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(7) ABSTRACT

An vltrasonic probe, an ultrasonic imaging apparatus includ-
ing the same, and a method for controlling the same are
disclosed, which relate to a method for changing a pulse
signal received by an ultrasonic probe by controlling a
switching element mounted to an ultrasonic probe during
pulse inversion harmonic imaging. The ultrasonic probe
includes: a transducer array configured to transmit and
receive an ultrasonic signal; a printed circuit board (PCB)
electrically connected to the transducer array so as to trans-
mit a pulse signal received from a main body of an ultrasonic
imaging apparatus to the transducer array; and a switching
circuit configured to change a waveform of the pulse signal
received by the PCB and transmitted to the transducer array.
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ULTRASONIC PROBE, ULTRASONIC
IMAGING APPARATUS INCLUDING THE
SAME, AND METHOD FOR CONTROLLING
THE ULTRASONIC IMAGING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Pat-
ent Application Nos. 10-2015-0130797 and 10-2016-
0046378, respectively filed on Sep. 16, 2015 and Apr. 15,
2016 in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein by reference.

BACKGROUND

[0002] 1. Field

[0003] Embodiments of the present disclosure relate to an
ultrasonic probe, an ultrasonic imaging apparatus including
the same, and a method for controlling the same, and more
particularly to a method for changing a pulse signal received
by an ultrasonic probe by controlling a switching element
mounted to an ultrasonic probe during pulse inversion
harmonic imaging.

[0004] 2. Description of the Related Art

[0005] An ultrasonic imaging apparatus applies an ultra-
sonic signal generated by a transducer of an ultrasonic probe
from the surface of an object (for example, a human body)
to a target site of the inside of the body of the object, and
non-invasively acquires tomograms of soft tissues or images
regarding blood flow upon receiving reflected ultrasonic
signals (ultrasonic echo signals), such that the ultrasonic
imaging apparatus may be used for medical purposes, for
example, acquisition of images regarding the interior of the
object, detection of foreign materials, injury measurement,
etc.

[0006] The ultrasonic imaging apparatus has compact size
and low price, displays a diagnostic image in real time, as
compared to other image diagnostic apparatuses, for
example, an X-ray diagnostic apparatus, an X-ray computed
tomography (CT) scanner, a magnetic resonance imaging
(MRI) apparatus, and a nuclear medical diagnostic appara-
tus. In addition, since the ultrasonic imaging apparatus does
not cause radiation exposure, the ultrasonic imaging appa-
ratus is inherently safe. Accordingly, the ultrasonic imaging
apparatus has been widely used in various fields along with
other image diagnostic apparatuses.

[0007] Theultrasonic imaging apparatus includes an ultra-
sonic probe which emits ultrasonic signals to the object and
receives echo ultrasonic signals reflected from the object,
such that it can acquire images regarding the interior of the
object. In order to emit ultrasonic signals to the interior of
the human body, a transducer array to convert an electrical
signal into an ultrasonic signal and vice versa may be used.
The transducer array may include a plurality of transducer
elements.

[0008] Meanwhile, pulse inversion harmonic imaging
may be used for ultrasonic diagnosis, and the pulse inversion
harmonic imaging is an ultrasonic diagnostic technology for
effectively detecting harmonic signals or non-linear signals.

SUMMARY

[0009] Therefore, it is an aspect of the present disclosure
to provide a technology which inverts a pulse signal
received by an ultrasonic probe upon receiving a control
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signal from a switching element mounted to the ultrasonic
probe, such that occurrence of residual signals caused by
reception of an asymmetrical inversion signal is prevented,
resulting in improvement of image resolution. It is another
aspect of the present disclosure to provide a technology
which blocks a pulse signal by controlling a switching
element so as to selectively use only a transducer element
used for transmission of the pulse signal, such that occur-
rence of signals caused by an abnormal signal is prevented,
resulting in improvement of user stability. It is another
aspect of the present disclosure to provide a technology
which controls a transducer element unused in transmission/
reception (Tx/Rx) of a pulse signal to be grounded, resulting
in improvement of resolution of an ultrasonic image. It is
another aspect of the present disclosure to provide a tech-
nology for stabilizing transducer elements after transmission
of a pulse signal during pulse signal transmission, resulting
in improvement of a simultaneous mode image.

[0010] Additional aspects of the invention will be set forth
in part in the description which follows and, in part, will be
obvious from the description, or may be learned by practice
of the invention.

[0011] In accordance with one aspect of the present dis-
closure, an ultrasonic probe includes: a transducer array
configured to transmit and receive an ultrasonic signal; a
printed circuit board (PCB) electrically connected to the
transducer array so as to transmit a pulse signal received
from a main body of an ultrasonic imaging apparatus to the
transducer array; and a switching circuit configured to
change a waveform of the pulse signal received by the PCB
and transmitted to the transducer array.

[0012] The switching circuit may include a first switching
element and a second switching element, wherein the first
switching element is connected to any one of a pulse signal
reception terminal, a ground terminal, and a predetermined
terminal, and the second switching element is connected to
any one of the pulse signal reception terminal, the ground
terminal, and the predetermined terminal.

[0013] The transducer array may include a plurality of
transducer elements, and the switching circuit may include
a plurality of switching circuits corresponding to respective
transducer elements.

[0014] If the first switching element is connected to the
pulse signal reception terminal and the second switching
element is connected to the ground terminal, the transducer
element may transmit an ultrasonic signal having the same
waveform as the pulse signal received by the PCB.

[0015] If the first switching element is connected to the
ground terminal and the second switching element is con-
nected to the pulse signal reception terminal, the transducer
element may receive an ultrasonic signal corresponding to
an inversion waveform of the pulse signal received by the
PCB.

[0016] The transducer element may transmit no ultrasonic
signal when each of the first switching element and the
second switching element are connected to the pulse signal
reception terminal, the ground terminal, and the predeter-
mined terminal.

[0017] Among the plurality of switching elements corre-
sponding to the respective transducer elements, one switch-
ing circuit in which each of the first switching element and
the second switching element is connected to any one of the
pulse signal reception terminal, the ground terminal, and the
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predetermined terminal may be configured to prevent the
pulse signal received by the PCB from being applied to the
transducer element.

[0018] The ultrasonic probe may further include: a control
board configured to control the first switching element to be
connected to the pulse signal reception terminal, the ground
terminal, and the predetermined terminal, and configured to
control the second switching element to be connected to the
pulse signal reception terminal, the ground terminal, and the
predetermined terminal.

[0019] The printed circuit board (PCB) may be configured
to transmit the pulse signal received from the transducer
array to a main body of the ultrasonic imaging apparatus.

[0020] In accordance with another aspect of the present
disclosure, an ultrasonic imaging apparatus includes: a pulse
transmitter configured to generate a pulse signal and trans-
mit the generated pulse signal; an ultrasonic probe which
includes a printed circuit board (PCB) electrically connected
to the transducer array so as to transmit the pulse signal
received from the pulse transmitter to the transducer array,
and a switching circuit configured to change a waveform of
the pulse signal received by the PCB and transmitted to the
transducer array; and a processor configured to control the
switching circuit for changing a waveform of the pulse
signal generated by the pulse transmitter and transmitted to
the PCB.

[0021] The ultrasonic probe may include a switching
circuit implemented as a first switching element and a
second switching element, wherein the first switching ele-
ment is connected to any one of a pulse signal reception
terminal, a ground terminal, and a predetermined terminal,
and the second switching element is connected to any one of
the pulse signal reception terminal, the ground terminal, and
the predetermined terminal.

[0022] The transducer array may include a plurality of
transducer elements, and the switching circuit may include
a plurality of switching circuits corresponding to respective
transducer elements.

[0023] The processor may connect the first switching
element to the pulse signal reception terminal, may connect
the second switching element to the ground terminal, and
may thus control transmission of an ultrasonic signal having
the same waveform as the pulse signal received by the PCB.

[0024] The processor may connect the first switching
element to the ground terminal, may connect the second
switching element to the pulse signal reception terminal, and
may thus control transmission of an ultrasonic signal having
an inversion waveform of the pulse signal received by the
pulse signal received by the PCB.

[0025] The processor may connect each of the first switch-
ing element and the second switching element to any one of
the pulse signal reception terminal, the ground terminal, and
the predetermined terminal, such that no ultrasonic signal is
transmitted.

[0026] Among the plurality of switching elements corre-
sponding to the respective transducer elements, one switch-
ing circuit in which each of the first switching element and
the second switching element is connected to any one of the
pulse signal reception terminal, the ground terminal, and the
predetermined terminal may be configured to prevent the
pulse signal received by the PCB from being applied to the
transducer element.
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[0027] The printed circuit board (PCB) may be configured
to transmit the pulse signal received from the transducer
array to a main body of the ultrasonic imaging apparatus.
[0028] In accordance with another aspect of the present
disclosure, a method for controlling an ultrasonic imaging
apparatus equipped with an ultrasonic probe including a
switching circuit implemented as a first switching element
and a second switching element includes: transmitting a
pulse signal to the ultrasonic probe; and changing a wave-
form of the pulse signal received by the ultrasonic probe.
[0029] The changing the pulse signal received by the
ultrasonic probe may include: connecting the first switching
element to any one of a pulse signal reception terminal, a
ground terminal, and a predetermined terminal; connecting
the second switching element to any one of the pulse signal
reception terminal, the ground terminal, and the predeter-
mined terminal; and thus changing a waveform of the pulse
signal.

[0030] The changing the pulse signal received by the
ultrasonic probe may include: connecting the first switching
element to the pulse signal reception terminal; connecting
the second switching element to the ground terminal; and
thus transmitting an ultrasonic signal having the same wave-
form as the pulse signal received by the PCB.

[0031] The changing the pulse signal received by the
ultrasonic probe may include: connecting the first switching
element to the ground terminal; connecting the second
switching element to the pulse signal reception terminal; and
thus transmitting an ultrasonic signal having an inversion
waveform of the pulse signal received by the pulse signal
received by the PCB.

[0032] The changing the pulse signal received by the
ultrasonic probe may include: connecting each of the first
switching element and the second switching element to any
one of the pulse signal reception terminal, the ground
terminal, and the predetermined terminal, resulting in trans-
mission of no ultrasonic signal.

[0033] In the changing the pulse signal received by the
ultrasonic probe, from among the plurality of switching
elements corresponding to the respective transducer ele-
ments, one switching circuit in which each of the first
switching element and the second switching element is
connected to any one of the pulse signal reception terminal,
the ground terminal, and the predetermined terminal may
prevent the pulse signal received by the PCB from being
applied to the transducer element.

[0034] In accordance with another aspect of the present
disclosure, an ultrasonic probe includes: a transducer trans-
mission element configured to transmit an ultrasonic signal;
a transducer reception element configured to receive an
ultrasonic signal; a printed circuit board (PCB) electrically
connected to the transducer transmission element and the
transducer reception element, configured to transmit a pulse
signal received from a main body of an ultrasonic imaging
apparatus to the transducer transmission element, and con-
figured to transmit a pulse signal received from the trans-
ducer reception element to the main body of the ultrasonic
imaging apparatus; and a switching circuit configured to
change not only a waveform of the pulse signal received by
the PCB and transmitted to the transducer transmission
element, but also a waveform of the pulse signal received by
the transducer reception element and transmitted to the PCB.
[0035] The switching circuit may include: a first switching
element and a second switching element, wherein the first
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switching element is connected to any one of a pulse signal
reception terminal, a ground terminal, and a predetermined
terminal, and the second switching element is connected to
any one of the pulse signal reception terminal, the ground
terminal, and the predetermined terminal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] These and/or other aspects of the invention will
become apparent and more readily appreciated from the
following description of the embodiments, taken in conjunc-
tion with the accompanying drawings of which:

[0037] FIG. 1 is a perspective view illustrating the exter-
nal appearance of an ultrasonic imaging apparatus according
to an embodiment of the present disclosure.

[0038] FIG. 2 is a view illustrating an ultrasonic probe
including a one-dimensional (1D) transducer array and a
two-dimensional (2D) transducer array according to an
embodiment of the present disclosure.

[0039] FIG. 3 is a view illustrating an exemplary structure
of a transducer array of the ultrasonic probe.

[0040] FIG. 4 is a graph illustrating waveforms of pulse
signals used for pulse inversion harmonic imaging of ultra-
sonic imaging diagnosis.

[0041] FIG. 5 is a graph illustrating the problem encoun-
tered by asymmetry in pulse signals used for pulse inversion
harmonic imaging of ultrasonic imaging diagnosis.

[0042] FIGS. 6A and 6B are graphs illustrating the prob-
lem encountered by waveforms of signals generated by the
residual voltage of pulse signals.

[0043] FIG. 7 is a block diagram illustrating an ultrasonic
imaging apparatus including an ultrasonic probe according
to an embodiment of the present disclosure.

[0044] FIG. 8 is a block diagram illustrating an ultrasonic
probe according to an embodiment of the present disclosure.
[0045] FIG. 9 is a conceptual diagram illustrating a
switching circuit configured to change waveforms of pulse
signals according to an embodiment of the present disclo-
sure.

[0046] FIG. 10 is a conceptual diagram illustrating a
structure in which plural switching circuits configured to
change waveforms of pulse signals are respectively con-
nected to plural transducer elements according to an
embodiment of the present disclosure.

[0047] FIG. 11 is a conceptual diagram illustrating opera-
tion states of a first switching element and a second switch-
ing element which are configured to transmit the same
waveform as the pulse signal received by the switching
element according to an embodiment of the present disclo-
sure.

[0048] FIG. 12 is a conceptual diagram illustrating opera-
tion states of a first switching element and a second switch-
ing element which are configured to transmit inversion
waveforms of the pulse signals received by the switching
circuit according to an embodiment of the present disclo-
sure.

[0049] FIG. 13A is a conceptual diagram illustrating
operation states of a first switching element and a second
switching element in a manner that the first and second
switching elements contained in the switching circuit are
connected to a ground terminal such that a signal from which
the received pulse signal is removed is transmitted.

[0050] FIGS. 13B to 13D are conceptual diagrams illus-
trating operation states of a first switching element and a
second switching element in a manner that the first and
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second switching elements contained in the switching circuit
are connected to any one of a ground terminal and a
predetermined terminal such that a signal from which the
received pulse signal is removed is transmitted.

