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ULTRASONIC PROBE AND ULTRASONIC
DIAGNOSTIC APPARATUS INCLUDING THE
SAME

RELATED APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2014-0011526, filed on Jan. 29, 2014, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] One or more embodiments of the present invention
relate to an ultrasonic probe used for ultrasonic diagnoses and
an ultrasonic diagnostic apparatus including the same.
[0004] 2. Description of the Related Art

[0005] An ultrasonic diagnostic apparatus is an apparatus
for diagnosing a target object by visualizing internal body
parts of the target object, and acquires an image of a certain
part from among the internal body parts of the target object by
transmitting ultrasonic signals to the target object and receiv-
ing information via echo signals reflected from the target
object.

[0006] In comparison with a diagnostic apparatus using X
rays, the ultrasonic diagnostic apparatus has high stability, is
capable of displaying an image on a screen in real time, and
there is no possibility of radiation exposure, and thus the
ultrasonic diagnostic apparatus is widely used along with
other image diagnostic apparatuses.

[0007] An ultrasonic diagnostic apparatus has a probe
which contacts a target object in order to examine internal
body parts thereof. The probe includes an ultrasonic module
which generates ultrasonic signals and transmits/receives the
ultrasonic signals to/from the target object. According to vari-
ous arrangements of piezoelectric vibrators forming the ultra-
sonic module, types of the ultrasonic probe may be classified
into a linear type, a convex type, a circular type, etc. Also, the
ultrasonic probe may be classified into an ultrasonic probe for
acquiring a two-dimensional (2D) image and an ultrasonic
probe for acquiring a three-dimensional (3D) image accord-
ing to the types of the acquired images.

[0008] The ultrasonic probe for acquiring a 3D image may
have a module-driving structure formed to acquire an image
by reciprocating motion of an ultrasonic module within a
predetermined range.

[0009] However, in the above case, because of reciprocat-
ing motion of the ultrasonic module, it is necessary to reduce
movement velocity when the ultrasonic module changes its
movement direction. Such velocity reduction may decrease
an image processing speed of the ultrasonic diagnostic appa-
ratus. Also, vibration and noises may be generated while the
ultrasonic module changes its movement direction.

SUMMARY

[0010] One or more embodiments of the present invention
include an ultrasonic probe including an ultrasonic module
capable of rotating at least about 360° degrees in one direc-
tion, and an ultrasonic diagnostic apparatus including the
ultrasonic probe.

[0011] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may belearned by practice ofthe presented
embodiments.
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[0012] According to one or more embodiments of the
present invention, an ultrasonic probe includes: a housing; an
ultrasonic module arranged inside the housing; at least one
signal line which transmits/receives signals to/from the ultra-
sonic module; a support barrel which is supported by the
housing, in which the at least one signal line is arranged and
an outer surface of which has at least one ring electrode which
electrically connects the at least one signal line to the ultra-
sonic module; and a rotation barrel which is rotatable around
the support barrel in one direction and supports the ultrasonic
module so as to maintain an electrical contact of the ultrasonic
module to the at least one ring electrode.

[0013] The ultrasonic module may be formed to be rotat-
able at least about 360° in one direction due to the rotation
barrel.

[0014] The at least one ring electrode may be continuously
formed along a circumference direction of the support barrel.
[0015] The at least one ring electrode may be a plurality of
ring electrodes, and the plurality of ring electrodes may be
arranged to be separated from each other along a lengthwise
direction of the support barrel.

[0016] The ultrasonic module may further include contact
electrodes protruding towards the support barrel from an
inside of the rotation barrel.

[0017] The contact electrodes may be bent due to a contact
with the at least one ring electrode.

[0018] The ultrasonic probe may further include a driving
unit which rotates the rotation barrel.

[0019] The ultrasonic module may rotate about a rotation
axis which is perpendicular to a lengthwise direction of the
housing.

[0020] The ultrasonic module may further include a con-
troller which makes the ultrasonic module transmit or receive
ultrasonic signals at some of regions where the ultrasonic
module rotates while the ultrasonic module rotates.

