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electric layer, configured to absorb an acoustic signal;
and a connection part disposed between the piezoelec-
tric layer and the absorbing layer. The connection part
may deform at least partially so that a plurality of acoustic
signals radiated from the piezoelectric layer due to the
connection part have different magnitudes.

In the case of the ultrasonic probe, since the mag-
nitude of the acoustic energy radiated from the center of

the ultrasonic probe is larger than the magnitude of the
acoustic energy radiated from the side of the ultrasonic
probe, the directivity of the ultrasonic signal is improved
and a side lobe is decreased. In addition, an apodization
effect capable of suppressing overlapping between ad-
jacent phases can be obtained by using a difference in
the magnitude of the acoustic energy to be radiated.
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Description
Technical Field

[0001] The disclosure relates to an ultrasonic probe,
and more particularly, to a technology for modifying a
shape of a connection part of the ultrasonic probe to ra-
diate acoustic energy radiated from the ultrasonic probe
to different magnitudes depending on positions.

Background Art

[0002] An ultrasonic diagnostic apparatus may refer to
an apparatus configured to irradiate ultrasonic signals to
a target part inside of an object and receive ultrasonic
signals, which are reflected from the object (echo ultra-
sonic signals), thereby noninvasively acquiring images
about soft tissue layer or blood vessels by using infor-
mation thereon.

[0003] The ultrasonic diagnostic apparatusis relatively
compact and inexpensive in comparison with another
type of diagnostic imaging apparatus, e.g., X-ray device,
Computerized Tomography Scanner (CT), Magnetic
Resonance Image (MRI), diagnostic nuclear medical ap-
paratus. In addition, the ultrasonic diagnostic apparatus
is capable of obtaining an image about the inside of the
object in real time, and the ultrasonic diagnostic appara-
tus is safe because there is no risk of radiation exposure.
Therefore, the ultrasonic diagnostic apparatus is widely
used in medical examination at cardiology, abdomen,
urology, and maternity clinics.

[0004] Therefore, the ultrasonic diagnostic apparatus
includes an ultrasound probe configured to transmit ul-
trasonic signals to an object and receive response sig-
nals reflected from the object so as to acquire an ultra-
sound image of the inside of the object.

[0005] The ultrasound probe includes a piezoelectric
layer in which a piezoelectric material in the ultrasound
probe vibrates and converts an electrical signal into an
acoustic signal, a matching layer configured to allow ul-
trasonic waves, which is generated in the piezoelectric
layer, to be effectively transmitted to an object by reduc-
ing a difference in acoustic impedance between the pie-
zoelectric layer and the object, lens configured to focus
ultrasonic waves, which move to the front side of the pi-
ezoelectric layer, to a particular point, an absorbing layer
configured to prevent the ultrasonic waves from moving
to the rear side of the piezoelectric layer or prevent the
image distortion by reflecting the ultrasonic waves, and
a connection part electrically connected to the absorbing
layer and the piezoelectric material.

[0006] Ingeneral, an acoustic element of the ultrasonic
probe has a structure in which a plurality of materials are
stacked in a rectangular shape. In this case, a manufac-
turing method is simple due to a single shape, but the
characteristics of the ultrasonic probe are consistently
problematic. Thatis, there is a problem that the directivity
of the ultrasonic signal decreases and a side lobe in-
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creases because the magnitude of acoustic energy ra-
diated from the center of the ultrasonic probe is equal to
the magnitude of the acoustic energy radiated from the
side.

Disclosure
Technical Problem

[0007] Inorderto solve the above-described problems,
the disclosure is to provide an ultrasonic probe in which
the magnitude of acoustic energy radiated from the ul-
trasonic probe is increased at the center and decreased
at the side, thereby improving the directivity of an ultra-
sonic signal.

Technical Solution

[0008] One aspect of the disclosure provides an ultra-
sonic probe including: a piezoelectric layer; an absorbing
layer disposed at a lower portion of the piezoelectric lay-
er, configured to absorb an acoustic signal; and a con-
nection part disposed between the piezoelectric layer
and the absorbing layer. The connection part may deform
at least partially so that a plurality of acoustic signals
radiated from the piezoelectric layer due to the connec-
tion part have different magnitudes.

[0009] The connection part may have a symmetrical
shape with respect to a center line of the connection part.
[0010] At least one side of the connection part may
have a curved shape.

[0011] At least one side of the connection part may
have an inwardly recessed shape.

[0012] An outer circumferential surface of the connec-
tion part may have a convex shape symmetrically.
[0013] An outer circumferential surface of the connec-
tion part may have a concave shape symmetrically.
[0014] The width of the connection part may have a
different width from one side of the connection part to the
center of the connection part.

[0015] The width of the connection part may linearly
increase or increase in a curved shape from one side of
the connection part to the center of the connection part.
[0016] The width of the connection part may linearly
decrease or decrease in a curved shape from one side
of the connection partto the center of the connection part.
[0017] The connection partmay deform partially so that
a magnitude of an acoustic signal radiated by the piezo-
electric layer linearly increases or increase in a curved
shape from one side of the connection part to the center
of the connection part.

[0018] The connection partmay deform partially so that
a magnitude of an acoustic signal radiated by the piezo-
electric layer linearly decreases or decrease in a curved
shape from one side of the connection part to the center
of the connection part.

[0019] The connection part may have the form of a
circle, an ellipse or a rhombus.
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[0020] The connection part may include at least one
flexible printed circuit board (PCB).

[0021] The connection part may include a conductive
material.

[0022] The connection part may be electrically con-
nected to the piezoelectric layer.

