, the first back efficiency layer 141 is the
closest layer to the piezoelectric layer 120, and the third back
efficiency layer 143 is the farthest layer from the piezoelectric
layer 120.

Also, the thicknesses T1, T2, and T3 of the back efficiency
layers 141, 142, and 143, respectively, may be in a range of
A16 to N2, in which A is the acoustic wavelength of the
ultrasonic transducer.

The back efficiency layers 141, 142, and 143 having such
ranges of the acoustic impedances 71, 72, and 73, respec-
tively, and the thicknesses T1, T2, and T3, respectively,
absorb the ultrasonic wave S2 progressing downward, that is,
progressing toward the acoustic attenuation block 150, to
reduce noise, and change the direction of the ultrasonic wave
S4 progressing downward into a desired direction, so that
characteristics, for example, a bandwidth, a pulse duration,
sensitivity, etc., of the ultrasonic transducer 110 may be
improved.

The ultrasonic transducer 110 according to the exemplary
embodiment of the present invention includes the back effi-
ciency layers 141, 142, and 143, that is, three back efficiency
layers. However, more generally, the ultrasonic transducer
110 may include N back efficiency layers. In this regard, the
acoustic impedance arrangement of the N back efficiency
layers may satisfy the inequality of Equation 2. In this regard,
N is a natural number, that is, a positive integer equal to 2 or
greater.

A A

@

According to some alternative embodiments, the acoustic
impedance arrangement of the N back efficiency layers may
be set sequentially in a direction away from the piezoelectric
layer 120, or the acoustic impedances of the N back efficiency
layers may sequentially decrease to a predetermined back
efficiency layer, and then increase from the predetermined
back efficiency layer away from the piezoelectric layer 120
and by doing so, characteristics of the ultrasonic transducer
110 are changed. In this case, any one intermediate back
efficiency layer of the N back efficiency layers has the lowest
acoustic impedance and uppermost and lowermost back effi-
ciency layers may have an acoustic impedance that is rela-
tively higher than an acoustic impedance of the intermediate
back efficiency layer.

Also, thicknesses of the N back efficiency layers may sat-
isfy the inequality of Equation 3 below.

A
—65T,-s

b3 =
S
=

Li=1,2 ... N)

—_

wherein T, is the thickness of an i” back efficiency layer.

As shown in FIG. 2, the acoustic attenuation block 150 may
be formed under the back efficiency layers 141, 142, and 143.
The acoustic attenuation block 150 may attenuate an acoustic
energy that passes through the back efficiency layers 141,
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6

142, and 143 among ultrasonic waves produced by the piezo-
electric layer 120, and may support layers located above the
acoustic attenuation block 150.

Hereinafter, an operation of the ultrasonic transducer 110
according to the exemplary embodiment of the present inven-
tion is described in detail.

When a voltageis applied to the piezoelectric layer 120, the
piezoelectric body 122 converts an electric energy into an
ultrasonic acoustic energy to produce ultrasonic waves. The
produced ultrasonic waves include an ultrasonic wave S1 that
moves forward, that is, moves toward the subject 300 of FIG.
1 and the ultrasonic waves S2, S3. and S4 that move back-
ward, that is, move toward the back efficiency layers 141, 142,
and 143. Among the ultrasonic waves S2, S3, and S4 pro-
gressing toward the back efficiency layers 141, 142, and 143,
the ultrasonic wave S2 is absorbed by the back efficiency
layers 141, 142, and 143, and the ultrasonic wave S3 is
absorbed by the acoustic attenuation block 150. Also, the
direction of the ultrasonic wave S4, from among the ultra-
sonic waves S2, S3, and S4, progressing toward the back
efficiency layers 141, 142, and 143, is changed due to a
difference between the acoustic impedance of the piezoelec-
tric layer 120 and the acoustic impedance of the first back
efficiency layer 141 or a difference among the acoustic
impedances of the back efficiency layers 141, 142, and 143
and thus, the ultrasonic wave S4 progresses forward. Because
the size of the absorbed ultrasonic wave S2, the reflected
ultrasonic wave S4, or the ultrasonic wave S3 that is trans-
mitted to the acoustic attenuation block 150 may vary accord-
ing to the acoustic impedances Z,, Z,, and 7 and the thick-
nesses Ty, T, and T of the back efficiency layers 141, 142,
and 143, so characteristics of the ultrasonic transducer 110
may be controlled by appropriately changing the acoustic
impedances Z,, Z,, and Z, and the thicknesses T1, T2, and T3
of the back efficiency layers 141, 142, and 143.