[0021] The ultrasonic module may rotate about a rotation
axis which is parallel to lengthwise direction of the housing.
[0022] According to one or more embodiments of the
present invention, an ultrasonic diagnostic apparatus
includes: an ultrasonic probe which transmits ultrasonic sig-
nals to a target object and receives echo signals reflected from
the target object; an image processor which generates an
ultrasonic image based on the received echo signal; and a
display unit which displays the generated ultrasonic image.
The ultrasonic probe includes: a housing; an ultrasonic mod-
ule arranged inside the housing; at least one signal line which
transmits/receives signals to/from the ultrasonic module; a
support barrel which is supported by the housing, in which the
at least one signal line is arranged, and an outer surface of
which has at least one ring electrode which electrically con-
nects the at least one signal line to the ultrasonic; and a
rotation barrel which is rotatable around the support barrel in
one direction and supports the ultrasonic module so as to
maintain an electrical contact of the ultrasonic module to the
at least one ring electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings in which:

[0024] FIG. 11is a block diagram of a structure of an ultra-
sonic diagnostic apparatus according to an embodiment ofthe
present invention;
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[0025] FIG. 2 is a schematic view of a structure of an
ultrasonic probe according to an embodiment of the present
invention;

[0026] FIG. 3 is a schematic view of a structure of an
ultrasonic probe according to another embodiment of the
present invention;

[0027] FIG. 4 is an exploded perspective view of the ultra-
sonic probe of FIG. 2;

[0028] FIG. 5 is an exploded perspective view showing
some parts of FIG. 4;

[0029] FIG. 6A is a cross-sectional view of an ultrasonic
module of FIG. 4, taken along a line VI-V1 of FIG. 4;
[0030] FIGS. 6B and 6C are cross-sectional views sequen-
tially showing one-way rotation states of the ultrasonic mod-
ule of FIG. 6A in one direction; and

[0031] FIG. 7 is a cross-sectional view of an ultrasonic
probe according to another embodiment of the present inven-
tion.

DETAILED DESCRIPTION

[0032] In the description of the present invention, since
terms used herein are defined in consideration of the func-
tions of the present invention and commonly-used terms, they
may vary according to users’ intentions, practices or the
advent of new technologies. In addition, terms may be arbi-
trarily determined by an applicant and, in this case, they may
be later described in detail. Therefore, the terms used herein
must be defined based on meanings thereof and contents of
the entire specification.

[0033] Throughout the specification, when a portion
“includes” an element, another element may be further
included, rather than excluding the existence of the other
element, unless otherwise described. Also, throughout the
specification, the terms such as “unit” and “module” refer a
unit which processes at least one function or operation, and
may be configured as hardware, software, or a combination
thereof.

[0034] Throughout the specification, an “ultrasonic image”
denotes an image of a target object acquired by using ultra-
sonic waves. Also, the target object may include a person or
an animal, or some parts of a person or an animal. For
example, the target object may include organs or blood ves-
sels included in a liver, a heart, a uterus, a brain, breasts or an
abdomen. Also, the target object may include a phantom, and
the phantom may refer a material having a volume which
approximates to a density of an organism or an effective
atomic number.

[0035] Also, throughout the specification, the term “user”
may be a medical expert such as a doctor, a nurse, a medical
technologist and a medical imaging technologist, or a tech-
nician who fixes medical equipment, but is not limited
thereto.

[0036] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings. Expressions such as “at least one of;” when pre-
ceding a list of elements, modify the entire list of elements
and do not modify the individual elements of the list.

[0037] FIG. 1 is a block diagram of a structure of an ultra-
sonic diagnostic apparatus 1000 according to an embodiment
of the present invention. The ultrasonic diagnostic apparatus
1000 may include an ultrasonic probe 2000, an ultrasonic
transmitter/receiver 100, an image processor 200, a commu-
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nication unit 300, a memory 400, an input device 500, and a
controller 600, and each of the above-listed components may
be connected via a bus 700.

[0038] The ultrasonic diagnostic apparatus 1000 may be
configured as a cart-type or portable ultrasonic diagnostic
apparatus. Examples of the portable ultrasonic diagnostic
apparatus may include a picture archiving and communica-
tion system (PACS) viewer, a smart phone, a laptop computer,
a personal digital assistant (PDA), or the like, but are not
limited thereto.

[0039] The ultrasonic probe 2000 transmits ultrasonic sig-
nals to a target object 10 and receives echo signals reflected
from the target object 10 according to driving signals trans-
mitted by the ultrasonic transmitter/receiver 100. The ultra-
sonic probe 2000 includes transducers (not shown), and each
of the transducers vibrates according to the driving signals
and generates ultrasonic waves which are sound energy. Also,
the ultrasonic probe 2000 may be connected to a main body of
the ultrasonic diagnostic apparatus 1000 via a wired or wire-
less method, and the ultrasonic diagnostic apparatus 1000
may include a plurality of ultrasonic probes 2000 according
to configuration types.