[0051] FIG. 13E is a conceptual diagram illustrating
operation states of a first switching element and a second
switching element in a manner that the first and second
switching elements contained in the switching element are
connected to a pulse signal reception terminal such that a
signal from which the received pulse signal is removed is
transmitted.

[0052] FIG. 14 is a conceptual diagram illustrating that
plural switching circuits configured to change waveforms of
pulse signals are respectively connected to plural transducer
elements and a switching circuit operates per transducer
element.

[0053] FIG. 15 is a flowchart illustrating a method for
controlling an ultrasonic imaging apparatus configured to
change waveforms of pulse signals according to an embodi-
ment of the present disclosure.

[0054] FIG. 16 is a flowchart illustrating a method for
controlling a switching circuit so as to transmit ultrasonic
signals having the same waveform as a pulse signal received
by a printed circuit board (PCB) according to an embodi-
ment of the present disclosure.

[0055] FIG. 17 is a flowchart illustrating a method for
controlling a switching circuit so as to transmit ultrasonic
signals having an inversion waveform of the pulse signal
received by the PCB according to an embodiment of the
present disclosure.

[0056] FIGS. 18A to 18E are flowcharts illustrating meth-
ods for controlling the switching circuit so as to transmit
ultrasonic signals having a waveform from which the pulse
signal received by the PCB is removed according to an
embodiment of the present disclosure.

[0057] FIGS. 19A to 22 are conceptual diagrams illustrat-
ing exemplary methods for changing a time point at which
the same waveform as the pulse signal received by the
switching element is transmitted, a time point at which an
inversion waveform of the pulse signal received by the
switching element is transmitted, and a time point at which
the signal from which the pulse signal is removed is trans-
mitted.

[0058] FIGS. 23A to 24B are conceptual diagrams illus-
trating a method for transmitting ultrasonic pulse signals
through switching of a transmission (Tx) element and a
method for receiving ultrasonic pulse signals through
switching of a reception (Rx) element according to an
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0059] Advantages and features of the present disclosure
and a method of achieving the advantages and features of the
present disclosure will be clearly understood from embodi-
ments described hereinafter in conjunction with the accom-
panying drawings. Reference will now be made in detail to
the embodiments of the present disclosure, examples of
which are illustrated in the accompanying drawings,
wherein like reference numerals refer to like elements
throughout.

[0060] The target object may indicate organs of a human
body, animals, or some parts thereof. For example, the target
object may include organs of the human body (e.g., a liver,
a heart, a uterus, a brain, a breast, an abdomen) or blood
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vessels. The term “users” may indicate medical experts, for
example, doctors., nurses, medical technologists, medical
image specialists, ultrasonic inspectors, etc. In addition, the
term “users” may also indicate technicians who repair
medical devices. However, the scope or spirit of the present
disclosure is not limited thereto.

[0061] The term “ultrasonic image” used in the entire
specification of the present disclosure may denote images
regarding the target object to be imaged using ultrasonic
signals, and may also denote images regarding the target
object using various diagnostic devices, for example, an
X-ray diagnostic device, an X-ray CT scanner, an MRI
(magnetic resonance imaging) device, and a nuclear medi-
cine diagnostic device. In addition, the diagnostic devices to
which the ultrasonic imaging apparatus and the method for
controlling the same according to embodiments of the
present disclosure can be applied may also be applied to an
X-ray imaging device, an X-ray fluoroscopy device, a com-
puted tomography (CT) scanner, a magnetic resonance
imaging (MRI) device, a positron emission tomography
(PET) device, and an ultrasonic imaging device. Although
the embodiments will exemplarily disclose the ultrasonic
imaging apparatus for convenience of description and better
understanding of the present disclosure, it should be noted
that the scope or spirit of the present disclosure is not limited
thereto.

[0062] Throughout the specification of the present disclo-
sure, 1f it is assumed that a certain part includes a certain
component, the term ‘comprising or including’ means that a
corresponding component may further include other com-
ponents unless a specific meaning opposed to the corre-
sponding component is written. In addition, another term °
.. .circuit’, © .. . portion’, .. .part’, * ... module’ or the
like means a unit for processing at least one function or
operation, and this unit may be implemented by hardware,
software, or a combination thereof,

[0063] The term “switching element” used in the entire
specification of the present disclosure may denote a wiring
element for connecting or blocking a current of an electronic
device. The switching element may include a transistor for
connecting the current according to a control signal, and
may include a Bipolar Junction Transistor (BJT), a field
effect transistor (FET), a High Voltage MUX (HVMUX),
and a relay without being limited thereto.

[0064] However, for example, if the switching element
operates as the FET, it is obvious to those skilled in the art
that the switching element includes a gate terminal, a drain
terminal, and a source terminal, the drain terminal may
function as a source terminal according to an input signal,
and the source terminal may function as a drain terminal.

[0065] In addition, the switching element may be classi-
fied into a low-voltage switching element (LN) operated at
a low voltage and a high-voltage switching element (HN)
operated at a high voltage according to operation voltages.
Specifically, the high-voltage switching element (HN) may
be configured to endure a high voltage even when high
voltage is applied to a drain terminal thereof. Generally, the
HNs have been widely used in various power elements.

[0066] The HNs may include a Double-diffused MOSFET
(DMOSFET), an Insulated Gate Bipolar Transistor (IGBT),
an Extended Drain MOSFET (EDMOSFET), a Lateral
Double-diffused MOSFET (LDMOSFET), etc. without
being limited thereto.
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[0067] An ultrasonic probe, an ultrasonic imaging appa-
ratus including the same, and a method for controlling
ultrasonic imaging apparatus according to embodiments of
the present disclosure will hereinafter be described with
reference to the attached drawings. Wherever possible, the
same reference numbers will be used throughout the draw-
ings to refer to the same or like parts. In the following
description, known functions or structures, which may con-
fuse the substance of the present disclosure, are not
explained. It will be understood that, although the terms first,
second, etc. may be used herein to describe various ele-
ments, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections
should not be limited by these terms.

[0068] FIG. 1 is a perspective view illustrating the exter-
nal appearance of an ultrasonic imaging apparatus according
to an embodiment of the present disclosure.

[0069] Referring to FIG. 1, the ultrasonic imaging appa-
ratus may include a main body 100, an input module 150
connected to the main body 100, a display 160, a sub-display
panel 161, and an ultrasonic probe 200.

[0070] A plurality of casters (not shown) for mobility of
the ultrasonic imaging apparatus may be located below the
main body 100 of the ultrasonic imaging apparatus. The
casters may fix the ultrasonic imaging apparatus to a specific
place, and may move the ultrasonic imaging apparatus in a
specific direction. This ultrasonic imaging apparatus may be
referred to as a cart-type ultrasonic imaging apparatus.
[0071] Alternatively, differently from FIG. 1, the ultra-
sonic imaging apparatus may be a mobile (or portable)
ultrasonic imaging apparatus that is capable of being carried
by the user. In this case, the mobile ultrasonic imaging
apparatus may not include casters therein. The mobile
ultrasonic imaging apparatus may be implemented as any
one of a picture archiving communication system (PACS)
viewer, a smartphone, a laptop computer, a personal digital
assistant (PDA), a tablet, etc., without being limited thereto.
[0072] The ultrasonic probe 200 configured to contact the
skin of a target object may transmit and receive ultrasonic
signals to or from the target object. In more detail, the
ultrasonic probe 200 may generate ultrasonic signals accord-
ing to input pulses, may transmit the generated ultrasonic
signals to the inside of the target object, and may receive
echo ultrasonic signals reflected from a specific part of the
target object.

[0073] The ultrasonic imaging apparatus 100 may transmit
ultrasonic signals to the ultrasonic probe 200, may receive
echo ultrasonic signals from the ultrasonic probe 200, and
may thus generate an ultrasonic image on the basis of the
received resultant signals.

[0074] The ultrasonic image may be provided to a user
through the display 160, and the user may visually recognize
the received ultrasonic image of the interior part of the target
object, such that the user can diagnose the target object (i.e.,
the patient).

[0075] The display 160 may also display various user
interfaces (Uls) associated with control of the ultrasonic
imaging apparatus. The user may confirm the Ul received
through the display 160, and may input either a control
command for the ultrasonic imaging apparatus or a control
command for one constituent element of the ultrasonic
imaging apparatus through the input module 150.

[0076] In addition, the display 160 may display ultrasonic
images obtained through the ultrasonic diagnosis procedure.
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The display 160 may be implemented as a Cathode Ray
Tube (CRT), a Liquid Crystal Display (LCD), eftc.. or may
also be implemented as any one of examples well known to
those skilled in the art. The display unit 160 may also
provide 2D images and 3D images as necessary.

[0077] The user may input a control command for the
ultrasonic imaging apparatus by touching the display 160,
and may also input a touch command for setting a user
region of interest (to be observed or diagnosed by the user)
in an ultrasonic image of the target object.

[0078] The display 160 may include a touch panel to
receive a user’s touch input signal. The touch panel may be
implemented as any one of a Liquid Crystal Display (LCD)
panel, a Light Emitting Diode (LED) panel, an Organic
Light Emitting Diode (OLED) panel, etc.

[0079] The sub display panel 161 may display various user
interfaces (Uls) associated with control of the ultrasonic
imaging apparatus in the same manner as in the display 160,
and the user may confirm the UI received through the sub
display panel 161, and may input either a control command
of the ultrasonic imaging apparatus or a control command of
one constituent element of the ultrasonic imaging apparatus
through the input module 150 or a touchscreen of the sub
display panel 161.

[0080] The sub display panel 161 may include a touch
panel to receive a user’s touch input command. The touch
panel may be implemented as any one of a Liquid Crystal
Display (LCD) panel, a Light Emitting Diode (LED) panel,
an Organic Light Emitting Diode (OLED) panel, etc.
[0081] Although the ultrasonic imaging apparatus 100
illustrated in FIG. 1 includes the display 160 and the sub
display panel 161, it should be noted that the sub display
panel 161 may be omitted for convenience of description. In
this case, the application or menu displayed through the sub
display panel 161 may be displayed on the display 160.

[0082] In the meantime, an image processor 500 for con-
verting echo ultrasonic signals received by the ultrasonic
probe 200 into an ultrasonic image may be contained in the
main body of the ultrasonic imaging apparatus 100, as
illustrated in FIG. 7. The image processor 500 may be
implemented as hardware such as a microprocessor, or may
also be implemented as software running on hardware.

[0083] The image processor 500 may form an ultrasonic
image through scan conversion of echo ultrasonic signals.
The ultrasonic image may include not only a grayscale
image and a three-dimensional (3D) image, that are obtained
by scanning the target object in an amplitude (A) mode, a
brightness (B) mode, and a motion (M) mode, but also a
Doppler image for indicating a moving object using the
Doppler effect. The Doppler image may include a blood-
flow Doppler image (also called a color Doppler image)
indicating blood flow, a tissue Doppler image indicating the
movement of tissues, and a spectrum Doppler image for
displaying the moving speed of the target object in a
waveform format.

[0084] In order to generate a B-mode image, the image
processor 500 may extract a B-mode component from echo
ultrasonic data received by the ultrasonic probe 200, and
process the extracted B-mode component. The image gen-
erator 500 may generate an ultrasonic image in which
strength of the echo ultrasonic signal is represented by
brightness on the basis of the B-mode component extracted
by the B-mode processor.
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[0085] The image processor 500 may extract the Doppler
component from echo ultrasonic data, and the image pro-
cessor 500 may generate a Doppler image in which move-
ment of the target object is represented by colors or wave-
forms on the basis of the extracted Doppler component.
[0086] In addition, the image processor 500 may perform
rendering of obtained volume data, such that it may generate
a 3D ultrasonic image or may generate an elastic image for
displaying the modification degree of the target object in
response to pressure. Furthermore, the image processor 500
may also display various additional information (e.g., text or
graphics) on the ultrasonic image.

[0087] The generated ultrasonic image may be stored in
the memory located inside or outside the main body. In
addition, the ultrasonic image may also be stored in a
web-based storage or cloud server configured to perform a
storage function of the memory over the Internet.

[0088] The input module 150 may receive commands
regarding the operations of the ultrasonic imaging apparatus
100. For example, the input module 150 may receive com-
mands for selecting modes (e.g., A mode, B mode, M mode,
Doppler image mode, etc.). Furthermore, the input module
150 may receive commands to select one of ultrasonic
diagnosis start, diagnosis part selection, diagnosis category
selection, and mode selection of the output ultrasonic
images, from the user.

[0089] The user may select a pulse inversion harmonic
imaging ultrasonic diagnostic mode through the input mod-
ule 150, and may input the pulse signal to be applied to the
ultrasonic probe. In addition, the user may input a command
for controlling the first switching element and the second
switching element of the switching circuit contained in the
ultrasonic probe through the input module 150. As shown in
FIG. 1, the input module 150 may be located at the top of the
main body 100. In this case, the input module 150 may
include at least one of a switch, a key, a wheel, a joystick,
a track ball, and a knob.

[0090] The commands input through the input module 150
may be transmitted to the main body of the ultrasonic
imaging apparatus 100 through wired communication or
wireless communication.

[0091] The ultrasonic probe 200 may be connected to one
end of the cable 130, and the other end of the cable 130 may
be connected to a male connector 140. The male connector
140 connected to the other end of the cable 140 may be
physically connected to a female connector 145 of the main
body 100.

[0092] As described above, one ultrasonic probe 200 may
be connected to one main body 100, and several ultrasonic
probes 200 may also be connected to one main body 100 in
a similar way to the above example. For this purpose, several
female connectors may be mounted to the main body 100.
As can be seen from FIG. 1, two ultrasonic probes 200 are
connected to one main body 100.

[0093] Alternatively, differently from FIG. 1, the ultra-
sonic probe 200 may be wirelessly connected to the main
body 100. In this case, the ultrasonic probe 200 may
wirelessly transmit an echo ultrasonic signal corresponding
to echo ultrasonic waves received from the target object to
the main body 100.

[0094] The ultrasonic probe 200 may contact the skin of
the target object, and thus transmit and receive ultrasonic
signals to and from the target object. In more detail, the
ultrasonic probe 200 may emit ultrasonic waves to the target
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object according to ultrasonic signals corresponding to elec-
tric signals received from the main body 100, may collect
echo ultrasonic waves reflected from a specific part con-
tained in the target object, and may transmit echo ultrasonic
signals corresponding to the collected echo ultrasonic waves
to the main body 100.

