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Description
CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] This application claims the benefit of Korean
Patent Application No. 10-2018-0003165, filed on Janu-
ary 10, 2018 in the Korean Intellectual Property Office,
the disclosure of which is incorporated herein by refer-
ence.

BACKGROUND
1. Field

[0002] Embodiments of the present disclosure relate
to an ultrasonic probe to generate an image of the inside
of an object by using ultrasound, and more particularly,
to a multi-row ultrasonic probe having improved heat dis-
sipation capability.

2. Description of the Related Art

[0003] An ultrasound imaging apparatus radiates ul-
trasonic signals toward a target region inside an object
from a surface of the object and then collects reflected
ultrasonic signals (ultrasonic echo signals) to non-inva-
sively acquire tomograms of soft tissues or images of
blood streams using information thereon.

[0004] Ultrasound imaging apparatuses are relatively
small in size and inexpensive, display an image in real
time, and have high safety due to no radiation exposure
as compared with other diagnostic imaging apparatuses
such as X-ray diagnosis apparatuses, computerized to-
mography (CT) scanners, magnetic resonance imaging
(MRI) apparatuses, and nuclear medicine diagnosis ap-
paratuses. Thus, ultrasound imaging apparatuses have
been widely used for heart diagnosis, celiac diagnosis,
urinary diagnosis, and obstetric diagnosis.

[0005] An ultrasound imaging apparatus includes an
ultrasonic probe that transmits ultrasonic signals to an
object and receives ultrasonic echo signals reflected by
the object to acquire an ultrasound image of the object
and a main body that generates an image of the inside
ofthe object by using the ultrasonic echo signals received
by the ultrasonic probe.

[0006] A conventional single-row (1D) probe has a
fixed focus due to a curvature of a lens, and thus a focal
range thereof is limited.

[0007] To remove the limitation in the focal range, a
multi-row (1.25D to 1.75D) probe has been developed.
Since a focus area of the multi-row probe is physically or
electrically adjusted, a high resolution image may be re-
alized in a wider area. Thus, recently, a multi-row probe
of 1.25D (with three rows) or higher has replaced the
single-row (1D) probe.

[0008] Meanwhile, only a part of electrical energy ap-
plied to drive the ultrasonic probe is converted into acous-
tic energy, and a considerable amount of the electrical
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energy is converted into heat.

[0009] When the ultrasonic probe is used for medical
purposes, the ultrasonic probe is in direct contact with a
human body, and thus a surface temperature of the ul-
trasonic probe is limited to a predetermined temperature
or less for safety reasons.

[0010] Therefore, there is a need to develop a heat
dissipation structure to reduce the surface temperature
of the ultrasonic probe.

SUMMARY

[0011] Therefore, it is an aspect of the present disclo-
sure to provide a multi-row ultrasonic probe having im-
proved heat dissipation capability.

[0012] Itis another aspect of the present disclosure to
provide a multi-row ultrasonic probe having improved
safety by reducing a surface temperature thereof.
[0013] 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.

[0014] In accordance with one aspect of the present
disclosure, an ultrasonic probe includes a transducer
configured to generate ultrasound and having multiple
rows, a kerf dividing the transducer into multiple rows,
and a heat dissipation member located inside the kerf
and transferring heat generated by the transducer to the
outside.

[0015] A width of the heat dissipation member may be
equal to or smaller than that of the kerf.

[0016] The heat dissipation member may have a ther-
mal conductivity of 0.5 W/m.K or greater.

[0017] The heat dissipation member may include a
coating layer covering an outer surface of the heat dis-
sipation member and formed of a material comprising at
least one of a non-metallic material, silicone, an epoxy
resin, and parylene to reduce electrical conductivity of
the heat dissipation member.

[0018] The ultrasonic probe may further include a heat
dissipation housing provided to cover an outer periphery
of the transducer, wherein the heat dissipation member
may be connected to the heat dissipation housing to
transfer heat of the heat dissipation member to the heat
dissipation housing.

[0019] The ultrasonic probe may further include a
matching layer provided on an upper surface of the trans-
ducer.

[0020] The kerf may include a first kerf dividing the
transducer into rows, and a second kerf dividing the
matching layer in the same direction as a direction in
which the first kerf divides the transducer.

[0021] A height of the heat dissipation member may
be greater than a height of the transducer and equal to
or smaller than a sum of heights of the transducer and
the matching layer.