[0040] The transmitter 110 provides driving signals to the
ultrasonic probe 2000 and includes a pulse generator 112, a
transmitting delay unit 114 and a pulser 116. The pulse gen-
erator 112 generates pulses for generating transmission ultra-
sonic waves according to a predetermined pulse repetition
frequency (PRF), and the transmitting delay unit 114 applies
a delay time for determining transmission directivity to the
pulses. Each pulse to which the delay time is applied corre-
sponds to one of piezoelectric vibrators included in the ultra-
sonic probe 2000. The pulser 116 is a timing corresponding to
each pulse to which the delay time is applied, and transmits
driving signals (or driving pulses) to the ultrasonic probe
2000.

[0041] The receiver 120 generates ultrasonic data by pro-
cessing echo signals transmitted by the ultrasonic probe 2000,
and may include an amplifier 122, an analog digital converter
(ADC) 124, areceiving delay unit 126 and an adding unit 128.
The amplifier 122 amplifies the echo signals in each of chan-
nels, and the ADC 124 AD-converts the amplified echo sig-
nals. The receiving delay unit 126 applies a delay time for
determining receipt directivity to each signal which is digi-
tally converted, and the adding unit 128 generates ultrasonic
data by adding echo signals processed by the receiving delay
unit 126. The receiver 120 may not include the amplifier 122,
depending on configuration types. That is, when a sensitivity
of the ultrasonic probe 2000 is improved or the number of bits
to be processed by the ADC 124 is increased, the amplifier
122 may not be included.

[0042] The image processor 200 generates an ultrasonic
image via a scan conversion process with regard to the ultra-
sonic data generated in the ultrasonic transmitter/receiver
100, and displays the generated ultrasonic image. The ultra-
sonic image may include a grayscale image, which is
acquired by scanning the target object 10 in an amplitude (A)
mode, a brightness (B) mode and a motion (M) mode, as well
as a Doppler image, which shows the target object 10 which
moves using a Doppler effect. The Doppler image may
include a blood flow Doppler image (or a color Doppler
image) which shows a flow of blood, a tissue Doppler image
which shows movements of tissues and a spectral Doppler
image which marks movement velocity of the target object 10
with a wavy form.
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[0043] The B-mode processor 212 extracts B-mode com-
ponents from the ultrasonic data and processes the extracted
B-mode components. The image generator 220 may generate
an ultrasonic image which marks an intensity of a signal with
brightness based on the B-mode components extracted by the
B-mode processor 212.

[0044] Likewise, the Doppler processor 214 extracts Dop-
pler components from the ultrasonic data, and the image
generator 220 may generate a Doppler image which marks
movements of the target object 10 with a color or a wavy form
based on the extracted Doppler components.

[0045] The image generator 220 may generate a three-di-
mensional (3D) image via a volume rendering process with
regard to volume data or an elasticity image which visualizes
adegree of deformity of the target object 10. Furthermore, the
image generator 220 may display a variety of additionalinfor-
mation as texts or graphics on the ultrasonic image. The
generated ultrasonic image may be stored in the memory 400.

[0046] The display unit 230 may display the generated
ultrasonic image. The display unit 230 may display the ultra-
sonic image and a variety of information processed in the
ultrasonic diagnostic apparatus 1000 on a screen viaa graphic
user interface (GUI). The ultrasonic diagnostic apparatus
1000 may include two or more display units 230, depending
on configuration types.

[0047] Thecommunication unit 300 has a wired or wireless
connection with a network 30 and communicates with an
external device or a server. The communication unit 300 may
share data with a server 32 in a hospital or another medical
apparatus 34 in the hospital which is connected to the com-
munication unit 300 via a picture archiving and communica-
tion system (PACS). Also, the communication unit 300 may
perform data communication according to digital imaging
and communications in medicine (DICOM) standards.

[0048] The communication unit 300 may receive/transmit
data related to a diagnosis of the target object 10, for example,
an ultrasonic image, ultrasonic data, Doppler data, or the like
via the network 30. Also, the communication unit 300 may
receive/transmit images acquired by other medical appara-
tuses such as a computed tomography (CT) apparatus, a mag-
netic resonance imaging (MRI) apparatus and an X-ray appa-
ratus. Furthermore, the communication unit 300 may receive
information with regard to a diagnostic history, treatment
schedules, etc. of the target object 10 and may use the infor-
mation to diagnose the target object 10. In addition, the com-
munication unit 300 may perform data communication with
not only the server 32 or the medical apparatus 34 in the
hospital but also a mobile terminal 36 of a doctor or a patient.

