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(54) Ultrasonic probe and ultrasonic imaging apparatus having the same

(57) Provided are an ultrasonic probe that controls
temperature of a piezoelectric layer using a thermoelec-
tric element and an ultrasonic imaging apparatus having
the same. The ultrasonic probe includes: the piezoelec-
tric layer that vibrates and generates ultrasonic waves if

a current is supplied to the piezoelectric layer; and a ther-
moelectric element that contacts one surface of the pie-
zoelectric layer and controls the temperature of the pie-
zoelectric layer if a current is supplied to the thermoelec-
tric element.
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Description

BACKGROUND

1. Field

[0001] Embodiments of the present invention relate to
an ultrasonic probe for generating an image of an inside
of a subject using ultrasonic waves and an ultrasonic
imaging apparatus having the same.

2. Description of the Related Art

[0002] Ultrasonic diagnosis apparatuses are appara-
tuses that radiate ultrasonic signals onto a target part of
a body from a body surface of the subject and obtain a
tomogram of a soft tissue or an image of a blood flow of
the soft tissue using information regarding reflected ul-
trasonic signals (ultrasonic echo signals) in a noninvasive
manner.
[0003] In comparison with other image diagnosis ap-
paratuses, such as X-ray diagnosis apparatuses, X-ray
computerized tomography (CT) scanners, magnetic res-
onance imaging (MRI) apparatuses, and nuclear medi-
cine apparatuses, ultrasonic diagnosis apparatuses are
small-sized and cheap, can be displayed in real time and
have high safety due to lack of radiation exposure. Thus,
ultrasonic diagnosis apparatuses are widely used in
heart, abdominal, urinary, and ob-gyn diagnoses.
[0004] Meanwhile, an ultrasonic probe that radiates ul-
trasonic waves may include a transducer installed in the
ultrasonic probe. An inner side of the ultrasonic probe is
required to be maintained at an appropriate temperature
so that the transducer operates normally.

SUMMARY

[0005] Therefore, it is an aspect of the present inven-
tion to provide an ultrasonic probe that controls temper-
ature of a piezoelectric layer using a thermoelectric ele-
ment, and an ultrasonic imaging apparatus having the
same.
[0006] Additional aspects of the invention will be set
forth in part in the description which follows and, in part,
will be obvious from the description, or may be learned
by practice of the invention.
[0007] In accordance with one aspect of the present
invention, an ultrasonic probe includes: a piezoelectric
layer that vibrates and generates ultrasonic waves if a
current is supplied to the piezoelectric layer; and a ther-
moelectric element that contacts one surface of the pie-
zoelectric layer and controls temperature of the piezoe-
lectric layer if a current is supplied to the thermoelectric
element.
[0008] The thermoelectric element may include: a heat
dissipation plate that is disposed on one surface of the
thermoelectric element and dissipates heat toward a con-
tact surface between the piezoelectric layer and the ther-

moelectric element; and a heat absorption plate that is
disposed at an opposite side to the heat dissipation plate
and absorbs heat of the contact surface.
[0009] The thermoelectric element may contact the pi-
ezoelectric layer through the heat dissipation plate and
may heat the piezoelectric layer.
[0010] The thermoelectric element may contact the pi-
ezoelectric layer through the heat absorption plate and
may cool the piezoelectric layer.
[0011] The piezoelectric layer and the thermoelectric
element may share a signal electrode through which a
current is supplied to the piezoelectric layer and the ther-
moelectric element, respectively.
[0012] The piezoelectric layer and the thermoelectric
element may share a ground electrode.
[0013] When the piezoelectric layer includes one or
more piezoelectric channels, the thermoelectric element
may include one or more thermoelectric channels corre-
sponding to the one or more piezoelectric channels.
[0014] In accordance with another aspect of the
present invention, an ultrasonic probe includes: a piezo-
electric layer that vibrates and generates ultrasonic
waves if a current is supplied to the piezoelectric layer;
an application specific integrated circuit (ASIC) that
transfers the current to the piezoelectric layer; and a ther-
moelectric element that contacts one surface of the ASIC
and controls temperature of the piezoelectric layer if a
current is supplied to the thermoelectric element.
[0015] The thermoelectric element may include: a heat
dissipation plate that is disposed on one surface of the
thermoelectric element and dissipates heat toward a con-
tact surface between the piezoelectric layer and the ther-
moelectric element; and a heat absorption plate that is
disposed at an opposite side to the heat dissipation plate
and absorbs heat of the contact surface.
[0016] The piezoelectric layer and the thermoelectric
element may share a signal electrode through which a
current is supplied to the piezoelectric layer and the ther-
moelectric element, respectively.
[0017] The piezoelectric layer and the thermoelectric
element may share a ground electrode.
[0018] In accordance with still another aspect of the
present invention, an ultrasonic imaging apparatus in-
cludes: an ultrasonic probe including a piezoelectric layer
that vibrates and generates ultrasonic waves, a thermo-
electric element that contacts one surface of the piezo-
electric layer and controls temperature of the piezoelec-
tric layer according to a supplied current, and a temper-
ature sensor that senses the temperature of the piezoe-
lectric layer; and a controller that controls the supplied
current based on the sensed temperature.
[0019] In accordance with yet still another aspect of
the present invention, an ultrasonic imaging apparatus
includes: an ultrasonic probe including a piezoelectric
layer that vibrates and generates ultrasonic waves, an
application specific integrated circuit (ASIC) that trans-
fers a current to the piezoelectric layer, a thermoelectric
element that contacts one surface of the ASIC and con-
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trols temperature of the piezoelectric layer according to
the supplied current, and a temperature sensor that sens-
es the temperature of the piezoelectric layer; and a con-
troller that controls the supplied current based on the
sensed temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] These and/or other aspects of the invention will
become apparent and more readily appreciated from the
following description of the embodiments, taken in con-
junction with the accompanying drawings of which:

