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ULTRASOUND PROBE, ULTRASOUND
DIAGNOSTIC APPARATUS HAVING THE
SAME AND METHOD OF GENERATING
ULTRASOUND SIGNAL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Patent
Application No. 10-2015-0009876, filed on Jan. 21, 2015 in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Apparatuses and methods consistent with exem-
plary embodiments relate to an ultrasound probe and an ultra-
sound diagnostic apparatus.

[0004] 2. Description of the Related Art

[0005] An ultrasound diagnostic apparatus emits an ultra-
sound signal to a target area inside a body from a surface of an
object and obtains a tomographic image of a soft tissue or an
image of blood flow using information on a reflected ultra-
sound signal (ultrasound echo signal) in a noninvasive man-
nef.

[0006] The ultrasound diagnostic apparatus is advanta-
geous in that it is small and inexpensive, can display an image
in real time, and has a higher safety level, compared to other
image diagnostic apparatuses such as an X-ray imaging appa-
ratus, a magnetic resonance imaging apparatus, and a nuclear
medicine diagnostic apparatus. Due to such advantages, the
ultrasound diagnostic apparatus is being widely used for
medical diagnostics.

SUMMARY

[0007] One or more exemplary embodiments provide an
ultrasound probe configured to increase matching of a trans-
mission signal with respect to a frequency spectrum of a
transducer element and modulate a transmission signal to
increase transmission power efficiency and a signal-to-noise
ratio, and an ultrasound diagnostic apparatus having the same
and a method of generating an ultrasound signal.

[0008] According to an aspect of an exemplary embodi-
ment, there is provided an ultrasound probe, including: a
transmission unit configured to generate a transmission sig-
nal; and a modulator configured to generate a modulation
signal having a pulse width proportional to a size of an ampli-
tude of the transmission signal at a peak level and a base level
for each period of the transmission signal.

[0009] The transmission unit may output a transmission
signal in which a first transmission signal and a second trans-
mission signal that is shifted by a predetermined time from
the first transmission signal are synthesized.

[0010] The transmission unit may include a first transmis-
sion element configured to output a first transmission signal,
and a second transmission element configured to output a
second transmission signal that is shifted by a predetermined
time from the first transmission signal.

[0011] The second transmission signal may be shifted by a
time corresponding to ¥4 of a period of the first transmission
signal from the first transmission signal.

[0012] The modulator may generate a modulation signal
having a pulse width proportional to a size of an amplitude of
a synthesized signal at a peak level and a base level for each
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period of the signal in which the first transmission signal and
the second transmission signal are synthesized.

[0013] The modulator may include a first modulator con-
figured to generate a first modulation signal having a pulse
width proportional to a size of an amplitude of the first trans-
mission signal at a peak level and a base level for each period
of the first transmission signal; and a second modulator con-
figured to generate a second modulation signal having a pulse
width proportional to a size of an amplitude of the second
transmission signal at a peak level and a base level for each
period of the second transmission signal.

[0014] The ultrasound probe may further include an adder
configured to synthesize the first modulation signal and the
second modulation signal.

[0015] According to another aspect of an exemplary
embodiment, there is provided an ultrasound probe, includ-
ing: at least one modulator configured to generate a modula-
tion signal having a pulse width proportional to a size of an
amplitude of a transmission signal at a peak level and a base
level for each period of the transmission signal; and a pulser
configured to generate a transmitting pulse corresponding to
the modulation signal and apply the pulse to a transducer
array.

[0016] According to still another aspect of an exemplary
embodiment, there is provided a method of generating an
ultrasound signal, including: generating a transmission sig-
nal; and generating a modulation signal having a pulse width
proportional to a size of an amplitude of a transmission signal
at a peak level and a base level for each period of the trans-
mission signal.

[0017] According to yet another aspect of an exemplary
embodiment, there is provided a method of generating an
ultrasound signal, including: generating a modulation signal
having a pulse width proportional to a size of an amplitude of
a transmission signal at a peak level and a base level for each
period of the transmission signal; and generating a transmit-
ting pulse corresponding to the modulation signal and apply-
ing the pulse to a transducer array.

[0018] According to yet another aspect of an exemplary
embodiment, there is provided an ultrasound diagnostic appa-
ratus, including: an ultrasound probe configured to generate a
transmitting pulse having a pulse width proportional to a size
of an amplitude of an transmission signal at a peak level and
a base level for each period of the transmission signal; and a
workstation configured to generate and display an ultrasound
image when the ultrasound probe receives an ultrasound echo
signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The above and/or other aspects will become more
apparent by describing certain exemplary embodiments with
reference to the accompanying drawings, in which:

[0020] FIG. 1 is a diagram illustrating an ultrasound diag-
nostic apparatus according to an exemplary embodiment;
[0021] FIG. 2 is a control block diagram illustrating an
ultrasound diagnostic apparatus according to an exemplary
embodiment;

[0022] FIG. 3 is a control block diagram illustrating a con-
figuration of a main body of an ultrasound diagnostic appa-
ratus according to an exemplary embodiment;

[0023] FIG. 4 is a diagram illustrating a configuration of a
transmitter according to an exemplary embodiment;

[0024] FIG. Sisadiagramillustrating an operation of trans-
mit beamforming;



US 2016/0206282 Al

[0025] FIG. 6 is a diagram illustrating a delay of a trans-
mission signal applied when transmit beamforming is pet-
formed;

[0026] FIG. 7 is a diagram illustrating a process of gener-
ating a waveform in a transmission unit of an ultrasound
probe according to an exemplary embodiment;

[0027] FIG. 8 is a diagram illustrating a process of modu-
lating a transmission signal in a transmitter according to an
exemplary embodiment;

[0028] FIGS. 9A and 9B are diagrams illustrating wave-
forms of a transmission signal and a modulation signal gen-
erated in a transmitter according to an exemplary embodi-
ment;

[0029] FIG. 10 is a diagram illustrating a waveform of a
signal in which a signal that is modulated in a transmitter
according to an exemplary embodiment and a signal that is
shifted by a predetermined time from the modulation signal
are synthesized;

[0030] FIG. 11 is a diagram illustrating a cosine waveform
for calculating a shift time of a modulation signal in a trans-
mitter according to an exemplary embodiment;

[0031] FIG.12isadiagram illustrating a configuration of a
transmitter according to an exemplary embodiment;

[0032] FIG. 13 is a diagram illustrating modulation of a
transmission signal in a transmitter according to an exem-
plary embodiment;

[0033] FIG. 14is a diagram illustrating a configuration of a
transmitter according to an exemplary embodiment;

[0034] FIG. 15 is a diagram illustrating modulation of a
transmission signal in a transmitter according to an exem-
plary embodiment;

[0035] FIG.16is a diagram illustrating a configuration of a
receiver according to an exemplary embodiment;

[0036] FIG.17 is a diagram illustrating receive beamform-
ing in a receiver according to an exemplary embodiment;
[0037] FIG. 18 is a diagram illustrating a delay of a recep-
tion signal applied when receive beamforming is performed;
[0038] FIG. 19 is a block diagram illustrating a configura-
tion of an ultrasound diagnostic apparatus according to an
exemplary embodiment;

[0039] FIGS. 20 and 21 are diagrams illustrating a trans-
mitter and a receiver of an ultrasound probe according to an
exemplary embodiment;

[0040] FIG. 22 is a flowchart illustrating a method of gen-
erating an ultrasound signal according to an exemplary
embodiment;

[0041] FIG. 23 is a flowchart illustrating a method of gen-
erating an ultrasound signal according to an exemplary
embodiment; and

[0042] FIG. 24 is a flowchart illustrating a method of gen-
erating an ultrasound signal according to an exemplary
embodiment.

DETAILED DESCRIPTION

[0043] Certain exemplary embodiments are described in
greater detail below with reference to the accompanying
drawings.

[0044] In the following description, the same drawing ref-
erence numerals are used for the same elements even in dif-
ferent drawings. Thus, description of the same elements is not
repeated. The matters defined in the description, such as
detailed construction and elements, are provided to assist in a
comprehensive understanding of exemplary embodiments.
Thus, it is apparent that exemplary embodiments can be car-
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ried out without those specifically defined matters. Also,
well-known functions or constructions are not described in
detail since they would obscure exemplary embodiments with
unnecessary detail.