[0049] The communication unit 300 has a wired or wireless
connection with the network 30 and may share data with the
server 32, the medical apparatus 34 or the mobile terminal 36.
The communication unit 300 may include one or more com-
ponents which enables communication with an external
device, and may include, for example, a short distance com-
munication module 310, a wired communication module 320
and a mobile communication module 330.

[0050] The short distance communication module 310 is a
module for short distance communication within a predeter-
mined distance. Short distance communication technologies
may include, but are not limited to, wireless LAN, Wi-Fi,
Bluetooth, Zighee, Wi-Fi Direct (WFD), ultra wideband
(UWB), an infrared data association (IrDA), Bluetooth low
energy (BLE), near field communication (NFC), etc.
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[0051] The wired communication module 320 is a module
for communication using electrical signals or optical signals,
and wired communication technologies may include a pair
cable, a coaxial cable, a fiber optic cable, Ethernet cable, etc.
[0052] The mobile communication module 330 receives/
transmits wireless signals from/to at least one of a base sta-
tion, an external terminal and a server. The wireless signals
may include various forms of data according to receipt/trans-
mission of voice call signals, video call signals or text/mul-
timedia messages.

[0053] The memory 400 stores a variety of information
processed in the ultrasonic diagnostic apparatus 1000. For
example, the memory 400 may store medical data with regard
to a diagnosis of the target object 10, for example, input/
output ultrasonic data, an ultrasonic image, etc., and may also
store algorithms or programs that may be executed in the
ultrasonic diagnostic apparatus 1000.

[0054] Thememory 400 may be configured as various stor-
age media such as a flash memory, a hard disk and an elec-
trically erasable and programmable random access memory
(EEPROM). Also, the ultrasonic diagnostic apparatus 1000
may operate web storage or a cloud server which performs a
storage function of the memory 400 on the Web.

[0055] The input device 500 denotes a medium for receiv-
ing, from a user, data which controls the ultrasonic diagnostic
apparatus 1000. The input device 500 may include, but is not
limited to, hardware components such as a key pad, a mouse,
atouch panel, atouch screen, atrack ball and a jog switch, and
may further include various input media such as an electro-
cardiogram measurement module, a breath measurement
module, a voice recognition sensor, a gesture recognition
sensor, a fingerprint recognition sensor, an iris recognition
sensor, a depth sensor and distance sensor.

[0056] The controller 600 generally controls operations of
the ultrasonic diagnostic apparatus 1000. That is, the control-
ler 600 may control operations among the ultrasonic probe
2000, the ultrasonic receiver/transmitter 100, the image pro-
cessor 200, the communication unit 300, the memory 400 and
the input device 500 of FIG. 1.

[0057] Some or all of the ultrasonic probe 2000, the ultra-
sonic receiver/transmitter 100, the image processor 200, the
communication unit 300, the memory 400, the input device
500 and the controller 600 may operate as a software module,
but the operations of some or all of the above-listed compo-
nents are not limited thereto. Also, Some of the ultrasonic
probe 2000, the ultrasonic receiver/transmitter 100, the image
processor 200, the communication unit 300, the memory 400,
the input device 500 and the controller 600 may operate as
hardware. At least some of the ultrasonic receiver/transmitter
100, the image processor 200, the communication unit 300
may be included in the controller 600, but are not limited
thereto.

[0058] FIG. 2 is a schematic view of a structure of the
ultrasonic probe 2000 according to an embodiment of the
presentinvention. The ultrasonic probe 2000 includes a hous-
ing 2100 and an ultrasonic module 2300 arranged to rotate in
the housing 2100.

[0059] Thehousing 2100 includes a handle case 2110 and a
cap 2120 which is arranged at a front end of the handle case
2110 and contacts the target object 10 to be examined. The
handle case 2110 fixes the cap 2120 and may have a shape
which allows the user to easily grasp the handle case 2110.
The cap 2120 transmits the ultrasonic signals, which are
emitted from the ultrasonic module 2300 arranged in the
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housing 2100, to the target object 10 of FIG. 1 and may
function to transmit the echo signals reflected from the target
object 10 to the ultrasonic module 2300.