FIG. 1 is a perspective view of an ultrasonic imaging
apparatus in accordance with an embodiment of the
present invention;
FIG. 2A is a perspective of an ultrasonic probe ac-
cording to the related art, and FIG. 2B is an exploded
perspective view of the ultrasonic probe illustrated
in FIG. 2A;
FIG. 3 illustrates an ultrasonic probe including a ther-
moelectric element, in accordance with an embodi-
ment of the present invention;
FIGS. 4A through 4C illustrate ultrasonic probes in-
cluding a signal electrode and a ground electrode,
in accordance with other embodiments of the present
invention;
FIGS. 5A through 5E illustrate ultrasonic probes in-
cluding an application specific integrated circuit
(ASIC), in accordance with various embodiments of
the present invention;
FIGS. 6A and 6B illustrate ultrasonic probes in which
a piezoelectric layer is diced, in accordance with oth-
er embodiments of the present invention; and
FIG. 7 is a control block diagram of an ultrasonic
imaging apparatus including the ultrasonic probe in
which the thermoelectric element is disposed, in ac-
cordance with an embodiment of the present inven-
tion.

DETAILED DESCRIPTION

[0021] Reference will now be made in detail to the em-
bodiments of the present invention, examples of which
are illustrated in the accompanying drawings, wherein
like reference numerals refer to like elements throughout.
[0022] FIG. 1 is a perspective view of an ultrasonic
imaging apparatus in accordance with an embodiment
of the present invention. As illustrated in FIG. 1, the ul-
trasonic imaging apparatus may include a body 100, an
ultrasonic probe 110, an input unit 150, and a display
160. In this case, the display 160 may include a main
display 161 and a subdisplay 162.
[0023] One or more female connectors 145 may be
provided at one side of the body 100. A male connector
140 connected to a cable 130 may be physically coupled
to the female connector 145.
[0024] A plurality of casters (not shown) for mobility of

the ultrasonic imaging apparatus may be provided at a
lower portion of the body 100. The plurality of casters
(not shown) may fix the ultrasonic imaging apparatus at
a particular place or may move the ultrasonic imaging
apparatus in a particular direction.
[0025] The ultrasonic probe 110 that contacts a body
surface of a subject may transmit and receive ultrasonic
waves. One end of the cable 130 may be connected to
the ultrasonic probe 110, and the male connector 140
may be connected to the other end of the cable 130. The
male connector 140 connected to the other end of the
cable 130 may be physically coupled to the female con-
nector 145 of the body 100.
[0026] Instructions relating to an operation of the ultra-
sonic imaging apparatus may be input to the input unit
150. For example, mode selection instructions, such as
an amplitude mode (A-mode), a brightness mode (B-
mode), and a motion mode (M-mode), or ultrasonic di-
agnosis starting instructions may be input to the input
unit 150. The instructions input through the input unit 150
may be transmitted to the body 100 through wired or wire-
less communication.
[0027] The input unit 150 may include at least one of
a keyboard, a foot switch, and a foot pedal, for example.
The keyboard may be implemented with hardware and
may be placed at an upper portion of the body 100. The
keyboard may include at least one of a switch, a key, a
joystick, and a trackball. Alternatively, the keyboard may
be implemented with software, like a graphic user inter-
face. In this case, the keyboard may be displayed on the
subdisplay 162 or the main display 161. The foot switch
or the foot pedal may be disposed at the lower portion of
the body 100, and a manipulator may control the opera-
tion of the ultrasonic imaging apparatus using the foot
pedal.
[0028] An ultrasonic probe holder 120 for holding the
ultrasonic probe 110 may be disposed around the input
unit 150. One or more ultrasonic probe holders 120 may
be provided. When an inspector does not use the ultra-
sonic imaging apparatus, the ultrasonic probe 110 may
be held by and kept in the ultrasonic probe holder 120.
[0029] The subdisplay 162 may be disposed on the
body 100. FIG. 1 illustrates a case that the subdisplay
162 is disposed at an upper portion of the input unit 150.
The subdisplay 162 may display an application relating
to the operation of the ultrasonic imaging apparatus. For
example, the subdisplay 162 may display a menu or in-
formation required for ultrasonic diagnosis. The subdis-
play 162 may be implemented with a cathode ray tube
(CRT) or a liquid crystal display (LCD), for example.
[0030] The main display 161 may be disposed at the
body 100. FIG. 1 illustrates a case that the main display
161 is disposed at an upper portion of the subdisplay
162. The main display 161 may display an ultrasonic im-
age obtained during an ultrasonic diagnosis procedure.
The main display 161 may be implemented with a CRT
or an LCD, like in the subdisplay 162. Although FIG. 1
illustrates a case that the main display 161 is coupled to
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the body 100, the main display 161 may be implemented
to be detachable from the body 100.
[0031] FIG. 1 illustrates a case that both the main dis-
play 161 and the subdisplay 162 are provided at the ul-
trasonic imaging apparatus. However, the subdisplay
162 may be omitted, as needed. In this case, the appli-
cation or menu displayed on the subdisplay 162 may be
displayed on the main display 161.
[0032] Until now, a general configuration of the ultra-
sonic imaging apparatus has been described. Hereinaf-
ter, an ultrasonic probe according to the present invention
will be described in more detail.
[0033] FIG. 2A is a perspective of an ultrasonic probe
according to the related art, and FIG. 2B is an exploded
perspective view of the ultrasonic probe illustrated in FIG.
2A.
[0034] An ultrasonic probe 110 according to the related
art may include a piezoelectric layer 11, a matching layer
13 disposed on a top surface of the piezoelectric layer
11, a lens 14 installed at a top surface of the matching
layer 13, and a backing layer 12 disposed on a bottom
surface of the piezoelectric layer 11.
[0035] The effects that, if mechanical pressure is ap-
plied to a predetermined material, a voltage is generated
and if a voltage is applied to the predetermined material,
mechanical deformation occurs, are referred to as a pi-
ezoelectric effect and an inverse piezoelectric effect, and
a material having these effects is referred to as a piezo-
electric material. That is, the piezoelectric material is a
material that transforms electric energy into mechanical
vibration energy or vice versa.
[0036] The ultrasonic probe 110 of FIG. 1 includes the
piezoelectric layer 11 that transforms a received electri-
cal signal into mechanical vibration so as to generate
ultrasonic waves.
[0037] The piezoelectric material that constitutes the
piezoelectric layer 11 may include a ceramic of lead zir-
conate titanate (PZT), a PZMT monocrystal formed of a
solid solution of lead magnesium niobate (PMN) and lead
titanate (PT), or a PZNT monocrystal formed of a solid
solution of lead zinc niobate (PZN) and PT.
[0038] The backing layer 12 is mounted on the bottom
surface of the piezoelectric layer 11, absorbs the ultra-
sonic waves generated in the piezoelectric layer 11, and
blocks the ultrasonic waves that proceed toward the bot-
tom surface of the piezoelectric layer 11, thereby pre-
venting distortion of an image. The backing layer 12 may
be manufactured as a plurality of layers so as to improve
an attenuation or blocking effect of the ultrasonic waves.
[0039] The matching layer 13 is disposed on the top
surface of the piezoelectric layer 11 and reduces a dif-
ference in sound impedance between the piezoelectric
layer 11 and the subject so that ultrasonic waves gener-
ated in the piezoelectric layer 11 can be effectively trans-
ferred to the subject. The matching layer 13 may be
formed to have one or more layers.
[0040] The matching layer 13 may be divided into a
plurality of units having predetermined widths together