[0095] For this purpose, the ultrasonic probe 200 may
include a transducer and a multiplexer (MUX) circuit. The
transducer may include several transducer elements which
vibrate to convert an electric signal into an ultrasonic signal
and vice versa. The transducer elements may be arranged
over one surface of the housing of the ultrasonic probe. In
more detail, several transducers may be arranged in parallel
to one or more apertures in a manner that ultrasonic signals
can be transmitted and received through the apertures
mounted to one surface of the housing.

[0096] The ultrasonic imaging apparatus 100 may further
include a communication module. The communication mod-
ule may communicate with the external device or the server
over a wired or wireless network. The communication
module may communicate with a hospital server or other
in-hospital medical machines connected through a Picture
Archiving and Communication System (PACS). In addition,
the communication module may perform data communica-
tion according to medical digital imaging and Digital Imag-
ing and Communications in Medicine (DICOM) standard.

[0097] The communication module may transmit and
receive diagnostic data (e.g., ultrasonic images, echo ultra-
sonic signals, Doppler data, etc. of the target object) of the
target object over the network, and may also transmit and
receive medical images captured by other medical machines
such as CT, MRI, X-ray, etc. Furthermore, the communica-
tion module may receive information regarding diagnosis
history or medical treatment schedule of the patient from the
server, and may use the received information to diagnose the
target object. The communication module may communi-
cate with the server or medical device of the hospital, and
may communicate with a mobile phone of the doctor or
patient as necessary.

[0098] The communication module may communicate
with the server, the medical device, or the mobile phone over
a wired or wireless network. The communication module
may include one or more constituent elements capable of
communicating with the external device. For example, the
communication module may include a local area network
(LAN) communication module, a wired communication
module, and a mobile communication module. The LAN
communication module may denote a communication mod-
ule for short-range communication within a predetermined
distance. The LAN communication technology according to
one embodiment may include Wireless LAN, Wi-Fi, Blu-
etooth, ZigBee, Wi-Fi Direct (WFD), Ultra wideband
(UWB), Infrared Data Association (IrDA), Bluetooth Low
Energy (BLE), Near Field Communication (NFC), etc. with-
out being limited thereto.

[0099] The wired communication network may denote a
communication module using electrical signals or optical
signals. The wired communication technology according to
one embodiment may include a twisted-pair cable, a coaxial
cable, an optical fiber cable, or an Ethernet cable.

[0100] The mobile communication module may transmit
and receive radio frequency (RF) signals to and from at least
one of a base station (BS), an external terminal (such as a
user equipment UE), and a server over a wireless commu-
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nication network. In this case, the RF signal may include a
voice call signal, a video call signal, or various types of data
based on text/multimedia message transmission/reception
(Tx/Rx).

[0101] FIG. 2 is a view illustrating an ultrasonic probe
including a one-dimensional (1D) transducer array and a
two-dimensional (2D) transducer array according to an
embodiment of the present disclosure. FIG. 3 is a view
illustrating an exemplary structure of a transducer array of
the ultrasonic probe.

[0102] Forexample, the transducer array 210 may include
a one-dimensional (1D) transducer array as shown in FIG.
2(a). Respective transducer elements 211 constructing the
1D transducer array 210 may convert ultrasonic signals into
electric signals and vice versa. For this purpose, the trans-
ducer elements 211 may include a magnetostrictive ultra-
sonic transducer using magnetostrictive effects of a mag-
netic material, a piezoelectric ultrasonic transducer using
piezoelectric effects of a piezoelectric material, and a piezo-
electric micromachined ultrasonic transducer (pMUT). If
necessary, the transducer elements 211 may also include
capacitive micromachined ultrasonic transducer (¢cMUT) to
transmit and receive ultrasonic waves using vibration of
several hundred or thousand micromachined thin films 212.

[0103] The transducer array 210 may generate ultrasonic
signals according to a pulse signal or Alternating Current
(AC) signal, and may emit the ultrasonic signals to the target
object. The ultrasonic signals emitted to the target object
may be reflected from a target site of the interior of the target
object. The transducer array 210 may receive the reflected
echo ultrasonic signals, may convert the received echo
ultrasonic signals into electrical signals, and may generate
an ultrasonic image.

[0104] The transducer array 210 may receive a power
source from an external power-supply device, an internal
battery, or the like. If the transducer array 210 is powered on,
a piezoelectric vibrator or a thin film 212 of the transducer
elements 211 of the transducer array 210 vibrates. The
transducer array 210 may emit ultrasonic signal generated
by vibration of the piezoelectric vibrator or thin film 212 to
the target object. Upon receiving the reflected echo ultra-
sonic signals from the target object, the piezoelectric vibra-
tor or thin film 212 constructing the transducer array 210
may vibrate in response to the received echo ultrasonic
signals. The transducer array 210 may generate an AC signal
having a frequency corresponding to a vibration frequency
of the piezoelectric vibrator or thin film 212, and may
convert ultrasonic waves into electrical signals (hereinafter
referred to as ultrasonic signals).

[0105] Meanwhile, the transducer array 210 of the ultra-
sonic probe 200 may be configured in a linear shape as
shown in FIG. 2(a), or may be configured in a convex shape.
Although the basic operation principles of the ultrasonic
probe 200 are identical in the above-mentioned two cases. If
the transducer array 210 is a convex-shaped transducer
array, an ultrasonic beam emitted from the transducer array
210 may be generated in a fan shape such that the generated
ultrasonic image may also be generated in a fan shape.

[0106] In another example, the transducer array 210 may
include the 2D transducer array 210 as shown in FIG. 2().
If the transducer array 210 includes the 2D transducer array
210, the internal image of the target object may be 3D-im-
aged.
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[0107] In the case of using the 1D transducer array 210,
the ultrasonic probe 200 may acquire volume data according
to the freehand scheme. Alternatively, the ultrasonic probe
200 may acquire volume data according to the mechanical
scheme without using user manipulation. In the case of using
the 2D transducer array 210, the ultrasonic probe 200 may
acquire volume data by controlling the transducer elements
211.

[0108] The respective transducer elements 211 construct-
ing the 2D transducer array 210 is identical to the transducer
elements 211 constructing the 1D transducer array 210, and
as such a detailed description thereof will herein be omitted
for convenience of description.

[0109] In addition, assuming that the transducer array 210
includes the 2D transducer array 210, it may be possible to
acquire a superior beamforming effect higher than in the
case of using the 1D transducer array 210 having the same
number of transducer elements 211 even though the same
delay frequency is applied.

[0110] The ultrasonic probe 200 is connected to the main
body of the ultrasonic imaging apparatus 100 through the
cable 130 as described above, such that the ultrasonic probe
200 may receive various signals needed to control the
ultrasonic probe 200, or may transmit an analog signal or
digital signal corresponding to the echo ultrasonic signals
received by the ultrasonic probe 200 to the main body.
[0111] However, the scope or spirit of the ultrasonic probe
200 according to the present disclosure is not limited thereto,
the ultrasonic probe 200 is implemented as a wireless
communication probe, and the ultrasonic probe 200 may
also communicate with the main body over the network as
necessary.

[0112] Referring to FIG. 3, the transducer module T con-
figured to transmit and receive ultrasonic waves may include
a transducer array 210 for transmission/reception (Tx/Rx) of
ultrasonic waves; a pad bridge 220 configured to include
wiring blocks (or line blocks) for electrical connection
between an integrated circuit (IC) 240 and a printed circuit
board (PCB) 230; the integrated circuit (IC) 240 to which the
transducer array 210 is bonded; the PCB 230 and a flexible
PCB 250 configured to connect the IC 240 to a control board
260 so as to transmit a transmission (Tx) signal generated
from the control board 260 to the IC 240; and the control
board 260 configured to output a transmission (Tx) signal
for generating ultrasonic waves to the IC 240. Although FIG.
3 exemplarily illustrates the ultrasonic probe 200 including
the 2D transducer array 210 for convenience of description,
an ultrasonic probe, an ultrasonic imaging apparatus includ-
ing the same, and a method for controlling the ultrasonic
imaging apparatus according to one embodiment may also
be implemented by the ultrasonic probe 200 including the
1D transducer array 210.

[0113] The PCB 230 may be electrically connected to the
transducer array 210 through the IC 240, may receive the
pulse signal from the main body of the ultrasonic imaging
apparatus 100, and may transmit the received pulse signal to
the transducer array 210.

[0114] The IC 240 may be connected to the PCB 230, may
receive the pulse signal from the PCB 230, and may transmit
the received pulse signal to the transducer array 210.
Although the IC 240 can be used in the ultrasonic probe
including the 2D transducer array 210 illustrated in FIG. 2,
the IC 240 may not be used in the ultrasonic probe 200
including the 1D transducer array 210. That is, the PCB 230
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may be directly connected to the transducer array 210
through wiring or like, such that the signal received by the
PCB 230 may also be directly transferred to the transducer
array 210.

[0115] The transducer array 210 of the transducer module
T may be bonded to the IC 240 such as Application Specific
Integrated Circuits (ASIC) according to the flip chip bond-
ing scheme. Upon receiving the pulse signal from the main
body of the ultrasonic imaging apparatus 100 through the
control board 260, the IC 240 may adjust generation of
ultrasonic or pulse signals by controlling the signal applied
to the transducer array 210 according to logic operation.
[0116] As illustrated in FIG. 3, the PCB 230 may be
electrically connected to the IC 240 through the pad bridge
220 composed of line blocks, or may be connected to the IC
240 through wiring.

[0117] The control board 260 may control the switching
circuit contained in the ultrasonic probe 200 according to
one embodiment of the present disclosure.

[0118] The transducer array 210 may be a basic unit for
constructing the transducer module T. The transducer array
210 may be comprised of the transducer elements 211
arranged in a 2D array. The transducer elements 211 may
include 2D-array shaped thin films 212 configured to vibrate
upon receiving the electrical signal.

[0119] For example, the transducer module T may include
a (4x8)-sized 2D array comprised of 32 transducer arrays
210, and one transducer array 210 may include a (16x16)-
sized 2D array comprised of 256 transducer elements 211.
One transducer element 211 may include 20 to 25 thin films
212 that vibrate by the electric signal so as to generate
ultrasonic waves. In this case, the transducer module T may
include a total of 163,840 to 204,800 thin films 212.
[0120] FIG. 4 is a graph illustrating waveforms of pulse
signals used for pulse inversion harmonic imaging of ultra-
sonic imaging diagnosis.

[0121] Inultrasonic imaging diagnosis, the pulse inversion
harmonic imaging scheme may be an ultrasonic technology
for effectively detecting a harmonic signal or a non-linear
signal. Whereas the ultrasonic probe 2200 transmits only
one ultrasonic signal during general grayscale ultrasound
transmission, the pulse inversion harmonic imaging scheme
may successively transmit ultrasonic pulse signals having
opposite phases and the same waveform. That is, as illus-
trated in FIG. 4(a), positive pulse signals may be succes-
sively transmitted. As illustrated in FIG. 4(b), negative pulse
signals may be successively transmitted. FIG. 4 illustrates
that voltage pulses of about -80V~+80V are generated as
transmission pulse signals and transmitted.

[0122] According to the pulse inversion harmonic imaging
scheme, a linear signal in which an ultrasonic waveform is
hardly modified is not formed because the positive pulse
signal and the negative pulse signal are offset, and a non-
linear signal in which an ultrasonic waveform is modified is
not offset so that the non-linear signal is greatly amplified.
That is, the pulse inversion harmonic imaging scheme can
effectively image only non-linear signals regarding tissues
of the target object.

[0123] As illustrated in FIG. 4, a pulse signal comprised of
two fundamental frequencies having different polarities may
be emitted to the human body through the ultrasonic probe
200. Thereafter, an image is formed using two signals
having different polarities reflected from the human body.
The return signal obtained by incidence of the positive
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signal illustrated in FIG. 4(a) may include a positive fun-
damental frequency component and a harmonic component.
The return signal obtained by incidence of the negative
signal illustrated in FIG. 4(b) may include a negative fun-
damental frequency component and a harmonic component.
In this case, if two return signals are summed, the funda-
mental frequency components have different polarities, so
that the fundamental frequency components are offset such
that no signal occurs and the harmonic frequency component
may be doubled in size. The pulse inversion harmonic
imaging scheme can have raw ultrasonic information with-
out execution of frequency filtering, and can effectively
separate the non-linear signal from the linear signal, such
that the pulse inversion harmonic imaging scheme can
provide a smaller number of imaginary images as well as
high-quality images. Accordingly, if lesion or the like exists
in the target object, signals other than the offset and disap-
peared fundamental frequency pulse signals are generated,
such that ultrasonic diagnosis can be carried out using the
generated signals. As can be seen from the waveforms of
FIG. 4, a positive pulse signal and a negative pulse signal are
correctly symmetrical such that the sum of the positive pulse
signal and the negative pulse signal is offset. Generally, the
positive pulse signal and the negative pulse signal for use in
the pulse inversion harmonic imaging method are transmit-
ted by the pulse transmitter located in the main body of the
ultrasonic imaging apparatus 100, and the transmission part
of the positive pulse signal and the transmission part of the
negative pulse signal are separated from each other.

[0124] FIG. 5 is a graph illustrating the problem encoun-
tered by asymmetry in pulse signals used for pulse inversion
harmonic imaging of ultrasonic imaging diagnosis.

[0125] Referring to FIG. 4, the positive pulse signal and
the negative pulse signal according to the pulse inversion
harmonic imaging scheme must be correctly symmetrical to
offset fundamental frequency components. However, assum-
ing that the positive pulse signal and the negative pulse
signal are asymmetrical to each other, the fundamental
frequency components are not offset and the residual pulse
signals remain.