Hereinafter, an example of the back efficiency layers 141,
142, and 143 of the ultrasonic transducer 110 according to the
present invention is described in detail below.

Table 1 below shows characteristics of a first example of
the ultrasonic transducer 110.

TABLE 1
First Second Third
back back back Acoustic
efficiency  efficlency  efficiency attenuation

layer layer layer block
Acoustic 1335 4.0 2.0 1.5
impedance MRayl MRayl MRayl MRayl
Sensitivity dB, -60.28
1ViV
Bandwidth@é dB % 80.47
Pulse length 0.254
@20 dB ps
Cycle 1.84

In Table 1, the acoustic impedances Z1, 72, and Z3 of the
back efficiency layers 141, 142, and 143 satisfy the inequality
in Equation 1. The thicknesses T1, T2, and T3 of the back
efficiency layers 141, 142, and 143 are individually con-
trolled to have different values within a range of A/16 to A/2.

Also, Table 2 below shows the performance of an ultra-
sonic transducer manufactured according to a first compara-
tive example. The ultrasonic transducer of the first compara-
tiveexample refers to a case in which the acoustic impedarnces
71,72, and 73 of the back efficiency layers 141,142, and 143
satisfy the inequality of Equation 1 and the thicknesses T1,
T2, and T3 thereof are all the same.
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TABLE 2 TABLE 4
First Second Third Acoustic attenuation
back back back Acoustic block Case 4 Case 5 Case 6
efficiency  efficiency  efficiency attenuation
layer layer layer block 5 Sensitivity dB, 1 V/V -60.03 -61.30 -62.28
Bandwidth@é dB % 68.51 70.44 72.88

Acoustic 133 4.0 2.0 15 Pulse length @20 dB s 0.504 0.441 0.475
impedance MRayl MRay! MRayl MRayl Cycle 3.67 3.266 3.740
Sensitivity dB, -74.06
1V/vV
Bandwidth@6 dB % 65.2 10 In Table 4, Case 4 refers to a case in which a single back
g;)e ;gnfsﬂl 0413 efficiency layer has a high acoustic impedance and an acous-
Cyele 234 tic attenuation block has a low acoustic impedance, Case 5

Comparing Table 1 and Table 2, the ultrasonic transducer
110 according to the exemplary embodiment of the present
invention has a higher sensitivity, a wider bandwidth, and a
shorter pulse length than the ultrasonic transducer of first
comparative example.

Also, Table 3 below shows the performance of an ultra-
sonic transducer manufactured according to a second com-
parative example. The ultrasonic transducer of the second
comparative example refers to a case without back efficiency
layers and only an acoustic attenuation block is located under
a piezoelectric layer. That is, the ultrasonic transducer of the
second comparative example is an ultrasonic transducer hav-
ing the same structure as the ultrasonic transducer 110 of FIG.
2 except that the back efficiency layers 141, 142, and 143 are
excluded.

TABLE 3
Case 1 Case 2 Case 3
Sensitivity dB, 1 V/V -65.02 -63.40 -61.91
Bandwidth @6 dB % 79.07 74.93 74.2
Pulse length @20 dB ps 0.3777 0.431 0.476
Cycle 2.69 3.34 3.69

In Table 3, Case 1 refers to a case in which an acoustic
attenuation block has a high acoustic impedance, Case 2
refers to a case in which an acoustic attenuation block has a
middle acoustic impedance, and Case 3 refers to a case in
which an acoustic attenuation block has a low acoustic
impedance. In this regard, the acoustic impedance of the
acoustic attenuation block is determined according to a table
of Reference 1 of Charles S. Desilets “The design of efficient
broad band piezoelectric transducers”, IEEE Transactions on
Sonics and Ultrasonics, Vol. SU-25, No. 3, May 1078, here-
inafter, Desilets’ method.