with the piezoelectric layer 11 through a dicing process.
[0041] Although not shown, a protective layer may be
disposed on the top surface of the matching layer 13.
The protective layer may prevent outflow of high frequen-
cy components that may be generated in the piezoelec-
tric layer 11 and may block inflow of external high fre-
quency signals. Also, the protective layer may protect
internal parts of the ultrasonic probe from water or med-
icine used in disinfection by coating or depositing a con-
ductive material on the surface of a film having moisture
tolerance and chemical resistance.
[0042] The lens 14 is installed at the top surface of the
matching layer 13. The lens 14 may have a convex shape
in a radiation direction of the ultrasonic waves so as to
focus the ultrasonic waves, and when sound speed is
slower than the human body, the lens 14 may be imple-
mented with a concave shape.
[0043] Meanwhile, all parts of vibration of the piezoe-
lectric layer 11 are not transformed into ultrasonic waves
but parts thereof are converted into heat, and thus a
sound loss occurs. Heat generated in this way may in-
crease an internal temperature of the ultrasonic probe
110 to 40°C or higher. Since the high-temperature ultra-
sonic probe 110 directly contacts a skin, a patient’s health
may be under threat. If heat generated in the piezoelectric
layer 11 is not properly dissipated, performance of the
ultrasonic probe 110 may be adversely affected. In par-
ticular, a depolarization phenomenon may occur in the
piezoelectric material that constitutes the piezoelectric
layer 11 in a high-temperature environment. This may
cause performance of the piezoelectric layer 11 to be
degraded.
[0044] When the ultrasonic probe 110 is in a high-tem-
perature state and in an extremely low temperature en-
vironment, performance degradation may occur. Thus,
the temperature of the ultrasonic probe 110, in detail, the
temperature of the piezoelectric layer 11 is required to
be uniformly maintained regardless of a peripheral envi-
ronment.
[0045] FIG. 3 illustrates an ultrasonic probe including
a thermoelectric element, in accordance with an embod-
iment of the present invention.
[0046] As illustrated in FIG. 3, a thermoelectric element
15 may contact one surface of the piezoelectric layer 11
so as to control the temperature of the piezoelectric layer
11. Here, the thermoelectric element 15 is an element
that uses the peltier effect that one terminal causes a
heat absorption reaction and the other terminal causes
a heat dissipation reaction according to a direction of a
current if ends of different types of metals are connected
to each other and a current flows through the connected
metal ends.
[0047] In an embodiment of the thermoelectric element
15, the thermoelectric element 15 may include a heat
dissipation plate that is disposed at one surface of the
thermoelectric element 15 and dissipates heat, and a
heat absorption plate that is disposed at an opposite side
to the heat dissipation plate and absorbs heat.
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[0048] In this case, the used thermoelectric element
15 may be a thin film type thermoelectric element 15.
The thickness of the thermoelectric element 15 may be
several tens of micrometers (um) to several hundreds of
micrometers (um). The thinner the thermoelectric ele-
ment 15, the less effect on sound performance of the
piezoelectric layer 11, but performance of the thermoe-
lectric element 15 is degraded. Thus, an appropriate
thickness of the thermoelectric element 15 may be de-
termined according to situations and may be applied to
the ultrasonic probe 110.
[0049] If the thermoelectric element 15 contacts one
surface of the piezoelectric layer 11 through the heat dis-
sipation plate, the heat dissipation plate may dissipate
heat and may heat the piezoelectric layer 11. In contrast,
if the thermoelectric element 15 contacts one surface of
the piezoelectric layer 11 through the heat absorption
plate, the heat absorption plate may absorb heat gener-
ated in the piezoelectric layer 11 and may cool the pie-
zoelectric layer 11.
[0050] FIG. 3 illustrates the ultrasonic probe 110 in
which the thermoelectric element 15 contacts a bottom
surface of the piezoelectric layer 11, in accordance with
an embodiment of the present invention. The piezoelec-
tric layer 11 and the thermoelectric element 15 may make
surface contact with each other and may be configured
such that conduction of heat may be easily performed.
In this case, a thermal compound may be used to improve
the effects of surface contact.
[0051] When ultrasonic diagnosis is performed in an
extremely low-temperature environment, the piezoelec-
tric layer 11 needs to be heated for a normal operation
of the ultrasonic probe 110. To this end, the heat dissi-
pation plate may be disposed on a top surface of the
thermoelectric element 15, i.e., on a surface that makes
surface contact with the piezoelectric layer 11. Heat gen-
erated in the heat dissipation plate provided in this way
may be transferred to the piezoelectric layer 11, and the
piezoelectric layer 11 to which heat is transferred, may
be maintained at a uniform temperature and may gener-
ate ultrasonic waves normally.
[0052] Alternatively, an internal temperature of the ul-
trasonic probe 110 may be increased due to heat gen-
erated due to vibration of the piezoelectric layer 11. If
heat generated in this way is not dissipated, normal ul-
trasonic diagnosis becomes difficult. To this end, the heat
absorption plate may be disposed on the top surface of
the thermoelectric element 15, i.e., on a surface that
makes surface contact with the piezoelectric layer 11.
Heat generated in the piezoelectric layer 11 is absorbed
by the heat absorption plate so that the piezoelectric layer
11 may be cooled and the internal temperature of the
ultrasonic probe 110 may be prevented from being in-
creased.
[0053] As a result, the piezoelectric layer 11 and the
thermoelectric element 15 make surface contact with
each other so that the piezoelectric layer 11 can be main-
tained at a uniform temperature and the ultrasonic probe