[0023] The connection part may include a plurality of
connection layers. An insulating layer is disposed be-
tween the connection layers.

[0024] The connection part may include a first connec-
tion part and a second connection part. An insulating lay-
er is disposed between the first connection part and the
second connection part.

[0025] An outer circumferential surface of the first con-
nection part may have a convex shape or a concave
shape symmetrically.

[0026] An outer circumferential surface of the second
connection part may have a convex shape or a concave
shape symmetrically.

[0027] The ultrasonic probe may further include the in-
sulating layer disposed at the lower portion of the con-
nection part.

Advantageous Effects

[0028] According to the above-described ultrasonic
probe, since the magnitude of the acoustic energy radi-
ated from the center of the ultrasonic probe is larger than
the magnitude of the acoustic energy radiated from the
side of the ultrasonic probe, the directivity of the ultra-
sonic signal is improved and a side lobe is decreased.
[0029] In addition, an apodization effect capable of
suppressing overlapping between adjacent phases can
be obtained by using a difference in the magnitude of the
acoustic energy to be radiated.

Description of Drawings
[0030]

FIG. 1 is a perspective view illustrating an exterior
of an ultrasonic diagnostic apparatus according to
an embodiment of the disclosure.

FIG. 2 is a block diagram illustrating an internal con-
figuration of an ultrasonic diagnostic apparatus ac-
cording to an embodiment of the disclosure.

FIG. 3 is a perspective view illustrating exteriors of
various types of ultrasonic probes according to an
embodiment of the disclosure.

FIG. 4 is a view illustrating a laminated structure of
an acoustic element of an ultrasonic probe according
to a related art.

FIG. 5 is a view illustrating a laminated structure of
an acoustic element of an ultrasonic probe according
to an embodiment of the disclosure.

FIG. 6 is an exploded perspective view illustrating
an acoustic element of an ultrasonic probe according
to an embodiment of the disclosure.
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FIGS. 7 and 8 are views illustrating the magnitude
of acoustic energy radiated differently depending on
a position of a connection part according to an em-
bodiment of the disclosure.

FIG. 9 is a view illustrating a comparison between a
shape of an ultrasonic signal emitted from an ultra-
sonic probe according to an embodiment of the dis-
closure and the shape of the ultrasonic signal emitted
from the ultrasonic probe according to a related art.
FIG. 10 is a view illustrating various shapes of con-
nection parts according to an embodiment of the dis-
closure.

FIG. 11 is a view illustrating the magnitude of energy
radiated depending on a position of a connection part
according to an embodiment of the disclosure.

FIG. 12 is a view illustrating a laminated structure of
an acoustic element of an ultrasonic probe according
to another embodiment of the disclosure.

FIG. 13 is a view illustrating various shapes of con-
nection parts according to another embodiment of
the disclosure.

FIG. 14 is a view illustrating various shapes of con-
nection parts according to another embodiment of
the disclosure.

Modes of the Invention

[0031] Embodiments described herein and configura-
tions illustrated in the accompanying drawings are only
certain examples of the disclosure, and various modifi-
cations may be made at the time of filing of the present
application to replace the embodiments and drawings of
the present specification.

[0032] In addition, terms used herein are intended to
only describe certain embodiments, and shall by no
means restrict and/or limit the disclosure. Unless clearly
used otherwise, expressions in a singular form include
the meaning in a plural form.

[0033] In the present specification, terms such as
"comprising," "having" or "including" are intended to des-
ignate the presence of characteristics, numbers, steps,
operations, elements, parts or combinations thereof, and
shall not be construed to preclude any possibility of pres-
ence or addition of one or more other characteristics,
numbers, steps, operations, elements, parts or combi-
nations thereof.

[0034] In addition, although terms including ordinal
numbers such as "first" or "second" may be used herein
to describe various elements, the elements should not
be limited by such terms.

[0035] Hereinafter, embodiments of the disclosure will
now be described in detail with reference to the accom-
panying drawings to be readily practiced by a person of
ordinary skill in the art.

[0036] FIG. 1 is a perspective view of an ultrasonic
diagnostic apparatus 300 with an ultrasonic probe 100,
according to an embodiment of the disclosure, FIG. 2 is
a block diagram for describing elements of the ultrasonic
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diagnostic apparatus 300, and FIG. 3 illustrates exteriors
of various types of ultrasonic probes 100a to 100d clas-
sified according to the shapes of transducers of the ul-
trasonic probe 100.

[0037] Referring to FIGS. 1 and 2, the ultrasonic diag-
nostic apparatus 300 may include a main body 200, an
inputter 290 for receiving instructions from a user to con-
trol the ultrasonic diagnostic apparatus 300, and a display
280 for outputting information received from the inputter
290 and the main body 200.

[0038] Particularly, the main body 200 may control
general operation of the ultrasonic diagnostic apparatus
300, and accordingly, may be equipped with various parts
to control overall operation of the ultrasonic probe 100
or the main body 200. The main body 200 and the ultra-
sonic probe 100 may transmit data to or receive data
from each other using a connection cable 93 or a wireless
communication module.

[0039] As illustrated in FIG. 1, the ultrasound probe
100 and the main body 200 may be connected to be able
to communicate with each other using the connection
cable 93. An electrical signal output from the ultrasonic
probe 100 may be transmitted to the main body 200
through the connection cable 93. A control command
generated by the main body 200 may also be transmitted
to the ultrasonic probe 100 through the connection cable
93.

[0040] A connector 94 may be provided on one end of
the connection cable 93. The connector 94 may be con-
nected to or disconnected from a port 95 provided on an
outer case 201 of the main body 200. When the connector
94 is connected to the port 95, the ultrasonic probe 100
and the main body 200 may be communicatively con-
nected.