[0022] The ultrasonic probe may further include a
backing layer provided on a lower surface of the trans-
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ducer.

[0023] The kerf may further include a third kerf dividing
the backing layer in the same direction as a direction in
which the first kerf divides the transducer.

[0024] The height of the heat dissipation member may
be greater than the height of the transducer and equal
to or smaller than a sum of heights of the transducer, the
matching layer, and the backing layer.

[0025] The kerf may be provided plural in number, and
the heat dissipation member is located inside each of the
plurality of kerfs.

[0026] A plurality of heat dissipation members may be
located inside each of the plurality of kerfs.

[0027] A height of the heat dissipation member may
be greater than a width of the heat dissipation member.
[0028] Theheatdissipation membermay include a plu-
rality of heat dissipation wires arranged in parallel in di-
rections direction crossing the elevation direction and the
azimuth direction, respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] These and/or other aspects of the disclosure
will become apparent and more readily appreciated from
the following description of the embodiments, taken in
conjunction with the accompanying drawings of which:

FIG. 1is a diagram illustrating a part of an ultrasonic
probe according to an embodiment.

FIG. 2 is a diagram illustrating another part of the
ultrasonic probe in an angle different from that of
FIG. 1.

FIG. 3is adiagram illustrating only a heat dissipation
member and a heat dissipation frame of an ultrasonic
probe according to an embodiment.

FIG. 4is across-sectional view illustrating a structure
of an ultrasonic probe according to an embodiment.

FIG. 5is across-sectional view illustrating a structure
of an ultrasonic probe according to another embod-
iment.

FIG. 6is across-sectional view illustrating a structure
of an ultrasonic probe according to another embod-
iment.

FIG. 7 is across-sectional view illustrating a structure
of an ultrasonic probe according to another embod-
iment.

FIG. 8isacross-sectional view illustrating a structure
of an ultrasonic probe according to another embod-

iment.

FIG. 9is across-sectional view illustrating a structure
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of an ultrasonic probe according to another embod-
iment.

DETAILED DESCRIPTION

[0030] Reference will now be made in detail to the em-
bodiments of the present disclosure, examples of which
are illustrated in the accompanying drawings, wherein
like reference numerals refer to like elements throughout.
[0031] The terms used in the present specification are
merely used to describe particular embodiments, and are
not intended to limit the present disclosure. An expres-
sion used in the singular encompasses the expression
of the plural, unless it has a clearly different meaning in
the context. In the present specification, it is to be under-
stood that the terms such as "including" or "having," etc.,
are intended to indicate the existence of the features,
numbers, operations, components, parts, or combina-
tions thereof disclosed in the specification, and are not
intended to preclude the possibility that one or more other
features, numbers, operations, components, parts, or
combinations thereof may exist or may be added.
[0032] It will be understood that, although the terms
"first", "second", etc., may be used herein to describe
various elements, these elements should not be limited
by these terms. The above terms are used only to distin-
guish one component from another. For example, a first
component discussed below could be termed a second
component, and similarly, the second component may
be termed the first component without departing from the
teachings of this disclosure. As used herein, the term
"and/or" includes any and all combinations of one or more
of the associated listed items.

[0033] An ultrasonic probe according to an embodi-
ment of the present disclosure may be implemented us-
ing a multi-row ultrasonic probe.

[0034] A single-row (1D) probe includes a transducer
divided into a plurality of elements in either an azimuth
direction or an elevation direction.

[0035] For example, in a single-row (1D) probe includ-
ing a transducer divided into a plurality of elements in the
azimuth direction, the transducer is not divided in the
elevation direction.

[0036] Since such single-row probes have a physical
focus area fixed by a curvature of a lens, the focus area
is limited.

[0037] Research has been conducted on multi-row
probes to remove the limitation of the focus area.
[0038] A multi-row probe includes a transducer divided
in both the azimuth direction and the elevation direction.
[0039] For example, a 1.25D probe including a trans-
ducer divided into a plurality of elements in the azimuth
direction is divided into three rows in the elevation direc-
tion. A 1.5D probe including a transducer divided into a
plurality of elements in the same direction is divided into
four rows in the elevation direction. A 1.75D probe is di-
vided into five rows in the elevation direction.

[0040] A 2D probe includes a transducer divided into
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a plurality of elements in both the azimuth direction and
the elevation direction.

[0041] Such a multi-row probe may realize high reso-
lution images in a wider area since a focus area may be
physically and electrically adjusted.