Comparing Table 3 and Table 1, although there is an
example in which a bandwidth of the ultrasonic transducer of
the second comparative example is as wide as the bandwidth
of the ultrasonic transducer 110, other characteristics of the
example, such as sensitivity or a pulse length, are very poor
compared to those of the ultrasonic transducer 110 according
to the exemplary embodiment of the present invention.

Also, Table 4 below shows the performance of an ultra-
sonic transducer manufactured according to a third compara-
tive example. The ultrasonic transducer of the third compara-
tive example refers to a case in which a single back efficiency
layer is located under a piezoelectric layer. That is, the ultra-
sonic transducer of the third comparative example is an ultra-
sonic transducer having the same structure as the ultrasonic
transducer 110 of FIG. 2, except that a single back efficiency
layer is formed instead of the back efficiency layers 141, 142,
and 143.
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refers to a case in which a single back efficiency layer has a
middle acoustic impedance and an acoustic attenuation block
has a low acoustic impedance, and Case 6 refers to a case in
which a single back efficiency layer has alow acoustic imped-
ance and an acoustic attenuation block has a low acoustic
impedance. In this regard, the acoustic impedance of the
single back efficiency layer and the acoustic impedance ofthe
acoustic attenuation block are determined according to the
Desilets” method.

Comparing Table 4 and Table 1, although there is an
example in which the ultrasonic transducer of the third com-
parative example has as high sensitivity as the ultrasonic
transducer 110 according to the exemplary embodiment of
the present invention, other characteristics of the example,
suich as abandwidth or a pulse length, are very poor compared
to those of the ultrasonic transducer 110 according to the
exemplary embodiment of the present invention.

As described with reference to Tables 1 to 4, the ultrasonic
transducer 110 according to the exemplary embodiment of
the present invention may have improved sensitivity, band-
width, and pulse length characteristics by controlling the
acoustic impedances Z,, Z,, and Z, and the thicknesses T ,
T,, and T of the back efficiency layers 141, 142, and 143.

Also, Table 5 below shows characteristics of a fourth com-
parative example of the ultrasonic transducer 110.

TABLE 5
First First Second
back back back Acoustic
efficiency  efficiency  efficiency attenuation

layer layer layer block
Acoustic 16 6.5 35 3.0
impedance MRayl MRayl MRayl MRayl
Sensitivity dB, -61.24
1V/vV
Bandwidth@6 dB % 84.57
Pulse length 0.394
@20 dB ps
Cycle 2.81

In Table 5, the acoustic impedances 71, 72, and 73 of the
back efficiency layers 141, 142, and 143, respectively, are
different from those shown in Table 1 and satisfy the inequal-
ity of Equation 1. The thicknesses T1, T2, and T3 of the back
efficiency layers 141, 142, and 143, respectively are individu-
ally controlled to have different values within a range of A/16
to M2.

Referring to Table 1 and Table 5, the first example of the
ultrasonic transducer 110 has higher sensitivity than the sec-
ond example of the ultrasonic transducer 110, but the band-
width of the second example of the ultrasonic transducer 110
is wider than the bandwidth of the first example of the ultra-
sonic transducer 110. That is, the ultrasonic transducer 110
according to the exemplary embodiment of the present inven-
tion may have a degree of freedom in designing the ultrasonic



US 9,219,220 B2

9

transducer 110 depending on whether improving abandwidth
characteristic or improving sensitivity characteristic is
desired, by controlling the acoustic impedances 71, 72, and
Z3 of the back efficiency layers 141, 142, and 143. Herein, the
sensitivity and bandwidth characteristics of the ultrasonic
transducer 110 according to the exemplary embodiment of
the present invention are better than those of the first and
second examples of the ultrasonic transducer 110, that is, all
of the ultrasonic transducers of first to fourth comparative
examples described herein.

FIG. 3 illustrates an ultrasonic transducer 110' in an alter-
native exemplary embodiment of the ultrasonic transducer
110 housed in the ultrasonic probe 100 of the ultrasound
image diagnosis apparatus of FIG. 1. Referring to FIG. 3, the
ultrasonic transducer 110" according to the alternative exem-
plary embodiment includes the piezoelectric layer 120, the
acoustic matching layers 131 and 132 located on the upper
surface of the piezoelectric layer 120, and the back efficiency
layers 141", 142", and 143" located on the lower surface of the
piezoelectric layer 120. The acoustic attenuation block 150 is
located under the back efficiency layers 141', 142", and 143'.
An acoustic lens layer may be further disposed above the
acoustic matching layers 131 and 132.