[0045] FIG. 1is a diagram illustrating an ultrasound diag-
nostic apparatus according to an exemplary embodiment.
FIG. 2 is a control block diagram illustrating an ultrasound
diagnostic apparatus according to an exemplary embodiment.
FIG. 3 is a control block diagram specifically illustrating a
configuration of a main body of an ultrasound diagnostic
apparatus according to an exemplary embodiment.

[0046] As illustrated in FIG. 1, an ultrasound diagnostic
apparatus 1 includes an ultrasound probe P configured to
transmit an ultrasound to an object, receive an echo ultra-
sound from the object, and convert the echo ultrasound into an
electrical signal, and a main body 8 that is connected to the
ultrasound probe, includes an input unit 540 and a display
550, and displays an ultrasound image.

[0047] The ultrasound probe is connected to the main body
of the ultrasound diagnostic apparatus through a cable 5
which receives various signals for controlling the ultrasound
probe or may deliver an analog signal or a digital signal
corresponding to the ultrasound echo signal received by the
ultrasound probe to the main body. However, an exemplary
embodiment of the ultrasound probe is not limited thereto, but
awireless probe may be implemented to transmit and receive
a signal via a network between the ultrasound probe and the
main body. One end of the cable is connected to the ultra-
sound probe, and a connector 6 detachably connectable to a
slot 7 of the main body may be provided at the other end ofthe
cable. The main body and the ultrasound probe may transmit
and receive a control command or data using the cable. For
example, when a user inputs information on a focal depth, a
size or a shape of an aperture, a steering angle or the like
through the input unit, these pieces of information may be
delivered to the ultrasound probe through the cable and used
for performing the beamforming of a transmitter 100 and a
receiver 200. Also, when the user inputs information on an
imaging mode such as coded excitation imaging or harmonic
imaging through the input unit, these pieces of information
are delivered to the ultrasound probe through the cable, and
the ultrasound probe may modulate a transmission signal
through pulse width modulation and generate a transmitting
pulse. When the ultrasound probe is implemented as the wire-
less probe, the ultrasound probe is connected to the main body
via a wireless network with no cable. When the ultrasound
probe is connected to the main body via the wireless network,
the main body and the ultrasound probe may transmit and
receive the above-described control command or data.
[0048] As illustrated in FIG. 2, the main body may include
a controller 500, an image processor 530, an input unit and a
display 550. The controller controls overall operations of the
ultrasound diagnostic apparatus. Specifically, the controller
generates a control signal for controlling components of the
ultrasound diagnostic apparatus, for example, the transmitter
100, a transmit/receive (T/R) switch 10, a receiver 200, the
image processor, the display and the like illustrated in FIG. 2,
and controls operations of the above-described components.
In particular, the controller calculates a delay profile of a
plurality of ultrasound transducer elements of a 2D ultra-
sound transducer array TA, for example, including MxN
transducer elements, and calculates a time delay value result-
ing from a distance difference between the plurality of ultra-
sound transducer elements included in the 2D ultrasound
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transducer array and a focal point of the object based on the
calculated delay profile. The controller accordingly controls a
beamformer to generate a signal. The controller generates a
control command for each of the components of the ultra-
sound diagnostic apparatus according to the user’s instruction
or command input through the input unit and controls the
ultrasound diagnostic apparatus.

[0049] The image processor generates a 3D ultrasound
image ofa target area inside the object based on an ultrasound
signal focused through the receiver.

[0050] As illustrated in FIG. 3, the image processor may
include an image obtainer 531, a signal processor 533, a scan
converter 535, a storage unit 537 and a volume renderer 539.
The image obtainer generates a coherent 2D image or 3D
image of the target area inside the object based on the ultra-
sound signal focused through the receiver. The signal proces-
sor converts coherent image information formed by the image
obtainer into ultrasound image information according to a
diagnostic mode such as a brightness mode (B-mode) or a
Doppler mode (D-mode). For example, when the diagnostic
mode is set as the B-mode, the signal processor performs a
process such as an analog to digital (A/D) converting process
on coherent image information, and generates ultrasound
image information for a B-mode image in real time. Also,
when the imaging mode is set as a D-mode, the signal pro-
cessor extracts phase change information from the ultrasound
signal, calculates information on a blood flow corresponding
to each point of a cross section to be imaged such as a speed,
power, and a distribution, and generates ultrasound image
information for a D-mode image in real time. The scan con-
verter converts the converted ultrasound image information
input from the signal processor or the converted ultrasound
image information stored in the storage unit into a general
video signal for the display, and transmits the result to the
volume renderer. The storage unit stores the ultrasound image
information that was converted through the signal processor
temporarily or non-temporarily. The volume renderer per-
forms volume rendering based on the video signal transmitted
from the scan converter, corrects the rendered image infor-
mation, generates the final result image, and then transmits
the generated result image to the display.

[0051] The input unit may be provided for the user to input
a command for an operation of the ultrasound diagnostic
apparatus. The user may input or set a diagnostic mode select-
ing command such as an ultrasound diagnosis start command,
an amplitude mode (A-mode), a B-mode, a color mode, a
D-mode, a motion mode (M-mode), etc., and region of intet-
est (ROT) setting information including a size and a position
of the ROI through the input unit. The input unit may include
various devices such as a keyboard, a mouse, a trackball, a
tablet or a touch screen module that may be used for the user
to input data, an instruction or a command.

[0052] Thedisplay displays menus or instructions forultra-
sound procedure, an ultrasound image obtained by an ultra-
sound diagnostic process and the like. The display displays an
ultrasound image of the target area inside the object generated
by the image processor. The ultrasound image displayed on
the display may be an ultrasound image in the A-mode, an
ultrasound image in the B-mode, or a 3D stereoscopic ultra-
sound image. The display may be implemented as various
known display components such as a cathode ray tube (CRT)
or a liquid crystal display (LCD).

[0053] The ultrasound transducer array is provided at an
end of the ultrasound probe. The ultrasound transducer array
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refers to a plurality of ultrasound transducer elements that are
disposed in the form of an array. The ultrasound transducer
array according to an exemplary embodiment has the form of
a 2D array. The ultrasound transducer array vibrates due to a
pulse signal or an alternating current applied to the ultrasound
transducer array and generates an ultrasound. The generated
ultrasound is transmitted to the target area inside the object. In
this case, the ultrasound generated in the ultrasound trans-
ducer array may be transmitted to be focused on a plurality of
target areas inside the object. In other words, the generated
ultrasound may be multi-focused on the plurality of target
areas and then transmitted. The ultrasound generated in the
ultrasound transducer array is reflected from the target area
inside the object and is returned to the ultrasound transducer
array again. The ultrasound transducer array receives an echo
ultrasound that is reflected from at least one target area and
returned. When the echo ultrasound arrives at the ultrasound
transducer array, the ultrasound transducer array vibrates at a
predetermined frequency corresponding to a frequency of the
echo ultrasound, and outputs an alternating current of a fre-
quency corresponding to a vibration frequency of the ultra-
sound transducer array. Therefore, the ultrasound transducer
array may convert the received echo ultrasound into a prede-
termined electrical signal.

[0054] Since each of the elements receives the echo ultra-
sound and outputs an electrical signal, the ultrasound trans-
ducer array may output electrical signals of a plurality of
channels. The number of channels may be the same as the
number of ultrasound transducer elements of the ultrasound
transducer array. The ultrasound transducer element may
include a piezoelectric vibrator or a thin film. When an alter-
nating current is applied from a power source, the piezoelec-
tric vibrator or the thin film vibrates at a predetermined fre-
quency according to the applied alternating current, and
generates an ultrasound of a predetermined frequency
according to the vibration frequency. On the other hand, when
the echo ultrasound of a predetermined frequency arrives at
the piezoelectric vibrator or the thin film, the piezoelectric
vibrator or the thin film vibrates according to the echo ultra-
sound, and outputs an alternating current of a frequency cor-
responding to the vibration frequency. The ultrasound trans-
ducer may be implemented as any of a magnetostrictive
ultrasonic transducer using a magnetostrictive effect of a
magnetic substance, a piezoelectric ultrasonic transducer
using a piezoelectric effect of a piezoelectric material, and a
capacitive micromachined ultrasonic transducer (cMUT) that
transmits and receives an ultrasound using vibrations of sev-
eral hundreds or thousands of micromachined thin films.
Also, other types of transducers capable of generating an
ultrasound according to an electrical signal or an electrical
signal according to the ultrasound may be exemplary ultra-
sound transducers.