110 can operate normally.
[0054] FIGS. 4A through 4C illustrate ultrasonic probes
including a signal electrode and a ground electrode, in
accordance with embodiments of the present invention.
Arrows in FIGS. 4A through 4C mean a direction in which
a current flows.
[0055] The current may be supplied to the piezoelectric
layer 11 so that the piezoelectric layer 11 generates ul-
trasonic waves. To this end, the piezoelectric layer 11
may include a signal electrode 16a for the piezoelectric
layer 11 to which the current is supplied, and a ground
electrode 17a for the piezoelectric layer 11 through which
the current is discharged. If the current is supplied to the
piezoelectric layer 11 via the signal electrode 16a for the
piezoelectric layer 11, the piezoelectric layer 11 vibrates
and generates ultrasonic waves.
[0056] Since the thermoelectric element 15 generates
a temperature difference between both ends of the ther-
moelectric element 15 due to the peltier effect, a supply
of current is required. To this end, the thermoelectric el-
ement 15 may include a signal electrode 16b for the ther-
moelectric element 15 to which a current is supplied, and
a ground electrode 17b for the thermoelectric element
15 through which the current is discharged. The thermo-
electric element 15 generates a temperature difference
between both ends of the thermoelectric element 15 due
to the current supplied to the thermoelectric element 15
through the signal electrode 16b, thereby controlling the
temperature of the piezoelectric layer 11.
[0057] FIG. 4A illustrates the ultrasonic probe 110 in
which the piezoelectric layer 11 and the thermoelectric
element 15 make surface contact with each other, i.e., a
case that a signal electrode and a ground electrode are
disposed on the piezoelectric layer 11 an the thermoe-
lectric element 15, respectively, in accordance with an
embodiment of the present invention. In this case, a cur-
rent is supplied to the piezoelectric layer 11 through the
signal electrode 16a for the piezoelectric layer 11, and a
current is supplied to the thermoelectric element 15
through the signal electrode 16b for the thermoelectric
element 15. Thus, the piezoelectric layer 11 and the ther-
moelectric element 15 operate due to separate currents.
[0058] FIG. 4B illustrates the ultrasonic probe 110 in
which the piezoelectric layer 11 and the thermoelectric
element 15 make surface contact with each other, i.e., a
case that the piezoelectric layer 11 and the thermoelec-
tric element 15 share a ground electrode, in accordance
with another embodiment of the present invention. In this
case, a current is supplied to the piezoelectric layer 11
through the signal electrode 16a for the piezoelectric lay-
er 11, and a current is supplied to the thermoelectric el-
ement 15 through the signal electrode 16b for the ther-
moelectric element 15, like in FIG. 4A. However, there
is a difference between FIGS. 4A and 4B in that, in FIG.
4B, the current flows to the ground through one ground
electrode. Hereinafter, the ground electrode shared by
the piezoelectric layer 11 and the thermoelectric element
15 is referred to as a shared ground electrode 17.
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[0059] As illustrated in FIG. 4B, if the piezoelectric layer
11 and the thermoelectric element 15 share the ground
electrode, only one ground electrode is sufficient. Con-
nection lines connected to the outside are required to be
provided in each electrode. If the number of electrodes
is reduced, the number of connection lines that accom-
pany with the number of electrodes is also reduced to
overcome a limitation in an internal space of the ultra-
sonic probe 110.
[0060] Also, even when the piezoelectric layer 11 and
the thermoelectric element 15 are diced, the risk of gen-
erating an electrical short is low. In addition, interference
that occurs between a plurality of electrode layers is re-
duced so that sound performance can be uniformly main-
tained.
[0061] FIG. 4C illustrates the ultrasonic probe 110 in
which the piezoelectric layer 11 and the thermoelectric
element 15 make surface contact with each other, i.e., a
case that the piezoelectric layer 11 and the thermoelec-
tric element 15 share a ground electrode and a signal
electrode, in accordance with still another embodiment
of the present invention. Hereinafter, the signal electrode
shared by the piezoelectric layer 11 and the thermoelec-
tric element 15 is referred to as a shared signal electrode
16.
[0062] Referring to FIG. 4C, a current may be supplied
to the thermoelectric element 15 via the shared signal
electrode 16 disposed on a bottom surface of the ther-
moelectric element 15. A surface of the thermoelectric
element 15 on which the shared signal electrode 16 is
disposed, may be a heat dissipation plate. When the sup-
plied current flows from the heat dissipation plate to the
heat absorption plate, a temperature difference may be
generated in both ends of the thermoelectric element 15.
As a result, heat generated in the piezoelectric layer 11
is absorbed by the heat absorption plate, and thus the
piezoelectric layer 11 may be cooled.
[0063] Also, the current that flows through the heat ab-
sorption plate may be transferred to the piezoelectric lay-
er 11 and may vibrate the piezoelectric layer 11. The
current may be discharged through the shared ground
electrode 17 disposed on a top surface of the piezoelec-
tric layer 11.
[0064] As illustrated in FIG. 4C, if a current is supplied
through the shared signal electrode 16, a temperature
difference of the thermoelectric element 15 may be gen-
erated due to the supplied current, and the piezoelectric
layer 11 may be vibrated, and ultrasonic waves may be
generated. Unlike in FIG. 4A or 4B in which the piezoe-
lectric layer 11 and the thermoelectric element 15 are
controlled due to separate currents, the piezoelectric lay-
er 11 and the thermoelectric element 15 are controlled
when one current flows through the piezoelectric layer
11 and the thermoelectric element 15 via the shared sig-
nal electrode 16.
[0065] In this way, if the piezoelectric layer 11 and the
thermoelectric element 15 share the signal electrode as
well as the ground electrode, the number of electrodes