[0126] Referring to FIG. 5, the negative pulse signal of
FIG. 5(a) is inaccurately symmetrical to the positive pulse
signal of FIG. 5(b), for various reasons. Generally, there may
be slight differences between the transmission (Tx) elements
contained in the pulse transmitter for transmitting pulse
signals. The pulse transmitter of the ultrasonic imaging
apparatus 100 may include a positive transmission element
for outputting positive pulse signals and a negative trans-
mission element for outputting negative pulse signals. In this
case, fabrication characteristics of the positive transmission
element and the negative transmission element are different
from each other, and device characteristics of the positive
transmission element and the negative transmission element
are different from each other, such that it may be impossible
to transmit pulse signals in which symmetry is completely
guaranteed during transmission of the pulse signals. In
addition, there may be a little difference in phase between
signals in signal transmission. The pulse signal generated
from the main body of the ultrasonic imaging apparatus 100
arrives at the ultrasonic probe 200, and must pass through
the cable having a length of 1 to 3 m such that the pulse
signal can be emitted through the transducer array 210. In
this case, the pulse signals may be modulated. Differently
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from FIGS. 4 and 5, asymmetrical signals may occur due to
asymmetrical voltages of the positive and negative pulse
signals.

[0127] FIG. 5(c) illustrates the residual pulse signals gen-
erated in signal synthesis due to asymmetry between the
positive pulse signal and the negative pulse signal. If the
positive pulse signal and the negative pulse signal are
synthesized, asymmetry between the positive pulse signal
and the negative pulse signal is not guaranteed although the
fundamental frequency components must be offset and can-
celled, such that the residual pulse signals may remain. The
positive pulse signal and the negative pulse signal are
different in waveform from those of FIGS. 4 and 5. Wave-
forms of the residual pulse signals generated by asymmetri-
cal characteristics may also be different from those of FIGS.
4 and 5.

[0128] FIGS. 6A and 6B are graphs illustrating the prob-
lem encountered by waveforms of signals generated by the
residual voltage of pulse signals.

[0129] Referring to FIG. 6A, drooping P1 of the pulse
signals transferred from the main body of the ultrasonic
imaging apparatus 100 to the ultrasonic probe 200 may
encounter some problems. That is, the positive pulse signal
or the negative pulse signal needs to be a voltage pulse
alternately having a voltage of +80V or a voltage of -80V
as illustrated in FIG. 6A. In this case, signal drooping P1
may occur when the voltage pulse ranges from 0V to +80V
or ranges from =80V to OV. The signal drooping P1 may be
caused either by signal modulation generated when the pulse
signals are transferred from the main body of the ultrasonic
imaging apparatus 100 to the ultrasonic probe 200, or by
signal modulation generated when the pulse signals are
transferred from the PCB 230 of the ultrasonic probe 200 to
the transducer elements 211.

[0130] Differently from FIG. 6A, rolling P2 of the pulse
signals transferred from the main body of the ultrasonic
imaging apparatus 100 to the ultrasonic probe 200 may
occur as shown in FIG. 6B. That is, there may arise the
signal rolling P2 when voltage pulses of the positive pulse
signal or the negative pulse signal have curved waveforms.
In the same manner as in the signal drooping P1 of FIG. 6A,
the signal rolling P2 may be transferred from the main body
of the ultrasonic imaging apparatus 100 to the ultrasonic
probe 200, and may be encountered by pulse signal demodu-
lation generated when signals are applied to the transducer
elements 211.

[0131] An additional circuit is needed to remove the
drooping P1 or the rolling P2 of the pulse signals. If such
circuits are added, circuit complexity caused by additional
circuits unavoidably increases and the controller for con-
trolling the circuits is additionally needed. As a result, the
ultrasonic probe, the ultrasonic imaging apparatus including
the same, and the method for controlling the ultrasonic
imaging apparatus according to one embodiment can
address the above issues.

[0132] FIG. 7 is a block diagram illustrating an ultrasonic
imaging apparatus including an ultrasonic probe according
to an embodiment of the present disclosure. FIG. 8 is a block
diagram illustrating an ultrasonic probe according to an
embodiment of the present disclosure.

[0133] Referring to FIG. 7, the ultrasonic imaging appa-
ratus 100 may include a display 160, an ultrasonic probe
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200, a beamforming module 300, a processor 400, an image
processor 500, a memory 600, a pulse transmitter 700, and
an ultrasonic receiver 800.

[0134] Referring to FIG. 8, the ultrasonic probe 200
according to one embodiment may include a transducer
array 210, a switching circuit 270 including both a first
switching element 280 and a second switching element 290,
and a printed circuit board (PCB) 230.

[0135] The ultrasonic probe 200 may be implemented in
various ways within the scope of technology idea of acquir-
ing volume data of the target object. The ultrasonic probe
200 configured to contact the skin of a target object may
transmit and receive ultrasonic signals to or from the target
object. In more detail, the ultrasonic probe 200 may generate
ultrasonic signals according to input pulses, may transmit
the generated ultrasonic signals to the inside of the target
object, and may receive echo ultrasonic signals reflected
from a specific part of the target object.

[0136] In addition, the ultrasonic probe 200 according to
one embodiment may include the PCB 230 and the switch-
ing circuit 270, and may change waveforms of the pulse
signals received from the ultrasonic imaging apparatus 100.
As illustrated in FIG. 3, the ultrasonic probe 200 may
include the PCB 230 and the IC 240. The PCB 230 may
receive the pulse signals from the ultrasonic imaging appa-
ratus 100. In the case of the one-dimensional (1D) trans-
ducer array, the IC 240 may not be contained in the ultra-
sonic probe 200. In contrast, in the case of the 2D transducer
array, the 1C 240 may be contained in the ultrasonic probe
200.

[0137] The pulse transmitter 700 of the main body of the
ultrasonic imaging apparatus 100 may transmit the pulse
signals to the ultrasonic probe 200 under the control of the
processor 400. The pulse signal transmitted from the pulse
transmitter 700 may arrive at the PCB 230 of the ultrasonic
probe 200 after passing through the cable 130. In this case,
signals may also be transmitted through the control board
260. The PCB 230 may transmit the received pulse signal to
the switching circuit 270. The switching circuit 270 may be
contained in the IC 240 such as an ASIC, or may be directly
connected to the transducer array 210. The switching circuit
270 may include the first switching circuit 280 and the
second switching element 290, may change a waveform of
the received pulse signal, and may transmit the changed
pulse signal to the transducer array 210. The transducer
array 210 may emit the pulse signal to the target object, and
may receive the echo ultrasonic signals reflected from the
target object. The sound signal received by the transducer
array 210 may be converted into an electrical signal, and
may be transferred to the switching circuit 270. The reflected
ultrasonic signal may be received by the ultrasonic receiver
800 of the main body of the ultrasonic imaging apparatus
100 after passing through the PCB 230, such that the
resultant ultrasonic signal may be transferred to the proces-
sor 400. A control method for changing waveforms of the
pulse signals using the first switching element 280 and the
second switching element 290 contained in the switching
circuit 270 will hereinafter be described with reference to
FIGS. 9 to 13.

[0138] The beamforming module 300 may perform beam-
forming to focus ultrasonic signals transmitted/received
through the ultrasonic probe 200. The beamforming module
300 may include a transmission beamformer (not shown)
and a reception beamformer (not shown) such that an analog

Mar. 16, 2017

signal is converted into a digital signal or vice versa. As a
result, a difference in time between ultrasonic signals trans-
mitted from one or more transducers, or a difference in time
between ultrasonic signals received from one or more trans-
ducers may be adjusted. Although the beamforming module
300 may be contained in the main body of the ultrasonic
imaging apparatus 100, the beamforming module 300 may
also be contained in the ultrasonic probe 200 so as to
perform its own role. Even when the ultrasonic probe is a
wireless probe connected to the ultrasonic imaging appara-
tus 100 over a wireless communication network, the beam-
forming module 300 may also be contained in the wireless
probe as necessary. The beamforming module 300 may be
implemented using any one of various well-known beam-
forming methods, may be implemented by a combination of
various methods or may be selectively used.

[0139] The processor 400 may receive beamforming data
from the beamforming module 300, and may transmit data
in a manner that the image processor 500 may perform
image processing. In addition, information received from the
input module 150 may be stored in the memory 600, and the
processor 400 may generate the pulse signal by controlling
the pulse transmitter 700 and may control the pulse trans-
mitter 700 to transmit the pulse signal to the ultrasonic probe
200. In addition, the processor 400 may control the ultra-
sonic receiver 8§00 to receive the ultrasonic signal reflected
from the ultrasonic probe 200, and the image processor 500
may control the image processor 500 to process the signal
received by the ultrasonic receiver 800 so that the resultant
signal can be displayed on the display 160. The processor
may be implemented as an array composed of a plurality of
logical gates, and may also be implemented as a combina-
tion of a universal microprocessor and a memory storing
programs capable of being executed in the universal micro-
processor.

[0140] The image processor 500 may generate an ultra-
sonic image by processing the beamformed echo ultrasonic
signals. The image processor 500 may process the echo
ultrasonic signals using any well-known image processing
methods. For example, the image processor 500 may per-
form time gain compensation (TGC) processing of the
beamformed echo ultrasonic signals. Thereafter, the image
processor 500 may establish a dynamic range (DR). After
the DR is established, the image processor 500 may com-
press the echo ultrasonic signals belonging to the DR.
Finally, the image processor 500 rectifies the echo ultrasonic
signals, and thus removes noise from the rectified ultrasonic
signals. The image processor 500 may generate an ultrasonic
image using the processed echo ultrasonic signals. The
image processor 500 may generate various kinds of ultra-
sonic images. For example, the ultrasonic images generated
by the image processor 500 may include an A-mode (Ampli-
tude Mode) image, a B-mode (Brightness Mode) image, an
M-mode (Motion Mode) image, and a Doppler mode image.
[0141] The image processor 500 may process image sig-
nals obtained by pulse signal transmission/reception accord-
ing to the pulse inversion harmonic imaging scheme. In this
case, the image processor 500 may be one or more proces-
SOrS.

[0142] The memory 600 may store information regarding
the switching operation of the first switching element 280
and information regarding the switching operation of the
second switching element 290 according to one embodi-
ment. In addition, data regarding the control command,



US 2017/0074837 Al

which selectively operates the first switching element 280
and the second switching element 290 from among the
plurality of switching circuits 270 respectively connected to
the plurality of transducer elements 211, may also be stored
in the memory 600.

[0143] For example, although the memory 600 may
include a high-speed random access memory (RAM), a
magnetic disk, an SRAM, a DRAM, a ROM, etc., the scope
or spirit of the present disclosure is not limited thereto. In
addition, the storage unit 600 may be detachably coupled to
the ultrasonic imaging apparatus 100. For example, although
the storage unit 600 may include a Compact Flash (CF) card,
a Secure Digital (SD) card, a Smart Media (SM) card, a
Multimedia Card (MMC), or a memory stick, the scope or
spirit of the present disclosure is not limited thereto. In
addition, the memory 600 is located outside the ultrasonic
imaging apparatus 100, and may transmit or receive data to
or from the ultrasonic imaging apparatus 100 by wire or
wirelessly.

[0144] As shown in FIG. 1, the input unit 150 may input
a control command for the ultrasonic imaging apparatus 100
or a control command for one constituent element contained
in the ultrasonic imaging apparatus 100, and the user may
input a control command for pulse inversion harmonic
imaging through the input module 150. That is, the user may
select the pulse inversion harmonic imaging technique mode
of the ultrasonic imaging apparatus 100 through the input
module 150, and may input a command for controlling the
first switching element and the second switching element
290 contained in the switching circuit 270 of the ultrasonic
probe 200.

[0145] The display 160 may display various user inter-
faces (Uls) related to overall control of the ultrasonic
imaging apparatus 100, may display ultrasonic images
obtained from the ultrasonic diagnosis procedure, or may
also provide 2D images and 3D images as necessary. In
addition, the display 160 may display waveforms of pulse
signals transmitted/received by the pulse inversion harmonic
imaging scheme. The user may also input a control com-
mand of the ultrasonic imaging apparatus 100 by touching
the display 160.

[0146] The pulse transmitter 700 may transmit the pulse
signal for the pulse inversion harmonic imaging scheme to
the ultrasonic probe 200. Although the above-mentioned
technology for pulse inversion harmonic imaging must
include a transmitter to transmit the positive pulse signal and
a transmitter to transmit the negative pulse signal, one
embodiment of the present disclosure may include only the
pulse signal transmitter 700 to transmit the positive pulse
signal as shown in FIG. 4(a). That is, the pulse inversion
harmonic imaging scheme may be implemented even when
the embodiment of the present disclosure includes only the
pulse transmitter 700 for transmitting the positive pulse
signal. The pulse transmitter 700 may transmit the positive
pulse signal according to a control signal of the processor
400, and the PCB 230 of the ultrasonic probe 200 may
receive the pulse signal such that the received pulse signal
may be transmitted to the switching circuit 270.

[0147] The ultrasonic receiver 800 may receive the pulse
signal emitted from the ultrasonic probe 200 to the target
object and then reflected from the target object. The received
pulse signal may be displayed on the display 160 according
to a control signal of the processor 400.
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[0148] FIG. 9 is a conceptual diagram illustrating a
switching circuit configured to change waveforms of pulse
signals according to an embodiment of the present disclo-
sure.

[0149] Referring to FIG. 9, the switching circuit 270 may
be connected to the transducer element 211. That is, the
switching circuit 270 may be contained in the IC 240 such
as an ASIC and may be electrically connected to the trans-
ducer element 211. If the IC 240 such as the 1D transducer
array 210 is not present, the switching circuit 270 is installed
at an arbitrary position contained in the ultrasonic probe 200
so that the switching circuit 270 may be directly connected
to the transducer element 211.

[0150] The switching circuit 270 may include the first
switching element 280 and the second switching element
290. The first switching element 280 may include a pulse
signal reception (Rx) terminal 281, a ground terminal 282,
and a predetermined terminal 283. The second switching
element 291 may include a pulse signal reception (Rx)
terminal 291, a ground terminal 292, and a predetermined
terminal 293. One end of the switching element 270 may be
connected to the transducer array 211, and the other end of
the switching element may be connected to the main body of
the ultrasonic imaging apparatus 100 after passing through
the PCB 230.

[0151] In this case, the predetermined terminal (283 or
293) may be a terminal having a predetermined potential or
may be a terminal having no potential. That is, the prede-
termined terminal 283 may be assigned a predetermined
potential and may be connected to the first switching ele-
ment 280, and the predetermined terminal 293 may be
assigned a predetermined potential and may be connected to
the second switching element 290. In this case, the prede-
termined terminal 283 of the first switching element 280 and
the predetermined terminal 293 of the second switching
element 290 may have the same potential or different
potentials.