[0055] The T/R switch determines a transceiving state of
the ultrasound probe. When the T/R switch sets a transmitting
state, the transmitter applies a transmitting pulse to the trans-
ducer array, and enables the transducer array to transmit the
ultrasound signal to the target area inside the object.

[0056] FIG. 4 is a control block diagram illustrating a
detailed configuration of the transmitter according to an
exemplary embodiment. As illustrated in FIG. 4, the trans-
mitter includes a transmission unit 110, a modulator 560, and
a pulser 112. The transmission unit 110 may include a first
transmission element 110-1 and a second through Qth trans-
mission elements 110-2 through 110-¢. The modulator 560
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may include a first modulator 560-1 and a second through Qth
modulators 560-2 through 560-4.

[0057] The transmitter according to an exemplary embodi-
ment modulates a transmission signal through a modified
pulse width modulation method in order to provide an imag-
ing method such as coded excitation imaging and harmonic
imaging. The coded excitation imaging is an imaging method
in which a degree of penetration and a resolution of the
ultrasound are increased, and a clear image of a target area in
a deep region of the object may be obtained. In order to
increase a degree of penetration of the ultrasound, an output
of the ultrasound should be increased. In the coded excitation
imaging, in order to increase an output of the ultrasound, a
burst pulse formed of a plurality of pulses rather than a single
pulse is output. When the burst pulse is output, a degree of
penetration of the ultrasound may increase, but a resolution in
an axial direction decreases. Therefore, in the coded excita-
tion imaging, the received burst pulse is processed to a short
pulse having a high amplitude through pulse compression,
and a resolution in the axial direction increases. As a pulse
compressor, a correlator, a Wiener filter, an inverse filter or the
like may be used. Transmission power efficiency, which may
be represented as a ratio of power of the ultrasound output
from the transducer with respect to power of the transmitting
pulse applied to the transducer for the coded excitation imag-
ing, may increase. In order to increase transmission power
efficiency, a frequency bandwidth of the transmitting pulse
may match a limited bandwidth of the transducer. In order to
generate the burst pulse having a frequency bandwidth that
may match a bandwidth of the transducer, an arbitrary wave-
form may be generated. In order to generate the arbitrary
waveform and apply the generated waveform to the trans-
ducer, a D/A converter and a high voltage power amplifier
may be used. However, in this case, since the D/A converter
and the high voltage power amplifier need to be mounted on
all channels, the transmitter of the ultrasound probe may
become a large system that requires high power so that it is
complex and difficult to implement the ultrasound probe
using a 2D array transducer and it is difficult to satisfy
demand for miniaturization. Accordingly, an exemplary
embodiment provides the transmitter that obtains the above
effects that can be obtained when any waveform is transmit-
ted through the modified pulse width modulation method and
that may be implemented as a compact system requiring low
powet.

[0058] The ultrasound travels through a medium, has a
waveform that is changed due to nonlinearity of the medium,
and a harmonic component is accordingly generated. In the
harmonic imaging, a harmonic component of the echo ultra-
sound generated due to nonlinearity of the medium may be
used to obtain an image having a more improved resolution.
The transducer such as the cMUT generates a non-linear
frequency component due to its inherent characteristics when
the ultrasound is transmitted, and generally generates, in par-
ticular, a harmonic component having a frequency 2f, that is
twice a transmission frequency f;. As described above, the
harmonic imaging generally uses a harmonic component of
the echo ultrasound, in particular, a harmonic component 21
that is twice the transmission frequency f,,. Therefore, it is
possible to remove a 2f, component generated due to charac-
teristics of the transducer such as the cMUT when the ultra-
sound is transmitted. Accordingly, in an exemplary embodi-
ment, there is provided a transmitter in which a modulation
signal generated by the modified pulse width modulation and
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a modulation signal that is shifted by a predetermined time
from the modulation signal are synthesized, and a 2f, com-
ponent generated due to characteristics of the transducer may
be removed. Hereinafter, transmit beamforming will be
described and then the modified pulse width modulation will
be described in detail.

[0059] The transmission unit forms a transmission signal
pattern according to a control signal of the controller of the
main body and performs transmit beamforming. The trans-
mission unit forms a transmission signal pattern based on a
time delay value of each of the ultrasound transducer ele-
ments that constitute the 2D ultrasound transducer array and
that is calculated through the controller. FIG. 5 is a diagram
illustrating an operation of transmit beamforming using a 1D
array transducer. FIG. 6 is a diagram illustrating a delay of a
transmission signal applied when transmit beamforming is
performed. In an exemplary embodiment, the 2D array trans-
ducer is used. However, for convenience of description, an
example of the 1D array transducer is shown in FIG. 5, to
describe transmit beamforming. As illustrated in FIG. 5,23D
space in which ultrasound imaging is performed may be
defined by ay axis corresponding to an elevation direction, an
x axis corresponding to a lateral direction, and a z axis cor-
responding to an axial direction. A spatial resolution of a 2D
ultrasound image may be determined by an axial direction
resolution and a lateral direction resolution. The axial direc-
tion resolution refers to an ability to distinguish two objects
arranged along an axis of an ultrasound beam. The lateral
direction resolution refers to an ability to distinguish two
objects that are perpendicularly arranged with respect to an
axis of an vltrasound beam. The axial direction resolution is
determined by a pulse width of the ultrasound signal to be
transmitted. As the ultrasound signal has a shorter pulse
width, in other words, as the ultrasound signal has a higher
frequency in the same period, the axial direction resolution
improves. The lateral direction resolution and the elevation
direction resolution are determined according to a width of
the ultrasound beam. As the ultrasound beam has a narrower
width, the lateral direction resolution improves. In transmit
beamforming, ultrasound signals transmitted from a plurality
of transducer elements are focused at a focal point on a scan
line, and thus an ultrasound beam having a narrow width may
be formed. When the ultrasound beam having a narrow width
is formed by transmit beamforming, a resolution of the ultra-
sound image, and particularly, the lateral direction resolution
may be increased.

[0060] The 1D array transducer includes a plurality of
transducer elements 502 that are one-dimensionally
arranged. In order to obtain a 2D ultrasound cross-section
image, a plurality of scan lines are needed. Beamforming
with respect to the focal point may be performed from a first
scan line to the last scan line. When the transducer array
transmits the ultrasound signal to all scan lines, and receives
an ultrasound echo signal that is reflected from an internal
region of the object, the ultrasound diagnostic apparatus may
obtain a 2D ultrasound cross-section image on an X-z plane.
In order to focus the ultrasound beam at a point, ultrasound
signals transmitted from the plurality of transducer elements
should arrive at one focal point at the same time. As illustrated
in FIG. 6, a distance between each of the elements and the
focal point is different. Therefore, when an appropriate time
delay is applied to the ultrasound signal transmitted from
each of the elements, ultrasound beams may arrive at the same
focal point at the same time. When ultrasound signals are
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transmitted from all elements toward the focal point at the
same time, the ultrasound signal transmitted from an element
thatis closer to the focal point arrives at the focal point earlier,
and the arrival of the ultrasound signal transmitted from an
element more distant from the focal point is delayed. There-
fore, as illustrated in FIG. 6, in consideration of the time delay
from when a transmission signal is applied to the element, the
transmission signal may be applied later to an element that is
closer to the focal point, and the transmission signal may be
applied earlier to an element more distant from the focal
point. Here, the transmission signal refers to an electrical
signal that is converted into an ultrasound signal in the trans-
ducer element.

[0061] Inthe presentexemplary embodiment, a plurality of
transmission elements are provided to generate a transmis-
sion signal pattern in which a delay time is applied to a
plurality of transmission signals that correspond in number to
the transducer elements of the transducer array.