[0041] A probe holder 292 may be provided on one
side surface of the main body 200 to hold the ultrasonic
probe 100 therewith. A number of probe holders 292 may
correspond to the number of ultrasonic probes 100. The
probe holder 292 may be attached to or detached from
the main body 200. When the ultrasonic probe 100 is not
in use, a user may store the ultrasonic probe 100 by hold-
ing the ultrasonic probe 100 with the probe holder 292.
[0042] Furthermore, the main body 200 may receive
the electrical signal output from the ultrasonic probe 100
and transmit the electrical signal generated by the main
body 200 to the ultrasonic probe 100 through a wireless
communication network. In this case, a wireless commu-
nication module including an antenna and a wireless
communication chip may be installed in each of the ul-
trasonic probe 100 and the main body 200.

[0043] The wireless communication module may be a
short-range wireless communication module using at
least one among Bluetooth, Bluetooth low energy, infra-
red data association (IrDA), wireless fidelity (Wi-Fi), Wi-
Fi Direct, Ultra-Wide Band (UWB), and Near Field Com-
munication (NFC), or may be a wireless communication
module supporting a 3GPP family, 3GPP2 family, or
IEEE family wireless communication network authenti-
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cated by the International Telecommunication Unit (ITU).
[0044] The main body 200 may exchange data with a
server of a hospital or another medical device in the hos-
pital connected to the main body 200 through a medical
image information system (a picture archiving and com-
munication system (PACS)) through a communicator.
The main body 200 may exchange data according to dig-
ital imaging and communications in medicine (DICOM)
standards. However, embodiments are not limited there-
to.

[0045] The display 280 may be coupled to the main
body 200 and output various information received from
the main body 200.

[0046] Particularly, the display 280 may display an ul-
trasonic image of a target inner portion of an object. The
ultrasonic image displayed on the display 280 may be a
two-dimensional (2D) ultrasonic image or a three-dimen-
sional (3D) ultrasonic image. Various ultrasonic images
may be displayed on the display 280 according to an
operating mode of the ultrasonic diagnostic apparatus
300.

[0047] Inembodiments, examples of the ultrasonic im-
age include an amplitude mode (A-mode) image, a
brightness mode (B-Mode) image, a motion mode (M-
mode) image, a color mode (C-mode) image, and a Dop-
pler mode (D-mode) image.

[0048] As used herein, the A-mode image may refer
to an ultrasonic image representing the magnitude of an
ultrasonic signal corresponding to an echo ultrasonic sig-
nal, the B-mode image may refer to an ultrasonic image
representing the magnitude of the ultrasonic signal cor-
responding to the echo ultrasonic signal using bright-
ness, and the M-mode image may refer to an ultrasonic
image representing motion of an object at a specific lo-
cation according to time. The D-mode image may refer
to an ultrasonic image representing a moving object in
the form of waveforms according to the Doppler effect.
The C-mode image may refer to an ultrasonic image rep-
resenting a moving object in the form of color spectrums.
[0049] Accordingly, the display 280 may be implement-
ed as well-known various displays, such as a cathode
ray tube (CRT), a liquid crystal display (LCD), a light-
emitting diode (LED), a plasma display panel (PDP), an
organic light-emitting diode (OLED), etc.

[0050] Theinputter290 maybeimplemented invarious
ways, e.g., as a keyboard, a foot switch, or a foot pedal.
[0051] For example, the keyboard may be implement-
ed in hardware. In this case, the keyboard may include
at least one among a switch, akey, a joystick, and a track
ball. Alternatively, the keyboard may be implemented by
software, e.g., as a graphical user interface (GUI). In this
case, the keyboard may be displayed on the display 280.
[0052] In a case that the display 280 is implemented
in a type of touch screen, the display 280 may also serve
as the inputter 290. That is, the main body 200 may re-
ceive various commands from the user through at least
one of the display 280 and the inputter 290. In embodi-
ments, a third display 291 illustrated in FIG. 1 may have
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both display and input functions.

[0053] The display 280 and the inputter 290 may be
defined together as aninput/output (1/0) device 270 since
they may receive information from the user or transmit
information to the user.

[0054] Referring to FIG. 2, the ultrasonic probe 100
may include an ultrasonic transceiver 110 configured to
generate or receive ultrasonic waves, and a first proces-
sor 130 which is electrically connected to the ultrasonic
transceiver 110 and controls an operation of the ultra-
sonic transceiver 110 or performs signal processing us-
ing an electrical signal output from an ultrasonic element.
[0055] The ultrasonic transceiver 110 may include an
ultrasonic transducer which may generate ultrasonic
waves or an electrical signal corresponding to the ultra-
sonic waves.

[0056] The ultrasonic transducer may generate ultra-
sonic waves by converting alternating-current (AC) en-
ergy of a predetermined frequency into mechanical vi-
bration of the predetermined frequency or convert me-
chanical vibration of a predetermined frequency based
on received ultrasonic waves into AC energy. Thus, the
ultrasonic transducer may generate ultrasonic waves or
output an electrical signal corresponding to receive ul-
trasonic wave.

[0057] Referring to the embodiment of FIG. 2, the ul-
trasonic transceiver 110 may include an ultrasonic trans-
mitter 111 and an ultrasonic receiver 112.

[0058] The ultrasonic transmitter 110a may generate
ultrasonic waves of a frequency corresponding to a fre-
quency of a pulse signal according to the pulse signal
transmitted by the first processor 130 or a second proc-
essor 221. The generated ultrasonic waves may be emit-
ted to a target portion 98 of an object 99.