[0152] In addition, if the predetermined terminal 283 or
293 has no potential, even when the first switching element
280 is connected to the predetermined terminal 283 or the
second switching element 290 is connected to the predeter-
mined terminal 293, the predetermined terminal 283 or 293
also has no potential, which means that the predetermined
terminals (283, 293) are not connected to anything.

[0153] The first switching element 280 of the switching
circuit 270 may be connected to any one of the pulse signal
reception terminal 281, the ground terminal 282, and the
predetermined terminal 283 according to a control signal of
the processor 400. The second switching element 290 of the
switching circuit 270 may be connected to any one of the
pulse signal reception terminal 291, the ground terminal
292, and the predetermined terminal 293 according to a
control signal of the processor 400. In addition, the control
board 260 contained in the ultrasonic probe 200 may control
the first switching element 280 and the second switching
element 290.

[0154] The first switching element 280 may be connected
to the pulse signal reception terminal 281, and the second
switching element 290 may be connected to any one of the
ground terminal 292 and the predetermined terminal 293.
Alternatively, the first switching element 20 may be con-
nected to the ground terminal 282 and the second switching
element 290 may be connected to any one of the pulse signal
reception terminal 291 and the predetermined terminal 293.
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The first switching element 280 may be connected to the
predetermined terminal 283, and the second switching ele-
ment 290 may be connected to any one of the pulse signal
reception terminal 291 and the ground terminal 292.
[0155] The first switching element 280 and the second
switching element 290 may be connected to the ground
terminals 282 and 292, respectively. The first switching
element 280 and the second switching element 290 may be
connected to the pulse signal reception terminals 281 and
291, respectively. The first switching element 280 and the
second switching element 290 may be connected to the
predetermined terminals 283 and 293, respectively.

[0156] As described above, the first switching element 280
and the second switching element 290 may indicate a line
element for connecting or blocking a current of the elec-
tronic device. The switching element may include a transis-
tor for connecting a current in response to a control signal,
and may include a bipolar junction transistor (BJT), a field
effect transistor (FET), a High Voltage MUX (HVMUX),
and a relay, without being limited thereto.

[0157] FIG. 10 is a conceptual diagram illustrating a
structure in which plural switching circuits configured to
change waveforms of pulse signals are respectively con-
nected to plural transducer elements according to an
embodiment of the present disclosure.

[0158] Referring to FIG. 3, the transducer array 210 may
include a plurality of transducer elements 211. The trans-
ducer elements 211 may respectively transmit the pulse
signals to the target object. The switching circuits 270 may
be respectively connected to the transducer elements 211,
the processor 400 or the control board 260 may control the
first switching element 280 and the second switching ele-
ment 290 contained in the switching circuit 270, such that a
waveform of the Tx pulse signal for each transducer element
211 may be changed.

[0159] The user may input a command for controlling the
switching circuit 270 connected to a target transducer ele-
ment 211 (to be used for change of a waveform of the pulse
signal) from among the plurality of transducer elements 211
using the input module 150. In addition, the memory 600
may store data regarding a control command of the switch-
ing circuit 270 established for each transducer element 211,
and may retrieve a pulse signal change control command
regarding the plurality of transducer elements 211 using the
stored data in future.

[0160] FIG. 11 is a conceptual diagram illustrating opera-
tion states of a first switching element and a second switch-
ing element which are configured to transmit the same
waveform as the pulse signal received by the switching
element according to an embodiment of the present disclo-
sure. FIG. 12 is a conceptual diagram illustrating operation
states of a first switching element and a second switching
element which are configured to transmit inversion wave-
forms of the pulse signals received by the switching circuit
according to an embodiment of the present disclosure. FIG.
13A is a conceptual diagram illustrating operation states of
a first switching element and a second switching element in
a manner that the first and second switching elements
contained in the switching circuit are connected to a ground
terminal such that a signal from which the received pulse
signal is removed is transmitted. FIGS. 13B to 13D are
conceptual diagrams illustrating operation states of a first
switching element and a second switching element in a
manner that the first and second switching elements con-
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tained in the switching circuit are connected to any one of a
ground terminal and a predetermined terminal such that a
signal from which the received pulse signal is removed is
transmitted. FIG. 13E is a conceptual diagram illustrating
operation states of a first switching element and a second
switching element in a manner that the first and second
switching elements contained in the switching element are
connected to a pulse signal reception terminal such that a
signal from which the received pulse signal is removed is
transmitted.

[0161] Referring to FIG. 11, the positive pulse signal W1
generated and transmitted from the pulse transmitter 700 of
the main body of the ultrasonic imaging apparatus 100 may
be received by the PCB 230 of the ultrasonic probe 200, such
that the positive pulse signal W1 may be received by the
switching element 270 before arriving at the transducer
element 211.

[0162] For pulse inversion harmonic imaging, two pulse
signals having the same shape and opposite phases are
successively transmitted, and the positive pulse signal W1
may be transmitted to the target object through the ultrasonic
probe 200. If the positive pulse signal W2 is received by the
switching circuit 270, the processor 400 or the control board
260 may control the first switching element 280 or the
second switching element 290 contained in the switching
circuit 270 according to a control command entered by the
user who uses the input module 150 or according to a control
command stored in the memory 600.

[0163] As shown in FIG. 11, the first switching element
280 may be connected to the pulse signal reception terminal
281, and the second switching element 290 may be con-
nected to the ground terminal 292. If the first switching
element 280 is connected to the pulse signal reception
terminal 281 and the second switching element 290 is
connected to the ground terminal 292, the positive pulse
signal W1 configured to pass through the switching circuit
270 may be output as the positive pulse signal W1 having
the same waveform as the signal received by the switching
circuit 170. That is, the positive pulse signal W1 having
passed through the switching circuit 270 may be transferred
to the target object through the transducer element 211.
[0164] Referring to FIG. 12, the positive pulse signal W1
generated and transmitted from the pulse transmitter 700 of
the main body of the ultrasonic imaging apparatus 100 is
received by the PCB 230 of the ultrasonic probe 200 such
that the positive pulse signal W1 may be received by the
switching element 270 before arriving at the transducer
element 211 as shown in FIG. 11.

[0165] For pulse inversion harmonic imaging, if the posi-
tive pulse signal W1 is received by the switching circuit 270,
the processor 400 or the control board 260 may control the
first switching element 280 and the second switching ele-
ment 290 contained in the switching circuit 270 according to
a control command stored in the memory 600 or a user-input
control command entered through the input module 150.
[0166] Referring to FIG. 12, the first switching element
280 may be connected to the ground terminal 282, and the
second switching element 290 may be connected to the pulse
signal reception terminal 291. If the first switching element
280 is connected to the ground terminal 283 and the second
switching element 290 is connected to the pulse signal
reception terminal 291, the positive pulse signal W1 having
passed through the switching circuit 270 may be output as
the negative pulse signal W1 that is symmetrical to the
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signal received by the switching circuit 270 whereas it has
an inversion waveform. That is, the negative pulse signal
W1 having passed through the switching circuit 270 may be
transmitted to the target object through the transducer ele-
ment 211.

[0167] The negative pulse signal W2 and the positive
pulse signal W1 are symmetrical to each other and the phase
of the negative pulse signal W2 is opposite to the phase of
the positive pulse signal W1. If the negative pulse signal W2
and the positive pulse signal W1 are summed, the funda-
mental frequency part may be offset.

[0168] In the related art, the main body of the ultrasonic
imaging apparatus 100 transmits each of the negative pulse
signal and the positive pulse signal. In this case, the positive
pulse signal and the negative pulse signal having correct
symmetry may not be transmitted due to a difference
between the transmission element or transmitter for trans-
mitting the positive pulse signal and the other transmission
element or transmitter for transmitting the negative pulse
signal. Even when the positive pulse signal and the negative
pulse signal are symmetrical, the completely symmetrical
signals may not be transmitted to the target object when the
pulse signal is modulated to arrive at the ultrasonic probe
200 after passing through the cable 130 and is then trans-
mitted from the transducer element 211 to the target object.
Therefore, the completely symmetrical positive pulse and
negative pulse signals do not arrive at the target object, such
that the preferable pulse inversion harmonic imaging
scheme may not be carried out.

[0169] In accordance with the above-mentioned embodi-
ment, even when the pulse transmitter 700 of the main body
of the ultrasonic imaging apparatus 100 transmits two suc-
cessive pulse signals for pulse inversion harmonic imaging
as illustrated in FIG. 12, the signal having the same wave-
form as the positive pulse signal W1 may be transmitted.
Therefore, even when the asymmetrical pulse phenomenon
caused by a difference between the transmission elements or
transmitters for transmitting the pulse signals does not occur,
the positive pulse signal W1 having the same waveform is
transmitted, such that asymmetry encountered when the
pulse signal passes through the cable 130 can be addressed.
In addition, only the waveform of the positive pulse signal
W1 received by the PCB 230 of the ultrasonic probe 200 and
then transferred to the switching circuit 270 is inverted by
switching of the first switching element 280 and the second
switching element 290, such that the positive pulse signal
W1 symmetrical to the negative pulse signal W2 may be
transferred to the transducer array 211.

[0170] Referring to FIGS. 13A to 13E, the positive pulse
signal W1 generated and transmitted from the pulse trans-
mitter 700 of the main body of the ultrasonic imaging
apparatus 100 in the same manner as in FIGS. 11 and 12 may
be received by the PCB 230 of the ultrasonic probe 200, such
that the positive pulse signal W1 may be received by the
switching element 270 before arriving at the transducer
element 211.

[0171] If the positive pulse signal W1 is received by the
switching circuit 270, the processor 400 or the control board
260 may control the first switching element 280 and the
second switching element 290 contained in the switching
circuit 270 according to a user-input control command
received from the input module 150 or according to a control
command stored in the memory 600.
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[0172] Referring to FIG. 13A, the first switching element
280 may be connected to the ground terminal 282, and the
second switching element 290 may be connected to the
ground terminal 292. If the first switching element 280 and
the second switching element 290 are connected to the
ground terminals 282 and 292, respectively, the positive
pulse signal W1 scheduled to pass through the switching
circuit 270 at the corresponding time may be output as the
other signal W3 having no pulse signal. That is, when using
the successive pulse signals transmitted according to suc-
cessive time lapse, the pulse signal may be zero at a specific
time at which the first switching element 280 and the second
switching element 290 are respectively connected to the
ground terminal 282 and 292, such that the resultant signal
having a zero value may be transmitted.

[0173] Referring to FIG. 13B, the first switching element
280 and the second switching element 290 may be con-
nected to the predetermined terminals 283 and 293, respec-
tively.

[0174] As described above, the predetermined terminal
283 or 293 may be a terminal having an arbitrary potential
or may be a terminal having no potential. That is, the
predetermined terminal 283 or 293 may be assigned a
predetermined potential, such that the predetermined termi-
nal 283 may be connected to the first switching element 280
or the predetermined terminal 293 may be connected to the
second switching element 290. In this case, the predeter-
mined terminal 283 of the first switching element 280 and
the predetermined terminal 293 of the second switching
element 290 may have the same potential or different
potentials.

[0175] In addition, if the predetermined terminal 283 or
293 has no potential, even when the first switching element
280 is connected to the predetermined terminal 283 or the
second switching element 290 is connected to the predeter-
mined terminal 293, the predetermined terminal 283 or 293
also has no potential, which means that the predetermined
terminals (283, 293) are not connected to anything.

[0176] If the first switching element 280 and the second
switching 290 are respectively connected to the predeter-
mined terminal 283 and the predetermined terminal 293, the
positive pulse signal W1 scheduled to pass through the
switching circuit 270 at the corresponding time may be
output as the signal W1 having no pulse signal. That is, when
using the successive pulse signals transmitted according to
successive time lapse, the pulse signal may be zero at a
specific time at which the first switching element 280 and the
second switching element 290 are respectively connected to
the predetermined terminals 283 and 293, such that the
resultant signal having a zero value may be transmitted.

[0177] Referring to FIG. 13C, the first switching element
280 may be connected to the predetermined terminal 293,
and the second switching element 290 may be connected to
the ground terminal 292. In this case, the positive pulse
signal W1 scheduled to pass through the switching circuit
270 at the corresponding time may be output as the signal
W1 having no pulse signal. That is, when using the succes-
sive pulse signals transmitted according to successive time
lapse, the pulse signal may be zero at a specific time at which
the first switching element 280 and the second switching
element 290 are respectively connected to the predetermined
terminals 283 and 293, such that the resultant signal having
a zero value may be transmitted.
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[0178] Referring to FIG. 13D, the first switching element
280 may be connected to the ground terminal 282, and the
second switching element 290 may be connected to the
predetermined terminal 293. If the first and second switch-
ing elements 280 and 290 are connected as described above,
the positive pulse signal W1 scheduled to pass through the
switching circuit 270 at the corresponding time may be
output as the signal W3 having no pulse signal. That is, when
using the successive pulse signals transmitted according to
successive time lapse, the pulse signal may be zero at a
specific time at which the first switching element 280 is
connected to the ground terminals 282 and the second
switching element 290 is connected to the predetermined
terminal 293, such that the resultant signal having a zero
value may be transmitted.

[0179] Referring to FIG. 13E, the first switching element
280 and the second switching element 290 may be respec-
tively connected to the pulse signal reception terminals 281
and 291. If the first switching element 280 and the second
switching element 290 are respectively connected to the
pulse signal reception terminals 281 and 291, the positive
pulse signal W1 scheduled to pass through the switching
circuit 270 at the corresponding time may be output as the
signal W3 having no pulse signal. That is, when using the
successive pulse signals transmitted according to successive
time lapse, the pulse signal may be zero at a specific time at
which the first switching element 280 and the second
switching element 290 are respectively connected to the
pulse signal reception terminals 281 and 291, such that the
resultant signal having a zero value may be transmitted.