[0062] In order to perform the coded excitation imaging
and the harmonic imaging, the transmission unit generates a
waveform having a frequency bandwidth that may match a
bandwidth of the transducer. For example, the transmission
unit generates a sine or cosine signal to which a window
function such as the Hanning window, the Hamming window,
Gaussian window, or Kaiser window is applied, a chirp signal
to which the window function is applied, a Golay code or the
like. FIG. 7 is a diagram illustrating a process of generating a
waveform in a transmission unit of an ultrasound probe
according to an exemplary embodiment.

[0063] As illustrated in FIG. 7, when generation of a trans-
mission beam starts (operation 504), the transmission unit
applies a first delay time to a cosine signal having a center
frequency of f,, and shifts the cosine signal to which the first
delay time is applied by a predetermined phase (operations
506, 508, 510). The transmission unit applies the window
function to the generated and shifted cosine signal (operation
512) and performs pulse shaping. The transmission umt
applies a second delay time (operation 514) to the cosine
signal to which the window function is applied, performs
apodization (operation 516), and generates a transmission
signal pattern. The apodization is a technique in which a
different size is applied to each of the transducer elements of
the transducer array, the window function is applied to an
aperture in an X axis direction, and a side-lobe level of an x
axis direction beam pattern is decreased.

[0064] While FIG. 7 illustrates a case in which the delay
time 1s applied twice, this is only an example. At least one
delay time may be applied and the delay times to be applied
may be the same or different from each other.

[0065] FIG. 8 is a diagram illustrating a process of modu-
lating a transmission signal in a transmitter according to an
exemplary embodiment. FIGS. 9A and 9B are diagrams illus-
trating waveforms of a transmission signal and a modulation
signal generated in a transmitter according to an exemplary
embodiment. Through the process illustrated in FIG. 7, a first
transmission signal pattern and a second transmission signal
pattern that are transmit beamformed and generated from the
transmission elements, for example, a first transmission ele-
ment 110-1 and a second transmission element 110-2 are
input to a first modulator 560-1 and a second modulator
560-2, respectively. For example, as illustrated in FIG. 9A,
the first transmission element and the second transmission
element generate a transmission signal pattern formed of a
cosine signal to which the window function is applied and
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output the pattern to each of the modulators. A transmission
signal g(t) illustrated in FIG. 9A is a cosine signal to which the
window function is applied and has a center frequency of 2
MHz. The center frequency of the transmission signal g(t)
may be determined to match a frequency bandwidth of the
transducer. F1G. 8 illustrates only two transmission elements
for convenience of description, but an exemplary embodi-
ment is not limited thereto. The present exemplary embodi-
ment may include two or more transmission elements. In the
present exemplary embodiment, the second transmission ele-
ment 110-2 generates a second transmission signal g(t-t,) that
is shifted by a predetermined time t,, from a first transmission
signal g(t) generated in the first transmission element 110-1.
Regulating of the time t, to be shifted may be performed by
regulating the delay time applied in the transmission element.
As described above, the harmonic imaging generally uses the
harmonic component of the echo ultrasound, and particularly,
the harmonic component 2f, that is twice the transmission
frequency f;,. Therefore, it is possible to remove a non-linear
component including a 2f, component generated due to char-
acteristics of the transducer such as the cMUT when the
ultrasound is transmitted. The transmission signal shifted by
apredetermined time is generated using the plurality of trans-
mission elements so that the 2{;, component generated due to
such characteristics of the transducer is removed, as
described in detail below.

[0066] The modulator applies a pulse width modulation
method to each transmission signal g(t) forming the input
transmission signal pattern and modulates the transmission
signal g(t). The modulator determines a peak level and a base
level for each period of the transmission signal g(t), and
generates a modulation signal g, (t) having a pulse width
proportional to a size of an amplitude of the transmission
signal g(t) at the determined peak level and base level. FIG.
9B illustrates the modulation signal of the transmission signal
g(t) of the time domain illustrated in FIG. 9A. FIG. 10 illus-
trates a signal that is obtained by converting the modulation
signal g, (t) of the time domain into the frequency domain. As
illustrated in FIG. 10, a signal G,,(f) that is obtained by
converting the modulation signal g, (t) into the frequency
domain has a similar center frequency band with a signal (R)
thatis obtained by converting the transmission signal g(t) into
the frequency domain. In other words, it can be understood
that the modulation signal g, (t) very closely follows match-
ing for the transducer of the transmission signal g(t) that
matches a frequency bandwidth with a limited bandwidth of
the transducer to be suitable for the coded excitation imaging.

[0067] As illustrated in FIG. 8, the first modulator 560-1
modulates the first transmission signal pattern output from
the first transmission element 110-1 through the above-de-
scribed pulse width modulation method and outputs a first
modulation signal g, (t). The second modulator 560-2 outputs
asecond modulation signal g, (t-t,) that is obtained by modu-
lating the second transmission signal pattern output from the
second transmission element 110-2 through the above-de-
scribed pulse width modulation method. Since the second
transmission signal pattern is shifted by a predetermined time
t,from the first transmission signal pattern, the second modu-
lation signal g, (t-t,) is also shifted by t,from the first modu-
lation signal g, (t). The first modulation signal g (t) and the
second modulation signal g, (t-t,) that is shifted by t,from the
first modulation signal g, (t) are synthesized in an adder 518.
FIG. 10 illustrates a synthesized modulation signal G,,'(f) that
is obtained by converting the first modulation signal g , () and
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the second modulation signal g, (t-1,) that are synthesized by
the adder into the frequency domain. FIG. 10 illustrates a
frequency domain signal G,,'(f) of a synthesized modulation
signal g, '(1) and a frequency domain signal G,,(f) of the first
modulation signal g, (t) before it is synthesized with the time-
shifted second modulation signal g, (t-t,), and illustrates an
amount of difference of a harmonic component 4 MHz that is
twice the center frequency 2 MHz before and after the time-
shifted modulation signal is synthesized.

[0068] As illustrated in FIG. 10, a size of the synthesized
modulation signal G,,'(f) is decreased by about 20 dB or more
than asize of the modulation signal G, (f) before synthesizing
at 4 MHz that is twice the center frequency. As illustrated in
FIG. 10, when the second modulation signal g, (t-t,) shifted
by a predetermined time is added to the first modulation
signal g (1), it is possible to decrease the harmonic compo-
nent that is twice the center frequency. Therefore, an ultra-
sound appropriate for the harmonic imaging may be output
using the exemplary modified pulse width modulation
method and the method of adding the time-shifted modula-
tion signal according to an exemplary embodiment. A time to
be shifted to decrease the harmonic component that is twice
the center frequency should be determined. As illustrated in
FIG. 10, a method of calculating a time to be shifted to
decrease the harmonic component that is twice the center
frequency will be described with reference to the following
Equations.

g0 G =[Gl <Equation 1 >

g/l = g0+ gt -1) e G'(f) = G(f)+ G(f)e 7o <Equation 2>

G'(f) = G(f)l + e /%)

G/ (1) = G + 7o) < Equation 3 >

1L +&7270] = [ (1 + cos2a fiy? +sin®2x iy <Equation 4>

=4/ 2(1 +cos2xfry)

_ 4[ 1+ 002527rﬁ0 ]

= 2\/ cos’nfr,

= 2|cosz7rfto|

[0069] In Equation 1, g(t) denotes a transmission signal,
and G(f) denotes a signal that is obtained by converting g(t)
into the frequency domain. In Equation 2, g(t-t,) denotes a
signal that is obtained by shifting g(t) by t,, g'(t) denotes a
signal that is obtained by adding g(t) and g(t-t,), and G'(f)
denotes a signal that is obtained by converting g'(t) into the
frequency domain and tydenotes a shift time to be obtained.
Equation 3 denotes an absolute value of G'(f). Equation 4
simplifies Equation 3 except for a part denoting an amplitude
in the form of a cosine signal. The cosine signal in Equation
4 has a form in which an absolute value of the cosine signal
having a period of 2/t, is obtained as illustrated in FIG. 11.
The signal illustrated in FIG. 11 has a zero size at Y2t for the
first time, t,, at which Y4t, becomes 2f;, that is the harmonic
component of twice a center frequency f, of the transmission
signal is calculated and applied, and thus twice the harmonic
component of G'(f) may be decreased as illustrated in FIG.
10. Also, t, that satisfies Y2t,=2f, becomes T /4, (T,=1/f;)). In
other words, when the second modulation signal g, (t-t,) that
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is a modulation signal of the transmission signal obtained by
shifting a time corresponding to % of a period of the trans-
mission signal is added to the first modulation signal g, (1), it
is possible to obtain an effect of decreasing the harmonic
component that is twice the center frequency of the synthe-
sized modulation signal g, '(t) as illustrated in FIG. 10.