and the number of connection lines that accompany with
the number of electrodes are reduced such that there is
no problem of the limitation in the internal space of the
ultrasonic probe 110.
[0066] Also, even when the piezoelectric layer 11 and
the thermoelectric element 15 are diced, there is a low
possibility that an electrical short will occur. In addition,
interference that occurs between a plurality of electrode
layers is reduced so that sound performance is not de-
graded.
[0067] FIGS. 5A through 5E illustrate ultrasonic probes
including an application specific integrated circuit (ASIC),
in accordance with various embodiments of the present
invention.
[0068] As the configuration of the ultrasonic probe 110
is recently diversified, complexity of an inside of the ul-
trasonic probe 110 increases. In particular, as an ar-
rangement shape of a transducer device is complicated,
the ultrasonic probe 110 may include an application spe-
cific integrated circuit (ASIC) so as to control a current
supplied to each device. Owing to integration technology
using the ASIC, the reliability of the ultrasonic probe 110
and the ultrasonic imaging apparatus can be increased,
and complexity of the ultrasonic probe 110 can be de-
creased, and excellent signal processing efficiency can
be obtained.
[0069] In this way, even when the ultrasonic probe 110
includes the ASIC so as to transfer the current to the
piezoelectric layer 11, the ultrasonic probe 110 may in-
clude the thermoelectric element 15 so as to control the
temperature of the piezoelectric layer 11.
[0070] FIGS. 5A through 5C illustrate the ultrasonic
probe 110 in which an ASIC 11 a makes surface contact
with the bottom surface of the piezoelectric layer 11 and
the thermoelectric element 15 makes surface contact
with a bottom surface of the ASIC 11 a, in accordance
with various embodiments of the present invention. In
this case, since the ASIC 11 a controls the supplied cur-
rent and transfers the current to the piezoelectric layer
11, each embodiment of the ultrasonic probe 110 includ-
ing the ASIC 11 a is subject to a case that the supplied
current is transferred to the piezoelectric layer 11 via the
ASIC 11 a. Arrows of FIGS. 5A through 5E represent a
direction in which the current flows.
[0071] FIG. 5A illustrates a case that the piezoelectric
layer 11 includes a signal electrode and a ground elec-
trode for the piezoelectric layer 11 and the thermoelectric
element 15 includes a signal electrode and a ground elec-
trode for the thermoelectric element 15. The signal elec-
trode 16a for the piezoelectric layer 11 may be disposed
on the ASIC 11 a, and a current may be supplied to the
signal electrode 16a for the piezoelectric layer 11. The
current supplied in this way may be controlled by the
ASIC 11 a and may be transferred to the piezoelectric
layer 11, and the piezoelectric layer 11 to which the cur-
rent is transferred, may vibrate and generate ultrasonic
waves. Also, the current is discharged along the ground
electrode 17a disposed on the piezoelectric layer 11.
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[0072] Meanwhile, the thermoelectric element 15 may
include the signal electrode 16b and the ground electrode
17b for the thermoelectric element 15. In FIG. 5A, the
signal electrode 16b for the thermoelectric element 15 is
disposed on the bottom surface of the thermoelectric el-
ement 15. Thus, the bottom surface of the thermoelectric
element 15 is a heat dissipation plate. The current sup-
plied along the signal electrode 16b for the thermoelectric
element 15 flows from the heat dissipation plate to an
opposite site, i.e., to a heat absorption plate and is dis-
charged along the ground electrode 17b for the thermo-
electric element 15. In this case, the heat absorption plate
absorbs heat generated in the piezoelectric layer 11 via
the ASIC 11 a and thus may cool the piezoelectric layer
11.
[0073] Unlike in FIG. 5A, FIG. 5B illustrates a case that
the shared ground electrode 17 is disposed. The current
supplied along the signal electrode 16a for the piezoe-
lectric layer 11 disposed on the ASIC 11 a vibrates the
piezoelectric layer 11 and is discharged along the shared
ground electrode 17. Also, the current supplied along the
signal electrode 16b for the thermoelectric element 15
disposed on the thermoelectric element 15 generates a
temperature difference in both ends of the thermoelectric
element 15 and is discharged along the shared ground
electrode 17 disposed on the thermoelectric element 15
via the ASIC 11 a.
[0074] When the shared ground electrode 17 is dis-
posed in this way, the number of ground electrodes may
be reduced to one, and the number of connection lines
that accompany with the number of ground electrodes
may be reduced, too. Thus, the limitation in the internal
space of the ultrasonic probe 110 can be overcome.
[0075] Also, even when the piezoelectric layer 11 and
the thermoelectric element 15 are diced, the risk of gen-
erating an electrical short is low. In addition, interference
that occurs between a plurality of electrode layers is re-
duced so that uniform sound performance can be main-
tained.
[0076] FIG. 5C illustrates a case that the shared signal
electrode 16 as well as the shared ground electrode 17
are provided, unlike in FIG. 5B. Since the shared signal
electrode 16 is disposed on the bottom surface of the
thermoelectric element 15, the bottom surface of the ther-
moelectric element 15 may be a heat dissipation plate,
and a top surface of the thermoelectric element 15 may
be a heat absorption plate.
[0077] If a current is applied along the shared signal
electrode 16, a current flows from the heat dissipation
plate to the heat absorption plate and generates a tem-
perature difference in both ends of the thermoelectric el-
ement 15. Also, the current is transferred from the ther-
moelectric element 15 to the ASIC 11 a, is transferred
again to the piezoelectric layer 11, and vibrates the pie-
zoelectric layer 11. The current that is transmitted to the
piezoelectric layer 11 is discharged along the shared
ground electrode 17 disposed on the piezoelectric layer
11.