[0042] An ultrasonic probe is an apparatus that gener-
ates ultrasound by converting electrical energy into
acoustic energy. In a process of converting electrical en-
ergy into acoustic energy, all of the electrical energy is
not converted into acoustic energy and a large amount
of electrical energy is converted into thermal energy. The
thermal energy may increase temperature of a surface
of the ultrasonic probe.

[0043] When the ultrasonic probe is used for medical
purposes, a surface of the ultrasonic probe is in direct
contact with a human body, and thus safety issues such
as burns may occur. To prevent such issues in advance,
there is limitations to the surface temperature of the ul-
trasonic probe. Thus, there is a need to develop an effi-
cientheat dissipation structure toreduce the surface tem-
perature of the ultrasonic probe.

[0044] Hereinafter, an ultrasonic probe accordingto an
embodiment will be described in detail with reference to
the accompanying drawings.

[0045] FIG. 1 is a diagram illustrating a part of an ul-
trasonic probe according to an embodiment. FIG. 2 is a
diagram illustrating another part of the ultrasonic probe
in an angle different from that of FIG. 1.

[0046] Meanwhile, although a 1.25D probe will be de-
scribed hereinafter as an example of a multi-row probe,
the embodiment is not limited thereto. The multi-row
probe may also include a 1.5D probe, a 1.75D probe,
and a 2D probe as well as the 1.25D probe.

[0047] As illustrated in FIGS. 1 and 2, an ultrasonic
probe 1accordingtoan embodiment may include a trans-
ducer 100 divided into a plurality of elements in the ele-
vation direction (X-direction in FIG. 2). In addition, the
transducer 100 of the ultrasonic probe 1 may be divided
into three rows in the azimuth direction (Y-direction in
FIG. 2). Although not shown in the drawings, a transducer
of the 1.5D probe may be divided into four rows and a
transducer of the 1.75D probe may be divided into five
rows.

[0048] The transducer 100 may have a kerf 130. The
kerf 130 may divide the transducer 100 such that the
transducer 100 has multiple rows. In other words, the
kerf 130 may refer to a gap formed between rows of the
transducer 100.

[0049] Asillustratedin FIGS. 1 and 2, atransducer 100
of the 1.25D probe may have two kerfs 1301 and 1302.
Although not shown in the drawings, the 1.5D probe may
have three kerfs, and the 1.75D probe may have four
kerfs.

[0050] Accordingto an embodiment, a heat dissipation
member 210 may be located in the kerf 130 defining mul-
tiple rows. As illustrated in the drawings, the heat dissi-
pation member 210 may be disposed in each of the plu-
rality of kerfs 1301 and 1302. Alternatively, the heat dis-
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sipation member 210 may be disposed in only one of the
plurality of kerfs 1301 and 1302.

[0051] The heat dissipation member 210 may be lo-
cated to be adjacent to the transducer 100 serving as a
heat source and absorb heat. Particularly, the heat dis-
sipation member 210 may be arranged between two ad-
jacentrows (e.g., rows 1001 and 1002) of the transducer
100 and absorb heat. Thus, the heat dissipation member
210 may receive heat directly from the transducer 100
serving as a heat source. In other words, the heat dissi-
pation member 210 may absorb heat directly from the
transducer 100.

[0052] The heat dissipation member 210 may be
formed of a material having a high thermal conductivity.
For example, the heat dissipation member 210 may be
formed of a composite material including a metal such
as copper (Cu) or metal powder.

[0053] The heat dissipation member 210 may be lo-
cated between two adjacent rows (e.g., rows 1001 and
1002). The heat dissipation member 210 may be located
in the kerf 130 separating two adjacent rows from each
other.

[0054] The heat dissipation member 210 be in contact
with the two rows located at both sides of the heat dissi-
pation member 210. In this regard, when the heat dissi-
pation member 210 has electrical conductivity, an elec-
trical short may occur between two adjacent rows. In this
case, the probe cannot function as a multi-row probe,
and thus there is a need to prevent electrical shorts be-
tween adjacent rows. To prevent the electrical shorts,
the heat dissipation member 210 may include a thin film
coating layer (not shown) such as a Parylene coating not
to have electrical conductivity.