[0070] Asillustrated in FIG. 8, the synthesized modulation
signal g '(t) in which the first modulation signal g, (t) and the
second modulation signal g, (t-t;) are synthesized by the
adder 518 is input to the first pulser 112-1 and the second
through Kth pulsers 112-2 through 112-% which are equal in
number K to the transducer elements of the transducer array.
The pulser outputs the transmitting pulse corresponding to
the synthesized modulation signal g, '(t) and applies the out-
put to the transducer element. Although not illustrated, the
transmitter may further include a memory in which informa-
tion on the synthesized modulation signal g '(t) is stored. The
pulser may be implemented as an on-off pulser, for example,
a bi-polar pulser or a uni-polar pulser. The memory may
encode a waveform of the synthesized modulation signal
g,.'(1), for example, to 1, 0, or -1, and store the result. Accord-
ing to information on the modulation signal stored in the
memory, the pulser outputs the transmitting pulse and applies
the output to each of the transducer elements. The transmitter
may further include a low pass filter using the transmitting
pulse as an input signal such that the transmitting pulse may
match a frequency band of the transducer element more accu-
rately. The low pass filter may be implemented to pass the
center frequency band of the transmission signal and block
the harmonic component that is twice the center frequency.

[0071] FIG. 12 s a diagram illustrating a configuration of a
transmitter according to an exemplary embodiment. FIG. 13
is a diagram illustrating modulation of a transmission signal
in a transmitter according to an exemplary embodiment. As
illustrated in FIGS. 12 and 13, the transmitter includes a
plurality of transmission elements, a modulator and a pulser.

[0072] Similar to the above-described, in the present exem-
plary embodiment, a plurality of the transmission elements
configured to generate the above-described transmission sig-
nal pattern are provided. The plurality of transmission ele-
ments generate a transmission signal pattern in which a delay
time is applied to a plurality of transmission signals which
correspond in number to the elements of the transducer array.
In order to perform the coded excitation imaging and the
harmonic imaging, the transmission unit generates a wave-
form having a frequency bandwidth that may match a band-
width of the transducer. For example, the transmission unit
generates a cosine signal to which the window function is
applied, a chirp signal to which the window function is
applied, a Golay code or the like. Since the process of the
transmission unit generating the transmission signal pattern
formed of the cosine signal to which the window function is
applied is described above with reference to FIG. 7, the pro-
cess of the transmission unit generating a waveform will not
be described.

[0073] In the present exemplary embodiment, the first
transmission signal pattern and the second transmission sig-
nal pattern that are transmit beamformed and generated by the
transmission elements, for example, the first transmission
element 110-1 and the second transmission element 110-2 are
not input to the first modulator and the second modulator, but
are synthesized. The present exemplary embodiment includes
one modulator configured to modulate a synthesized trans-
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mission signal in which transmission signal patterns gener-
ated from the transmission elements are synthesized.

[0074] The first transmission element and the second trans-
mission element generate a transmission signal, for example,
a transmission signal pattern formed of a cosine signal to
which the window function is applied as illustrated in FIG.
9A. As described above, the transmission signal is a cosine
signal to which the window function is applied and has a
center frequency of 2 MHz. The center frequency of the
transmission signal may be determined to match a frequency
bandwidth of the transducer element. FIG. 13 illustrates only
two transmission elements 110-1 and 110-2 for convenience
of description, but the present exemplary embodiment is not
limited thereto. The present exemplary embodiment may
include two or more transmission elements. In the present
exemplary embodiment, the second transmission element
110-2 generates a second transmission signal g(t-t,) that is
shifted by a predetermined time t,, from a first transmission
signal g(t) generated in the first transmission element 110-1.
Regulating of the time t, to be shifted may be performed by
regulating the delay time applied in the transmission element.
As described above, the harmonic imaging generally uses the
harmonic component of the echo ultrasound, and particularly,
the harmonic component 2f, that is twice the transmission
frequency ;. Therefore, it is possible to remove a non-linear
component including a 2f, component generated due to such
characteristics of the transducer such as the cMUT when the
ultrasound is transmitted. The transmission signal shifted by
apredetermined time is generated using the plurality of trans-
mission elements so that the 2f, component generated due to
such characteristics of the transducer is removed. Since this is
the same as in the above-described exemplary embodiment,
details thereof will be omitted. The first transmission signal
pattern generated in the first transmission element and the
second transmission signal pattern that is shifted by a prede-
termined time from the first transmission signal pattern and is
generated in the second transmission element are synthesized
in the adder 518. The synthesized transmission signal pattern
is input to the modulator 560.

[0075] The modulator applies a pulse width modulation
method to each transmission signal g'(t) forming the input
synthesized transmission signal pattern and modulates the
transmission signal. A principle of pulse width modulation
according to the present exemplary embodiment will be
described with reference to FIGS. 9A and 9B. The modulator
determines a peak level and a base level for each period of a
synthesized transmission signal g'(t), and generates a modu-
lation signal g,,'(t) having a pulse width proportional to a size
of an amplitude of the synthesized transmission signal g'(t) at
the determined peak level and base level. Since descriptions
are the same as in FIGS. 9A and 9B of the above-described
exemplary embodiment, details thereof will be omitted. The
synthesized modulation signal g,'(t) that is generated by
applying pulse width modulation to the synthesized transmis-
sion signal g'(t) by the modulator has a frequency spectrum
G, (D) illustrated in FIG. 10. Unlike the above-described
exemplary embodiment, in the present exemplary embodi-
ment, without generating the synthesized modulation signal
by synthesizing modulated signals, the synthesized transmis-
sion signal is modulated to generate the synthesized modula-
tion signal, but a signal of the frequency domain of the gen-
erated modulation signal may also have a similar waveform to
the signal illustrated in FIG. 10. As illustrated in FIG. 10, a
size of the modulation signal G,,'(f) is decreased at 4 MHz

Jul. 21,2016

that is twice the center frequency by about 20 dB or more
compared to size of the modulation signal G, (f) before syn-
thesizing according to the above-described exemplary
embodiment. As illustrated in FIG. 10, when the second trans-
mission signal pattern shifted by a predetermined time is
added to the first transmission signal pattern, it is possible to
decrease the harmonic component that is twice the center
frequency. Therefore, an ultrasound appropriate for the coded
excitation imaging and the harmonic imaging may be output
using the modified pulse width modulation method and the
method of adding the time-shifted transmission signal
according to the present exemplary embodiment. A time to be
shifted to decrease the harmonic component that is twice the
center frequency may be determined as described above.

[0076] As illustrated in FIG. 13, the synthesized modula-
tion signal g,,'(t) output from the modulator is input to the first
and second through Kth pulsers 112-1 and 112-2 to 112-£,
which are equal in number to the transducer elements of the
transducer array. The pulser outputs the transmitting pulse
corresponding to the synthesized modulation signal g '(t)
and applies the output to the transducer element. Although not
illustrated, the transmitter may further include a memory in
which information on the synthesized modulation signal is
stored. The memory may encode a waveform of the synthe-
sized modulation signal, for example, to 1, 0, or -1 and store
the result. The pulser may be implemented as an on-off pulser,
for example, a bi-polar pulser or a uni-polar pulser. According
to information on the modulation signal stored in the memory,
the pulser outputs the transmitting pulse and applies the out-
put to each of the transducer elements. The transmitter may
further include a low pass filter using the transmitting pulse as
an input signal such that the transmitting pulse may match a
frequency band of the transducer element more accurately.
The low pass filter may be implemented to pass the center
frequency band of the transmission signal and block the har-
monic component that is twice the center frequency.

