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7) ABSTRACT

An ultrasound probe, including a transducer module con-
figured to receive an echo ultrasound signal reflected from a
subject in response to a transmitted ultrasound signal, and a
driver chip provided in the transducer module, the driver
chip being configured to focus at least one of the ultrasound
signal and the echo ultrasound signal, wherein the driver
chip includes a fine analog beamformer configured to apply
a fine delay and a coarse analog beamformer configured to
apply a coarse delay, wherein the fine analog beamformer is
arranged in a first inner region of a plurality of inner regions
of the driver chip, the first inner region being located
opposite to the transducer module, and wherein the coarse
analog beamformer is arranged in a second inner region of
the plurality of inner regions of the driver chip, the second
inner region being different from the first inner region.
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ULTRASOUND PROBE, ULTRASOUND
IMAGING APPARATUS AND METHOD OF
CONTROLLING THE ULTRASOUND
IMAGING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2017-0005262, filed on Jan. 12, 2017
in the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND

1. Field

[0002] Exemplary embodiments of the present disclosure
relate to an ultrasound probe configured to generate an
ultrasound image, an ultrasound imaging apparatus, and a
method of controlling the ultrasound imaging apparatus.

2. Description of Related Art

[0003] An ultrasound imaging apparatus may be an appa-
ratus which emits an ultrasound signal toward a target part
in a body of a subject from a surface of the subject, and
noninvasively obtains a tomographic image of soft tissue of
the subject or an image of a blood flow using information of
an ultrasound signal, for example an ultrasound echo signal,
reflected from the target part.

[0004] The ultrasound imaging apparatus may have a
small size, may be relatively inexpensive, may be capable of
displaying an image in real time, may cause no radiation
exposure, and thus may be very safe, compared to other
medical imaging apparatuses such as an X-ray imaging
apparatus, an X-ray computerized tomography (CT) scan-
ner, a magnetic resonance imaging (MRI) apparatus, a
nuclear medicine imaging apparatus, etc. Thus, the ultra-
sound imaging apparatus has been widely used for diagnosis
in the fields of a cardiology, gastroenterology, urology,
obstetrics and gynecology.

[0005] The ultrasound imaging apparatus may include an
ultrasound probe to transmit or receive an ultrasound wave.
The ultrasound probe may transmit an ultrasound wave to a
subject via a transducer and receive an echo ultrasound wave
reflected from the subject.

SUMMARY

[0006] Therefore, it is an aspect of the present disclosure
to provide an ultrasound probe capable of performing two-
step analog beamforming.

[0007] Additional aspects of the disclosure 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 disclosure.

[0008] According to an aspect of an exemplary embodi-
ment, an ultrasound probe includes a transducer module
configured to receive an echo ultrasound signal reflected
from a subject in response to a transmitted ultrasound signal,
and a driver chip provided in the transducer module, the
driver chip being configured to focus at least one of the
ultrasound signal and the echo ultrasound signal, wherein
the driver chip includes a fine analog beamformer config-
ured to apply a fine delay and a coarse analog beamformer
configured to apply a coarse delay, wherein the fine analog
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beamformer is arranged in a first inner region of a plurality
of inner regions of the driver chip, the first inner region
being located opposite to the transducer module, and
wherein the coarse analog beamformer is arranged in a
second inner region of the plurality of inner regions of the
driver chip, the second inner region being different from the
first inner region.

[0009] The driver chip may include an application-specific
integrated circuit (ASIC).

[0010] The ultrasound probe may further include a plu-
rality of coarse analog beamformers are configured to apply
the coarse delay to a plurality of subgroups of a transducer
array included in the transducer module.

[0011] A number of the plurality of subgroups may be
determined according to channel information of an ultra-
sound image and a number of transducer elements of the
transducer module.

[0012] The ultrasound may further include a circuit board
at a bottom of the driver chip, the circuit board including a
probe controller configured to control the fine analog beam-
former and the coarse analog beamformer.

[0013] The driver chip may be electronically connected to
the circuit board.

[0014] The probe controller may be further configured to
control the coarse analog beamformer to input a signal to
which the coarse delay is applied to the fine analog beam-
former, and to control the fine analog beamformer to trans-
mit an ultrasound signal based on an output signal to which
the fine delay is applied.

[0015] When an echo ultrasound signal is received
through the transducer module, the probe controller may be
further configured to control the fine analog beamformer to
output a signal obtained by applying the fine delay to the
echo ultrasound signal, and to control the coarse analog
beamformer to output an echo signal by applying the coarse
delay to the output signal.

[0016] The fine analog beamformer may be provided for
each transducer element included in the plurality of sub-
groups, and the coarse analog beamformer may be provided
for each subgroup of the plurality of subgroups.

[0017] According to an aspect of an exemplary embodi-
ment, an ultrasound imaging apparatus includes an ultra-
sound probe including a transducer module configured to
receive an echo ultrasound signal reflected from a subject, in
response to a transmitted ultrasound signal, and a driver chip
provided in the transducer module, the driver chip being
configured to focus at least one of the ultrasound signal and
the echo ultrasound signal, wherein the driver chip includes
a fine analog beamformer configured to apply a fine delay,
and a coarse analog beamformer configured to apply a
coarse delay, and a main controller configured to control an
ultrasound image generated based on the echo ultrasound
signal to be displayed on a display, wherein the fine analog
beamformer is arranged in a first inner region of a plurality
of inner regions of the driver chip, the first inner region
being located opposite to the transducer module, and
wherein the coarse analog beamformer is arranged in a
second inner region of the plurality of inner regions of the
driver chip, the second inner region being different from the
first inner region.

[0018] The ultrasound imaging apparatus may further
include a plurality of coarse analog beamformers configured
to apply the coarse delay to a plurality of subgroups of a
transducer array included in the transducer module.
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[0019] A number of the plurality of subgroups may be
determined according to channel information of an ultra-
sound image and a number of transducer elements of the
transducer module.

[0020] The ultrasound imaging apparatus may further
include a circuit board at a bottom of the driver chip, the
circuit board including a probe controller configured to
control the fine analog beamformer and the coarse analog
beamformer.

[0021] The probe controller may be further configured to
control the coarse analog beamformer to input a signal to
which the coarse delay is applied to the fine analog beam-
former, and to control the fine analog beamformer to trans-
mit an ultrasound signal based on an output signal to which
the fine delay is applied.

[0022] When an echo ultrasound signal is received
through the transducer module, the probe controller may be
further configured to control the fine analog beamformer to
output a signal obtained by applying the fine delay to the
echo ultrasound signal, and to control the coarse analog
beamformer to output an echo signal by applying the coarse
delay to the output signal.

[0023] The fine analog beamformer may be provided for
each transducer element included in the plurality of sub-
groups, and the coarse analog beamformer may be provided
for each subgroup of the plurality of subgroups.