[0180] In the related art, when the pulse signals are
transmitted to the ultrasonic probe 200 and then transferred
from the PCB 230 to the transducer element 211, drooping
P1 and rolling P2 of the pulse signals may occur as illus-
trated in FIGS. 6A and 6B. In other words, the pulse signal
transferred from the pulse transmitter 700 must alternately
have the voltage of -80V or the voltage of +80V in the same
manner as in the positive pulse signal or the negative pulse
signal shown in FIG. 4, such that the pulse signal may have
another voltage other than voltage having a repeated period,
resulting in drooping or rolling of the pulse signal. Since
FIGS. 6A and 6B have exemplarily disclosed rectangular
pulse signals, drooping P1 or rolling P2 of the signals may
occur. However, when using a different signal having peri-
odicity instead of the rectangular pulse signal, drooping P1
or rolling P2 of the signal may occur when another voltage
other than the voltage having periodicity is applied to the
transducer element 211. Drooping P1 or rolling P2 of such
signals may deteriorate transmission of the pulse signals
having symmetrical characteristics during the pulse inver-
sion harmonic imaging process. Therefore, when drooping
P1 or rolling P2 of the voltage occurs, the first switching
element 280 is connected to the ground terminal 282 and the
second switching element 290 is connected to the ground
terminal 292 under the control of the processor 400 or the
control board 260, the pulse signal applied at the corre-
sponding time is removed, resulting in prevention of the
drooping P1 or rolling P2 of the pulse signal. If drooping P1
or rolling P2 of the pulse signal is removed, resolution of the
ultrasonic image may increase. The effects according to one
embodiment will be described later with reference to FIGS.
19A and 19B.

[0181] Stability of the target object may also be improved
by controlling the first switching element 280 and the second
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switching element 290 illustrated in FIGS. 13A to 13E. In
other words, assuming that a faulty or abnormal signal
occurs in ultrasonic or pulse signals received from the
ultrasonic imaging apparatus 100 and it is impossible to
control the ultrasonic imaging apparatus 100, if such signal
arrives at the target object such as a human, there may be a
high risk of damaging or hurting the target object, such that
blocking of signals is needed. Accordingly, if the above-
mentioned abnormal signal is monitored, the processor 400
or the control board 260 may control the first switching
element 280 or the second switching element 290 to be
connected to one of the pulse signal reception terminal (281
or 291), the ground terminal (282 or 292), and the prede-
termined terminal (283 or 293), such that the abnormal
signal can be prevented or blocked. The abnormal signal
may be detected by a temperature sensor (not shown)
contained in the ultrasonic imaging apparatus 100 or the
ultrasonic probe 200 or by the processor 400. The above-
mentioned effects according to the above-mentioned
embodiment will also be described with reference to FIG.
22.

[0182] In addition, through control of the first switching
element 280 and the second switching element 290 illus-
trated in FIGS. 13A to 13E, the stabilization problem of the
transducer element 211 in transmission of the pulse signal
may be obviated.

[0183] That is, in different composite modes, when the
pulse signals are transmitted through the transducer element
211, one pulse signal having a high-amplitude voltage value
is first transmitted, and the other pulse signal having a
low-amplitude voltage value is then transmitted.

[0184] In this case, the transducer element 211 may not be
stabilized and may vibrate by the residual current or voltage
between transmission of the pulse signal having a high-
amplitude voltage value and transmission of the other pulse
signal having a low-amplitude voltage value. Although the
transducer element 211 may not vibrate between transmis-
sion of the pulse signal having a high-amplitude voltage
value and transmission of the other pulse signal having a
low-amplitude voltage value, if one pulse signal transmis-
sion and the other pulse signal transmission having a time
difference therebetween are performed at different time
points, the transducer element 211 may vibrate by the initial
transmission pulse signal, there is a need to stabilize the
transducer element 211 so as to remove such vibration.
[0185] Therefore, the processor 400 or the control board
260 may control the first switching element 280 and the
second switching element 290 to be connected to any one of
the pulse signal reception terminal (281 or 291), the ground
terminal (282 or 292), and the predetermined terminal (283
or 293) between pulse transmission time points of pulse
signals having a time difference therebetween, such that the
residual voltage or current of the pulse signal is removed,
such that the transducer element 211 can be stabilized. The
effects according to the above-mentioned embodiment will
be described later with reference to FIGS. 20A and 20B.
[0186] FIG. 14 is a conceptual diagram illustrating that
plural switching circuits configured to change waveforms of
pulse signals are respectively connected to plural transducer
elements and a switching circuit operates per transducer
element.

[0187] Referring to FIG. 14, the respective transducer
elements 211 may be respectively connected to the respec-
tive switching circuits (270-1 to 270-N). In addition, the
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respective switching circuits (270-1 to 270-N) may be
connected to the PCB 230 and may receive the pulse signal
from the main body of the ultrasonic imaging apparatus 100.
[0188] As illustrated in FIGS. 9 to 13E, the processor 400
or the control board 260 may change a waveform of the
pulse signal received by the switching circuit by controlling
the plurality of switching circuits (270-1 to 270-N). Since
the switching circuits (270-1 to 270-N) are respectively
connected to the transducer elements 211, the first switching
element 280 and the second switching element 290 of each
switching circuit are controlled such that waveforms of
Tx/Rx pulse signals of the transducer element 211 may be
independently controlled.

[0189] Referring to FIG. 14, the pulse transmitter 700 of
the ultrasonic imaging apparatus 100 may transmit the
positive pulse signal W1, and the positive pulse signal W1
may be transferred to the switching circuits (270-1 to 270-N)
after passing through the PCB 230 of the ultrasonic probe
200.

[0190] In order to transmit the positive pulse signal W1
through M transducer elements (1% to M-th transducer
elements) from among the transducer elements 211 con-
nected to the plural switching circuits, the first switching
element 280 and the second switching element 290 of the
switching circuits (1* to M-th transducer elements) con-
nected to the respective transducer elements (1* to M-th
transducer elements) can be controlled. That is, the first
switching element 280 including the corresponding switch-
ing circuits (1*° to M-th) may be connected to the pulse
signal reception terminal 281, and the second switching
element 290 may be connected to the ground terminal 292
or the predetermined terminal 293.

[0191] Inaddition, assuming that the remaining transducer
elements other than M transducer elements (1¥ to M-th
transducer elements) do not participate in pulse signal
transmission, the first switching element 280 and the second
switching element 290 of the remaining switching circuits
other than the above-mentioned switching circuits (1% to
M-th) may be connected to the pulse signal reception
terminals (281, 291), the ground terminals (282, 292), or the
predetermined terminals (283, 293). The effects according to
one embodiment will be described later with reference to
FIG. 21.

[0192] That is, the plurality of transducer elements 211
may selectively adjust pulse signal waveform modification
and pulse signal transmission/reception (Tx/Rx). Some
transducer elements (1°* to M-th) may perform pulse signal
Tx/Rx, and some other transducer elements (i.e., the remain-
ing transducer elements other than the 1** to M-th transducer
elements) may not perform pulse signal Tx/Rx.

[0193] As described above, pulse signal interference
between contiguous transducer elements 211 may be
removed by controlling the respective switching circuits
connected to the plurality of transducer elements 211. Refer-
ring to FIG. 14, since the M-th transducer element is used for
pulse signal transmission, the contiguous transducer ele-
ments not receiving the pulse signal may vibrate by influ-
ence of pulse signal Tx/Rx of the M-th transducer element.
Such influence can be reduced by controlling the switching
circuit 270 using the schemes illustrated in FIGS. 13A to
13E.

[0194] FIG. 15 is a flowchart illustrating a method for
controlling an ultrasonic imaging apparatus configured to
change waveforms of pulse signals according to an embodi-
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ment of the present disclosure. FIG. 16 is a flowchart
illustrating a method for controlling a switching circuit so as
to transmit ultrasonic signals having the same waveform as
a pulse signal received by a printed circuit board (PCB)
according to an embodiment of the present disclosure. FIG.
17 is a flowchart illustrating a method for controlling a
switching circuit so as to transmit ultrasonic signals having
an inversion waveform of the pulse signal received by the
PCB according to an embodiment of the present disclosure.
FIGS. 18A to 18E are flowcharts illustrating methods for
controlling the switching circuit so as to transmit ultrasonic
signals having a waveform from which the pulse signal
received by the PCB is removed according to an embodi-
ment of the present disclosure.

[0195] Referring to FIG. 15, the pulse transmitter 700 may
transmit the pulse signal to the ultrasonic probe 200 under
the control of the processor 400 (S100). If the user inputs a
control command for pulse signal transmission through the
input module 150 according to pulse inversion harmonic
imaging of the embodiment, the pulse transmitter 700 may
transmit the positive pulse signal. The pulse signal trans-
mitted from the pulse transmitter 700 may be received by the
PCB 230 of the ultrasonic probe 200 after passing through
the cable 130 (S110).

[0196] The pulse signal received by the PCB 230 may be
transferred to the switching circuit 270. As described above,
the switching circuit 270 may be located in the I1C 240 such
as ASIC, or may be independently connected to the trans-
ducer element 211.

[0197] Ifthe pulsesignal is applied to the switching circuit
270, the processor 400 may change a waveform of the pulse
signal by controlling the first switching element and the
second switching element 290 contained in the switching
circuit 270 (S120). The operation of the switching circuit
270 configured to transmit the signal having the same
waveform as the pulse signal received by the 230 is shown
in FIG. 16. As illustrated in FIG. 11, if the first switching
element 280 is connected to the pulse signal reception
terminal 281 (S121) and the second switching element 290
is connected to the ground terminal 292 (S122), the switch-
ing circuit 270 may transmit the signal W1 having the same
waveform as the pulse signal received by the PCB 230 to the
transducer element 211 (S130). That is, in order to allow the
ultrasonic probe 200 to transmit the positive pulse signal to
the target object according to pulse inversion harmonic
imaging, the ultrasonic probe 200 may transmit the signal
W1 having the same waveform as the positive pulse signal
that is transmitted from the pulse transmitter 700 and then
received by the PCB 230, to the transducer element 211.
[0198] If the waveform of the pulse signal is modified in
the switching circuit 270 and then transmitted to the trans-
ducer element 211, the ultrasonic probe 200 may transmit
ultrasonic signals to the target object (S140). In this case, if
the signal W1 having the same waveform as the positive
pulse signal received by the PCB 230 is transferred to the
transducer element 211, the ultrasonic probe 200 may trans-
mit the ultrasonic signal having the same waveform as the
pulse signal that is transmitted from the pulse transmitter
700 and then received by the PCB 230, to the target object
(8123).

[0199] The operations of the switching circuit 270 con-
figured to transmit the signal corresponding to an inversion
waveform of the pulse signal received by the PCB 230 are
shown in FIG. 17. As illustrated in FIG. 12, if the first
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switching element 280 is connected to the ground terminal
282 (S124) and the second switching element 290 is con-
nected to the pulse signal reception terminal 291 (S125), the
switching circuit 270 may transmit the signal W1 corre-
sponding to an inversion waveform of the pulse signal
received by the PCB 230 to the transducer element 211
(8130). According to the pulse inversion harmonic imaging
scheme, the positive pulse signal and the negative pulse
signal symmetrical to the positive pulse signal must be
simultaneously and successively transmitted to the target
object. Therefore, if the switching action of the switching
circuit 270 is performed in a manner that the ultrasonic
probe 200 transmits the negative pulse signal to the target
object, the signal W2 corresponding to an inversion wave-
form of the positive pulse signal that is transmitted from the
pulse transmitter and then received by the PCB 230, may be
transmitted to the transducer element 211.

[0200] If the waveform of the pulse signal is modified in
the switching circuit 270 and the resultant pulse signal
having the modified waveform is applied to the transducer
element 211, the ultrasonic probe 200 may transmit the
ultrasonic signal to the target object (S140). In this case, if
the signal W2 corresponding to an inversion waveform of
the positive pulse signal received by the PCB 230 is applied
to the transducer element 211, the ultrasonic probe 200 may
transmit the ultrasonic signal that is transmitted from the
pulse transmitter 700 and received by the PCB 230, to the
target object (S126).

[0201] Operations of the switching circuit 270 for trans-
mitting the signal from which the pulse signal received by
the PCB 230 is removed are illustrated in FIGS. 18A to 18E,
and the operations of FIGS. 18A to 18E are identical to those
of FIGS. 13A to 13E.

[0202] Referring to FIG. 18A, if the first switching ele-
ment 280 is connected to the ground terminal 282 (S1274)
and the second switching element 290 is connected to the
ground terminal 292 (S128a), the switching circuit 270 may
transmit the signal W3 from which the pulse signal received
by the PCB 230 is removed (S129a) to the transducer
element 211.

[0203] Referring to FIG. 18B, if the first switching ele-
ment 280 is connected to the predetermined terminal 283
(S127b) and the second switching element 290 is connected
to the predetermined terminal 293 (S128b), the signal W3
from which the pulse signal received by the PCB 230 of the
switching circuit 270 is removed may be transmitted to the
transducer element 211 (S130).

[0204] Referring to FIG. 18C, if the first switching ele-
ment 280 is connected to the predetermined terminal 283
(8127¢) and the second switching element 290 is connected
to the ground terminal 292 (S128¢), the signal W3 from
which the pulse signal received by the PCB 230 of the
switching circuit 270 is removed may be transmitted to the
transducer element 211 (S130).

[0205] Referring to FIG. 18D, if the first switching ele-
ment 280 is connected to the ground terminal 283 (S1274)
and the second switching element 290 is connected to the
predetermined terminal 293 (S1284), the signal W3 from
which the pulse signal received by the PCB 230 of the
switching circuit 270 is removed (81294) may be transmit-
ted to the transducer element 211 (S130).

[0206] Referring to FIG. 18E, if the first switching ele-
ment 280 is connected to the pulse signal reception terminal
281 (S127¢) and the second switching element 290 is
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connected to the pulse signal reception terminal 291
(5128e), the signal W3 from which the pulse signal received
by the PCB 230 of the switching circuit 270 is removed
(5129¢) may be transmitted to the transducer element 211
(5130).

[0207] As described above, the first switching element 280
and the second switching element 290 are controlled to
block the pulse signal so that only the transducer element
used for pulse signal transmission can be selectively used. If
the abnormal signal occurs, the first switching element 280
and the second switching element 290 may block signal
occurrence and may separate the signal from the user,
resulting in improved user stability. That is, the transducer
element not used for pulse signal transmission may be
grounded such that resolution of the ultrasonic image can be
improved. Furthermore, the transducer element is stabilized
after transmission of the pulse signal, such that a simulta-
neous mode image can be improved in quality.