[0077] FIG. 141s a diagram illustrating a configuration of a
transmitter according to an exemplary embodiment. FIG. 15
is a diagram illustrating modulation of a transmission signal
in a transmitter according to an exemplary embodiment. As
illustrated in FIGS. 14 and 15, the transmitter includes a
transmission unit including a single transmission element
111, a modulator and a pulser.

[0078] Unlike the above-described exemplary embodiment
in which there are the plurality of transmission elements
configured to generate a transmission signal pattern, one
transmission element is provided in the present exemplary
embodiment. The transmission element generates a transmis-
sion signal pattern to which a delay time is applied to the
plurality of transmission signals that correspond in number to
the transducer elements of the transducer array. In order to
perform the coded excitation imaging and the harmonic
imaging, the transmission element generates a waveform
having a frequency bandwidth that may match a bandwidth of
the transducer. For example, the transmission element gener-
ates a cosine signal to which the window function is applied,
a chirp signal to which the window function is applied, a
Golay code or the like. Since the process of the transmission
element generating the transmission signal pattern formed of
the cosine signal to which the window function is applied is
described above with reference to FIG. 7, the process of the
transmission element generating a waveform will not be
described.
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[0079] The present exemplary embodiment includes one
transmission element, and one transmission element genet-
ates a synthesized transmission signal pattern in which the
first transmission signal pattern generated and the second
transmission signal pattern are synthesized. As described
above, itis possible to generate directly the synthesized trans-
mission signal pattern by regulating the delay time applied to
the transmission signal. The synthesized transmission signal
pattern generated in the transmission element 111 is input to
the modulator 560. The modulator applies a pulse width
modulation method to each transmission signal g'(t) forming
the input synthesized transmission signal pattern and modu-
lates the transmission signal. Since descriptions are the same
as in FIGS. 9A and 9B, details thereof will be omitted.
[0080] The synthesized modulation signal g,/'(t) that is
generated by applying pulse width modulation to the synthe-
sized transmission signal g'(t) by the modulator has a fre-
quency spectrum G, '(f) illustrated in FIG. 10. In the present
exemplary embodiment, without generating the synthesized
modulation signal by synthesizing modulated signals, the
synthesized transmission signal is modulated to generate the
synthesized modulation signal, but a signal of the frequency
domain of the generated modulation signal may have a simi-
lar waveform to the signal illustrated in FIG. 10.

[0081] As illustrated in FIG. 15, the synthesized modula-
tion signal g,,,'(t) output from the modulator 560 is input to the
first and second to Kth pulsers, which are equal in number to
the transducer elements of the transducer array. The pulser
outputs the transmitting pulse corresponding to the synthe-
sized modulation signal g, '(t) and applies the output to the
transducer element. Although not illustrated, the transmitter
may further include a memory in which information on the
synthesized modulation signal g,'(t) is stored. Since other
details are the same as in FIGS. 8 and 13, descriptions thereof
will be omitted.

[0082] In exemplary embodiments, through the modified
pulse width modulation method and the method of adding the
time-shifted transmission signal or modulation signal, the
transmitting pulse that may match a frequency band of the
transducer element may be applied to the transducer element,
and the harmonic component that is twice the center fre-
quency of the transmission signal may be removed. There-
fore, the ultrasound probe including the transmitter according
to exemplary embodiments may output an ultrasound appro-
priate for both the coded excitation imaging and the harmonic
imaging.

[0083] FIG.16is a diagram illustrating a configuration of a
receiver according to an exemplary embodiment. FIG. 171is a
diagram illustrating receive beamforming in a receiver
according to an exemplary embodiment. FIG. 18 is a diagram
illustrating a delay of a reception signal applied when receive
beamforming is performed. The receiver of the ultrasound
probe according to an exemplary embodiment performs a
predetermined process on an ultrasound echo signal received
in the transducer array and performs receive beamforming.
[0084] As illustrated in FIG. 16, the receiver 200 includes a
reception signal processor 220 and a reception unit 210.
[0085] The ultrasound echo signal that is reflected from the
focal point and returned is input to the transducer array. The
transducer array converts the input ultrasound echo signal
into an analog electrical signal (hereinafter referred to as an
electrical signal).

[0086] As illustrated in FIG. 17, the electrical signal con-
verted in the transducer array is input to the reception signal
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processor 220 including a first reception signal processor
220-1, a second reception signal processor 220-2, a third
reception signal processor 220-3 through (K-1)th reception
signal processor 220 (k-1), and Kth reception signal proces-
sor 220-k The reception signal processor may amplify a
signal before signal processing or time delay processing is
performed on the electrical signal obtained by converting the
ultrasound echo signal, regulate a gain, or compensate for
attenuation according to a depth. More specifically, the recep-
tion signal processor may include a low noise amplifier
(LNA) configured to decrease noise of the electrical signal
input from the ultrasound transducer array and a variable gain
amplifier (VGA) configured to control a gain value according
to the input signal. The variable gain amplifier may utilize
time gain compensation (T'GC) in which a gain according to
a distance from the focal point is compensated for, but an
exemplary embodiment is not limited thereto. The reception
signal processor may include the pulse compressor config-
ured to process the received burst pulse for the coded excita-
tion imaging to a short pulse having a high amplitude through
pulse compression. As the pulse compressor, a correlator, a
Wiener filter, an inverse filter or the like may be used. As
described above, the coded excitation imaging is an imaging
method in which a degree of penetration and a resolution of
the ultrasound are increased, and a clear image of a target area
in a deep region of the object may be obtained. In order to
increase a degree of penetration of the ultrasound, an output
of the ultrasound should be increased. In the coded excitation
imaging, in order to increase an output of the ultrasound, a
burst pulse formed of a plurality of pulses rather than a single
pulse is output. When the burst pulse is output, a degree of
penetration of the ultrasound may increase, but a resolution in
the axial direction decreases. Therefore, the reception signal
processor may include the pulse compressor configured to
process the burst pulse received in a coded excitation imaging
mode to a short pulse having a high amplitude through pulse
compression and that can increase a resolution in the axial
direction.

[0087] The reception unit performs beamforming on the
electrical signal input from the reception signal processor.
The reception unit increases a strength of the signal using a
method in which the electrical signals input from the recep-
tion signal processor are superimposed.

[0088] FIG. 18 is a diagram illustrating a delay of a recep-
tion signal applied when receive beamforming is performed.
When the transmission unit performs transmit beamforming,
and thus the ultrasound having the same phase arrives at the
focal point, the ultrasound echo signal is generated from the
focal point and is returned to the transducer array. Similar to
transmitting the ultrasound to the focal point, when the ultra-
sound echo signal is received from the focal point, since a
distance from the focal point differs for each transducer ele-
ment, a time at which the ultrasound echo signal arrives
becomes different. Specifically, the ultrasound echo signal
arrives at an element that is the closer to the focal point earlier,
and the ultrasound echo signal arrives at an element that is
more distant from the focal point later. Since the ultrasound
echo signal has a very small size, it is difficult to obtain
necessary information using only one signal received in each
of the elements. Similar to the transmit beamforming, in the
receive beamforming, an appropriate delay time is applied to
reception signals that arrive at the elements with a time dif-
ference and the signals are summed at the same time, thereby
increasing a signal-to-noise ratio.
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[0089] The signal that is beamformed in the reception unit
is converted into a digital signal by an analog to digital con-
verter (ADC), and transmitted to the image processor of the
main body 8. When the ADC is provided in the main body, the
analog signal beamformed in the reception unit is transmitted
to the main body and the main body may convert the analog
signal into the digital signal. The reception unit may be a
digital beamformer. The digital beamformer may include a
memory in which the analog signal may be sampled and
stored, a sampling period controller capable of controlling a
sampling period, an amplifier capable of regulating a size of
asample, an anti-aliasing low pass filter configured to prevent
aliasing before sampling, a bandpass filter capable of select-
ing a desired frequency band, an interpolation filter capable of
increasing a sampling rate when beamforming is performed,
a high-pass filter capable of removing a DC component or a
signal of a low frequency band and the like.