[0024] According to an aspect of an exemplary embodi-
ment, a method of controlling an ultrasound imaging appa-
ratus includes receiving an echo ultrasound signal in
response to a transmitted ultrasound signal, outputting an
echo signal by applying a fine delay and a coarse delay to the
echo ultrasound signal using a fine analog beamformer and
a coarse analog beamformer, and displaying on a display an
ultrasound image reconstructed based on of the echo signal,
wherein the fine analog beamformer and the coarse analog
beamformer are included in one driver chip provided in an
ultrasound probe.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] These and/or other aspects of the disclosure will
become apparent and more readily appreciated from the
following description of the exemplary embodiments, taken
in conjunction with the accompanying drawings of which:

[0026] FIG. 1 is a diagram illustrating an ultrasound
imaging apparatus in accordance with an exemplary
embodiment;

[0027] FIG. 2 is a diagram schematically illustrating the
appearance of an ultrasound probe having a one-dimensional
(ID) transducer array, in accordance with an exemplary
embodiment;

[0028] FIG. 3 is a diagram schematically illustrating the
appearance of an ultrasound probe having a two-dimen-
sional (2D) transducer array, in accordance with an exem-
plary embodiment;

[0029] FIG. 4 is a schematic control block diagram of an
ultrasound imaging apparatus including a main body and an
ultrasound probe, in accordance with an exemplary embodi-
ment;

[0030] FIG. 5 is a schematic control block diagram of an
ultrasound imaging apparatus including a main body and an
ultrasound probe, in accordance with an exemplary embodi-
ment different from that of FIG. 4;
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[0031] FIG. 6 is a schematic control block diagram of an
ultrasound probe in accordance with an exemplary embodi-
ment;

[0032] FIG. 7A is a diagram illustrating a plurality of
subgroups of a 2D transducer array in accordance with an
exemplary embodiment;

[0033] FIG. 7B is a diagram illustrating a transducer
element included in one of a plurality of subgroups in
accordance with an exemplary embodiment;

[0034] FIG. 8 is a diagram illustrating a case in which an
ultrasound signal is transmitted by beamforming signals
generated by a plurality of subgroups, in accordance with an
exemplary embodiment;

[0035] FIG. 9 is a diagram for explaining a fine delay and
a coarse delay applied to beamform an ultrasound signal in
accordance with an exemplary embodiment;

[0036] FIG. 10 is a schematic cross-sectional view of an
ultrasound probe in accordance with an exemplary embodi-
ment;

[0037] FIG. 11 is a top view of a transducer array and a
driver chip in accordance with an exemplary embodiment;
[0038] FIG. 12 is a diagram illustrating a fine analog
beamformer and a coarse analog beamformer arranged in an
inner region of the driver chip of FIG. 11;

[0039] FIG. 13 is a top view of a transducer array and a
driver chip, in accordance with another exemplary embodi-
ment;

[0040] FIG. 14 is a diagram illustrating a fine analog
beamformer and a coarse analog beamformer arranged in an
inner region of the driver chip of FIG. 13;

[0041] FIG. 15 is a top view of a transducer array and a
driver chip in accordance with another exemplary embodi-
ment;

[0042] FIG. 16 is a diagram illustrating a fine analog
beamformer and a coarse analog beamformer arranged in an
inner region of the driver chip of FIG. 15;

[0043] FIG. 17 is a schematic flowchart of an operation of
an ultrasound imaging apparatus which transmits an ultra-
sound signal, in accordance with an exemplary embodiment;
and

[0044] FIG. 18 is a schematic flowchart of an operation of
an ultrasound imaging apparatus which receives an echo
ultrasound signal and generates an ultrasound image, in
accordance with an exemplary embodiment.

DETAILED DESCRIPTION

[0045] Reference will now be made in detail to the exem-
plary embodiments of the present disclosure, examples of
which are illustrated in the accompanying drawings,
wherein like reference numerals refer to like elements
throughout.

[0046] FIG. 1 is a diagram illustrating an ultrasound
imaging apparatus in accordance with an exemplary
embodiment.

[0047] Referring to FIG. 1, an ultrasound imaging appa-
ratus 1 in accordance with an exemplary embodiment of the
present disclosure may include a main body 10, an input
device 20, a display 30, and an ultrasound probe 100.
[0048] At least one connection part 11 may be provided in
a side of a main body 10. A connector 42 connected to a
cable 41 may be physically coupled to the at least one
connection part 11.

[0049] The main body 10 may include a holder 12 for
holding the ultrasound probe 100. A tester may store the
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ultrasound probe 100 by holding the ultrasound probe 100
with the holder 12 when the ultrasound imaging apparatus 1
is not in use.

[0050] The main body 10 may include a moving device 13
at a bottom thereof to move the ultrasound imaging appa-
ratus 1. The moving device 13 may be a plurality of casters
provided at a bottom surface of the main body 10. The
plurality of casters may be aligned to move the main body
10 in a specific direction or may be provided to be freely
movable so as to move the ultrasound imaging apparatus 1
in a desired direction. The moving device 13 may include a
locking device such that the moving device 13 may be
stopped at a desired location. The ultrasound imaging appa-
ratus 1 described above is referred to as a cart type ultra-
sound imaging apparatus.

[0051] A form of the main body 10 of the ultrasound
imaging apparatus 1 is not limited to that illustrated in FIG.
1. For example, the main body 10 of the ultrasound imaging
apparatus 1 may be embodied as a smart phone, as well as
a laptop computer, a desk top computer, or a tablet personal
computer (PC). As another example, the ultrasound imaging
apparatus 1 may be embodied as a mobile terminal such as
a personal digital assistant (PDA), a watch detachable from
a user’s body, or a glasses type wearable terminal, and a
form thereof is not limited.

[0052] An example of a form of the main body 10 will be
described with reference to FIG. 1 below but exemplary
embodiments which will be described below are not limited
thereto. A display panel may be provided to visually display
various images to a user and to perform various operations,
and exemplary embodiments which will be described below
are applicable to any device connectable to the ultrasound
probe 100 via a communication network regardless of a
form of the device.

[0053] The ultrasound probe 100 may be in contact with a
surface of a subject to transmit or receive an ultrasound
signal. In detail, the ultrasound probe 100 may transmit an
ultrasound signal to a specific part inside a subject according
to a transmission signal received from the main body 10, and
receive an echo ultrasound signal reflected from the specific
part inside the subject and transmit the echo ultrasound
signal to the main body 10. Here, the echo ultrasound signal
may be an ultrasound signal which is a radio-frequency (RF)
signal reflected from the subject but is not limited thereto
and may be understood to include all signals obtained by
reflecting an ultrasound signal transmitted to the subject.

[0054] The subject may be a body of a human being or an
animal but is not limited thereto provided that an image of
an inner structure thereof may be obtained according to an
ultrasound signal.

[0055] The ultrasound probe 100 may be coupled to the
main body 10 via a connection member 40. The connection
member 40 may include the cable 41 and the connector 42.
An ultrasound probe 100 may be provided at one side of the
cable 41 and the connector 42 may be provided at another
side thereof. The connector 42 may be mounted to be
separable from the connection part 11 of the main body 10.
Accordingly, the ultrasound probe 100 may be coupled to
the main body 10.

[0056] The ultrasound probe 100 may be coupled to the
main body 10 through the connection member 40, and
receive various signals for controlling the ultrasound probe
100 or transmit an analog signal or a digital signal corre-
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sponding to an echo ultrasound signal received by the
ultrasound probe 100 via a wired communication network.
[0057] In detail, the wired communication network refers
to a communication network through which a signal is
exchanged via a wire. In one exemplary embodiment, the
main body 10 may exchange various signals with the
ultrasound probe 100 via a wired communication network
such as a Peripheral Component Interconnect (PCI), PCI-
express, or a Universal Serial Bus (USB) but is not limited
thereto.

[0058] However, the ultrasound probe 100 is not limited
thereto and may be connected to the main body 10 via a
wireless communication network to receive various signals
for controlling the ultrasound probe 100 or to transmit an
analog signal or a digital signal corresponding to an echo
ultrasound signal received by the ultrasound probe 100.
[0059] The wireless communication network refers to a
communication network through which signals may be
exchanged wirelessly. In this case, the main body 10 may
establish wireless communication with the ultrasound probe
100 through at least one of a short-range communication
module and a mobile communication module.

[0060] The short-range communication module refers to a
module for short-range communication within a predeter-
mined distance or less. Examples of short-range communi-
cation technology may include, but are not limited to, a
wireless local area network (LAN), Wi-Fi, Bluetooth, Zig-
Bee, Wi-Fi-Direct (WFD), an Infrared Data Association
(IrDA) protocol, Bluetooth Low Energy (BLE), Near-Field
Communication (NFC), etc.

[0061] The mobile communication module may transmit a
radio signal to or receive a radio signal from at least one
among a base station, an external terminal, and a server in
the mobile communication network. Here, the radio signal
may be understood to include various types of data. That is,
the main body 10 may exchange signals including various
types of data with the ultrasound probe 100 via at least one
of a base station and a server.