[0059] The ultrasonic receiver 110b may receive ultra-
sonic waves reflected from the target portion 98 of the
object 99 or generated from the target portion 98 by laser
orthe like, and convert a received signal into an ultrasonic
signal. The ultrasonic receiver 110b may include a plu-
rality of ultrasonic transducers. The ultrasonic transduc-
ers respectively output ultrasonic signals. Thus, the ul-
trasonic receiver 110b may output ultrasonic signals of
a plurality of channels.

[0060] The ultrasonic transceiver 110 may be installed
on a surface of an acoustic absorber 120. The acoustic
absorber 120 may include a first connection part 121 cor-
responding to the ultrasonic transceiver 110.

[0061] In embodiments, the first connection part 121
may be installed in the acoustic absorber 120 to pass
through the acoustic absorber 120. In this case, the first
connection part 121 may penetrate from one surface of
the acoustic absorber 120 to another surface thereof.
[0062] The first processor 130 may generate and out-
put an electrical signal for controlling the ultrasonic trans-
ceiver 110, or perform various signal processing using
an ultrasonic signal transmitted from the ultrasonic trans-
ceiver 110.

[0063] The electrical signal output from the first proc-
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essor 130 may be transmitted to the ultrasonic transceiv-
er 110, for example, the ultrasonic transmitter 110a,
through the first connection part 121. The ultrasonic
transmitter 110a may be driven by the electrical signal
transmitted thereto.

[0064] According to the embodiment of FIG. 2, the first
processor 130 may include at least one among a pulser
131, an amplifier (AMP) 132, an analog-to-digital con-
verter (ADC) 133, and a beamformer (BF) 134.

[0065] The pulser 131 may generate a voltage of a
predetermined frequency for driving the ultrasonic trans-
ceiver 110, and transmit the voltage to the ultrasonic
transceiver 110. The ultrasonic transceiver 110 may vi-
brate according to the amplitude and frequency of the
voltage output from the pulser 131 to generate ultrasonic
waves.

[0066] The frequency and amplitude of the ultrasonic
waves generated by ultrasonic transceiver 110 may be
determined by the amplitude and frequency of the voltage
generated by the pulser 131. The voltage output from the
pulser 131 may be applied to the ultrasonic transceiver
110 after a predetermined time. Thus, the ultrasonic
waves generated by the ultrasonic transceiver 110 may
be concentrated on the target portion 98 or be steered
in a predetermined direction.

[0067] Inembodiments, the pulser 131 may be includ-
ed in the second processor 221. In this case, the first
processor 130 may not include the pulser 131.

[0068] The AMP 132 may amplify an ultrasonic signal
output from the ultrasonic receiver 110b of the ultrasonic
transceiver 110. In one embodiment, the AMP 132 may
differently amplify ultrasonic signals of a plurality of chan-
nels output from a plurality of ultrasonic transceivers 110,
thereby compensating for the differences between the
intensities of the ultrasonic signals of the plurality of chan-
nels.

[0069] When the amplified ultrasonic signal is an ana-
log signal, the ADC 133 may convert the amplified ultra-
sonic signal into a digital signal. The ADC 133 may output
a digital signal by sampling the ultrasonic signal which is
an analog signal at a predetermined sampling ratio.
[0070] The BF 134 may concentrate ultrasonic signals
input via a plurality of channels. The BF 134 may gener-
ate abeamformed signal by concentrating a signal trans-
mitted from the ultrasonic transceiver 110, the AMP 132,
or the ADC 133. The BF 134 may perform electronic-
beam scanning, steering, concentrating, apodizing, and
a calibration function on signals of a plurality of channels.
[0071] When the ultrasonic probe 100 is a wireless ul-
trasonic probe, a battery (not shown) which supplies pow-
er to the ultrasonic probe 100 may be further provided.
[0072] Asillustrated in FIG. 2, the main body 200 may
include a signal generator 210, an image generator 211,
a volume data generator 212, a storage 213, and a con-
troller 220.

[0073] The signal generator 210 may perform various
signal processing on the beamformed signal. For exam-
ple, the signal generator 210 may perform at least one
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of a filtering process, a detection process, and a com-
pression process. The filtering process is a process to
eliminate other signals than a signal in a particular band-
width by applying a filter to the beamformed signal. The
filtering process may include a harmonicimaging process
to eliminate fundamental frequency components while
passing harmonic signals. The detection process is a
process to transform the voltage of an ultrasound signal
from a radio frequency format to a video signal format.
The compression process is a process to reduce the dif-
ference in amplitude between ultrasound signals. The
image generator 210 may be omitted as needed.
[0074] The image generator 230 may convert the
beamformed signal or the signal processed by the signal
processor 210 to an ultrasound image in the format of a
stillimage or moving image, and if necessary, may proc-
ess image processing on the still image or the moving
image.

[0075] The image generator 230 may generate an ul-
trasound image using scan conversion. The ultrasound
image may include an A mode image, a B mode image,
an M mode image, a D mode image, or a 3D image. The
ultrasound image may include the D image formed by
using the Doppler effect.

[0076] The A mode ultrasound image may refer to an
ultrasound image obtained by imaging the intensity of
reflection in amplitudes based on a distance or time be-
tween the target portion 98 and the ultrasonic probe 100,
and the B mode ultrasound image refers to an ultrasound
image obtained by representing the intensity of the ultra-
sound by brightness.

[0077] The M mode ultrasound image may refer to an
ultrasound image obtained by imaging an extent of
change in motion of the object being imaged. The D im-
age may include a bloodstream Doppler image (also re-
ferred to as a color Doppler image), a tissue Doppler
image thatrepresents movement of tissues, or a spectral
Doppler image that represents the moving speed of the
object in a waveform.