[0090] When the 2D array transducer is used, the number of
channels may be substantially increased, and thus system
implementation may become complicated. When the process
may pass through the reception unit a plurality of times in
order to prevent such a problem, the number of channels may
decrease. Since signals output from the reception unit are
outputs of input signals that are summed, the number of
signals output from the reception unit is smaller than the
number of input signals. Therefore, when the process passes
through the reception unit several times, it is possible to
decrease the number of channels.

[0091] FIG. 19 is a block diagram illustrating a configura-
tion of an ultrasound diagnostic apparatus 190 according to
an exemplary embodiment. FIGS. 20 and 21 are diagrams
illustrating a detailed configuration of a transmitter and a
receiver of an ultrasound probe according to an exemplary
embodiment. Since the main body of the ultrasound diagnos-
tic apparatus according to the present exemplary embodiment
has the same configuration as the main body as described
above, the description thereof will be omitted. The ultrasound
probe according to the present exemplary embodiment
includes a transducer array TA, a transmitter 170, and a
receiver 270.

[0092] Since a transmission element 111, a modulator 560
and a pulser 112 included in the transmitter 170 are the same
as described above, the redundant descriptions will be omit-
ted. Also, FIG. 20 illustrates one transmission element and
one modulator. However, similar to the above-described
exemplary embodiments, a plurality of transmission elements
and a plurality of modulators may be provided. The ultra-
sound probe according to the present exemplary embodiment
has no T/R switch configured to regulate a transceiving state.
Since the ultrasound probe according to the present exem-
plary embodiment has no T/R switch, even when the state is
in a transmitting state in which the pulser applies a transmit-
ting pulse of a high voltage, a connection between a reception
circuit and a transmission circuit including a pulser is not
blocked. When the reception circuit and the transmission
circuit are connected in a transmitting state, a high voltage
applied from the transmission circuit in a transmitting state is
also applied to the reception circuit, and the reception circuit
may fail. Therefore, in order to prevent the reception circuit
from failing due to the high voltage applied from the trans-
mission circuit in a transmitting state, the ultrasound probe
according to the present exemplary embodiment includes a
limiter 277 that is connected to the transmission circuit
including the pulser and is able to block a high voltage, as
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illustrated in FIG. 20. The limiter 277 may include first
through Kth limiter elements 277-1 through 277-k. The lim-
iter is an amplitude limiter that uses a diode and limits an
upper limit of a voltage, and may be implemented in the form
in which a peak clipper and a base clipper are combined.
[0093] As illustrated in FIGS. 20 and 21, similar to the
pulser, the limiter is connected to all MxN elements, blocks a
high voltage generated in a transmitting state, and thus pro-
tects the receiver. FIG. 21 illustrates a case in which the pulser
and the limiter are connected to each of the elements. Since
the ultrasound probe according to the present exemplary
embodiment does not include the T/R switch, it may be
advantageous in terms of a manufacturing cost or implemen-
tation of the ultrasound probe. The electrical signal converted
in the transducer array passes through the limiter and a recep-
tion signal processor 220 connected to each of the transducer
elements. The reception signal processor may include a
preamplifier capable of amplifying an electrical signal, and
other components as described above. The electrical signal
thathas passed through the reception signal processor is input
to a reception unit 210. The reception unit performs beam-
forming on the electrical signal input from the reception
signal processor. Since descriptions of the reception unit and
the receive beamforming are the same as described above, the
redundant descriptions will be omitted.

[0094] FIG. 22 is a flowchart illustrating a method of gen-
erating an ultrasound signal according to an exemplary
embodiment.

[0095] As illustrated in FIG. 22, the transmission element
generates a first transmission signal and a second transmis-
sion signal that is shifted by a predetermined time from the
first transmission signal (operation 700).

[0096] Inthe present exemplary embodiment, the transmis-
sion elements generate a transmission signal pattern in which
a delay time is applied to a plurality of transmission signals
that correspond in number to elements of the transducer array.
[0097] The present exemplary embodiment may include
two or more transmission elements. In the present exemplary
embodiment, the second transmission element generates a
second transmission signal g(t-t,) that is shifted by a prede-
termined time t, from a first transmission signal g(t) gener-
ated in the first transmission element. Regulating of the time
to be shifted may be performed by regulating the delay time
applied in the transmission element. The first transmission
element generates the first transmission signal pattern
obtained by applying the delay time to the first transmission
signal g(t) and transmits the pattern to the first modulator. The
second transmission element generates the second transmis-
sion signal pattern obtained by applying the delay time to the
second transmission signal g(t-t,) that is shifted by t,/4 from
the first transmission signal g(t) and transmits the pattern to
the second modulator.

[0098] The modulator generates the first modulation signal
and the second modulation signal having a pulse width pro-
portional to a size of an amplitude of the first transmission
signal and the second transmission signal, respectively (op-
eration 710). The adder synthesizes the first modulation sig-
nal and the second modulation signal (operation 720).
[0099] The modulator applies a pulse width modulation
method to each of the transmission signals of the input trans-
mission signal pattern and modulates the transmission signal.
The modulator determines a peak level and a base level for
each period of the transmission signal, and generates a modu-
lation signal having a pulse width proportional to a size of an
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amplitude of the transmission signal at the determined peak
level and base level. As illustrated in FIG. 8, the first modu-
lator modulates the first transmission signal pattern output
from the first transmission element through the above-de-
scribed pulse width modulation method and outputs a first
modulation signal g, (t). The second modulator also outputs a
second modulation signal g, (t-t,) that is obtained by modu-
lating the second transmission signal pattern output from the
second transmission element through the above-described
pulse width modulation method. As described above, since
the second transmission signal pattern is shifted by a prede-
termined time t, from the first transmission signal pattern, the
second modulation signal g _(t-t,) is also shifted by t, from
the first modulation signal g,,(t). The first modulation signal
g,.(1) and the second modulation signal g, (t-t,) that is shifted
by t, from the first modulation signal g, (t) are synthesized in
the adder. As illustrated in FIG. 10, when the second modu-
lation signal g, (t-1,) shifted by a predetermined time is added
to the first modulation signal g,,(t), it is possible to decrease
the harmonic component that is twice the center frequency.
Therefore, an ultrasound appropriate for the harmonic imag-
ing may be output using the modified pulse width modulation
method and the method of adding the time-shifted modula-
tion signal according to an exemplary embodiment.

[0100] The pulser applies the transmitting pulse corre-
sponding to the synthesized modulation signal to the trans-
ducer array (operation 730).

[0101] Asillustrated in FIG. 8, the synthesized modulation
signal in which the first modulation signal g,,(t) and the
second modulation signal (g,,(t-t,)) are synthesized is input to
the pulsers, which are equal in number to the elements of the
transducer array. The pulser outputs the transmitting pulse
corresponding to the synthesized modulation signal and
applies the output to the transducer element.

[0102] FIG. 23 is a flowchart illustrating a method of gen-
erating an ultrasound signal according to an exemplary
embodiment. As illustrated in FIG. 23, the transmission unit
generates a first transmission signal and a second transmis-
sion signal that is shifted by a predetermined time from the
first transmission signal (operation 800), and the adder syn-
thesizes the first transmission signal and the second transmis-
sion signal (operation 810).

[0103] Through the process illustrated in FIG. 7, the first
transmission signal pattern and the second transmission sig-
nal pattern that are transmit beamformed and generated from
the transmission elements, for example, the first transmission
element and the second transmission element are synthe-
sized. The present embodiment includes one modulator con-
figured to modulate a synthesized transmission signal in
which transmission signal patterns generated from the trans-
mission elements are synthesized. The first transmission ele-
ment and the second transmission element generate a trans-
mission signal, for example, a transmission signal pattern
formed of a cosine signal to which the window function is
applied as illustrated in FIG. 9A. The present exemplary
embodiment may include two or more transmission elements.
In the present exemplary embodiment, the second transmis-
sion element generates a second transmission signal g(t-t)
that is shifted by a predetermined time t, from a first trans-
mission signal generated in the first transmission element.
The second transmission element generates the second trans-
mission signal pattern obtained by applying the delay time to
the second transmission signal g(t-t,) that is shifted by t,/4
from the first transmission signal g(t). The adder synthesizes
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the first transmission signal pattern and the second transmis-
sion signal pattern and transmits the result to the modulator.
[0104] The modulator generates a modulation signal hav-
ing a pulse width proportional to a size of an amplitude of the
synthesized transmission signal (operation 820).