[0062] However, wireless communication networks are
not limited to examples described above and include all
communication networks supporting exchange of radio sig-
nals between the ultrasound probe 100 and the main body
10.

[0063] For example, the main body 10 may exchange
signals including various types of data with the ultrasound
probe 100 via a base station in a mobile communication
network such as 3G or 4G. In addition, the main body 10
may exchange data with either a hospital server connected to
or other medical devices installed in a hospital and con-
nected to a Picture Archiving and Communication System
(PACS). Furthermore, the main body 10 may exchange data
according to Digital Imaging and Communication in Medi-
cine (DICOM) standards but is not limited thereto.

[0064] For convenience of explanation, a wired commu-
nication method and a wireless communication method will
be hereinafter referred to collectively as a communication
method when it is unnecessary to distinguish them individu-
ally, and a wired communication network and a wireless
communication network will be hereinafter referred to col-
lectively as a communication network when it is unneces-
sary to distinguish them individually.

[0065] A main controller 90 may be included in the main
body 10 to control the overall operation of the ultrasound
imaging apparatus 1, as well as an image processing process



US 2018/0192999 A1

of converting an echo ultrasound wave received by the
ultrasound probe 100 into an ultrasound image, as will be
described in detail below.

[0066] The main body 10 may further include the input
device 20. The input device 20 may be in the form of a
keyboard, a foot switch, or a foot pedal. When the input
device 20 is a keyboard, the keyboard may be provided on
atop of the main body 10. The keyboard may include at least
one among a switch, a key, a joystick, and a trackball. When
the input device 20 is a foot switch or a foot pedal, the foot
switch or the foot pedal may be provided at a bottom of the
main body 10.

[0067] In addition, the input device 20 may be embodied
as software, e.g., in the form of a graphical user interface. In
this case, the input device 20 may be displayed on the
display 30.

[0068] A tester may control the operation of the ultrasound
imaging apparatus 1 via the input device 20. For example, a
command instructing to select an A mode, a B mode, an M
mode, or a Doppler image mode may be received via the
input device 20. Furthermore, a command instructing to start
an ultrasound diagnosis may be received via the input device
20. A command received via the input device 20 may be
transmitted to the main body 10 through wired communi-
cation or wireless communication.

[0069] The display 30 may include a first display 31 and
a second display 32. The display 30 may display an ultra-
sound image obtained during an ultrasound diagnosis pro-
cess. Furthermore, the display 30 may display an application
related to an operation of the ultrasound imaging apparatus
1. For example, the first display 31 may display an ultra-
sound image obtained during an ultrasound diagnosis pro-
cess and the second display 32 may display details related to
the operation of the ultrasound imaging apparatus 1.
[0070] The first display 31 and/or the second display 32
may include, but is/are not limited to, a cathode ray tube
(CRT) display panel, a liquid crystal display (LCD) panel, a
light-emitting diode (LED) panel, an organic light-emitting
diode (OLED), a plasma display panel (PDP), or a field
emission display (FED) panel.

[0071] The first display 31 and/or the second display 32
may be coupled to the main body 10 or separated from the
main body 10 but is not limited thereto. Although FIG. 1
illustrates that the display 30 includes the first display 31 and
the second display 32, the first display 31 or the second
display 32 may be omitted in some cases.

[0072] When the first display 31 and/or the second display
32 is/are embodied as a touch type display, the first display
31 and/or the second display 32 may also perform a function
of the input device 20. That is, a user may input various
commands via the display 30 or the input device 20.
[0073] A structure of the ultrasound probe 100 will be
described in more detail below.

[0074] FIG. 2 is a diagram schematically illustrating the
appearance of an ultrasound probe having a one-dimensional
(1ID) transducer array, in accordance with an exemplary
embodiment. FIG. 3 is a diagram schematically illustrating
the appearance of an ultrasound probe having a two-dimen-
sional (2D) transducer array, in accordance with an exem-
plary embodiment. FIGS. 2 and 3 will be described together
below to avoid redundancy.

[0075] An ultrasound probe 100 is configured to be in
contact with a surface of a subject and may emit an ultra-
sound signal. In detail, the ultrasound probe 100 may emit
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an ultrasound signal into a subject, and receive an echo
ultrasound signal reflected from a specific inner part of the
subject and transmit the echo ultrasound signal to the
ultrasound imaging apparatus 1, according to a control
command signal received from the main body 10 of the
ultrasound imaging apparatus 1 of FIG. 1. Thus, the ultra-
sound probe 100 may transmit the echo ultrasound signal
received from the subject to the main body 10 of the
ultrasound imaging apparatus 1 via a communication net-
work.

[0076] Alternatively, the ultrasound probe 100 may obtain
an ultrasound image from an echo ultrasound signal and
transmit the ultrasound image to the main body 10 of the
ultrasound imaging apparatus 1 via the communication
network. Alternatively, the ultrasound probe 100 may trans-
mit data, which is obtained by performing some of various
image processing processes required to obtain an ultrasound
image from an echo ultrasound signal, to the main body 10
of the ultrasound imaging apparatus 1. However, exemplary
embodiments are not limited thereto.

[0077] Referring to FIGS. 2 and 3, the ultrasound probe
100 may include a case 101, and a transducer array 105
provided at an inner side of the case 101.

[0078] A part of the transducer array 105 may be exposed
to the outside of the case 101 via an opening formed in a
front side of the case 101. Thus, the ultrasound probe 100
may transmit or receive an ultrasound signal while being in
contact with a surface of a subject.

[0079] In this case, the transducer array 105 may convert
an electrical signal into an ultrasound signal or convert an
ultrasound signal into an electrical signal to transmit an
ultrasound wave into the subject. The transducer array 105
may include a plurality of transducer elements S.

[0080] The transducer array 105 may be embodied in
various forms. For example, the transducer array 105 may be
a 1D transducer array as illustrated in FIG. 2. As another
example, the transducer array 105 may be a 2D transducer
array as illustrated in FIG. 3.

[0081] The ultrasound probe 100 including the transducer
array 105 which is a 2D transducer array will be described
below for convenience of explanation but exemplary
embodiments which will be described below are not limited
thereto.

[0082] For example, each of the transducer elements S of
the transducer array 105 may convert an ultrasound signal
into an electrical signal or convert an electrical signal into an
ultrasound signal. To this end, each of the transducer ele-
ments S may be embodied as a magnetostrictive ultrasound
transducer using a magnetostrictive effect of a magnetic
substance, a piezoelectric ultrasound transducer using a
piezoelectric effect of a piezoelectric material, a piezoelec-
tric micromachined ultrasound transducer (pMUT), or the
like. Otherwise, each of the transducer elements S may be
embodied as a capacitive micromachined ultrasound trans-
ducer (cMUT) transmitting or receiving an ultrasound wave
using the vibration of several hundreds or several thousands
of micromachined thin films.

[0083] The transducer array 105 may be arranged in a
linear form or a convex shape. The basic operating principle
of the ultrasound probe 100 is the same regardless of
whether the transducer array 105 is arranged in the linear
form or the convex shape. However, an ultrasound image
generated by the ultrasound probe 100 including the trans-
ducer array 105 arranged in the convex shape may be in a fan
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shape because an ultrasound wave emitted from transducer
array 105 is in a fan shape. Although a case in which the
transducer array 105 is arranged in the linear form will be
described below for convenience of explanation, exemplary
embodiments which will be described below are not limited
thereto.

[0084] FIG. 4 is a schematic control block diagram of a
main body and an ultrasound probe of an ultrasound imaging
apparatus in accordance with an exemplary embodiment.
FIG. 5 is a schematic control block diagram of a main body
and an ultrasound probe of an ultrasound imaging apparatus
in accordance with an exemplary embodiment different from
that of FIG. 4. FIG. 6 is a schematic control block diagram
of an ultrasound probe in accordance with an exemplary
embodiment. FIG. 7A is a diagram illustrating a plurality of
subgroups of a 2D transducer array in accordance with an
exemplary embodiment. FIG. 7B is a diagram illustrating a
transducer element included in one of a plurality of sub-
groups in accordance with an exemplary embodiment. FIG.
8 is a diagram illustrating a case in which an ultrasound
signal is transmitted by beamforming signals generated by a
plurality of subgroups, in accordance with an exemplary
embodiment. FIG. 9 is a diagram for explaining a fine delay
and a coarse delay applied to beamform an ultrasound signal
in accordance with an exemplary embodiment.