[0078] The image generator 230 may also correct the
generated ultrasound image. For example, the image
generator 230 may correct brightness, luminosity, sharp-
ness, contrast, color or the like of an entire or a part of
the ultrasound image in order for the user to clearly view
tissues in the ultrasound image. As necessary, the image
generator 230 may cancel noise in the ultrasound image
or perform pixel interpolation.

[0079] Theimage generator 211 may transmit the gen-
erated or corrected ultrasound image to the storage 213,
or display the ultrasound image on the display 280. The
image generator 211 may also transmit the generated or
corrected ultrasound image to the volume data generator
212 to obtain ultrasound volume data.

[0080] The volume data generator 212 may obtain ul-
trasound volume data representing a 3D volume based
on the generated or corrected 2D ultrasound image.
[0081] The signal generator 210, the image generator
211, and the volume data generator 212 may be imple-
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mented by a central processing unit (CPU) or a graphic
processing unit (GPU). The CPU or GPU may be imple-
mented with at least one semiconductor chip and asso-
ciated components.

[0082] The storage 213 may store various programs
or data related to functions of the controller 220, ultra-
sound images, and various kinds ofinformation regarding
the ultrasound images. The storage 213 may be imple-
mented using a semiconductor storage device, a mag-
netic disk storage device, or a magnetic tape storage
device.

[0083] The controller 220 may control overall opera-
tions of the ultrasound diagnostic apparatus 300 in ac-
cordance with commands from the user or predefined
settings. For example, the controller 220 may generate
a control command based on the frequency of an ultra-
sound to be irradiated, and transmit the control command
to the pulser 131 of the first processor 13, which may in
turn, apply a voltage with a certain frequency to the ul-
trasonic transceiver 110 according to the control com-
mand. Accordingly, the ultrasonic transceiver 110 may
generate and irradiate an ultrasound with the certain fre-
quency to the target portion 98 of the object 99.

[0084] The controller 220 may include a read only
memory (ROM) or random access memory (RAM) to as-
sist in the second processor 221 and operation of the
second processor 221. The second processor 221 may
be implemented by a CPU. The CPU may be implement-
ed with one or more semiconductor chips and associated
components.

[0085] FIG. 3 illustrates the exteriors of various types
of ultrasonic probes 100 classified according to a shape
of the ultrasonic transceiver 110.

[0086] An ultrasonic probe 100a illustrated in FIG. 3A
is a linear probe in which transducers are arranged in a
straight line.

[0087] An ultrasonic probe 100b illustrated in FIG. 3B
is a convex ultrasonic probe which has a convex surface
and thus through which a fan-shape image is generated.
The ultrasonic probe 100b is mainly used to check alarge
area, such as the abdomen. A basic principle of operating
the ultrasonic probe 100b is the same as that of operating
the ultrasonic probe 100a which is a linear probe.
[0088] An ultrasonic probe 100c illustrated in FIG. 3C
is a micro-convex ultrasonic probe having the effect of a
convex ultrasonic probe and designed to have a small
size to easily inspect a narrow part of the object 99.
[0089] An ultrasonic probe 100d illustrated in FIG. 3D
is a 2D matrix-array ultrasonic probe capable of providing
a 3D ultrasonic diagnostic image which provides a 360°
3D image of the object 99 in real time.

[0090] However, embodiments are not limited thereto,
and the ultrasonic probe 100 may be another type of a
probe well known in this art, such as a phased array probe
or a 3D matrix probe, other than those illustrated in FIG.
3. The structure of the ultrasonic probe 100 to be de-
scribed later may be employed as the structure of any
type of the ultrasonic probe 100 described above, and



11 EP 3 581 110 A1 12

the characteristics of the ultrasonic probe 100 described
later may be applied to all types of the ultrasonic probes
100 described above.

[0091] External and internal configurations of the ultra-
sonic probe 100 and the ultrasonic diagnostic apparatus
300 have thus far been described. An internal laminated
structure of an acoustic element of the ultrasonic probe
100 will now be described.

[0092] FIG. 4 isaview illustrating alaminated structure
of an acoustic element of an ultrasonic probe according
to a related art.

[0093] Referring to FIG. 4, the acoustic element of the
ultrasonic probe 100 may include a piezoelectric layer
13, a matching layer 12 disposed at an upper portion of
the piezoelectric layer 13, an acoustic lens 11 disposed
at the upper portion of the matching layer 12, an absorb-
ing layer 15 disposed at a lower portion of the piezoelec-
tric layer 13, a connection portion 14 disposed between
the piezoelectric layer 13 and the absorbing layer 15, and
the like.

[0094] Particularly, the piezoelectric layer 13 may in-
clude a piezoelectric material, and the piezoelectric ma-
terial vibrates and converts between electric signals and
acoustic signals. Although not illustrated in the drawings,
electrodes for connecting the electrical signals may be
formed on the upper and lower portions of the piezoelec-
tric layer 13.

[0095] The matching layer 12 may reduce an acoustic
impedance difference between the piezoelectric layer 13
and the object 99 so that the ultrasonic waves emitted
from the piezoelectric layer 13 can be effectively trans-
mitted to the object 99. The matching layer 12 may be
formed a single layer, or formed of a first matching layer
12a and a second matching layer 12b as illustrated in
FIG. 4.

[0096] The absorbing layer 15 may serve to block or
absorb the ultrasonic signal from propagating toward the
rear of the ultrasonic probe 100, or to reflect the ultrasonic
waves so as to prevent distortion of an image. The ab-
sorbing layer 15 may focus a transmitted ultrasonic signal
to a predetermined position in an elevation direction of
the ultrasonic probe 100.