[0078] Unlike in FIGS. 5A through 5C, FIGS. 5D and
5E illustrate various embodiments of the ultrasonic probe
110 in which the thermoelectric element 15 makes sur-
face contact with the bottom surface of the piezoelectric
layer 11 and the ASIC 11 a makes surface contact with
the bottom surface of the thermoelectric element 15.
Since the current controlled by the ASIC 11 a may be
transferred to the piezoelectric layer 11 via the thermo-
electric element 15, this embodiment may be implement-
ed.
[0079] FIG. 5D illustrates the ultrasonic probe 110 in-
cluding the shared ground electrode, in accordance with
another embodiment of the present invention. The signal
electrode 16a for the piezoelectric layer 11 may be dis-
posed on the ASIC 11 a, and a current may be supplied
via the signal electrode 16a for the piezoelectric layer 11.
The supplied current may be transferred to the piezoe-
lectric layer 11 via the thermoelectric element 15, and
the piezoelectric layer 11 may vibrate due to the trans-
ferred current and may generate ultrasonic waves. The
current that vibrates the piezoelectric layer 11 may be
discharged through the shared ground electrode 17 dis-
posed on the piezoelectric layer 11.
[0080] Also, the signal electrode 16b for the thermoe-
lectric element 15 may be disposed on the bottom surface
of the thermoelectric element 15. Thus, the bottom sur-
face of the thermoelectric element 15 may be a heat dis-
sipation plate that heats a contact surface between the
piezoelectric layer 11 and the thermoelectric element 15,
and the top surface of the thermoelectric element 15 may
be a heat absorption plate that cools the contact surface
between the piezoelectric layer 11 an the thermoelectric
element 15. The current supplied through the signal elec-
trode 16b for the thermoelectric element 15 may flow
from the heat dissipation plate to the heat absorption
plate and may generate a temperature difference in both
ends of the thermoelectric element 15. The current that
flows through the heat absorption plate may flow along
the piezoelectric layer 11 and may be discharged along
the shared ground electrode 17.
[0081] FIG. 5D is the same as FIG. 5B in that the
number of ground electrodes is reduced to one and the
weight or volume of the ultrasonic probe 110 may be
reduced, unlike in FIG. 5A.
[0082] FIG. 5E illustrates the ultrasonic probe 110 in-
cluding the shared ground electrode and the shared sig-
nal electrode, in accordance with still another embodi-
ment of the present invention. The shared signal elec-
trode 16 may be disposed on the ASIC 11 a, and a current
that controls the thermoelectric element 15 and the pie-
zoelectric layer 11 may be supplied through the shared
signal electrode 16. Also, the shared ground electrode
17 may be disposed on the piezoelectric layer 11, and
the supplied current may be discharged through the
shared ground electrode 17.
[0083] Like in FIG. 5C, the number of electrodes is re-
duced to two, and there is no problem of the limitation in
the internal space of the ultrasonic probe 110. Also, even
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when the piezoelectric layer 11 and the thermoelectric
element 15 are diced, the risk of generating an electrical
short is low. In addition, interference that occurs between
a plurality of electrode layers is reduced so that sound
performance can be maintained.
[0084] The ultrasonic probe 110 illustrated in FIGS. 2A
and 2B, FIG. 3, FIGS. 4A through 4C, and FIGS. 5A
through 5E is a one-dimensional arrangement ultrasonic
probe 110. However, even when the transducer device
is arranged in a two-dimensional manner, the tempera-
ture of the piezoelectric layer 11 may be controlled
through the thermoelectric element 15.
[0085] FIGS. 6A and 6B illustrate ultrasonic probes in
which the piezoelectric layer 11 is diced, in accordance
with other embodiments of the present invention. Arrows
in FIGS. 6A and 6B mean a direction in which a current
flows.
[0086] Even when the piezoelectric layer 11 is diced
into a plurality of channels, temperature of the piezoe-
lectric layer 11 may be controlled using the thermoelectric
element 15. In detail, the piezoelectric layer 11 may be
diced into and may include one or more piezoelectric
channels. In this case, the piezoelectric layer 11 needs
to be maintained at an appropriate temperature at which
each piezoelectric channel operates normally. To this
end, the thermoelectric element 15 including one or more
thermoelectric channels may contact the piezoelectric
layer 11. In particular, the thermoelectric element 15 may
be diced into one or more thermoelectric channels, and
each piezoelectric channel may contact each thermoe-
lectric channel. Thus, temperature of each piezoelectric
channel may be controlled by each thermoelectric chan-
nel.
[0087] FIG. 6A illustrates the ultrasonic probe 110 in
which the thermoelectric element 15 makes surface con-
tact with the piezoelectric layer 11 diced into one or more
channels, in accordance with an embodiment of the
present invention. Like in FIG. 6A, since the piezoelectric
layer 11 includes one or more piezoelectric channels, the
thermoelectric element 15 needs to be provided to con-
tact each piezoelectric channel. To this end, the thermo-
electric element 15 is diced into one or more thermoe-
lectric channels and is provided to make surface contact
with the piezoelectric layer 11.
[0088] FIG. 6B illustrates the ultrasonic probe 110 in
which the ASIC 11 a makes surface contact with the pi-
ezoelectric layer 11 diced into one or more channels and
the diced thermoelectric element 15 makes surface con-
tact with the ASIC 11 a, in accordance with another em-
bodiment of the present invention. Even when the ASIC
11 a makes surface contact with the piezoelectric layer
11, the thermoelectric element 15 diced in the same man-
ner as FIG. 6A may control temperature of the piezoe-
lectric layer 11. If each thermoelectric channel makes
surface contact with the ASIC 11 a so as to maintain
temperature of each piezoelectric channel that makes
surface contact with the ASIC 11 a, heat exchange be-
tween the piezoelectric channel and the thermoelectric