[0085] FIG. 10 is a schematic cross-sectional view of an
ultrasound probe in accordance with an exemplary embodi-
ment. FIG. 11 is a top view of a transducer array and a driver
chip in accordance with an exemplary embodiment. FIG. 12
is a diagram illustrating a fine analog beamformer and a
coarse analog beamformer arranged in an inner region of the
driver chip of FIG. 11. FIG. 13 is a top view of a transducer
array and a driver chip, in accordance with another exem-
plary embodiment. FIG. 14 is a diagram illustrating a fine
analog beamformer and a coarse analog beamformer
arranged in an inner region of the driver chip of FIG. 13.
FIG. 15 is a top view of a transducer array and a driver chip
in accordance with another exemplary embodiment. FIG. 16
is a diagram illustrating a fine analog beamformer and a
coarse analog beamformer arranged in an inner region of the
driver chip of FIG. 15. FIGS. 4 to 16 will be described
together below to avoid redundancy.

[0086] Referring to FIGS. 4 and 5, an ultrasound imaging
apparatus 1 may include an ultrasound probe 100 and a main
body 10 as described above. In this case, the ultrasound
probe 100 and the main body 10 may be connected to each
other through a connection member 40 via a wired commu-
nication network to exchange various types of data as
described above. Alternatively, the main body 10 may
include a main body communication module 70 configured
to support wireless communication and thus the ultrasound
probe 100 and the main body 10 may be connected to each
other via a wireless communication network to exchange
various types of data as illustrated in FIG. 5. In other words,
the ultrasound probe 100 and the main body 10 may be
connected via various types of communication networks to
exchange various types of data but exemplary embodiments
are not limited thereto.

[0087] The ultrasound probe 100 which is one of the
components of the ultrasound imaging apparatus 1 will be
described in more detail below.

[0088] Referring to FIG. 6, the ultrasound probe 100 may
include a transducer module 110 configured to transmit an
ultrasound signal to a subject and receive an echo ultrasound
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signal, a driver chip 120 electrically connected to the trans-
ducer module 110 and configured to focus ultrasound signals
or echo ultrasound signals, and a circuit board 130 including
a communication module 131 configured to exchange vari-
ous types of data with the ultrasound imaging apparatus 1 or
an external device and a probe controller 135 configured to
control the overall operation of the ultrasound probe 100.
[0089] The transducer module 110 may include a trans-
ducer array 105. In this case, the transducer module 110 may
transmit an ultrasound signal via the transducer array 105
which is a 2D MxN matrix type transducer array as illus-
trated in FIG. 7A, in which for example, M, N=1. Further-
more, the transducer module 110 may receive an echo
ultrasound signal reflected from a subject via the transducer
array 105.

[0090] For example, the transducer array 105 may include
60x40 matrix type transducer elements. In this case, the
transducer array 105 may include 2400 transducer elements.
[0091] The transducer array 105 of the transducer module
110 may include a plurality of subgroups. Here, the term
“subgroup” may be also referred to as a subarray but the
term “subgroup” will be used herein for convenience of
explanation.

[0092] In one exemplary embodiment, the transducer
array may be divided into a plurality of subgroups G11, G12,
..., GIL, G21, G22, ..., G2L, GK1,GK2, ..., GKL: G
as illustrated in FIG. 7A, in which, for example, K, Lz2.

[0093] Each of the subgroups G may include transducer
elements forming an AxB matrix. As an example, in the
present exemplary embodiment, A, B=1. In one exemplary
embodiment, referring to FIGS. 7A and 7B, one subgroup
G11 my include transducer elements S11, 812 ... S15, 821,
S22, ...,S25,S831,S32, ...,S835, 541,542, ..., S45: S
which form a 5x4 matrix. In this case, each of the transducer
elements S belonging to a subgroup G may include various
transmitting/receiving circuits for generating an ultrasound
signal and receiving an echo ultrasound signal.

[0094] The number of subgroups may be predetermined
according to ultrasound image channel information and the
number of transducer elements of the transducer array 105.

[0095] For example, the transducer module 110 may
include a transducer array including 2400 transducer ele-
ments arranged in a 60x40 matrix. In this case, in order to
generate a 120-channel ultrasound image, a transducer array
may include 200 subgroups, each consisting of a 5x4 matrix.
In other words, as a channel of an ultrasound image
increases, i.e. as a resolution of the ultrasound image
increases, the number of subgroups G may increase.

[0096] Furthermore, each of the transducer elements S
belonging to each subgroup G may include a transmitting/
receiving circuit for beamforming an ultrasound signal or an
echo ultrasound signal.

[0097] For example, the transmitting/receiving circuit
may include a pulser configured to apply a pulse to transmit
an ultrasound signal, a fine analog beamformer designed in
an analog manner to apply a fine delay, etc. The transmitting/
receiving circuit may further include a pad for connecting
the driver chip 120 and the transducer module 110 which
will be described below, and the like. In addition, the
transmitting/receiving circuit may include various elements
to generate and transmit an ultrasound signal and to receive
an echo ultrasound signal but exemplary embodiments are
not limited thereto.



US 2018/0192999 A1

[0098] For example, when a transducer array is a 60x40
matrix array, the transducer array may include 2400 trans-
ducer elements and ultrasound signals transmitted via the
transducer array may have 2400 channels accordingly. In
one exemplary embodiment, the driver chip 120 of the
ultrasound probe 100 may have a built-in fine analog beam-
former 121 and coarse analog beamformer 125 and thus may
focus and transmit ultrasound signals.

[0099] Each of the echo ultrasound signals corresponding
to the ultrasound signals may be received via one of the
transducer elements of the transducer array. For example,
the echo ultrasound signals may have 2400 channels. In this
case, a desired-channel ultrasound image may be obtained
when the echo ultrasound signals are focused.

[0100] In one exemplary embodiment, the ultrasound
probe 100 may include the fine analog beamformer 121 and
the coarse analog beamformer 125, which may be a coarse
delay analog beamformer in exemplary embodiments, which
are designed in an analog manner to focus echo ultrasound
signals or ultrasound signals, i.e., to beamform the echo
ultrasound signals or the ultrasound signals.

[0101] Generally, in order to obtain an ultrasound image,
a transducer array of an ultrasound probe should be in
contact with a surface of a subject. In this case, when the
amount of heat generated in the ultrasound probe is high,
there is a risk of the subject being burned. Accordingly,
regulations regarding the amount of heat to be generated in
the ultrasound probe, a power consumption rate of the
ultrasound probe, etc. have been made. For example, there
are regulations that a power consumption rate of an ultra-
sound probe should be in a range of about 2.5 W to less than
3.5 W and a temperature of a transducer array should be 43
degrees or less.

[0102] Conventionally, a digital beamformer designed as a
digital logic to apply a coarse delay is provided in a main
body of an ultrasound imaging apparatus. The above-de-
scribed regulations should be complied with so that the
digital beamformer may be included in the ultrasound probe.
In this case, a digital beamformer may consume power of
about 80 mW to control the coarse delay.

[0103] In one exemplary embodiment, 128 digital beam-
formers are required to output 128-channel echo signals and
thus a power consumption rate of the 128 digital beamform-
ers does not meet the above-described regulations. Further-
more, an analog-digital converter (ADC) which converts an
analog signal into a digital signal is additionally required to
use the digital beamformers. Accordingly, the above-de-
scribed regulations cannot be complied with.