[0097] In the case of the ultrasonic probe according to
the related art, as illustrated in FIG. 4, all the materials
constituting the acoustic element are laminated by the
same model. In such a structure, a method of manufac-
turing the ultrasonic probe is easy, while the character-
istics of the ultrasonic probe are consistently problematic.
[0098] Thatis, due to the same model, there is a prob-
lem that the directivity of the ultrasonic signal decreases
and a side lobe increases because the magnitude of the
acoustic energy radiated from the center of the ultrasonic
probe is equal to the magnitude of the acoustic energy
radiated from the side.

[0099] However, in the case of the ultrasonic probe
100 according to the disclosure, since the structure of
the connection part 50 is partially modified, the magni-
tude of the acoustic energy radiated from the center of
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the ultrasonic probe 100 is larger than the magnitude of
the acoustic energy radiated from the side of the ultra-
sonic probe 100. Therefore, there is an effect that the
directivity of the ultrasonic signal is improved and the
side lobe of the ultrasonic probe 100 is decreased. Here-
inafter, the structure of the disclosure will be described
with reference to the drawings.

[0100] FIG.5isaview illustrating alaminated structure
of an acoustic element of an ultrasonic probe according
to anembodiment of the disclosure, FIG. 6 is an exploded
perspective view illustrating an acoustic element of an
ultrasonic probe according to an embodiment of the dis-
closure, FIGS. 7 and 8 are views illustrating the magni-
tude of the acoustic energy radiated differently depend-
ing on a position of a connection part according to an
embodiment of the disclosure, and FIG. 9 is a view illus-
trating a comparison between a shape of an ultrasonic
signal emitted from an ultrasonic probe according to an
embodiment of the disclosure and the shape of the ultra-
sonic signal emitted from the ultrasonic probe according
to a related art.

[0101] Referringto FIGS. 5 and 6, the ultrasonic probe
100 according to the disclosure may include a piezoe-
lectriclayer 40, amatching layer 30 disposed at the upper
portion of the piezoelectric layer 40, an acoustic lens 20
disposed at the upper portion of the matching layer 30,
an absorbing layer 60 disposed at the lower portion of
the piezoelectric layer 40, a connection portion 50 dis-
posed between the piezoelectric layer 40 and the absorb-
ing layer 60, and the like.

[0102] The features of the acoustic lens 20, the match-
ing layer 30, the piezoelectric layer 40 and the absorbing
layer 60, except for the connection part 50, are the same
as those described in FIG. 4, and the structure and fea-
tures of the connection part 50 are described.

[0103] The connection part 50 may also be referred to
as an interconnection layer according to its designation
and may be disposed between the piezoelectric layer 40
and the absorbing layer 60 in FIG 4 but may also be
disposed between the piezoelectric layer 40 and the
matching layer 30.

[0104] Also, the connection part 50 may be electrically
connected to the piezoelectric layer 40, and may include
at least one flexible printed circuit board (PCB) or a con-
ductive material depending on the purpose of use.
[0105] Since the piezoelectric layer 40 of the ultrasonic
probe 100 is disposed the lower portion of the connection
part 50, the piezoelectric layer 40 vibrates due to mass
loading of the connection part 50 and radiates the acous-
tic signal to the outside. The magnitude of energy radi-
ated from the piezoelectric layer 40 may differ depending
on the size, material, and thickness of the connection
part 40.

[0106] However, in the case of the ultrasonic probe
according to the related art, the connection part model
has the same model as other materials laminated on the
acoustic element, for example, a rectangular model, and
the acoustic energy radiated from the center or the side
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direction of the ultrasonic probe, respectively. Therefore,
there is a problem that the directivity of the ultrasonic
signal decreases and the side lobe of the ultrasonic probe
increases.

[0107] In the case of the ultrasonic probe 100 accord-
ing to the disclosure, as illustrated in FIG. 6, a part of the
connection part 50 is deformed, so that the mass loading
effect of the connection part 50 applied to the piezoelec-
tric layer 40 differs depending on the position of the pie-
zoelectric layer 40, and the magnitude of energy radiated
from the piezoelectric layer 40 may be also radiated dif-
ferently depending on the position.

[0108] FIG. 7 is a view for describing this. FIG. 7TAis a
view illustrating the shape of the connection part 50 ac-
cording to an embodiment of the disclosure, FIG. 7B is
a graph illustrating an area ratio of the connection part
50 according to an elevation position, FIG. 7C is a graph
illustrating the magnitude of energy radiated according
to the elevation position of the ultrasonic probe 100, and
FIG. 7D is a perspective view of the ultrasonic probe 100
viewed from the side when the connection part 50 illus-
trated in FIG. 7A is mounted on the ultrasonic probe 100.
[0109] ReferringtoFIG. 7A, the width of the connection
part 50 is wide at the side of the connection part 50 and
decreases at the center of the connection part 50, and
FIG. 7B is a graph illustrating this shape.

[0110] As illustrated in FIG. 7C, when the connection
part 50 has the shape as illustrated in FIG. 7A, the mag-
nitude of energy radiated from the ultrasonic probe 100
has different characteristics depending on its position.
[0111] In other words, since the connection part 50 is
electrically connected to the piezoelectric layer 40 and
may include the at least one flexible PCB, the magnitude
of the acoustic energy radiated from the ultrasonic probe
100 depends on the presence or absence of the flexible
PCB.