[0060] The ultrasonic module 2300 includes at least one
transducer (not shown) and may be configured to rotate at
least about 360° in one direction. That is, the ultrasonic mod-
ule 2300 does not repeatedly move within a predetermined
range of degrees, but may have a structure capable of rotating
about 360° and more in one direction. The at least one trans-
ducer may include a piezoelectric vibrator, a sound absorp-
tion layer, an acoustic matching layer, etc. The housing 2100
includes a space where the ultrasonic module 2300 may rotate
about 360° and more in one direction.

[0061] Since the ultrasonic module 2300 rotates in one
direction, periodical sections for reducing movement velocity
of the ultrasonic module 2300 which may appear during
reciprocating motion may be removed. Thus, a decrease in the
movement velocity of the ultrasonic module 2300 may be
prevented. Also, vibration and noises, which are generated
while the movement velocity of the ultrasonic module 2300,
may be reduced.

[0062] The ultrasonic module 2300 rotates about a rotation
axis. The rotation axis has a direction crossing a lengthwise
direction (L) of the housing 2100, for example, a vertical
direction. However, the rotation axis of the ultrasonic module
2300 is not limited thereto, and may vary according to neces-
sity. For example, as shown in FIG. 3, the ultrasonic module
may rotate about arotation axis which is parallel to the length-
wise direction (L) of the housing 2100. In this regard, struc-
tures of the handle case 2110a and the cap 2120a of FIG. 3
may be partially different from the handle case 2110 and the
cap 2120 of FIG. 2.

[0063] For transmission and receipt of the ultrasonic sig-
nals, the ultrasonic module 2300 needs to be connected to
signal lines 2200 (refer to FIG. 4) which receives/transmits
electrical signals from/to the receiver 120/the transmitter 110.
However, when the ultrasonic module 2300 rotates about
360° and more in one directionina state where the signal lines
2200 are directly connected to the ultrasonic module 2300,
the signal lines 2200 connected to the rotating ultrasonic
module 2300 are twisted due to a rotation of the ultrasonic
module 2300. Also, when there are signal lines 2200, the
signallines 2200 may be twisted around each other, and twists
of the signal lines 2200 may cause damage to the signal lines
2200 or to portions where the signal lines 2200 are connected
to other components.

[0064] However, in the present embodiment, although the
ultrasonic module 2300 rotates in one direction, a structure of
connecting the ultrasonic module 2300 to the signal lines
2200, which may prevent torsion or the twists of the signal
lines 2200, is provided.

[0065] FIG. 4 is an exploded perspective view of the ultra-
sonic probe 2000 of FIG. 2, and FIG. 5 is an exploded per-
spective view showing some parts of the ultrasonic probe
2000 of FIG. 4. FIG. 6A is a cross-sectional view of the
ultrasonic module 2300 of FIG. 4, taken along aline VI-VI of
FIG. 4, and FIGS. 6B and 6C are cross-sectional views
sequentially showing one-way rotation states of the ultra-
sonic module 2300 of FIG. 6A in one direction.

[0066] Referringto FIGS. 4 and 5, there are the signal lines
2200, a support barrel 2310 in which the signal lines 2200 are
arranged, arotation barrel 2330 capable of rotating around the
support barrel 2310, and the ultrasonic module 2300 attached
to the rotation barrel 2330.
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[0067] Both end portions of the support barrel 2310 are
supported by support members 2111 formed on the handle
case 2110. A cavity 2311 into which the signal lines 2200 may
be inserted is formed in the support barrel 2310. Some part of
each of the signal lines 2200 are inserted into the support
barrel 2310 and other part of each of the signal lines 2200 may
be connected to a connection cable 2113 by passing through
anopening 2112 formed in the handle case 2110. Through the
connection cable 2113, the signal lines 2200 may be con-
nected to the transmitter 110 and the receiver 120 arranged on
the main body of the ultrasonic diagnostic apparatus 1000.
[0068] Ring electrodes 2312 are arranged on an outer sur-
face of the support barrel 2310. For example, the ring elec-
trodes 2312 may be arranged to be separated from each other
in a lengthwise direction of the support barrel 2310. The ring
electrodes 2312 are connected to the signal lines 2200
inserted into the cavity 2311, respectively. The number of the
ring electrodes 2312 may correspond to that of the signal lines
2200. For example, as shown in FIGS. 4 and 5, when there are
five ring electrodes 2312, there may be five signal lines 2200.
As another example, although not illustrated in the drawings,
when there are a hundred and ninety two (192) ring electrodes
2312, the number of the signal lines 2200 may also be 192.
[0069] Each of the ring electrodes 2312 is continuously
formed along a circumference direction of the support barrel
2310. Accordingly, the ring electrodes 2312 may remain in
electrical contact with the ultrasonic module 2300 even
though the ultrasonic module 2300 rotates in one direction.
Materials of the ring electrodes 2312 may include an electri-
cally conductive material so as to transmit electrical signals
between the ultrasonic module 2300 and the signal lines
2200. A conductive material may be a metal such as copper,
iron, aluminum, nickel, gold and silver. However, the con-
ductive material is not limited thereto, and the ring electrodes
2312 may be formed of a non-conductive material which may
be generally used to transmit electrical signals.