[0104] In one exemplary embodiment, the ultrasound
probe 100 may include a single integrated circuit manufac-
tured by designing a beamformer in an analog manner to
apply a coarse delay. Accordingly, the ultrasound probe 100
may apply not only a fine delay but also a coarse delay to
beamform an ultrasound signal or an echo ultrasound signal,
thereby decreasing the amount of calculations required in
the main body 10. Thus, the main body 10 of the ultrasound
imaging apparatus 1 in accordance with an exemplary
embodiment may be embodied as a small-sized terminal
such as a smart phone, a mobile terminal, or a wearable
terminal as described above.

[0105] When beamformers configured to apply a coarse
delay are designed in an analog manner, problems caused by
a large amount of heat generated may be solved. In this case,
in order to design a fine analog beamformer and a coarse
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analog beamformer in an analog manner, various types of
physical elements, e.g., a switched-capacitor, should be
included in the units of subgroups. Thus, it is difficult for the
fine analog beamformer and the coarse analog beamformer
to be manufactured in a single chip.

[0106] Inoneexemplary embodiment, a fine analog beam-
former may be designed to be provided in an inner region of
the driver chip 120 of the ultrasound probe 100 correspond-
ing to or facing a transducer array, and a coarse analog
beamformer coupled to an output terminal of the fine analog
beamformer may be designed to be provided in the other
region of the driver chip 120. Accordingly, the driver chip
120 of the ultrasound probe 100 in accordance with an
exemplary embodiment is designed as a single chip, in
which the coarse analog beamformer embodied in an analog
manner is provided in a region, i.e., an empty region, of the
driver chip 120 except a region thereof in which the fine
analog beamformer is provided, thereby minimizing the size
of the ultrasound probe 100, as will be described in detail
below.

[0107] A coarse delay which will be described below
refers to a delay applied to compensate for the differences
between positions of subgroups. For example, in order to
generate an ultrasound signal by focusing ultrasound signals
generated by the subgroups at a specific point, e.g., a focus
point, a delay should be applied to the ultrasound signal
generated by each of the subgroups in consideration of the
differences between the positions of the subgroups. A device
configured to apply a coarse delay will be referred to as a
coarse analog beamformer.

[0108] Referring to FIG. 8, the ultrasound probe 100 may
transmit an ultrasound signal US obtained by focusing
sub-ultrasound signals generated by the first to twelfth
subgroups G11, G12, . . ., G112. In this case, there are the
differences between the positions of the first to twelfth
subgroups G11, G12, . . ., G112 with respect to the focus
point and thus a delay should be applied thereto.

[0109] When echo ultrasound signals are received by the
subgroup, the echo ultrasound signals are received at dif-
ferent times due to the differences between the positions of
the subgroups. Thus, a delay should be applied to the
received echo ultrasound signals in consideration of the
differences between the positions of the subgroups.

[0110] Similarly, there are the differences between posi-
tions of a plurality of transducer elements belonging to each
subgroup. Thus, a focusing rate of ultrasound signals may be
increased and a clearer ultrasound image may be obtained by
compensating for the differences between the positions of
the plurality of transducer elements belonging to each sub-
group. In this case, a delay applied to compensate for the
differences between the positions of the plurality of trans-
ducer elements belonging to each subgtroup is referred to as
a fine delay, and a device configured to apply the fine delay
is referred to as a fine analog beamformer. The sum of a
coarse delay and a fine delay applied to each of the plurality
of transducer elements corresponds to a total delay value
applied to each of the plurality of transducer elements.
[0111] For example, coarse delay values C11, C12, . . .,
C112 and fine delay values F11, F12, . . ., F112 of the first
to twelfth subgroups G11, G12, . . ., G112 may be illustrated
as in FIG. 9. Referring to FIG. 9, in the first to twelfth
subgroups G11,G12, .. ., G112, it can be confirmed that the
coarse delay values C11, C12, . . ., C112 are constant and
the fine delay values F11, F12, . . ., F112 vary. That is, the
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same coarse delay values are provided to transducer ele-
ments belonging to the same subgroup but different fine
delay values may be applied thereto.

[0112] However, FIG. 9 illustrates that a focus point is a
midpoint among the first to twelfth subgroups G11, G12, . .
., G112 and a coarse delay value of each of these subgroups
and a fine delay value of transducer elements belonging to
each of these subgroups may vary according to a position of
a focus point.

[0113] Generally, in order to realize a fine analog beam-
former and a coarse analog beamformer in an analog man-
ner, a physical element such as a switched-capacitor element
is required and thus it is difficult to manufacture an ultra-
sound probe in a small size. Thus, the fine analog beam-
former or the coarse analog beamformer may be provided in
a main body of an ultrasound imaging apparatus. Generally,
a beamformer for applying a coarse delay is embodied as a
digital logic and provided in a main body of an ultrasound
imaging apparatus.

[0114] Inthis case, the ultrasound probe 100 in accordance
with an exemplary embodiment may include a single chip
having an appropriate arrangement of a fine analog beam-
former and a coarse analog beamformer and thus may be
manufactured in a small size. Furthermore, the main body 10
of the ultrasound imaging apparatus 1 does not include a
beamformer for applying a coarse delay and thus a manu-
facturing cost of the main body 10 may be decreased. In
addition, the amount of calculations of the main body 10
decreases and thus a small-sized terminal such as a smart
phone, a mobile terminal, or a wearable terminal is appli-
cable as the main body 10. The driver chip 120 having the
fine analog beamformer 121 and the coarse analog beam-
former 125 will be described in more detail below.

[0115] Referring to FIG. 10, the ultrasound probe 100 may
include a case 101, and the transducer module 110 including
transducer array 105 provided at a side of the case 101.

[0116] The driver chip 120 may be provided at a part of the
transducer module 110. For example, as illustrated in FIG.
10, the driver chip 120 may be provided at a bottom of the
transducer module 110, and electrically connected to the
transducer module 110 via a pad 111 to control driving of the
transducer module 110. For example, the driver chip 120
may control driving of the transducer elements of the
transducer module 110 and apply a delay. Alternatively, the
transducer module 110 and the driver chip 120 may be
connected to each other via an interposer rather than the pad
111.

[0117] Furthermore, the circuit board 130 may be pro-
vided at a part of the driver chip 120. For example, the
circuit board 130 may be provided at the bottom of the driver
chip 120 as illustrated in FIG. 10. The driver chip 120 may
be electrically connected to the circuit board 130 via a wire
112.

[0118] The driver chip 120 may have a larger area than
that of the transducer array 105.

[0119] The driver chip 120 may include the fine analog
beamformer 121 and the coarse analog beamformer 125 as
described above.

[0120] In this case, in order to obtain a single driver chip
120, the driver chip 120 may be previously designed such
that the fine analog beamformer 121 and the coarse analog
beamformer 125 are efficiently arranged in an inner region
thereof.
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[0121] TInner regions of the driver chip 120 in which the
fine analog beamformer 121 and the coarse analog beam-
former 125 are respectively arranged may be previously set.
[0122] The inside of the driver chip 120 may be divided
into a first region R1 and a second region R2. The first region
R1 is a region facing or corresponding to the transducer
module 110 and thus may be referred to as a core region. The
second region R2 may correspond to an inner region of the
driver chip 120, excluding the first region.

[0123] In the driver chip 120, the first region R1 and the
second region R2 may be embodied in various forms.
[0124] For example, FIG. 11 is a top view of a transducer
array 105 and a driver chip 120. The driver chip 120 may be
provided to surround the transducer array 105 as illustrated
in FIG. 11.

[0125] In this case, the inside of the driver chip 120 may
be divided into a first region R1 and a second region R2 as
illustrated in FIG. 12. The first region R1 is a region
corresponding to the transducer array 105, in which first, . .
Se®o o, d" . e™ fine analog beamformers may be
arranged to correspond to the transducer elements. As an
example, in the present exemplary embodiment, esd=c>1.
In the second region R2, first, ..., f*, ..., g, ... h¥ coarse
analog beamformers may be arranged to correspond to
subgroups. As an example, in the present exemplary
embodiment, h=g=f<I.