[0112] In the case of adopting the structure illustrated
in FIG. 7A, the magnitude of the acoustic energy radiated
from the ultrasonic probe 100 is small in the side where
the connection part 60 has a relatively large width. How-
ever, the magnitude of the acoustic energy radiated from
the ultrasonic probe 100 is large in the center where the
connection part 60 has the relatively large width.
[0113] Therefore, the magnitude of the acoustic ener-
gy radiated from the center of the ultrasonic probe 100
is greater than the magnitude of the energy radiated from
the side, so that the directivity of the ultrasonic signal
may be improved.

[0114] Thatis, an pattern of the ultrasonic signal of the
ultrasonic probe according to the related art tends to
spread sideways as illustrated in FIG. 9B, but the pattern
of the ultrasonic signal of the ultrasonic probe 100 ac-
cording to the disclosure is relatively centered as illus-
trated in FIG. 9A, so that the directivity of the ultrasonic
signal may be improved as compared with the related art.
[0115] Since the magnitude of the acoustic signal ra-
diated from the side is smaller than the magnitude of the
acoustic signal radiated from the center, the side lobe
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radiated from the side of the ultrasonic probe 100 may
be decreased, and a focus zone of the ultrasonic signal
may be widened at the same time.

[0116] In addition, an apodization effect that can sup-
press the overlap between adjacent phases may be ob-
tained by using the difference between the acoustic en-
ergy radiated from the center of the ultrasonic probe 100
and the acoustic energy radiated from the side.

[0117] FIG. 10 is a view illustrating various shapes of
connection parts according to an embodiment of the dis-
closure.

[0118] Inthe exemplary embodimentillustrated in FIG.
6, the model of the connection part 50 is illustrated sym-
metrically with a concave shape, but the disclosure is not
limited thereto. As illustrated in FIG. 10, the connection
part 50 may have various shapes.

[0119] That is, a rectangle rather than a curved line
may be formed as illustrated in FIGS. 10B and 10D, and
a convex shape opposite to FIG. 10A may be formed as
illustrated in FIG. 10C. In this case, since the shape of
the connection part 50 varies, the magnitude of the en-
ergy radiated from the ultrasonic probe 100 may also
vary depending on the position, as described above.
[0120] Therefore,itis possible to produce an ultrasonic
probe 100 suitable for the purpose by modifying the mod-
el of the connection part 50 according to the use envi-
ronment and purpose of the ultrasonic probe 100.
[0121] In addition, the model of the connection part 50
may have various shapes, as illustrated in FIG. 10. De-
pending on the purpose of use, the part of the connection
part 50 may be deformed, and one side of the connection
part 50 may have the shape of the curved line or an in-
wardly connected line.

[0122] The outercircumferential surface of the connec-
tion part 50 may symmetrically form the convex or con-
cave shape. The width of the connection part 50 has a
different width from one side of the connection part 50 to
the center of the connection part 50. The width of the
connection part 50 may have of linearly increasing shape
from one side of the connection part 50 to the center of
the connection part 50 or increasing in a curved shape.
The width of the connection part 50 may have of linearly
decreasing shape from one side of the connection part
50 to the center of the connection part 50 or decreasing
in the curved shape.

[0123] Also, the connection part 50 may have the
shape of the part of the connection part 50 being de-
formed so as to the magnitude of the acoustic signal ra-
diated for its purpose of use linearly increases or de-
creases from one side of the connection part 50 or to
increase or decrease in the curved shape, and may have
the shape of a circle, an ellipse, or a rhombus.

[0124] FIG. 11 is a view illustrating the magnitude of
radiant energy emitted according to the position when
the connection part 50 forms the shape of FIG. 10C.
[0125] Referring to FIG. 11A, the width of the connec-
tion part 50 is small on the side, but the width of the
connection part 50 increases toward the center, and the
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width of the connection part 50 decreases toward the
other side. FIG. 11B is a view illustrating such the shape
using the graph.

[0126] When the connection part 50 has the shape as
illustrated in FIG. 11A, the magnitude of energy radiated
from the ultrasonic probe 100 may vary as illustrated in
FIG. 11C.

[0127] That is, the connection part 50 may be electri-
cally connected to the piezoelectric layer 40 and may
include the flexible PCB, so that the magnitude of the
acoustic energy radiated from the ultrasonic probe 100
is radiated differently depending on the presence or ab-
sence of the flexible PCB.

[0128] Therefore, when the connection part 50 has the
structure as illustrated in FIG. 11A, the magnitude of the
acoustic energy radiated from the ultrasonic probe 100
is large in the side where the width of the connection part
50 is relatively large, but the smaller the relative width of
the connection part 50 is toward the center, the magni-
tude of energy radiated from the ultrasonic probe 100 is
decreased. Therefore, the utilization of the ultrasonic
probe 100 may be enhanced according to the purpose
by using such characteristics.

[0129] FIG. 12is a view illustrating a laminated struc-
ture of an acoustic element of an ultrasonic probe ac-
cording to another embodiment of the disclosure, and
FIGS. 13 and 14 are views illustrating various shapes of
connection parts according to another embodiment of
the disclosure.

[0130] Referring to FIG. 12, the ultrasonic probe 100
according to another embodiment of the disclosure may
include the piezoelectric layer 40, the matching layer 30
disposed at the upper portion of the piezoelectric layer
40, the acoustic lens 20 disposed at the upper portion of
the matching layer 30, the absorbing layer 60 disposed
at the lower portion of the piezoelectric layer 40, and a
plurality of connection portions 50a and 50b disposed
between the piezoelectric layer 40 and the absorbing lay-
er 60. An insulating layer 70 may be included between
the first connection part 50a and the second connection
part 50b. The acoustic lens 20, the matching layer 30,
the piezoelectric layer 40, and the absorbing layer 60 are
the same as those described in FIG. 5.