[0055] As illustrated in FIGS. 1 and 2, the ultrasonic
probe 1 may include a heat dissipation housing 220 con-
nected to the heat dissipation member 210. For example,
both ends of the heat dissipation member 210 may be
connected to the heat dissipation housing 220. The heat
dissipation member 210 may be connected the heat dis-
sipation housing 220 to transfer heat from the heat dis-
sipation member 210 to the heat dissipation housing 220.
Although the both ends of the heat dissipation member
210 are connected to the heat dissipation housing 220
in FIGS. 1 and 2, the embodiment is not limited thereto.
The heat dissipation member 210 may be connected to
the heat dissipation housing 220 at any portion. The heat
dissipation housing 220 may be provided to surround
side surfaces of the transducer 100. The heat dissipation
housing 220 may absorb heat generated in the side sur-
faces of the transducer 100 and release the heat to the
outside. In addition, the heat dissipation housing 220 may
receive heat from the heat dissipation member 210 and
release the heat to the outside.

[0056] As described above, since the transducer 100
is arranged at both sides of the heat dissipation member
210, heat sources are located on both side surfaces
thereof. On the other hand, the transducer 100 is ar-
ranged on inner surfaces of the heat dissipation housing



7 EP 3 510 934 A1 8

220is and a housing (not shown) or external air is located
on outer surfaces thereof. Thus, a temperature of the
heat dissipation member 210 may be increased by heat
generated by the transducer 100 to be higher than that
of the heat dissipation housing 220. The heat dissipation
housing 220 may release heat received from the heat
dissipation member 210 to the housing (not shown) or
external air.

[0057] The heat dissipation member 210 may be
formed of a material having a high heat transfer efficien-
cy. For example, the heat dissipation member 210 may
be formed of a metallic material. The heat dissipation
member 210 may be formed of a material having a ther-
mal conductivity of 0.5 W/m.K or higher. The heat dissi-
pation member 210 may be formed of a single metal or
a composite metal to obtain a thermal conductivity of 0.5
W/m.K or higher. In addition, the heat dissipation member
210 may include at least one of metal particles, carbon
nanotube, and graphene.

[0058] The heat dissipation housing 220 may be inte-
grated with the heat dissipation member 210. The heat
dissipation housing 220 may also be formed of a material
having a high thermal conductivity like the heat dissipa-
tion member. For example, the heat dissipation housing
220 may be formed of a composite material including a
metal such as copper (Cu) or metal powder. The heat
dissipation housing 220 may be formed of a material hav-
ing a thermal conductivity of 0.5 W/m.K or higher.
[0059] The heat dissipation housing 220 may be pro-
vided to cover side surfaces of the transducer 100. The
heat dissipation housing 220 may be in contact with both
outer rows 1001 and 1003 of the transducer 100. In this
case, when the heat dissipation housing 220 has electric
conductivity, an electrical short may occur between the
both outer rows 1001 and 1003. In this case, the probe
may not function as a multi-row probe, the heat dissipa-
tion housing 220 may not have electrical conductivity. To
this end, the heat dissipation housing 220 may have a
thin film coating layer (not shown) such as a Parylene
coating on the surface thereof.

[0060] When the heat dissipation member 210 is
formed of a metallic material or a material having elec-
trical conductivity, the coating layer may be provided ther-
eon to reduce the electrical conductivity of the heat dis-
sipation member 210. Thus, the coating layer may be
formed of a material having a low electrical conductivity.
For example, the coating layer may be formed of a ma-
terial including at least one of a non-metallic material,
silicone, an epoxy resin, and parylene.

[0061] Various methods of reducing electrical conduc-
tivity of the heat dissipation member 210 may be used.
In addition to the coating, a surface treating process such
as painting and film formation may be performed. More
particularly, the methods may include fluorocarbon resin
coating and anodizing (anodic oxidation).

[0062] Accordingtoan embodiment, heatabsorbed by
the heat dissipation member 210 may be released to the
outside via the heat dissipation housing 220. As de-
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scribed above, the heat dissipation member 210 absorbs
heat directly from the transducer 100 thatis a heat source
and releases the heat through the heat dissipation hous-
ing 220. Since the heat dissipation member 210 and the
heat dissipation housing 220 absorb heat directly from
the transducer 100 and releases the heat to the outside.
Thus, heat dissipation efficiency may be increased ac-
cording to an embodiment in comparison with a method
of indirectly absorbing heat and releasing the heat.
[0063] Meanwhile, although the heat dissipation mem-
ber is disposed in the kerf 130 defining the multiple rows,
there is almost no change in acoustic characteristics of
the ultrasonic probe. Accordingly, the ultrasonic probe
according to an embodiment may improve heat dissipa-
tion performance with no substantial changes in perform-
ance.