[0126] Signals output from a plurality of fine analog
beamformers belonging to the same subgroup may be
summed and input to one coarse analog beamformer via a
connection terminal. For example, when 20 transducer ele-
ments belong to one subgroup as illustrated in FIG. 7B,
signals output from first to twentieth fine analog beamform-
ers may be summed and input to the first coarse analog
beamformer via a connection terminal. In one exemplary
embodiment, referring to FIG. 12, signals output from first
to fifth fine analog beamformers may be summed and input
to the first coarse analog beamformer.

[0127] The sizes and arrangement of the transducer array
105 and the driver chip 120 are not limited to those
described above.

[0128] FIG. 13 is a top view of a transducer array 105 and
a driver chip 120. A horizontal length of the driver chip 120
may be equal to that of the transducer array 105 but a vertical
length thereof may be greater than that of the transducer
array 105 as illustrated in FIG. 13. In this case, the inside of
the driver chip 120 may be divided into a first region R1 and
a second region R2 as illustrated in FIG. 14. In the first
region R1, first, . . ., ith, . .., jth, . . ., kth fine analog
beamformers may be arranged to correspond to transducer
elements. As an example, in the present exemplary embodi-

ment, k=j=i>1. In the second region R2, first, . . ., o™, . ..

0™, ..., q" coarse analog beamformers may be arranged
to correspond to subgroups. As an example, in the present
exemplary embodiment, qzp=0>1.
[0129] FIG. 15 is a top view of a transducer array 105 and
a driver chip 120. A vertical length of the driver chip 120
may be equal to that of the transducer array 105 but a
horizontal length thereof may be different from that of the
transducer array 105 as illustrated in FIG. 15.
[0130] In this case, the inside of the driver chip 120 may
be divided into a first region R1 and a second region R2 as
illustrated in FIG. 16. In the first region R1, first, . . . ,
., 8" ... t" fine analog beamformers may be arranged
to correspond to transducer elements. As an example, in the
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present exemplary embodiment, tz=s=r>1. In the second
region R2, first, ..., u” ... v* ... x? coarse fine analog
beamformers may be arranged to correspond to subgroups.
As an example, in the present exemplary embodiment,
xzvzu>l.

[0131] In another exemplary embodiment, the driver chip
120 is a single chip which is capable of performing 2-stage
analog beamforming, reducing the amount of calculations of
the main body 10, and minimizing the size of the ultrasound
probe 100. For example, the driver chip 120 may be embod-
ied as an application specific integrated circuit (ASIC)
designed and manufactured in consideration of the sizes and
arrangement of the transducer array 105 and the driver chip
120.

[0132] In this case, a signal flow between the fine analog
beamformer 121 and the coarse analog beamformer 125 via
a connection terminal may be different according to whether
an ultrasound signal is transmitted or whether an echo
ultrasound signal is transmitted.

[0133] For example, when ultrasound signals are trans-
mitted, the probe controller 135 of the circuit board 130
which will be described below may control the coarse
analog beamformer 125 using a control signal to set a coarse
delay per subgroup. Next, the probe controller 135 of the
circuit board 130 may control the fine analog beamformer
121 using a control signal to set a fine delay for each of
transducer the elements belonging to each subgroup. Thus,
the transducer module 110 may transmit an ultrasound signal
beamformed according to the set delays.

[0134] As another example, when echo ultrasound signals
are received, the probe controller 135 of the circuit board
130 controls the fine analog beamformer 121 using a control
signal to set a fine delay for each of the transducer elements.
Then, the echo ultrasound signals to which a fine delay is
applied via the fine analog beamformer 121 may be summed
per subgroup and then input to the coarse analog beam-
former 125. The coarse analog beamformer 125 may apply
a coarse delay to a signal input thereto and output a resultant
signal. For convenience of explanation, the output signal
described above will be referred to as an echo signal.
[0135] The echo signal may be transmitted to the circuit
board 130 via the wire 112. The probe controller 135 of the
circuit board 130 may transmit the echo signal to the main
body 10, transmit an ultrasound image reconstructed
through an image processing process, or perform various
other operations. The circuit board 130 of the ultrasound
probe 100 will be described below.

[0136] The circuit board 130 may be provided at a bottom
of the driver chip 120 as illustrated in FIG. 10. The circuit
board 130 may be manufactured to have the same size as or
to be smaller or larger than the driver chip 120 but is not
limited thereto. Here, the circuit board 130 may be embod-
ied as a printed circuit board (PCB) or a flexible printed
circuit board (FPCB).

[0137] The circuit board 130 may include the communi-
cation module 131 configured to transmit a signal or data to
or receive a signal or data from the main body 10 or an
external device via a communication network, and the probe
controller 135 configured to control the overall operation of
the ultrasound probe 100.

[0138] The probe controller 135 may be embodied as
hardware or may be embodied as software executable by
hardware but is not limited thereto. For example, the probe
controller 135 may be embodied as a processor, such as a
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micro-control unit (MCU), which is capable of performing
various types of image processing, various operations, etc.
but is not limited thereto.

[0139] When the probe controller 135 is embodied as
hardware, the probe controller 135 and the communication
module 131 may be embodied as different elements and
included in the circuit board 130 or may be integrated
together on one system-on-chip (SoC) and included in the
circuit board 130 but are not limited thereto.

[0140] The communication module 131 may include at
least one component configured to establish communication
with an external device. For example, the communication
module 131 may include at least one among a short-range
communication module supporting a short-range communi-
cation method, a wired communication module supporting a
wired communication method, and a wireless communica-
tion module supporting a wireless communication method.
The short-range communication module, the wired commu-
nication module, and the wireless communication module
are as described above in detail and thus are not described
again here.

[0141] The communication module 131 may transmit
various signals or data to the main body 10 via a commu-
nication network. For example, the communication module
131 may transmit an echo signal to the main body 10 via the
communication network or transmit an ultrasound image
reconstructed through an image processing process to the
main body 10. Alternatively, the communication module 131
may transmit data on which only some image processing
processes are performed to the main body 10. In this case,
the echo signal, the ultrasound image, or the data on which
only some image processing processes are performed may
be transmitted to the main body 10 according to an operation
of the probe controller 135.

[0142] Furthermore, the communication module 131 may
receive various types of commands from the main body 10
via the communication network but is not limited thereto.
For example, the communication module 131 may receive
various types of control commands, which are input by a
user through the input device 20, from the main body 10 via
the communication network. The probe controller 135 may
control operations of the components of the ultrasound
probe 100 according to a control command. The probe
controller 135 will be described below.

[0143] The probe controller 135 may generate a control
signal and control the components of the ultrasound probe
100 using the generated control signal. For example, the
circuit board 130 may include a memory storing a control
program, control data, etc. to be used to control the ultra-
sound probe 100. The probe controller 135 may control the
components of the ultrasound probe 100 by generating a
control signal using the data stored in the memory.

[0144] Inoneexemplary embodiment, the probe controller
135 may control the transducer module 110 and the driver
chip 120 to transmit an ultrasound signal using the control
signal. In another exemplary embodiment, the probe con-
troller 135 may control the driver chip 120 to apply a delay
to an echo ultrasound signal received via the transducer
module 110, and output an echo signal corresponding to a
desired channel. The probe controller 135 may control the
communication module 131 to transmit an output echo
signal to the main body 10. Alternatively, the probe con-
troller 135 may generate an ultrasound image by performing
an image processing process on an output echo signal, and
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control the communication module 131 to transmit the
ultrasound image to the main body 10. Alternatively, the
probe controller 135 may obtain data by performing only
some image processing processes, which are required to
generate an ultrasound image, on an output echo signal, and
control the communication module 131 to transmit this data
to the main body 10.

[0145] In some cases, the ultrasound probe 100 may
further include a power module configured to supply power,
a display, an input device, etc.

[0146] The power module may supply power to the ultra-
sound probe 100. In detail, the power module converts
electric energy into chemical energy, accumulates the
chemical energy, and supplies power by converting the
accumulated chemical energy into electric energy. In one
exemplary embodiment, the power module may be embod-
ied as a lithium ion battery, a nickel hydride battery, a
polymer battery, or the like. However, the power module is
not limited thereto and may be embodied as various types of
batteries which may be included in the ultrasound probe 100
and configured to supply power.