[0070] The rotation barrel 2330 is arranged outside the
support barrel 2310 and may rotate around the support barrel
2310. The rotation barrel 2330 has a hollow structure in order
for the support barrel 2310 to be inserted into the rotation
barrel 2330. The rotation barrel 2330 may be connected to a
driving unit 2114 installed on the housing 2100, for example,
to adriving motor. The driving unit 2114 may be controlled by
the controller 600 of the main body of the ultrasonic diagnos-
tic apparatus 1000. As the driving unit 2114 rotates in one
direction, the rotation barrel 2330 may rotate in one direction.
Rotation velocity and a rotation direction of the rotation bar-
rel 2330 may vary according to rotation velocity and a rota-
tion direction of the driving unit 2114, and accordingly, rota-
tion velocity and a rotation direction of the ultrasonic module
2300 supported by the rotation barrel 2330 may vary.

[0071] Inthe present embodiment, a case where the driving
unit 2114 is arranged outside the rotation barrel 2330 is
described, but alocation and a shape of the driving unit 2114
may be appropriately changed according to necessity.
[0072] The rotation barrel 2330 supports the ultrasonic
module 2300. The ultrasonic module 2300 and the rotation
barrel 2330 may be fixed and supported by fixtures 2301.
Since the ultrasonic module 2300 remains fixed to the rotation
barrel 2330, the ultrasonic module 2300 rotates when the
rotation barrel 2330 rotates.

[0073] The ultrasonic module 2300 includes contact elec-
trodes 2302 formed to contact the ring electrodes 2312. The
contact electrodes 2302 may transmit/receive electrical sig-
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nals to/from the signal lines 2200 through the ring electrodes
2312. Materials ofthe contact electrodes 2302 may include an
electrically conductive material so as to transmit the electrical
signals to the ring electrodes 2312. A conductive material
may be a metal such as copper, iron, aluminum, nickel, gold
and silver. However, the conductive material is not limited
thereto, and the contact electrodes 2302 may be formed of a
non-conductive material which may be generally used to
transmit electrical signals.

[0074] The contact electrodes 2302 pass through a hole
2331 formed in the rotation barrel 2330 and may be arranged
to protrude towards the support barrel 2310 from an inside of
the rotation barrel 2330.

[0075] Referring to FIGS. 5and 6A, the contact electrodes
2302 protruding towards the support barrel 2310 contact the
ring electrodes 2312 of the support barrel 2310, and the
electrical signals are transmitted between them. A protrusion
length (P) of each of the contact electrodes 2302 may be
greater than a gap (G) between the ring electrodes 2312 and
the inside of the rotation barrel 2330. An end portion of each
contact electrode 2302 may be bent due to the contact with the
ring electrodes 2312.

[0076] In this state, when the rotation barrel 2330 rotates
around the support barrel 2310 in one direction, for example,
a counterclockwise direction, the ultrasonic module 2300
supported by the rotation barrel 2330 rotates in the counter-
clockwise direction as shown in FIGS. 6B and 6C. The con-
tact electrodes 2302 of the ultrasonic module 2300 rotate
while remaining in contact with the ring electrodes 2312.
Since each of the ring electrodes 2312 is continuously formed
along the circumference direction of the support barrel 2310,
the ring electrodes 2312 may remain in contact with the
rotating contact electrodes 2302.

[0077] As described above, by forming the contact elec-
trodes 2302 of the ultrasonic module 2300 and the ring elec-
trodes 2200 connected to the signal lines 2200 as separate
members, the signal lines 2200 may be fixed without rotation
when the ultrasonic module 2300 rotates. As a result, the
torsion or twists of the signal lines 2200, which occur when
the ultrasonic module 2300 rotates in one direction, may be
prevented.