The piezoelectric layer 120, the acoustic matching layers
131 and 132, and the acoustic attenuation block 150 are
substantially the same as the corresponding elements denoted
by the same reference numerals which have been described
with reference to FIG. 2. Acoustic impedances of the back
efficiency layers 141', 142", and 143' may be set to satisfy the
inequality of Equation 1 and thicknesses of the back effi-
ciency layers 141', 142", and 143' may be set to be included
within a range of A/16 to A/2. The ultrasonic transducer 110’
of the alternative exemplary embodiment of FIG. 3 is differ-
ent from the ultrasonic transducer 110 of the exemplary
embodiment of FIG. 2, in that kerfs 160" for suppressing
interferences between the piezoelectric devices 121 extend to
at least one of the back efficiency layers 141', 142", and 143',
passing through the acoustic matching layers 131 and 132 and
the piezoelectric layer 120. Because as in the alternative
exemplary embodiment of FIG. 3, the kerfs 160’ extend to at
least one of the back efficiency layers 141", 142", and 143', the
ultrasonic wave S4, has a progressing direction changed to
progress backward from the piezoelectric layer 120 among
ultrasonic waves that are generated by the piezoelectric
devices 121 of the piezoelectric layer 120, but S4 is prevented
from progressing toward adjacent piezoelectric devices.

FIG. 3 illustrates that the kerfs 160" extend to the second
back efficiency layer 142'. However, the extension length is
not limited thereto. The extension length ofthe kerfs 160' may
vary to control characteristics of the ultrasonic transducer
110, and thus, may be appropriately controlled according to
a predetermined functionality of the ultrasonic transducer
110'. For example, in another alternative embodiment, the
kerfs 160" may extend to only the first back efficiency layer
141, and according to still another alternative embodiment of
the present invention, may extend to all of the back efficiency
layers 141', 142", and 143". Also, the ultrasonic transducer
110 includes three back efficiency layers. However, accord-
ing to a further alternative embodiment of the present inven-
tion, the ultrasonic transducer 110' may include two, or four
or more back efficiency layers. Even in this case, the exten-
sion length of the kerfs 160" may be appropriately controlled
according to a predetermined functionality of the ultrasonic
transducer 110'.

While an ultrasonic transducer including an improved back
efficiency layer structure, an ultrasonic probe including the
ultrasonic transducer, and an ultrasound image diagnosis
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apparatus including the ultrasonic probe, according to the
present invention, have been particularly shown and
described with reference to exemplary embodiments thereof
illustrated in the drawings to help understanding, it will be
understood by those of ordinary skill in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the present invention as
defined by the following claims.

What is claimed is:

1. An ultrasonic transducer comprising:

a piezoelectric layer;

an acoustic matching layer disposed on an upper surface of

the piezoelectric layer; and

a plurality of back efficiency layers that are disposed on a

lower surface of the piezoelectric layer and have differ-
ent acoustic impedances, wherein at least one of the
plurality of back efficiency layers is configured to
change the direction of an ultrasonic wave, wherein the
direction of the ultrasonic wave is changed from emerg-
ing from the piezoelectric layer and progressing towards
the plurality of back efficiency layers to moving from the
plurality of back efficiency layers towards the piezoelec-
tric layer,

wherein the acoustic impedances of the back efficiency

layers sequentially decrease to a predetermined back
efficiency layer, and then increase from the predeter-
mined back efficiency layer in a direction away from the
piezoelectric layer.

2. The ultrasonic transducer of claim 1, wherein a thickness
of each of the back efficiency layers is in a range of A/16 to
M2, in which A is an acoustic wavelength of the ultrasonic
transducer.

3. The ultrasonic transducer of claim 2, wherein the back
efficiency layers have different thicknesses along a longitu-
dinal length of the ultrasonic transducer.