[0147] The power module may be charged by being
directly connected to a charging device according to a wired
charging method or may be charged according to a wireless
charging method. That is, the power module may be charged
according to various well-known methods but is not limited
thereto.

[0148] When the ultrasound probe 100 is connected to the
main body 10 of the ultrasound imaging apparatus 1 accord-
ing to a wired communication method, the power module
may be included in the ultrasound probe 100 if necessary or
may be omitted but is not limited thereto.

[0149] The ultrasound probe 100 may further include a
display in some cases.

[0150] The display may display information related to an
operating state of the ultrasound probe 100, e.g., a power
state of the ultrasound probe 100.

[0151] In some cases, the ultrasound probe 100 may
further include an input device. The input device may be
embodied in the form of a switch, a key, or the like as
described above but is not limited thereto. The input device
may be configured to receive a command to power on the
ultrasound probe 100, a command to power off the ultra-
sound probe 100, a control command to change an operating
mode of the ultrasound probe 100 etc. from a user, but
exemplary embodiments are not limited thereto. The main
body 10 of the ultrasound imaging apparatus 1 will be
described below.

[0152] The main body 10 of the ultrasound imaging appa-
ratus 1 may include an input device 20, a display 30, a
connection member 40, and a main controller 90 as illus-
trated in FIG. 4. Alternatively, in some cases, the main body
10 of the ultrasound imaging apparatus 1 may include an
input device 20, a display 30, a main body communication
module 70, and a main controller 90 as illustrated in FIG. 5.
The input device 20, the display 30, and the connection
member 40 are as described above in detail and thus are not
described again here.

[0153] The main body communication module 70 may
include at least one component configured to establish
communication with an external device. For example, the
main body communication module 70 may include at least
one of a short-range communication module supporting a
short-range communication method and a wireless commu-
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nication module supporting a wireless communication
method. The short-range communication module and wire-
less communication module are as described above in detail
and thus are not described again here.

[0154] The main body communication module 70 may
transmit a control signal to the ultrasound probe 100. For
example, when a control command is received from a user
via the input device 20, the main body communication
module 70 may transmit a control signal to the ultrasound
probe 100 and thus the ultrasound probe 100 may be
operated according to the control command from the user.

[0155] In addition, the main body communication module
70 may exchange various types of data with the ultrasound
probe 100. For example, the main body communication
module 70 may receive at least one among an echo signal,
an ultrasound image, and data obtained by performing some
image processing processes from the ultrasound probe 100.
The main controller 90 will be described below.

[0156] The main controller 90 may be embodied in the
form of hardware, e.g., a processor or may be embodied in
the form of software which is executable by hardware.

[0157] For example, the main controller 90 may be
embodied as at least one of a processor capable of perform-
ing various processes such as an image processing process
and an execution processing process and a graphics proces-
sor or may be embodied as a single component having
functions of these processors.

[0158] The main controller 90 may generate a control
signal and control overall operations of internal components
of the main body 10 using the generated control signal. For
example, the main body 10 may include a memory, in which
control data for controlling the components of the ultrasound
probe 100 and control data for performing an image pro-
cessing process have been previously stored. The main
controller 90 may generate a control signal on the basis of
the data stored in the memory, and control overall operations
of the components of the main body 10 using the generated
control signal.

[0159] The main controller 90 may reconstruct an ultra-
sound image by performing an image processing process on
an echo signal on the basis of the data stored in the memory.
In one exemplary embodiment, the main controller 90 may
generate an ultrasound image by performing a scan convet-
sion process on the echo signal. Here, the ultrasound image
may be understood to include a Doppler image representing
a moving subject using the Doppler effect, as well as a
gray-scale image obtained by scanning a subject in an
amplitude mode (A mode), a brightness mode (B mode) and
a motion mode (M mode). Examples of the Doppler image
may include a blood flow Doppler image representing blood
flow (which may be also referred to as a color Doppler
image), a tissue Doppler image representing tissue move-
ment, and a spectral Doppler image representing a moving
speed of a subject as a waveform.

[0160] In order to generate a B-mode image, the main
controller 90 may extract a B-mode component from an
echo signal received by the ultrasound probe 100. The main
controller 90 may generate an ultrasound image expressed
such that the intensity of an echo ultrasound wave is warped
on the basis of the B-mode component.

[0161] Likewise, the main controller 90 may extract a
Doppler component from an echo signal, and generate a
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Doppler image representing a movement of a subject using
colors or waveforms on the basis of the extracted Doppler
component.

[0162] Furthermore, the main controller 90 may generate
a three-dimensional (3D) ultrasound image by performing
volume rendering on volume data obtained from an echo
signal, or may generate an elastic image representing a
degree of deformation of a subject due to pressure applied
thereto. In addition, the main controller 90 may represent
various types of additional information in an ultrasound
image in the form of text or graphics.

[0163] The generated ultrasound image may be stored in a
memory included in the main body 10 or in an external
memory. However, exemplary embodiments are not limited
thereto, and the ultrasound image may be stored in either a
Web storage system performing a storage function on the
Web or a cloud server via the main body communication
module 70 of FIG. 5.

[0164] As described above, all operations related to an
image processing process required to obtain an ultrasound
image may be performed by the main controller 90. Alter-
natively, some or all the operations related to the image
processing process required to obtain an ultrasound image
may be performed by the probe controller 135 of the
ultrasound probe 100.

[0165] The main controller 90 may control an ultrasound
image of a subject to be displayed on the display 30 so that
the subject may be diagnosed. A flow of operations of an
ultrasound imaging apparatus to transmit an ultrasound
signal and receive an echo ultrasound signal will be briefly
described below.

[0166] FIG. 17 is a schematic flowchart of an operation of
an ultrasound imaging apparatus which transmits an ultra-
sound signal, in accordance with one exemplary embodi-
ment.

[0167] Referring to FIG. 17, an ultrasound imaging appa-
ratus may control a coarse analog beamformer provided on
a driver chip of an ultrasound probe to output a signal for
which a coarse delay is set (1700). Here, the coarse delay is
applied to compensate for the difference between positions
of subgroups of a transducer array. As a subgroup becomes
farther from a focus point, a coarse delay value for the
subgroup may increase.

[0168] In the driver chip, the coarse analog beamformer
may be connected to a fine analog beamformer via a
connection terminal. Accordingly, a signal output from the
coarse analog beamformer may be supplied to the fine delay
beamformer.

[0169] The ultrasound imaging apparatus may control the
fine analog beamformer to set a fine delay for the signal
output from the coarse analog beamformer and to output the
resultant signal (1710).

[0170] The fine delay is applied to compensate for the
difference between positions of transducer elements belong-
ing to each subgroup. The ultrasound imaging apparatus
may control a transducer module to transmit a beamformed
ultrasound signal on the basis of the signal output from the
fine analog beamformer (1720). In one exemplary embodi-
ment, the ultrasound imaging apparatus includes, in the form
of a single chip, a component for beamforming an ultra-
sound signal and thus may be manufactured in a small size.

[0171] FIG. 18 is a schematic flowchart of an operation of
an ultrasound imaging apparatus which receives an echo
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ultrasound signal and generates an ultrasound image, in
accordance with one exemplary embodiment.

[0172] An ultrasound imaging apparatus may receive an
echo ultrasound signal via a transducer module (1800). In
this case, the ultrasound imaging apparatus may beamform
the echo ultrasound signal to obtain a desired-channel ultra-
sound image.

[0173] For example. the ultrasound imaging apparatus
may beamform an echo ultrasound signal through a single
driver chip provided at a part of the transducer module. The
ultrasound imaging apparatus may control a fine analog
beamformer provided on the driver chip to output a signal
obtained by applying a fine delay to the echo ultrasound
signal (1810).