[0078] While rotating, the ultrasonic module 2300 may be
activated at some rotation regions. For example, as shown in
FIG. 6 A, entire rotation regions of the ultrasonic module 2300
may be classified into activation regions (ARs) where the
ultrasonic module 2300 is relatively close to the target object
10 and non-activation regions (NARs) where the ultrasonic
module 2300 is relatively far from the target object 10 as
shown in FIGS. 6B and 6C. For example, a range of the
activation regions (ARs) may be about 80° or smaller, and that
of the non-activation regions (NARs) may exceed about 280°.
The controller 600 may make the ultrasonic module 2300
transmit or receive the ultrasonic signals when the ultrasonic
module 2300 is disposed at the activation regions (ARs).
When the ultrasonic module 2300 is disposed at the non-
activation regions (NARs), the controller 600 may prevent the
ultrasonic module from transmitting or receiving the ultra-
sonic signals.

[0079] FIG. 7 is a cross-sectional view of an ultrasonic
probe 2001 according to another embodiment of the present
invention. FIG. 7 is a cross-sectional view showing parts of
the ultrasonic probe 2001 of FIG. 3, taken along a lengthwise
direction (L) of a housing 21004 of FIG. 3. The ultrasonic
module 2300 may rotate about a rotation axis which has a
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direction parallel to the lengthwise direction (L) of the hous-
ing 2100a. Hereinafter, descriptions with regard to a configu-
ration which is the same as that of FIG. 5 will be omitted,
differences between two configurations will be described.
[0080] Referring to FIG. 7, the ultrasonic probe 2001
includes signal lines 2200, a support barrel 2310 in which the
signal lines 2200 are arranged, a rotation barrel 2330 capable
of rotating the support barrel 2310 and an ultrasonic module
2300 supported by the rotation barrel 2330.

[0081] The support barrel 2310 is arranged along a direc-
tion parallel to the lengthwise direction (L) of the housing
2100a. Ring electrodes 2312 are arranged outside or on the
outer surface of the support barrel 2310 in order to be sepa-
rated from each other in a lengthwise direction of the support
barrel 2310. The lengthwise direction (L) of the housing
2100a may be parallel to that of the support barrel 2310. Each
of the signal lines 2200 may be connected to each of the ring
electrodes 2312.

[0082] Each of the ring electrodes 2312 is continuously
formed along a circumference direction of support barrel
2310. Accordingly, the ring electrodes 2312 may remain in
electrical contact with the ultrasonic module 2300 even
though the ultrasonic module 2300 rotates in one direction.
Materials of the ring electrodes 2312 may include an electri-
cally conductive material so as to transmit electrical signals to
the ultrasonic module 2300 and the signal lines 2200. A
conductive material may be a metal such as copper, iron,
aluminum, nickel, gold and silver. However, the conductive
material is not limited thereto, and the ring electrodes 2312
may be formed of a non-conductive material which may be
generally used to transmit electrical signals.

[0083] The rotation barrel 2330 is arranged outside the
support barrel 2310 and may rotate around the support barrel
2310. The rotation barrel 2330 has a hollow structure in order
for the support barrel 2310 to be inserted into the rotation
barrel 2330. The rotation barrel 2330 may be connected to a
driving unit 2114 installed on the housing 2100a. Therefore,
the rotation barrel 2330 rotates due to the driving unit 2114.
[0084] The ultrasonic module 2300 and the rotation barrel
2330 may be fixed and supported by fixtures 2301. Since the
ultrasonic module 2300 remains fixed to the rotation barrel
2330, the ultrasonic module 2300 and the rotation barrel 2330
rotate at the same time.

[0085] The ultrasonic module 2300 includes contact elec-
trodes 2302 formed to contact the ring electrodes 2312. The
contact electrodes 2302 may transmit/receive electrical sig-
nals to/from the signal lines 2200 through the ring electrodes.
Materials of the contact electrodes 2302 may include an elec-
trically conductive material so as to transmit the electrical
signals to the ring electrodes 2312. A conductive material
may be a metal such as copper, iron, aluminum, nickel, gold
and silver. However, the conductive material is not limited
thereto, and the contact electrodes 2302 may be formed of a
non-conductive material which may be generally used to
transmit electrical signals.

[0086] The contact electrodes 2302 pass through the rota-
tion barrel 2330 and may be arranged to protrude towards the
support barrel 2310 from an inside of the rotation barrel 2330.
The contact electrodes 2302, which protrude towards the
support barrel 2310, contact the ring electrodes 2312 of the
support barrel 2310, and the electrical signals are transmitted
between them.