4. The ultrasonic transducer of claim 1, wherein the piezo-
electric layer comprises a plurality of piezoelectric devices
that are arranged to be spaced apart from each other.

5. The ultrasonic transducer of claim 4, wherein the plu-
rality of piezoelectric devices have kerfs between the piezo-
electric devices, wherein the kerfs extend along a longitudinal
length of the ultrasonic transducer to only a top surface of a
specific back efficiency layer that is the closest to the piezo-
electric devices from among the back efficiency layers.

6. The ultrasonic transducer of claim 4, wherein the plu-
rality of piezoelectric devices have kerfs between the piezo-
electric devices, wherein the kerfs extend along a longitudinal
length of the ultrasonic transducer to at least one of the back
efficiency layers.

7. The ultrasonic transducer of claim 1, wherein the acous-
tic matching layer is at least one of a single layer structure or
a multi-layer structure.

8. The ultrasonic transducer of claim 1, further comprising
an acoustic attenuation block located under the back effi-
ciency layers.

9. An ultrasonic probe comprising:

an ultrasonic transducer comprising a piezoelectric layer,

an acoustic matching layer disposed on an upper surface
of the piezoelectric layer, and a plurality of back effi-
ciency layers that are disposed on a lower surface of the
piezoelectric layer and have different acoustic imped-
ances, wherein at least one of the plurality of back effi-
ciency layers is configured to change the direction of an
ultrasonic wave, wherein the direction of the ultrasonic
wave is changed from emerging from the piezoelectric
layer and progressing towards the plurality of back effi-
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ciency layers to moving from the plurality of back effi-
ciency layers towards the piezoelectric layer; and

a housing for housing the ultrasonic transducer,

wherein the acoustic impedances of the back efficiency
layers sequentially decrease to a predetermined back
efficiency later, and then increase from the predeter-
mined back efficiency layer in a direction away from the
piezoelectric layer.

10. The ultrasonic probe of claim 9, wherein a thickness of

5

each of the back efficiency layers is in a range of A/16 to /2, 10

in which p is an acoustic wavelength of the ultrasonic trans-
ducer.

11. The ultrasonic probe of c¢laim 10, wherein the back
efficiency layers have different thicknesses along a longitu-
dinal length of the ultrasonic transducer.

12. The ultrasonic probe of claim 9, wherein the piezoelec-
tric layer comprises a plurality of piezoelectric devices that
are arranged to be spaced apart from each other.

13. The ultrasonic probe of claim 12, wherein the plurality
of piezoelectric devices have kerfs between the piezoelectric
devices, wherein the kerfs extend along a longitudinal length
of the ultrasonic transducer to a top surface of a specific back
efficiency layer that is the closest to the piezoelectric devices
from among the back efficiency layers.

14. The ultrasonic probe of claim 12, wherein the plurality
of piezoelectric devices have kerfs between the piezoelectric
devices, wherein the kerfs extend along a longitudinal length
of the ultrasonic transducer to at least one of the back effi-
ciency layers.

15
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15. The ultrasonic probe of claim 9, further comprising an
acoustic attenuation block located under the back efficiency
layers.

16. An ultrasound image diagnosis apparatus comprising:

an ultrasonic probe; and

a signal processor that produces an ultrasonic image based

on an ultrasonic wave echo signal detected by the ultra-
sonic probe,

wherein the ultrasonic probe comprises:

an ultrasonic transducer comprising a piezoelectric layer,

an acoustic matching layer disposed on an upper surface
of the piezoelectric layer, and a plurality of back effi-
ciency layers that are disposed on a lower surface of the
piezoelectric layer and have different acoustic imped-
ances, wherein at least one of the plurality of back effi-
ciency layers is configured to change the direction of an
ultrasonic wave, wherein the direction of the ultrasonic
wave is changed from emerging from the piezoelectric
layer and progressing towards the plurality of back effi-
ciency layers to moving from the plurality of back effi-
ciency layers towards the piezoelectric layer; and

a housing for housing the ultrasonic transducer,

wherein the acoustic impedances of the back efficiency

layers sequentially decrease to a predetermined back
efficiency layer, and then increase from the predeter-
mined back efficiency layer in a direction away from the
piezoelectric layer.
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