[0174] Each of echo ultrasound signals received by a
plurality of transducer elements belonging to the same
subgroup may be supplied to a fine analog beamformer of a
transmitting/receiving circuit of one of the plurality of
transducer element so as to apply a fine delay thereto.
[0175] Signals output from fine analog beamformers
belonging to the same subgroup may be summed and input
to a coarse analog beamformer. Then the ultrasound imaging
apparatus may control the coarse analog beamformer to
output an echo signal to which a coarse delay is applied
(1820).

[0176] The ultrasound imaging apparatus may display an
ultrasound image generated from the output echo signal
(1830). The ultrasound imaging apparatus may generate an
ultrasound image from an echo signal. In this case, the
generation of the ultrasound image from the echo signal may
be performed by an ultrasound probe or a main body of the
ultrasound imaging apparatus. However, exemplary
embodiments are not limited thereto and a process of
generating an ultrasound image from an echo signal may be
divided and performed by the ultrasound probe and the main
body of the ultrasound imaging apparatus. The ultrasound
imaging apparatus may display the ultrasound image on a
display so that a subject may be diagnosed.

[0177] The exemplary embodiments set forth herein and
the structures illustrated in the drawings are merely
examples of the present disclosure. Various modified
examples which may replace these exemplary embodiments
and the drawings could have been made at the filing date of
the present application.

[0178] The terminology used herein is for the purpose of
describing particular exemplary embodiments only and is
not intended to be limiting of the present disclosure. As used
herein, the singular forms “a”, “an” and “the” are intended
to include the plural forms as well, unless the context clearly
indicates otherwise. It will be understood that the terms
“comprise” and/or “comprising,” when used herein, specify
the presence of stated features, integets, steps, operations,
elements, components, or a combination thereof, but do not
preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
or a combination thereof.

[0179] It will be understood that, although the terms
“first”, “second”, etc., may be used herein to describe
various elements, the elements should not be limited by
these terms. These terms are only used to distinguish one
element from another element. For example, a first element
could be termed a second element without departing from
the scope of the present disclosure. Similarly, a second
element could be termed a first element. As used herein, the
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term “and/or” includes any and all combinations of one or
more of the associated listed items.

[0180] As used herein, the terms “unit”, “device”, “block”™,
“member”, “module”, etc. may refer to a unit for processing
at least one function or operation. For example, these terms
may refer to software or hardware such as a field-program-
mable gate array (FPGA) or an ASIC. However, these terms
are not limited to software or hardware and may refer to a
structure stored in an accessible storage medium and execut-
able by one or more processors.

[0181] Although a few exemplary embodiments of the
present disclosure have been shown and described, it would
be appreciated by those skilled in the art that changes may
be made in these exemplary embodiments without departing
from the principles and spirit of the disclosure, the scope of
which is defined in the claims and their equivalents.

What is claimed is:

1. An ultrasound probe comprising:

a transducer module configured to receive an echo ultra-
sound signal reflected from a subject in response to a
transmitted ultrasound signal; and

adriver chip provided in the transducer module, the driver
chip being configured to focus at least one of the
ultrasound signal and the echo ultrasound signal,

wherein the driver chip comprises:

a fine analog beamformer configured to apply a fine
delay; and

a coarse analog beamformer configured to apply a
coarse delay,

wherein the fine analog beamformer is arranged in a first
inner region of a plurality of inner regions of the driver
chip, the first inner region being located opposite to the
transducer module, and

wherein the coarse analog beamformer is arranged in a
second inner region of the plurality of inner regions of
the driver chip, the second inner region being different
from the first inner region.

2. The ultrasound probe according to claim 1, wherein the
driver chip comprises an application-specific integrated cit-
cuit (ASIC).

3. The ultrasound probe according to claim 1, further
comprising a plurality of coarse analog beamformers are
configured to apply the coarse delay to a plurality of
subgroups of a transducer array included in the transducer
module.

4. The ultrasound probe according to claim 3, wherein a
number of the plurality of subgroups is determined accord-
ing to channel information of an ultrasound image and a
number of transducer elements of the transducer module.

5. The ultrasound probe according to claim 1, further
comprising a circuit board at a bottom of the driver chip, the
circuit board including a probe controller configured to
control the fine analog beamformer and the coarse analog
beamformer.

6. The ultrasound probe according to claim 5, wherein the
driver chip is electronically connected to the circuit board.

7. The ultrasound probe according to claim 5, wherein the
probe controller is further configured to control the coarse
analog beamformer to input a signal to which the coarse
delay is applied to the fine analog beamformer, and to
control the fine analog beamformer to transmit an ultrasound
signal based on an output signal to which the fine delay is
applied.
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8. The ultrasound probe according to claim 5, wherein,
when an echo ultrasound signal is received through the
transducer module, the probe controller is further configured
to control the fine analog beamformer to output a signal
obtained by applying the fine delay to the echo ultrasound
signal, and to control the coarse analog beamformer to
output an echo signal by applying the coarse delay to the
output signal.

9. The ultrasound probe according to claim 3, wherein the
fine analog beamformer is provided for each transducer
element included in the plurality of subgroups, and

wherein the coarse analog beamformer is provided for

each subgroup of the plurality of subgroups.

10. An ultrasound imaging apparatus comprising:

an ultrasound probe comprising;

a transducer module configured to receive an echo
ultrasound signal reflected from a subject, in
response to a transmitted ultrasound signal; and

a driver chip provided in the transducer module, the
driver chip being configured to focus at least one of
the ultrasound signal and the echo ultrasound signal,

wherein the driver chip comprises:

a fine analog beamformer configured to apply a fine
delay; and

a coarse analog beamformer configured to apply a
coarse delay; and

a main controller configured to control an ultrasound
image generated based on the echo ultrasound signal
to be displayed on a display,

wherein the fine analog beamformer is arranged in a first

inner region of a plurality of inner regions of the driver

chip, the first inner region being located opposite to the
transducer module, and

wherein the coarse analog beamformer is arranged in a

second inner region of the plurality of inner regions of

the driver chip, the second inner region being different
from the first inner region.

11. The ultrasound imaging apparatus according to claim
10, further comprising a plurality of coarse analog beam-
formers configured to apply the coarse delay to a plurality of
subgroups of a transducer array included in the transducer
module.

12. The ultrasound imaging apparatus according to claim
11, wherein a number of the plurality of subgroups is
determined according to channel information of an ultra-
sound image and a number of transducer elements of the
transducer module.

13. The ultrasound imaging apparatus according to claim
10, further comprising a circuit board at a bottom of the
driver chip, the circuit board including a probe controller
configured to control the fine analog beamformer and the
coarse analog beamformer.

14. The ultrasound imaging apparatus according to claim
13, wherein the probe controller is further configured to
control the coarse analog beamformer to input a signal to
which the coarse delay is applied to the fine analog beam-
former, and to control the fine analog beamformer to trans-
mit an ultrasound signal based on an output signal to which
the fine delay is applied.

15. The ultrasound imaging apparatus according to claim
13, wherein, when an echo ultrasound signal is received
through the transducer module, the probe controller is fur-
ther configured to control the fine analog beamformer to
output a signal obtained by applying the fine delay to the
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echo ultrasound signal, and to control the coarse analog
beamformer to output an echo signal by applying the coarse
delay to the output signal.

16. The ultrasound imaging apparatus according to claim
11, wherein the fine analog beamformer is provided for each
transducer element included in the plurality of subgroups,
and

wherein the coarse analog beamformer is provided for

each subgroup of the plurality of subgroups.

17. A method of controlling an ultrasound imaging appa-
ratus, the method comprising:

receiving an echo ultrasound signal in response to a

transmitted ultrasound signal;

outputting an echo signal by applying a fine delay and a

coarse delay to the echo ultrasound signal using a fine
analog beamformer and a coarse analog beamformer;
and

displaying on a display an ultrasound image reconstructed

based on of the echo signal,

wherein the fine analog beamformer and the coarse analog

beamformer are included in one driver chip provided in
an ultrasound probe.
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