[0064] FIG. 3 is a diagram illustrating only a heat dis-
sipation member and a heat dissipation frame of an ul-
trasonic probe according to an embodiment.

[0065] As illustrated in FIG. 3, the heat dissipation
member 210 may be integrated with the heat dissipation
housing 220. However, the embodiment is not limited
thereto, and the heat dissipation member 210 and the
heat dissipation housing 220 may be separated from
each other and may be formed of different materials.
[0066] FIG. 4 is a cross-sectional view illustrating a
structure of an ultrasonic probe according to an embod-
iment.

[0067] As illustratedin FIG. 4, the ultrasonic probe ac-
cording to an embodiment may include a transducer 100,
a matching layer 110 provided on an upper surface of
the transducer 100, and a backing layer 120 provided on
a lower surface of the transducer 100. In this regard, up-
per and lower directions are defined based on FIG. 4.
[0068] Examples of the transducer may include a mag-
netostrictive ultrasonic transducer that uses a magneto-
strictive effect of a magnetic material, a capacitive mi-
cromachined ultrasonic transducer that transmits and re-
ceives ultrasound by using oscillation of hundreds or
thousands of micromachined thin films, and a piezoelec-
tric ultrasonic transducer that uses piezoelectric effects
of a piezoelectric material. Hereinafter, a piezoelectric
ultrasonic transducer will be described as an example of
the transducer according to an embodiment.

[0069] A phenomenon in which a voltage is generated
by a mechanical pressure applied to a material is referred
to as piezoelectric effect and a phenomenon in which a
material is mechanically deformed by a voltage applied
thereto is referred to as inverse piezoelectric effect. A
material exhibiting these effects is referred to as a pie-
zoelectric material.

[0070] Thatis, apiezoelectric material is a material that
coverts electrical energy into mechanical vibration ener-
gy and converts mechanical vibration energy into elec-
trical energy.

[0071] The transducer 100 according to an embodi-
ment may include a piezoelectric layer 101 including a
piezoelectric material that generates ultrasound by con-
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verting an electrical signal applied thereto into a mechan-
ical vibration and an acoustic layer 102 provided on a
rear surface of the piezoelectric layer 101.

[0072] The piezoelectric material constituting the pie-
zoelectric layer 101 may include a ceramic of lead zirco-
nate titanate (PZT), a PZMT single crystal including a
solid solution of lead magnesium niobate and lead titan-
ate, or a PZNT single crystal including a solid solution of
lead zinc niobate and lead titanate.

[0073] The acoustic layer 102 may have a higher
acousticimpedance than the piezoelectriclayer 101. The
acoustic layer 102 may be formed of a material having
electrical conductivity. In addition, a thickness of the
acousticlayer 102 may be 1/2,1/4,1/8, or 1/16 of a wave-
length of the piezoelectric material constituting the pie-
zoelectric layer 101. That is, when a wavelength of the
piezoelectric material constituting the piezoelectric layer
101 is A, the thickness of the acoustic layer 102 may be
12 %, 1/4 X, 1/8 &, or 1/16 A.

[0074] Accordingto an embodiment, the acoustic layer
102 may be an acoustic reflector plate. The acoustic re-
flector plate may be provided in front of the backing layer
120. The acoustic reflector plate may totally reflect ultra-
sound proceeding toward the backing layer 120. Thus,
the ultrasonic probe may have increased bandwidth and
improved sensitivity.

[0075] The acoustic layer 102 may be formed of a ma-
terial having a very high acoustic impedance. For exam-
ple, the acoustic layer 102 may be formed of at least one
of tungsten carbide and a graphite composite material.

[0076] Electrodes to which electrical signals are ap-
plied may be provided on the upper and lower surfaces
of the transducer 100. A ground electrode (not shown)
may be provided on a front surface of the transducer 100,
and a signal electrode (not shown) may be provided on
a rear surface of the transducer 100. The ground elec-
trode and the signal electrode may be provided as a flex-
ible printed circuit board, respectively.

[0077] The matchinglayer 110 may be provided on the
upper surface of the transducer 100. The matching layer
110 matches an acoustic impedance of the transducer
100to that of the object by reducing difference of acoustic
impedances between the transducer 100 and the object
such that ultrasound generated by the transducer 100 is
efficiently transmitted to the object.