[0208] As described above, the ultrasonic signal trans-
ferred to the target object returns to the ultrasonic probe 200,
the ultrasonic signal returned to the ultrasonic probe 200
may be transmitted to the ultrasonic receiver 800 of the main
body of the ultrasonic imaging apparatus 100 (S150), and
may be image-processed under the control of the processor
400, such that the processed image result may be displayed
on the display 160.

[0209] Although not shown in the drawings, if the first
switching element 280 and the second switching element
290 of the switching circuit 270 are connected to the pulse
signal reception terminals (281, 291), the ground terminals
(282, 292), and the predetermined terminals (283, 293) as
illustrated in FIGS. 13A to 13E, the pulse signal transmitted
from the pulse transmitter 700 to the PCB 230 is blocked or
cut off at the connection time point, such that no ultrasonic
signals may be transmitted.

[0210] In addition, as illustrated in FIG. 14, the switching
circuits 270 respectively connected to the transducer ele-
ments 211 are controlled, such that the first switching
element 280 and the second switching element 290 con-
tained in the switching circuit 270 connected to the trans-
ducer element 211 configured not to transmit the ultrasonic
signal may be respectively connected to the pulse signal
reception terminals (281, 291), the ground terminals (282,
292), and the predetermined terminals (283, 293).

[0211] FIGS. 19A to 22 are conceptual diagrams illustrat-
ing exemplary methods for changing a time point at which
the same waveform as the pulse signal received by the
switching element is transmitted, a time point at which an
inversion waveform of the pulse signal received by the
switching element is transmitted, and a time point at which
the signal from which the pulse signal is removed is trans-
mitted.

[0212] If the first switching element 280 is connected to
any one of the pulse signal reception terminal 281, the
ground terminal 282, and the predetermined terminal 283,
and if the second switching element 290 is connected to any
one of the pulse signal reception terminal 291, the ground
terminal 292, and the predetermined terminal 293, the
positive pulse signal W1 scheduled to pass through the
switching circuit 270 at the corresponding time may be
output as the signal W3 from which the pulse signal is
removed. Since the pulse signal is removed as described
above, drooping or rolling of the pulse signal can be
removed and stability of the target object can be improved.
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In addition, the transducer element 211 can be stabilized,
and the transducer element 211 to be used for pulse signal
transmission can be selectively used.

[0213] A specific time at which the first switching element
280 and the second switching element 290 are respectively
connected to the pulse signal reception terminals (281, 291),
the ground terminals (282, 292), or the predetermined ter-
minals (283, 293) may be selected at random. In addition, a
signal output time at which the signal W3 from which the
pulse signal is removed is output may be changed according
to such connection time.

[0214] That is, the specific time at which the first switch-
ing element 280 and the second switching element 290 are
connected to the pulse signal reception terminals (281, 291),
the ground terminals (282, 292), or the predetermined ter-
minals (283, 293) may be selected at random, and a duration
time of such connection state may also be determined at
random.

[0215] Referring to FIG. 19A, assuming that the first
switching element 280 is connected to the pulse signal
reception terminal 281 and the second switching element
290 is connected to the ground terminal 292, the positive
pulse signal W1 having passed through the switching circuit
270 may be output as the positive pulse signal W1 having
the same waveform as the signal received by the switching
circuit 270. That is, the positive pulse signal W1 having
passed through the switching circuit 270 may be transferred
to the target object through the transducer element 211.
[0216] While the positive pulse signal W1 having the
same waveform as the signal received by the switching
circuit 270 is output during a predetermined time, the first
switching element 280 may be connected to the ground
terminal 282, and the positive pulse signal W1 scheduled to
pass through the switching circuit 270 for a predetermined
time starting from a connection start time may be output as
the other signal W3 from which the pulse signal is removed.
The signal W3 from which the pulse signal is removed may
also be output not only through the switching of FIG. 13A
but also through the switching of FIGS. 13B to 13E.
[0217] After lapse of a predetermined time, the first
switching element 280 may be re-connected to the pulse
signal reception terminal 281, and the positive pulse signal
W1 scheduled to pass through the switching circuit 270 for
a predetermined time starting from the connection time may
be output as the positive pulse signal W1 having the same
waveform as the signal received by the switching circuit
270.

[0218] Referring to FIG. 19B, if the first switching ele-
ment 280 is connected to the ground terminal 282 and the
second switching element 290 is connected to the pulse
signal reception terminal 291, the positive pulse signal W1
scheduled to pass through the switching circuit 270 may be
output as the negative pulse signal W1 that is symmetrical
to the signal received by the switching circuit 270 and has
an inversion waveform of the received signal. In other
words, the negative pulse signal W1 having passed through
the switching circuit 270 may be transferred to the target
object through the transducer element 211.

[0219] While the negative pulse signal W2 having an
inversion waveform of the signal received by the switching
circuit 270 is output during a predetermined time, the second
switching element 290 may be connected to the ground
terminal 292, and the positive pulse signal W1 scheduled to
pass through the switching circuit 270 for a predetermined
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time starting from a connection start time may be output as
the other signal W3 from which the pulse signal is removed.
The signal W3 from which the pulse signal is removed may
also be output not only through the switching of FIG. 13A
but also through the switching of FIGS. 13B to 13E.
[0220] After lapse of a predetermined time, the second
switching element 290 may be re-connected to the pulse
signal reception terminal 291, and the positive pulse signal
W1 scheduled to pass through the switching circuit 270 for
a predetermined time starting from the connection time may
be output as the negative pulse signal W2 that is symmetrical
to the signal received by the switching circuit 270 and has
an inversion waveform of the received signal.

[0221] The pulse signal is removed through the above-
mentioned switching, such that drooping P1 or rolling P2 of
the pulse signal can be prevented from occurring. If the
drooping P1 or rolling P2 of the pulse signal is removed,
resolution of the ultrasonic image may be increased and
improved.

[0222] Referring to FIG. 20A, if the first switching ele-
ment 280 is connected to the ground terminal 282 and the
second switching element 290 is connected to the ground
terminal 292, the positive pulse signal W1 scheduled to pass
through the switching circuit 270 may be output as the signal
W3 from which the pulse signal is removed. That is, the
pulse signal may be zero at a specific time at which the first
switching element 280 and the second switching element
290 are respectively connected to the ground terminal 282
and 292, such that the resultant signal having a zero value
may be transmitted. The signal W3 from which the pulse
signal is removed may be output not only through the
switching of FIG. 13A but also through the switching of
FIGS. 13B to 13E.

[0223] While the signal W3 from which the pulse signal
received by the switching circuit 270 is removed is output
during a predetermined time, the first switching element 280
may be connected to the pulse signal reception terminal 281,
and may be output as the positive pulse signal W1 having the
same waveform as the signal received by the switching
circuit 270 during a predetermined time starting from the
connection start time.

[0224] After lapse of a predetermined time, the first
switching element 280 may be re-connected to the ground
terminal 282, and the positive pulse signal W1 scheduled to
pass through the switching circuit 270 for a predetermined
time starting from the connection start time may be output
as the signal W3 from which the pulse signal is removed.
[0225] Referring to FIG. 20B, if the first switching ele-
ment 280 and the second switching element 290 are respec-
tively connected to the ground terminals 282 and 292, the
positive pulse signal W1 scheduled to pass through the
switching circuit 270 may be output as the signal W1 from
which the pulse signal is removed. That is, the pulse signal
may be zero at a specific time at which the first switching
element 280 and the second switching element 290 are
respectively connected to the ground terminal 282 and 292,
such that the resultant signal having a zero value may be
transmitted. The signal W3 from which the pulse signal is
removed may be output not only through the switching of
FIG. 13A but also through the switching of FIGS. 13B to
13E.

[0226] While the signal W3 from which the pulse signal
received by the switching circuit 270 is removed is output
during a predetermined time, the second switching element
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290 may be connected to the pulse signal reception terminal
291, and may be output as the positive pulse signal W2
having the same waveform as the signal received by the
switching circuit 270 during a predetermined time starting
from the connection start time.

[0227] After lapse of a predetermined time, the second
switching element 290 may be re-connected to the ground
terminal 292, and the positive pulse signal W1 scheduled to
pass through the switching circuit 270 for a predetermined
time starting from the connection start time may be output
as the signal W3 from which the pulse signal is removed.
[0228] That is, the residual voltage or residual current of
the pulse signal is removed through the above-mentioned
switching, such that the transducer element 211 can be
stabilized and the simultaneous mode image can be
improved.

[0229] Referring to FIG. 21, if the first switching element
280 is connected to the pulse signal reception terminal 281
and the second switching element 290 is connected to the
ground terminal 292, the positive pulse signal W1 having
passed through the switching circuit 270 may be output as
the positive pulse signal W1 having the same waveform as
the signal received by the switching circuit 270. That is, the
positive pulse signal W1 having passed through the switch-
ing circuit 270 may arrive at the target object through the
transducer element 211.

[0230] While the positive pulse signal W1 having the
same waveform as the signal received by the switching
circuit 270 for a predetermined time, the first switching
element 280 may be connected to the ground terminal 282,
and the positive pulse signal W1 scheduled to pass through
the switching circuit 270 for a predetermined time starting
from the connection start time may be output as the signal
W3 from which the pulse signal is removed. The signal W3
from which the pulse signal is removed may also be output
not only through the switching of FIG. 13A but also through
the switching of FIGS. 13B to 13E.

[0231] After lapse of a predetermined time, the second
switching element 290 may be connected to the pulse signal
reception terminal 291, and the positive pulse signal W1
scheduled to pass through the switching circuit 270 for a
predetermined time starting from the connection time may
be output as the positive pulse signal W2 that is symmetrical
to the signal received by the switching circuit 270 and has
an inversion waveform of the received signal.

[0232] The transducer elements not used in pulse signal
Tx/Rx through the above-mentioned switching control may
be grounded, resulting in improvement of resolution of the
ultrasonic image.

[0233] Referring to FIG. 22, the switching operation of
FIG. 19A is repeatedly performed at intervals of a prede-
termined time, such that the positive pulse signal W1
scheduled to pass through the switching circuit 270 may be
output as the positive pulse signal W1 having the same
waveform as the signal received by the switching circuit 270
or may be output as the signal W3 having no pulse signal.
That is, as illustrated in FIGS. 19A to 22, the waveform of
the positive pulse signal W1 scheduled to pass through the
switching circuit 270 may be adjusted through switching of
the first switching element 280 and the second switching
element 290 contained in the switching circuit 270, and the
waveform adjustment timing point of the positive pulse
signal W1 may also be adjusted. Stability of the target object
may be improved through the above-mentioned switching
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method. That is, assuming that the abnormal signal occurs in
the ultrasonic or pulse signal received from the ultrasonic
imaging apparatus 100 and it is impossible to control the
ultrasonic imaging apparatus 100, if such signal arrives at
the target object such as a human, there may be a high risk
of damaging or hurting the target object, such that blocking
of signals is needed. Therefore, if the above-mentioned
abnormal signal is monitored, the abnormal signal may be
prevented through the above-mentioned switching.

[0234] FIGS. 23A to 24B are conceptual diagrams illus-
trating a method for transmitting ultrasonic pulse signals
through switching of a transmission (Tx) element and a
method for receiving ultrasonic pulse signals through
switching of a reception (Rx) element according to an
embodiment of the present disclosure.

[0235] Ultrasonic diagnosis methods using the ultrasonic
probe 200 are classified into a pulsed wave (PW) ultrasonic
diagnosis method and a contiguous wave (CW) ultrasonic
diagnosis method.

[0236] A transmission element and a reception element
according to the PW method are identical to each other, and
flow of a specific part of the target object may be measured
using position information needed for ultrasonic diagnosis.
In addition, the PW scheme is mainly utilized to perform
low-speed blood flow measurement, and a maximum detect-
able flow speed is about 1 m/s.

[0237] Meanwhile, according to the CW method, the Tx
element and the Rx element may be implemented as differ-
ent elements, and it may be possible to obtain all kinds of
information from the ultrasonic signals without using the
position information needed for ultrasonic diagnosis.
[0238] That is, the ultrasonic system may transmit the
ultrasonic signal to the target object using the ultrasonic
probe 200 including at least one Tx element and at least one
Rx element, and may receive the echo ultrasonic signal
reflected from the target object using the same ultrasonic
probe 200, resulting in formation of the digital signal. The
ultrasonic system may extract the Doppler signal by pro-
cessing the digital signal, and may form the CW (Continu-
ous Wave) Doppler image using the extracted Doppler
signal.

[0239] In addition, the CW method is mainly utilized for
measurement of abnormal high-speed flow speed, and a
maximum detectable flow speed is about 7 m/s.

[0240] Referring to FIG. 23A, according to the CW ultra-
sonic signal transmission, the ultrasonic pulse signal may be
transmitted through the above-mentioned switching of FIG.
11. That is, in order to transmit the ultrasonic pulse signal
through the CW-based transmission (Tx) element 211a, the
first switching element 280 may be connected to the pulse
signal reception terminal 281, and the second switching
element 290 may be connected to the ground terminal 292.
[0241] If the first switching element 280 is connected to
the pulse signal reception terminal 281 and the second
switching element 290 is connected to the ground terminal
292, the positive pulse signal W1 scheduled to pass through
the switching circuit may be output as the positive pulse
signal W1 having the same waveform as the signal received
by the switching circuit 270. That is, the positive pulse
signal W1 having passed through the switching circuit 270
may be transferred to the target object through the Tx
element 211a.

[0242] Referring to FI1G. 23B, according to the CW-based
ultrasonic signal transmission, the ultrasonic imaging appa-
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ratus may receive the ultrasonic pulse signal reflected from
the target object through switching. That is, in order to
receive the ultrasonic pulse signal reflected from the target
object through the Rx element 2115 according to the CW
ultrasonic diagnosis method, the first switching element 280
may be connected to the pulse signal reception terminal 281
and the second switching element 290 may be connected to
the ground terminal 292.

[0243] If the first switching element 280 is connected to
the pulse signal reception terminal 281 and the second
switching element 290 is connected to the ground terminal
292, the positive pulse signal W1 reflected from the target
object may pass through the switching circuit 270 such that
the positive pulse signal W1 may be transferred as another
positive pulse signal W1 having the same waveform to the
PCB 230. That is, the negative pulse signal W1 reflected
from the target object may be transferred to the PCB 230
through the Rx element 2114.