[0105] The modulator applies a pulse width modulation
method to each of the transmission signals of the input syn-
thesized transmission signal pattern and modulates the trans-
mission signal, as described above. The pulser applies the
transmitting pulse corresponding to the modulation signal to
the transducer array (operation 830).

[0106] As illustrated in FIG. 13, the synthesized modula-
tion signal output from the modulator is input to the pulsers,
which are equal in number to the elements of the transducer
array.

[0107] FIG. 24 is a flowchart illustrating a method of gen-
erating an ultrasound signal according to an exemplary
embodiment. As illustrated in FIG. 24, the single transmis-
sion element generates a transmission signal in which a first
transmission signal and a second signal that is shifted by a
predetermined time from the first transmission signal are
synthesized (operation 900).

[0108] The transmission element generates a transmission
signal pattern to which a delay time is applied to the plurality
of transmission signals that correspond in number to elements
of the transducer array. The present exemplary embodiment
includes one transmission element, and one transmission ele-
ment generates a synthesized transmission signal pattern. As
described above, since the transmission element may genet-
ate a waveform, it is possible to generate directly the synthe-
sized transmission signal pattern by regulating the delay time
applied to the transmission signal. The transmission element
transmits the generated transmission signal pattern to the
modulator.

[0109] The modulator generates a modulation signal hav-
ing a pulse width proportional to a size of an amplitude of the
transmission signal (operation 910).

[0110] The modulator applies a pulse width modulation
method to each of the transmission signals of the input syn-
thesized transmission signal pattern and modulates the trans-
mission signal, as described above.

[0111] The pulser applies the transmitting pulse corre-
sponding to the modulation signal to the transducer array
(operation 920).

[0112] As illustrated in FIG. 15, the synthesized modula-
tion signal output from the modulator is input to the pulsers,
which are equal in number to the elements of the transducer
array. The pulser outputs the transmitting pulse correspond-
ing to the synthesized modulation signal and applies the out-
put to the transducer element.

[0113] According to the ultrasound probe, ultrasound diag-
nostic apparatus having the same and method of generating an
ultrasound signal of exemplary embodiments, it is possible to
increase matching of a transmission signal with respect to a
frequency spectrum of a transducer element.

[0114] Also, it is possible to increase transmission power
efficiency and a signal-to-noise ratio of the transmission sig-
nal.

[0115] The foregoing exemplary embodiments and advan-
tages are merely exemplary and are not to be construed as
limiting. Also, the description of the exemplary embodiments
is intended to be illustrative, and not to limit the scope of the
claims, and many alternatives, modifications, and variations
will be apparent to those skilled in the art.
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What is claimed is:

1. An ultrasound probe comprising:

a transmission unit configured to generate a transmission
signal; and

a modulator configured to generate a modulation signal
having a pulse width proportional to a size of an ampli-
tude of the transmission signal at a peak level and a base
level for each period of the transmission signal.

2. The ultrasound probe according to claim 1, wherein the
transmission unit is configured to output the transmission
signal in which a first transmission signal and a second trans-
mission signal that is shifted by a time delay from the first
transmission signal are synthesized.

3. The ultrasound probe according to claim 1, wherein the
transmission unit includes:

a first transmission element configured to output a first

transmission signal; and

a second transmission element configured to output a sec-
ond transmission signal that is shifted by a predeter-
mined time from the first transmission signal.

4. The ultrasound probe according to claim 2, wherein the
second transmission signal is shifted from the first transmis-
sion signal by the time delay corresponding to % of a period
of the first transmission signal.

5. The ultrasound probe according to claim 3, wherein the
modulator is configured to generate a modulation signal hav-
ing a pulse width proportional to a size of an amplitude of a
synthesized signal at a peak level and a base level for each
period of the signal in which the first transmission signal and
the second transmission signal are synthesized.

6. The ultrasound probe according to claim 3, wherein the
modulator includes:

a first modulator configured to generate a first modulation
signal having a pulse width proportional to a size of an
amplitude of the first transmission signal at a peak level
and a base level for each period of the first transmission
signal; and

asecond modulator configured to generate a second modu-
lation signal having a pulse width proportional to a size
of an amplitude of the second transmission signal at a
peak level and a base level for each period of the second
transmission signal.

7. The vltrasound probe according to claim 6, further com-

prising:

an adder configured to synthesize the first modulation sig-
nal and the second modulation signal.

8. The ultrasound probe according to claim 1, further com-

prising:

a pulser configured to generate a transmitting pulse corre-
sponding to the modulation signal and apply the pulse to
a transducer array.

9. A method of generating an ultrasound signal, the method

comptrising:

generating a transmission signal; and

generating a modulation signal having a pulse width pro-
portional to a size of an amplitude of the transmission
signal at a peak level and a base level for each period of
the transmission signal.

10. The method according to claim 9, wherein the gener-

ating the transmission signal includes:

generating a first transmission signal;

generating a second transmission signal that is shifted by a
time delay from the first transmission signal; and
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generating the transmission signal by synthesizing the first

transmission signal and the second transmission signal.

11. The method according to claim 10, wherein the gener-
ating the shifted second transmission signal includes:

generating the second transmission signal that is shifted by

the time delay corresponding to 4 of a period of the first
transmission signal.

12. The method according to claim 9, further comprising:

generating a signal that is shifted by a predetermined time

from the transmission signal;

generating a shifted modulation signal having a pulse

width proportional to a size of an amplitude of the
shifted signal at a peak level and a base level for each
period of the shifted signal; and

generating a synthesized modulation signal by synthesiz-

ing the modulation signal and the shifted modulation
signal.

13. The method according to claim 12, wherein the gener-
ating the shifted signal includes:

generating a signal that is shifted by a time corresponding

to ¥4 of a period of the transmission signal.

14. The method according to claim 9, further comprising:

generating a transmitting pulse corresponding to the modu-

lation signal and applying the transmitting pulse to a
transducer array.

15. An ultrasound diagnostic apparatus comprising:

an ultrasound probe configured to generate a transmitting

pulse having a pulse width proportional to a size of an
amplitude of a transmission signal at a peak level and a
base level for each period of the transmission signal; and

a workstation configured to generate and display an ultra-

sound image in response to the ultrasound probe receiv-
ing an ultrasound echo signal.

16. The apparatus according to claim 15, wherein the ultra-
sound probe includes:

a transmission unit configured to generate a transmission

signal; and

a modulator configured to generate a modulation signal

having a pulse width proportional to a size of an ampli-
tude of the transmission signal at a peak level and a base
level for each period of the transmission signal.

17. The apparatus according to claim 16, wherein the trans-
mission unit is configured to output the transmission signal in
which a first transmission signal and a second transmission
signal that is shifted by a predetermined time from the first
transmission signal are synthesized.

18. The apparatus according to claim 16, wherein the trans-
mission unit includes:

a first transmission element configured to output a first

transmission signal; and

a second transmission element configured to output a sec-

ond transmission signal that is shifted by a predeter-
mined time from the first transmission signal.

19. The apparatus according to claim 18, wherein the
modulator is configured to generate a modulation signal hav-
ing a pulse width proportional to a size of an amplitude of a
synthesized signal at a peak level and a base level for each
period of the signal in which the first transmission signal and
the second transmission signal are synthesized.

20. The apparatus according to claim 18, wherein the
modulator includes:

a first modulator configured to generate a first modulation

signal having a pulse width proportional to a size of an
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amplitude of the first transmission signal at a peak level
and a base level for each period of the first transmission
signal; and

asecond modulator configured to generate a second modu-
lation signal having a pulse width proportional to a size
of an amplitude of the second transmission signal at a
peak level and a base level for each period of the second
transmission signal.
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