channel may be performed by the ASIC 11 a.
[0089] When the piezoelectric layer 11 is diced into
one or more piezoelectric channels, the thermoelectric
element 15 may be a thin film type thermoelectric element
15 so that the thermoelectric element 15 can be diced
into one or more thermoelectric channels.
[0090] FIG. 7 is a control block diagram of an ultrasonic
imaging apparatus including an ultrasonic probe in which
a thermoelectric element is disposed, in accordance with
an embodiment of the present invention.
[0091] The ultrasonic probe 110 may include the pie-
zoelectric layer 11 that vibrates and generates ultrasonic
waves, the thermoelectric element 15 that controls tem-
perature of the piezoelectric layer 11, and a temperature
sensor 20 that senses the temperature of the piezoelec-
tric layer 11.
[0092] When the temperature of the piezoelectric layer
11 rises due to its vibration or decreases in an extremely
low temperature environment, the piezoelectric layer
may not operate normally. Thus, the temperature of the
piezoelectric layer 11 needs to be maintained at an ap-
propriate level.
[0093] To this end, the thermoelectric element 15 may
contact one surface of the piezoelectric layer 11 or may
make surface contact with the piezoelectric layer 11 and
may contract one surface of the ASIC 11 a that transfers
a current. If a current is supplied to the thermoelectric
element 15, a temperature difference is generated in both
ends of the thermoelectric element 15, and thus, temper-
ature of the piezoelectric layer 11 may be controlled using
the temperature difference.
[0094] In detail, the thermoelectric element 15 may in-
clude a heat dissipation plate that dissipates heat toward
a contact surface between the piezoelectric layer 11 and
the thermoelectric element 15 and heats the contact sur-
face, and a heat absorption plate that absorbs heat of
the contact surface and cools the contact surface. The
heat dissipation plate or the heat absorption plate con-
tacts the piezoelectric layer 11 in consideration of an en-
vironment in which ultrasonic diagnosis is performed, so
that the piezoelectric layer 11 may be heated or cooled.
[0095] The temperature sensor 20 may be disposed
at an inner side of a housing and may sense the temper-
ature of the piezoelectric layer 11. To this end, the tem-
perature sensor 20 may be disposed to contact the pie-
zoelectric layer 11. If it is determined that the temperature
sensor 20 senses the temperature of the piezoelectric
layer 11 and determines that the piezoelectric layer 11
is at a predetermined temperature or more or less, the
result of determination may be transmitted to a controller
170 provided on the body 100.
[0096] The controller 170 may receive the result of
sensing temperature from the temperature sensor 20 and
may control a supply current supplied to the thermoelec-
tric element 15 based on the result of sensing tempera-
ture. Since it is determined that temperature of the pie-
zoelectric layer 11 is at an appropriate level or more or
less, the controller 170 may control the ultrasonic imaging
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apparatus to supply a current to the thermoelectric ele-
ment 15 and to cool or heat the piezoelectric layer 11.
The controller 170 may include a processor and may be
implemented with hardware.
[0097] In the ultrasonic probe 110 and the ultrasonic
imaging apparatus including the same according to the
one or more embodiments of the present invention, the
piezoelectric layer 11 disposed in the ultrasonic probe
110 and the thermoelectric element 15 may make surface
contact with each other directly or through the ASIC 11
a so that the temperature of the piezoelectric layer 11
can be maintained in an optimum state. Accordingly,
smooth ultrasonic diagnosis can be performed, and a
patient’s safety can be maintained.
[0098] As described above, in an ultrasonic probe and
an ultrasonic imaging apparatus having the same accord-
ing to the one or more embodiments of the present in-
vention, a piezoelectric layer is heated or cooled using a
thermoelectric element so that an inner side of the ultra-
sonic probe can be always maintained at an appropriate
temperature.
[0099] In addition, an internal structure of the ultrasonic
probe can be simplified by integrating electrodes of the
thermoelectric element with electrodes of the piezoelec-
tric layer.
[0100] Although a few embodiments of the present in-
vention have been shown and described, it would be ap-
preciated by those skilled in the art that changes may be
made in these embodiments without departing from the
principles and spirit of the invention, the scope of which
is defined in the claims and their equivalents.