[0078] To this end, the matching layer 110 may have
a median between the acoustic impedance of the trans-
ducer 100 and that of the object. Particularly, the match-
ing layer 110 may have a median between the acoustic
impedance of the piezoelectric layer 101 and that of the
object.

[0079] In addition, the matching layer 110 may include
a plurality of matching layers such that the acoustic im-
pedance is changed in a stepwise manner from the trans-
ducer 100tothe object. Asillustratedin FIG. 4, the match-
ing layer 110 may include a first matching layer 111 and
a second matching layer 112. The plurality of matching
layers may be formed of different materials. Meanwhile,
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the matching layer 110 may be formed of glass or resin.
[0080] Although notshowninthe drawings, alens may
be installed at the upper surface of the matching layer
110. The lens may be arranged on the upper portion of
the first matching layer 111 in direct contact with the ob-
ject (not shown). The lens may focus ultrasound gener-
ated by the piezoelectric layer 101. The lens may include
a material having an acoustic impedance similar to that
of the object, such as silicone and rubber. The lens may
be implemented using a convex type lens having an out-
wardly curved central portion or a linear type lens having
a flat surface.

[0081] The backing layer 120 may be provided on the
lower surface of the transducer 100. The backing layer
120 reduces a pulse width of ultrasound by inhibiting free
vibration of the piezoelectric layer 101 and prevents ul-
trasound from proceeding backward from the piezoelec-
tric layer 101. Thus, the backing layer 120 may prevent
image distortion. The backing layer 120 may be formed
of an epoxy resin and a material including rubber provid-
ed with tungsten powder.

[0082] ReferringtoFIG.4,the heatdissipation member
210 according to an embodiment may be located in the
transducer 100.

[0083] The kerf 130 may divide the transducer 100 into
multiple rows.

[0084] As described above, the transducer 100 may
include the piezoelectric layer 101 and the acoustic layer
102. The kerf 130 may divide each of the piezoelectric
layer 101 and the acoustic layer 102.

[0085] The heat dissipation member 210 may be pro-
vided inside the kerf 130. A width of the heat dissipation
member 210 may be equal to or smaller than that of the
kerf 130. When the width of the heat dissipation member
210 is greater than that of the kerf 130, the heat dissipa-
tion member 210 cannot be located inside the kerf 130
without changing the width of the kerf 130. As described
above, since the width of the heat dissipation member
210 is smaller than that of the kerf 130, the heat dissipa-
tion member 210 may be located inside the kerf 130.
Meanwhile, the width refers to a length in the transverse
direction in FIG. 4.

[0086] The cross-section of the heat dissipation mem-
ber 210 may be formed in an approximately rectangular
shape. However, the embodiment is not limited thereto,
and the cross-section of the heat dissipation member210
may be formed in various shapes such as a circular, oval,
or square shape.

[0087] A height of the heat dissipation member 210
may be equal to or smaller than that of the transducer
100. As illustrated in FIG. 4, the matching layer 110 pro-
vided on the upper surface of the transducer 100 and the
backing layer 120 provided on the lower surface of the
transducer 100 may be divided in the elevation direction
but not in the azimuth direction. Thus, when the height
of the heat dissipation member 210 is greater than that
of the transducer 100, the heat dissipation member 210
cannot be located between the matching layer 110 and
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the backing layer 120. As described above, since the
height of the heat dissipation member 210 is equal to or
smaller than that of the transducer 100, the heat dissi-
pation member 210 may be located between the match-
ing layer 110 and the backing layer 120. Meanwhile, the
height refers to a length in the longitudinal direction in
FIG. 4.

[0088] FIG. 5 is a cross-sectional view illustrating a
structure of an ultrasonic probe according to another em-
bodiment.

[0089] Hereinafter, descriptions given above with ref-
erence to FIGS. 1 to 4 will not be repeated.

[0090] Referring to FIG. 5, not only a transducer 100a
but also a matching layer 110a may be divided in the
azimuth direction.

[0091] Akerf130amayinclude afirstkerf 131adividing
the transducer 100a in the azimuth direction and a sec-
ond kerf 132a dividing the matching layer 110a in the
azimuth direction.