[0087] When the rotation barrel 2330 rotates around the
support barrel 2310 in one direction, the ultrasonic module
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2300 supported by the rotation barrel 2330 may rotate in one
direction. The contact electrodes 2302 of the ultrasonic mod-
ule 2300 rotate while remaining in contact with the ring
electrodes 2312. Since the ring electrodes 2312 are continu-
ously formed along the circumference direction of the sup-
port barrel 2310, the ring electrodes 2312 may remain in
contact with the rotating contact electrodes 2302.
[0088] As described above, by forming the contact elec-
trodes 2302 of the ultrasonic module 2300 and the ring elec-
trodes 2200 connected to the signal lines 2200 as separate
members, the signal lines 2200 may be fixed without rotation
when the ultrasonic module 2300 rotates. As a result, the
torsion or twists of the signal lines 2200, which occur when
the ultrasonic module 2300 rotates in one direction, may be
prevented.
[0089] According to the one or more embodiments of the
present invention, the ultrasonic probe and the ultrasonic
diagnostic apparatus including the same include the ultra-
sonic module capable of rotating at least about 360° in one
direction, and have a structure that prevent signal lines, which
transmit signals, from being twisted despite rotation of the
ultrasonic module. Thus, a speed of processing images may
be improved, and also vibration and generation of noises may
be prevented.
[0090] It should be understood that the exemplary embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or aspects
in other embodiments.
[0091] While one or more embodiments of the present
invention have been described with reference to the figures, it
will be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the present
invention as defined by the following claims.
What is claimed is:
1. An ultrasonic probe comprising:
a housing;
an ultrasonic module arranged inside the housing;
at least one signal line which transmits/receives signals
to/from the ultrasonic module;
support barrel which is supported by the housing, in
which the at least one signal line is arranged and an outer
surface of which has at least one ring electrode which
electrically connects the at least one signal line to the
ultrasonic module; and
a rotation barrel which is rotatable around the support
barrel in one direction and supports the ultrasonic mod-
ule so as to maintain an electrical contact of the ultra-
sonic module to the at least one ring electrode.
2. The ultrasonic probe of claim 1, wherein the ultrasonic
module is formed to be rotatable at least about 360° in one
direction due to the rotation barrel.
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3. The ultrasonic probe of claim 1, wherein the at least one
ring electrode is continuously formed along a circumference
direction of the support barrel.

4. The ultrasonic probe of claim 1, wherein the at least one
ring electrode comprises a plurality ofring electrodes, and the
plurality of ring electrodes are arranged to be separated from
each other along a lengthwise direction of the support barrel.

5. The ultrasonic probe of claim 1, wherein the ultrasonic
module further comprises contact electrodes protruding
towards the support barrel from an inside of the rotation
barrel.

6. The ultrasonic probe of claim 5, wherein the contact
electrodes are bent due to a contact with the at least one ring
electrode.

7. The ultrasonic probe of claim 1, wherein the ultrasonic
probe further comprises a driving unit which rotates the rota-
tion barrel.

8. The ultrasonic probe of claim 1, wherein the ultrasonic
module rotates about a rotation axis which is perpendicular to
a lengthwise direction of the housing.

9. The ultrasonic probe of claim 8, wherein the ultrasonic
module further comprises a controller which makes the ultra-
sonic module transmit or receive ultrasonic signals at some of
regions where the ultrasonic module rotates while the ultra-
sonic module rotates.

10. The ultrasonic probe of claim 1, wherein the ultrasonic
module rotates about a rotation axis which is parallel to
lengthwise direction of the housing.

11. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe which transmits ultrasonic signals to a
target object and receives echo signals reflected from the
target object;

an image processor which generates an ultrasonic image
based on the received echo signal; and

a display unit which displays the generated ultrasonic
image,

wherein the ultrasonic probe comprising;

a housing;

an ultrasonic module arranged inside the housing;

at least one signal line which transmits/receives signals
to/from the ultrasonic module;

a support barrel which is supported by the housing, in
which the at least one signal line is arranged, and an
outer surface of which has at least one ring electrode
which electrically connects the at least one signal line to
the ultrasonic; and

a rotation barrel which is rotatable around the support
barrel in one direction and supports the ultrasonic mod-
ule so as to maintain an electrical contact of the ultra-
sonic module to the at least one ring electrode.
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