Claims

1. An ultrasonic probe comprising:

a piezoelectric layer that vibrates and generates
ultrasonic waves if a current is supplied to the
piezoelectric layer; and
a thermoelectric element that contacts one sur-
face of the piezoelectric layer and controls tem-
perature of the piezoelectric layer if a current is
supplied to the thermoelectric element.

2. The ultrasonic probe of claim 1, wherein the thermo-
electric element comprises:

a heat dissipation plate that is disposed on one
surface of the thermoelectric element and dissi-
pates heat toward a contact surface between
the piezoelectric layer and the thermoelectric el-
ement; and
a heat absorption plate that is disposed at an
opposite side to the heat dissipation plate and
absorbs heat of the contact surface.

3. The ultrasonic probe of claim 2, wherein the thermo-

electric element contacts the piezoelectric layer
through the heat dissipation plate and heats the pi-
ezoelectric layer.

4. The ultrasonic probe of claim 2, wherein the thermo-
electric element contacts the piezoelectric layer
through the heat absorption plate and cools the pi-
ezoelectric layer.

5. The ultrasonic probe of claim 1, wherein the piezo-
electric layer and the thermoelectric element share
a signal electrode through which a current is supplied
to the piezoelectric layer and the thermoelectric el-
ement, respectively.

6. The ultrasonic probe of claim 1, wherein the piezo-
electric layer and the thermoelectric element share
a ground electrode.

7. The ultrasonic probe of claim 1, wherein, when the
piezoelectric layer comprises one or more piezoe-
lectric channels, the thermoelectric element com-
prises one or more thermoelectric channels corre-
sponding to the one or more piezoelectric channels.

8. An ultrasonic probe comprising:

a piezoelectric layer that vibrates and generates
ultrasonic waves if a current is supplied to the
piezoelectric layer;
an application specific integrated circuit (ASIC)
that transfers the current to the piezoelectric lay-
er; and
a thermoelectric element that contacts one sur-
face of the ASIC and controls temperature of the
piezoelectric layer if a current is supplied to the
thermoelectric element.

9. The ultrasonic probe of claim 8, wherein the thermo-
electric element comprises:

a heat dissipation plate that is disposed on one
surface of the thermoelectric element and dissi-
pates heat toward a contact surface between
the piezoelectric layer and the thermoelectric el-
ement; and
a heat absorption plate that is disposed at an
opposite side to the heat dissipation plate and
absorbs heat of the contact surface.

10. The ultrasonic probe of claim 8, wherein the piezo-
electric layer and the thermoelectric element share
a signal electrode through which a current is supplied
to the piezoelectric layer and the thermoelectric el-
ement, respectively.

11. The ultrasonic probe of claim 8, wherein the piezo-
electric layer and the thermoelectric element share
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a ground electrode.

12. An ultrasonic imaging apparatus comprising:

an ultrasonic probe comprising a piezoelectric
layer that vibrates and generates ultrasonic
waves, a thermoelectric element that contacts
one surface of the piezoelectric layer and con-
trols temperature of the piezoelectric layer ac-
cording to a supplied current, and a temperature
sensor that senses the temperature of the pie-
zoelectric layer; and
a controller that controls the supplied current
based on the sensed temperature.

13. An ultrasonic imaging apparatus comprising:

an ultrasonic probe comprising a piezoelectric
layer that vibrates and generates ultrasonic
waves, an application specific integrated circuit
(ASIC) that transfers a current to the piezoelec-
tric layer, a thermoelectric element that contacts
one surface of the ASIC and controls tempera-
ture of the piezoelectric layer according to the
supplied current, and a temperature sensor that
senses the temperature of the piezoelectric lay-
er; and
a controller that controls the supplied current
based on the sensed temperature.
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