[0131] The ultrasonic probe 100 illustrated in FIG. 12
may include the two connection parts 50a and 50b. As
illustrated in FIG. 13, the two connection parts 50a and
50b may have various shapes depending on the purpose
of use and the manufacturing environment of the ultra-
sonic probe 100.

[0132] That is, only the first connection part 50a may
be the convex or concave shape (see FIGS. 13A and
13B), and only the second connection part 50b may be
the convex or concave shape (FIGS. 13C and 13D). In
addition, both the first connection part 50a and the sec-
ond connection part 50b may be the convex or concave
shape (FIGS. 13E and 13F). The first connection part
50a may be the convex shape and the second connection
part 50b may be the concave shape. The first connection
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part 50a may be the concave shape and the second con-
nection part 50b may be the convex shape.

[0133] The shape of the first connection part 50a and
the second connection part 50b is not limited to the shape
illustrated in FIG. 13, and may have various shapes de-
scribed in FIG. 10. Although the two connection parts
50a and 50b are illustrated in FIG. 12, the disclosure is
not limited thereto and may include two or more plural
connection parts 50.

[0134] Asillustrated in FIG. 14, the second connection
part 50b does not exist and only the first connection part
50a andtheinsulating layer 70 may be disposed between
the piezoelectric layer 40 and the absorbing layer 60.
The first connection part 50a may be configured in vari-
ous shapes such as the rectangular shape (see FIG.
14A), the convex shape (see FIG. 14B), the concave
shape (FIG. 14C), and the like.

[0135] The features and effects of the disclosure have
been described through various embodiments of the dis-
closure.

[0136] Inthe case of the ultrasonic probe according to
the related art, the materials constituting the acoustic el-
ements are all laminated in the same shape, and the
magnitude of energy radiated from the ultrasonic probe
is constant in all surfaces. Therefore, there is a problem
that the directivity of the ultrasonic signal is lowered and
the side lobe is increased

[0137] However, in the case of the ultrasonic probe
100 according to the disclosure, since the shape of the
connection part 50 is partially deformed, the magnitude
of the acoustic energy radiated from the ultrasonic probe
100 is larger than the acoustic energy radiated from the
side, so that the directivity of the ultrasonic signal is im-
proved and the side lobe of the ultrasonic probe 100 is
decreased.

[0138] Although the disclosure is described with refer-
ence to some embodiments as described above and ac-
companying drawings, it will be apparent to those ordi-
nary skilled in the art that various modifications and
changes can be made to the embodiments. For example,
the aforementioned method may be performed in differ-
ent order, and/or the aforementioned systems, struc-
tures, devices, circuits, etc., may be combined in different
combinations from what is described above, and/or re-
placed or substituted by other components or equivalents
thereof, to obtain appropriate results. Therefore, other
implementations, other embodiments, and equivalents
thereof may fall within the following claims.

Claims
1. An ultrasonic probe comprising:
a piezoelectric layer;
an absorbing layer disposed at a lower portion

of the piezoelectric layer, configured to absorb
an acoustic signal; and
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a connection part disposed between the piezo-
electric layer and the absorbing layer,

wherein the connection part is configured to de-
form atleast partially so that a plurality of acous-
tic signals radiated from the piezoelectric layer
due to the connection part have different mag-
nitudes.

The ultrasonic probe according to claim 1, wherein
the connection part is configured to have a symmet-
rical shape with respect to a center line of the con-
nection part.

The ultrasonic probe according to claim 1, wherein
at least one side of the connection part is configured
to have a curved shape.

The ultrasonic probe according to claim 1, wherein
at least one side of the connection part is configured
to have an inwardly recessed shape.

The ultrasonic probe according to claim 1, wherein
an outer circumferential surface of the connection
part is configured to have a convex shape symmet-
rically.

The ultrasonic probe according to claim 1, wherein
an outer circumferential surface of the connection
part is configured to have a concave shape symmet-
rically.

The ultrasonic probe according to claim 1, wherein
the width of the connection part is configured to have
a different width from one side of the connection part
to the center of the connection part.

The ultrasonic probe according to claim 1, wherein
the width of the connection part is configured to lin-
early increase or increase in a curved shape from
one side of the connection part to the center of the
connection part.

The ultrasonic probe according to claim 1, wherein
the width of the connection part is configured to lin-
early decrease or decrease in a curved shape from
one side of the connection part to the center of the
connection part.

The ultrasonic probe according to claim 1, wherein
the connection part is configured to deform partially
so that a magnitude of an acoustic signal radiated
by the piezoelectric layer linearly increases or in-
crease in a curved shape from one side of the con-
nection part to the center of the connection part.

The ultrasonic probe according to claim 1, wherein
the connection part is configured to deform partially
so that a magnitude of an acoustic signal radiated
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by the piezoelectric layer linearly decreases or de-
crease in a curved shape from one side of the con-
nection part to the center of the connection part.

The ultrasonic probe according to claim 1, wherein
the connection part comprises a plurality of connec-
tion layers, and an insulating layer is disposed be-
tween the connection layers.

The ultrasonic probe according to claim 1, wherein
the connection part comprises a first connection part
and a second connection part, and an insulating lay-
er is disposed between the first connection part and
the second connection part.

The ultrasonic probe according to claim 13, wherein
an outer circumferential surface of the first connec-
tion part is configured to have a convex shape or a
concave shape symmetrically.

The ultrasonic probe according to claims 13 or 14,
wherein an outer circumferential surface of the sec-
ond connection part is configured to have a convex
shape or a concave shape symmetrically.
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