[0092] Aheatdissipation member210amay be located
not only in the first kerf 131a but also in the second kerf
132a. A width of the heat dissipation member 210a may
be smaller than those of the firstkerf 131a and the second
kerf 132a. A height of the heat dissipation member 210a
may be greater than that of the transducer 100a. The
height of the heat dissipation member 210a may be equal
to or smaller than a sum of heights of the transducer 100a
and the matching layer 110a. Thus, the heat dissipation
member 210a may be located inside the first kerf 131a
and the second kerf 132a. Meanwhile, the first kerf 131a
and the second kerf 132a may have the same width.
[0093] As the height of the heat dissipation member
210a increases, a surface area of the heat dissipation
member 210a increases. Thus, an amount of heat ab-
sorbed by the heat dissipation member 210a may in-
crease. As the amount of heat absorbed by the heat dis-
sipation member 210a increases, heat dissipation capa-
bility of the heat dissipation member 210a and a heat
dissipation housing 220a may be improved, and there-
fore the surface of the ultrasonic probe may be cooled
more efficiently.

[0094] FIG. 6 is a cross-sectional view illustrating a
structure of an ultrasonic probe according to another em-
bodiment.

[0095] Referring to FIG. 6, not only a transducer 100b
but also a backing layer 120b may be divided in the az-
imuth direction.

[0096] Akerf130b mayinclude afirstkerf131bdividing
the transducer 100b in the azimuth direction and a sec-
ond kerf 132b dividing the backing layer 120b in the az-
imuth direction.

[0097] Aheatdissipation member210bmay be located
not only in the first kerf 131b but also in the second kerf
132b. A width of the heat dissipation member 210b may
be smaller than those of the firstkerf 131b and the second
kerf 132b. A height of the heat dissipation member 210b
may be greater than that of the transducer 100b. The
height of the heat dissipation member 210b may be equal
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to or smaller than a sum of heights of the transducer 100b
and the backing layer 120b. Thus, the heat dissipation
member 210b may be located inside the first kerf 131b
and the second kerf 132b.

[0098] As the height of the heat dissipation member
210b increases, a surface area of the heat dissipation
member 210b increases. Thus, an amount of heat ab-
sorbed by the heat dissipation member 210b may in-
crease. As the amount of heat absorbed by the heat dis-
sipation member 210b increases, heat dissipation capa-
bility of the heat dissipation member 210b and a heat
dissipation housing 220b may be improved, and there-
fore the surface of the ultrasonic probe may be cooled
more efficiently.

[0099] FIG. 7 is a cross-sectional view illustrating a
structure of an ultrasonic probe according to another em-
bodiment.

[0100] Referring to FIG. 7, not only a transducer 100c
but also a matching layer 110c and a backing layer 120c
may be divided in the azimuth direction.

[0101] Akerf130c mayinclude afirstkerf 131c dividing
the transducer 100c in the azimuth direction, a second
kerf 132c dividing the matching layer 110c in the azimuth
direction, and a third kerf 133c¢ dividing the backing layer
120c in the azimuth direction.

[0102] Aheatdissipation member210c may belocated
in the first kerf 131c, the second kerf 132c, and the third
kerf 133c. A width of the heat dissipation member 210c
may be smaller than those of the first kerf 131c, the sec-
ond kerf 132c, and the third kerf 133c. A height of the
heat dissipation member 210c may be greater than that
of the transducer 100c. The height of the heat dissipation
member 210c may be equal to or smaller than a sum of
heights of the transducer 100c, the matching layer 110c,
and the backing layer 120c. Thus, the heat dissipation
member 210c may be located inside the first kerf 131c,
the second kerf 132c, and the third kerf 133c.

[0103] As the height of the heat dissipation member
210c increases, a surface area of the heat dissipation
member 210c increases. Thus, an amount of heat ab-
sorbed by the heat dissipation member 210c may in-
crease. As the amount of heat absorbed by the heat dis-
sipation member 210c increases, heat dissipation capa-
bility of the heat dissipation member 210c and the heat
dissipation housing 220c may be improved, and thus the
surface of the ultrasonic probe may be cooled more ef-
ficiently.

[0104] FIG. 8 is a cross-sectional view illustrating a
structure of an ultrasonic probe according to another em-
bodiment.

[0105] Referring to FIG. 8, a heat dissipation member
210d may be provided in the form of a plurality of wires.
Characteristics of materials of the heat dissipation mem-
ber 210d other than the shape and number are the same
as those described above, and thus detailed descriptions
thereof will not be repeated.

[0106] The heat dissipation member 210d may include
a plurality of wires 211d, 212d, 213d, and 214d. Although
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FIG. 8 illustrates four wires, the number of wires may
vary. The heat dissipation member may include two or
three wires, alternatively more than five wires.