[0244] Referring to FIG. 24A, according to the CW-based
ultrasonic signal transmission, the ultrasonic pulse signal
may be transmitted through the above-mentioned switching
of FIG. 12. That is, in order to transmit the ultrasonic pulse
signal through the Tx element 211a using the CW method,
the first switching element 280 may be connected to the
ground terminal 282, and the second switching element may
be connected to the pulse signal reception terminal 291.
[0245] If the first switching element 280 is connected to
the ground terminal 83 and the second switching element
290 is connected to the pulse signal reception terminal 291,
the positive pulse signal W1 scheduled to pass through the
switching circuit 270 may be output as the negative pulse
signal W1 that is symmetrical to the signal received by the
switching circuit 270 and has an inversion waveform of the
received signal. That is, the negative pulse signal W1 having
passed through the switching circuit 270 may be transferred
to the target object through the Tx element 211a.

[0246] Referring to FIG. 24B, according to CW-based
ultrasonic signal transmission, the ultrasonic imaging appa-
ratus may receive the ultrasonic pulse signal reflected from
the target object through switching as described above. In
other words, in order to receive the ultrasonic pulse signal
reflected from the target object through the Rx element 2115
according to the CW method, the first switching element 280
may be connected to the ground terminal 282, and the
second switching element 290 may be connected to the pulse
signal reception terminal 291.

[0247] 1If the first switching element 280 is connected to
the ground terminal 282 and the second switching element
290 is connected to the pulse signal reception terminal 291,
the negative pulse signal W1 reflected from the target object
may pass through the switching circuit 270 such that the
negative pulse signal W1 may be output as the positive pulse
signal W1 having an inversion waveform, and the resultant
pulse signal W1 having the inversion waveform may arrive
at the PCB 230. That is, the negative pulse signal W1
reflected from the target object may be transmitted to the
PCB 230 through the Rx element 2114.

[0248] In addition to the above-mentioned switching
methods of the switching circuit 270 illustrated in FIGS. 234
to 245, various switching methods for the first switching
element 280 and the second switching element 290 may be
used in various ways. Detailed embodiments of the above-
mentioned switching are identical to those of FIGS. 11 to
13E. That is, the waveform of the pulse signal that is
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transmitted to the target object through the Tx element 211a
according to various switching methods may be modified,
and the waveform of the pulse signal that is received by the
Rx element 2115 and then transmitted to the PCB 230 may
also be modified.

[0249] According to the CW-based ultrasonic transmis-
sion/reception (Tx/Rx) method, the image of the ultrasonic
image may be improved through the switching methods
illustrated in FIGS. 13A to 13E.

[0250] That is, interference of the ultrasonic pulse signal
can be removed through switching of the switching circuit
270 connected to the elements not used in transmission/
reception (Tx/Rx) of the ultrasonic pulse signal from among
the Tx element 211a and the Rx element 2115.

[0251] According to the CW method, transmission and
reception of the ultrasonic pulse signal may be successively
performed, and the Tx element 211a and the Rx element
2115 may be arranged separately from each other. Therefore,
if the ultrasonic pulse signal is successively transmitted
through the Tx element 211a, interference of unused ele-
ments occurs such that the image quality of the ultrasonic
image may be deteriorated. In order to address the above-
mentioned issue, the switching operation of the switching
circuit 270 for the Tx element not used in transmission of the
ultrasonic pulse signal is controlled as shown in FIGS. 13A
to 13E, resulting in improvement of the image quality of the
ultrasonic image.

[0252] In addition, according to the CW method, the Tx
element 211a and the Rx element 2115 may be arranged
separately from each other, and transmission and reception
of the ultrasonic pulse signal are successively performed,
such that a difference in frequency between the received
ultrasonic signals is detected and blood flow information of
the target object can be measured. In this case, when the
blood flow information is monitored, the Tx/Rx focusing
operation for a target site to be monitored is carried out. A
maximum value of the Tx/Rx focusing delay according to
the CW method may correspond to one cycle of the ultra-
sonic TX signal.

[0253] Therefore, assuming that a maximum value of the
Tx/Rx focusing delay is set to 480 ns (1 cycle), information
corresponding to 480 ns must be contained in the corre-
sponding signal for use in the ultrasonic imaging apparatus.
In this case, if resolution is 16 nsc, the maximum number of
expressible cases is 30.

[0254] However, although the maximum delay value is
240 ns when using the switching methods of FIGS. 11 and
12, the number of cases capable of expressing the same
resolution as in 16 ns may be 15.

[0255] Since the ultrasonic pulse signal may be inverted in
phase, only the maximum Tx/Rx delay value corresponding
to a half cycle is needed. In contrast, assuming that the
methods of FIGS. 11 to 12 are used on the condition that the
number of cases of expressing the resolution is kept at 30,
the resolution may be increased up to 8 ns.

[0256] The ultrasonic pulse signal reception may have the
same number of delay cases in the same manner as in
ultrasonic pulse signal transmission, image resolution may
be doubled. In contrast, if the maximum delay value for the
ultrasonic pulse signal reception is identical to that of the
ultrasonic pulse signal transmission, the number of delay
cases may be halved.

[0257] According to the CW-based ultrasonic signal trans-
mission/reception scheme, the pulse signal transmitted/re-



US 2017/0074837 Al

ceived by the ultrasonic probe is inverted by controlling the
switching elements mounted to the ultrasonic probe, such
that the residual signal occurrence caused by reception of the
asymmetrical inversion signal is removed, resulting in
improvement of the image resolution. In addition, the pulse
signal is blocked by controlling the switching element, such
that only the transducer elements used in pulse transmission/
reception (Tx/Rx) may be selectively used. Since occurrence
of the abnormal signal is blocked, user stability can be
improved. In addition, the transducer element not used in
pulse transmission/reception (Tx/Rx) is grounded, resulting
in resolution improvement of the ultrasonic image. Further-
more, after transmission of the pulse signal, the transducer
element is stabilized so that the simultaneous mode image is
improved in quality.

[0258] As is apparent from the above description, accord-
ing to pulse inversion harmonic imaging, a waveform of a
pulse signal transmitted from the ultrasonic imaging appa-
ratus is symmetrically inverted and transmitted by a switch-
ing circuit of the ultrasonic probe, the residual signal caused
by reception of an asymmetrical inversion signal may not
occur. The switching circuit of the ultrasonic probe improves
symmetry of the pulse signals by manipulating the switching
element, such that the degree of freedom in FET character-
istics regarding either a symmetrical width of additional
pulse signals or symmetry of the pulse signals can be
improved. In addition, the ultrasonic imaging apparatus need
not use a transmitter configured to transmit an inversion
pulse signal, resulting in a simplified system structure.
Extension or stretching of pulse signals can be prevented by
controlling the switching circuit of the ultrasonic probe.
Furthermore, the plurality of transducer arrays may be
selectively used to transmit and receive such pulse signals,
resulting in improvement of user stability.

[0259] The above-mentioned embodiments have exem-
plarily disclosed the ultrasonic probe, the ultrasonic imaging
apparatus including the same, and the method for controlling
the ultrasonic imaging apparatus with reference to the
attached drawings, the scope or spirit of the present disclo-
sure is not limited thereto, and the above-mentioned
embodiments are merely exemplary in all technical aspects.
Although the above-mentioned embodiments of the present
disclosure have been disclosed herein merely for illustrative
purposes, the scope or spirit of the embodiments is not
limited thereto, and those skilled in the art will appreciate
that various modifications, additions and substitutions are
possible, without departing from the scope and spirit of the
disclosure as disclosed in the accompanying claims. For
example, adequate effects of the present disclosure may be
achieved even if the foregoing processes and methods may
be carried out in different order than described above, and/or
the aforementioned elements, such as systems, structures,
devices, or circuits, may be combined or coupled in different
forms and modes than as described above or be substituted
or switched with other components or equivalents.

[0260] Although a few embodiments of the present dis-
closure have been shown and described, it would be appre-
ciated by those skilled in the art that changes may be made
in these embodiments without departing from the principles
and spirit of the invention, the scope of which is defined in
the claims and their equivalents.
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What is claimed is:

1. An ultrasonic probe comprising:

a transducer array configured to transmit and receive an
ultrasonic signal;

a printed circuit board (PCB) electrically connected to the
transducer array so as to transmit a pulse signal
received from a main body of an ultrasonic imaging
apparatus to the transducer array; and

a switching circuit configured to change a waveform of
the pulse signal received by the PCB and transmitted to
the transducer array.

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

switching circuit includes:

a first switching element and a second switching element,

wherein the first switching element is connected to any
one of a pulse signal reception terminal, a ground
terminal, and a predetermined terminal, and the second
switching element is connected to any one of the pulse
signal reception terminal, the ground terminal, and the
predetermined terminal.

3. The ultrasonic probe according to claim 2, wherein:

the transducer array includes a plurality of transducer
elements; and

the switching circuit includes a plurality of switching
circuits corresponding to respective transducer ele-
ments.

4. The ultrasonic probe according to claim 3, wherein:

if the first switching element is connected to the pulse
signal reception terminal and the second switching
element is connected to the ground terminal, the trans-
ducer element transmits an ultrasonic signal having the
same waveform as the pulse signal received by the
PCB.

5. The ultrasonic probe according to claim 3, wherein:

if the first switching element is connected to the ground
terminal and the second switching element is connected
to the pulse signal reception terminal, the transducer
element receives an ultrasonic signal corresponding to
an inversion waveform of the pulse signal received by
the PCB.

6. The ultrasonic probe according to claim 3, wherein the
transducer element transmits no ultrasonic signal when each
of the first switching element and the second switching
element are connected to the pulse signal reception terminal,
the ground terminal, and the predetermined terminal.

7. The ultrasonic probe according to claim 6, wherein:

from among the plurality of switching elements corre-
sponding to the respective transducer elements, one
switching circuit in which each of the first switching
element and the second switching element is connected
to any one of the pulse signal reception terminal, the
ground terminal, and the predetermined terminal is
configured to prevent the pulse signal received by the
PCB from being applied to the transducer element.

8. The ultrasonic probe according to claim 2, further
comprising:

a control board configured to control the first switching
element to be connected to the pulse signal reception
terminal, the ground terminal, and the predetermined
terminal, and configured to control the second switch-
ing element to be connected to the pulse signal recep-
tion terminal, the ground terminal, and the predeter-
mined terminal.

9. The ultrasonic probe according to claim 1, wherein the

printed circuit board (PCB) is configured to transmit the
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pulse signal received from the transducer array to a main
body of the ultrasonic imaging apparatus.
10. An ultrasonic imaging apparatus comprising:
a pulse transmitter configured to generate a pulse signal
and transmit the generated pulse signal;
an ultrasonic probe which includes
a printed circuit board (PCB) electrically connected to
the transducer array so as to transmit the pulse signal
received from the pulse transmitter to the transducer
array, and
a switching circuit configured to change a waveform of
the pulse signal received by the PCB and transmitted
to the transducer array; and
a processor configured to control the switching circuit for
changing a waveform of the pulse signal generated by
the pulse transmitter and transmitted to the PCB.
11. The ultrasonic imaging apparatus according to claim
10, wherein:
the ultrasonic probe includes a switching circuit imple-
mented as a first switching element and a second
switching element
wherein the first switching element is connected to any
one of a pulse signal reception terminal, a ground
terminal, and a predetermined terminal, and the second
switching element is connected to any one of the pulse
signal reception terminal, the ground terminal, and the
predetermined terminal.
12. The ultrasonic imaging apparatus according to claim
11, wherein:
the transducer array includes a plurality of transducer
elements; and
the switching circuit includes a plurality of switching
circuits corresponding to respective transducer ele-
ments.
13. The ultrasonic imaging apparatus according to claim
12, wherein:
the processor connects the first switching element to the
pulse signal reception terminal, connects the second
switching element to the ground terminal, and thus
controls transmission of an ultrasonic signal having the
same waveform as the pulse signal received by the
PCB.
14. The ultrasonic imaging apparatus according to claim
12, wherein:
the processor connects the first switching element to the
ground terminal, connects the second switching ele-
ment to the pulse signal reception terminal, and thus
controls transmission of an ultrasonic signal having an
inversion waveform of the pulse signal received by the
pulse signal received by the PCB.
15. The ultrasonic imaging apparatus according to claim
12, wherein the processor connects each of the first switch-
ing element and the second switching element to any one of
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the pulse signal reception terminal, the ground terminal, and
the predetermined terminal, such that no ultrasonic signal is
transmitted.

16. The ultrasonic imaging apparatus according to claim
15, wherein:

from among the plurality of switching elements corre-
sponding to the respective transducer elements, one
switching circuit in which each of the first switching
element and the second switching element is connected
to any one of the pulse signal reception terminal, the
ground terminal, and the predetermined terminal is
configured to prevent the pulse signal received by the
PCB from being applied to the transducer element.

17. The ultrasonic imaging apparatus according to claim
10, wherein the printed circuit board (PCB) is configured to
transmit the pulse signal received from the transducer array
to a main body of the ultrasonic imaging apparatus.

18. A method for controlling an ultrasonic imaging appa-
ratus equipped with an ultrasonic probe including a switch-
ing circuit implemented as a first switching element and a
second switching element, the method comprising:

transmitting a pulse signal to the ultrasonic probe; and

changing a waveform of the pulse signal received by the
ultrasonic probe.

19. An ultrasonic probe comprising:

a transducer transmission element configured to transmit
an ultrasonic signal;

a transducer reception element configured to receive an
ultrasonic signal;

a printed circuit board (PCB) electrically connected to the
transducer transmission element and the transducer
reception element, configured to transmit a pulse signal
received from a main body of an ultrasonic imaging
apparatus to the transducer transmission element, and
configured to transmit a pulse signal received from the
transducer reception element to the main body of the
ultrasonic imaging apparatus; and

a switching circuit configured to change not only a
waveform of the pulse signal received by the PCB and
transmitted to the transducer transmission element, but
also a waveform of the pulse signal received by the
transducer reception element and transmitted to the
PCB.

20. The ultrasonic probe according to claim 19, wherein

the switching circuit includes:

a first switching element and a second switching element,

wherein the first switching element is connected to any
one of a pulse signal reception terminal, a ground
terminal, and a predetermined terminal, and the second
switching element is connected to any one of the pulse
signal reception terminal, the ground terminal, and the
predetermined terminal.
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