[0107] In addition, although FIG. 8 illustrates that only
a transducer 100d is divided in the azimuth direction, a
matching layer 110d and/or a backing layer 120d may
also be divided in the azimuth direction. In this case, the
plurality of wires may be arranged not only in the kerf
dividing the transducer but also in the kerfs dividing the
matching layer and/or the backing layer.

[0108] FIG. 9 is a cross-sectional view illustrating a
structure of an ultrasonic probe according to another em-
bodiment.

[0109] Referring to FIG. 9, a heat dissipation member
210e may be provided plural in number. Characteristics
of materials of the heat dissipation member 210e other
than the shape and number are the same as those de-
scribed above, and thus detailed descriptions thereof will
not be repeated.

[0110] The heatdissipation member 210e may include
a plurality of heat dissipation members 211e and 212e.
Although FIG. 9 illustrates two heat dissipation members
provided in the plate form, the number may vary. Also,
three or more heat dissipation members may be provid-
ed.

[0111] In addition, although FIG. 9 illustrates that only
a transducer 100e is divided in the azimuth direction, a
matching layer 110e and/or a backing layer 120e may
also be divided in the azimuth direction. In this case, the
plurality of plates may be arranged not only in the kerf
dividing the transducer but also in the kerfs dividing the
matching layer and/or the backing layer.

[0112] As is apparent from the above description, a
multi-row ultrasonic probe having improved heat dissi-
pation capability may be provided according to the
present disclosure.

[0113] Accordingto the presentdisclosure, a multi-row
ultrasonic probe havingimproved safety may be provided
by reducing the surface temperature thereof.

[0114] Although afew embodiments of the present dis-
closure 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 disclosure, the scope of which
is defined in the claims and their equivalents.

Claims
1. An ultrasonic probe comprising:

a transducer configured to generate ultrasound
and having multiple rows;

a kerf dividing the transducer into multiple rows;
and

a heat dissipation member located inside the
kerf and transferring heat generated by the
transducer to the outside.
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10.

1.

12.

The ultrasonic probe of claim 1, wherein a width of
the heat dissipation member is equal to or smaller
than that of the kerf.

The ultrasonic probe of claim 1, wherein the heat
dissipation member has a thermal conductivity of 0.5
W/m.K or greater.

The ultrasonic probe of claim 3, wherein the heat
dissipation member comprises a coating layer cov-
ering an outer surface of the heat dissipation mem-
ber and formed of a material comprising at least one
of a non-metallic material, silicone, an epoxy resin,
and parylene to reduce electrical conductivity of the
heat dissipation member.

The ultrasonic probe of claim 1, further comprising
a heatdissipation housing provided to cover an outer
periphery of the transducer,

wherein the heat dissipation member is connected
to the heat dissipation housing to transfer heat of the
heat dissipation member to the heat dissipation
housing.

The ultrasonic probe of claim 1, further comprising
a matching layer provided on an upper surface of
the transducer.

The ultrasonic probe of claim 6, wherein the kerf
comprises:

a first kerf dividing the transducer into rows; and
a second kerf dividing the matching layer in the
same direction as a direction in which the first
kerf divides the transducer.

The ultrasonic probe of claim 7, wherein a height of
the heat dissipation member is greater than a height
of the transducer and equal to or smaller than a sum
of heights of the transducer and the matching layer.

The ultrasonic probe of claim 7, further comprising
a backing layer provided on a lower surface of the
transducer.

The ultrasonic probe of claim 9, wherein the kerf fur-
ther comprises a third kerf dividing the backing layer
in the same direction as a direction in which the first
kerf divides the transducer.

The ultrasonic probe of claim 10, wherein the height
of the heat dissipation member is greater than the
height of the transducer and equal to or smaller than
a sum of heights of the transducer, the matching lay-
er, and the backing layer.

The ultrasonic probe of claim 1, wherein the kerf is
provided plural in number, and



13.

14.

15.
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the heat dissipation member is located inside each
of the plurality of kerfs.

The ultrasonic probe of claim 12, wherein a plurality
of heat dissipation members are located inside each
of the plurality of kerfs.

The ultrasonic probe of claim 1, wherein a height of
the heat dissipation member is greater than a width
of the heat dissipation member.

The ultrasonic probe of claim 1, wherein the heat
dissipation member comprises a plurality of heat dis-
sipation wires arranged in parallel in directions di-
rection crossing the elevation direction and the azi-
muth direction, respectively.
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