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Disclosed herein is an ultrasonic probe. The ultrasonic probe
includes a matching layer having flexibility, a piezoelectric
layer disposed on the bottom surface of the matching layer
and having flexibility, a first backing layer disposed on the
bottom surface of the piezoelectric layer and having flexibil-
ity, a second backing layer disposed on the bottom surface of
the first backing layer and including a plurality of backing
material layers stacked perpendicularly to the first backing
layer, and second backing layer adjusting units respectively
disposed between every two of the plurality of the stacked
backing material layers of the second backing layer and
changing the shape of the backing material layers.
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ULTRASONIC PROBE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the benefit of Korean Patent
Application No. 2014-0002007, filed on Jan. 7, 2014 in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] Embodiments of the present invention relate to an
ultrasonic probe having improved resolution by changing a
focal zone by modifying a shape of a backing layer.

[0004] 2. Description of the Related Art

[0005] An ultrasonic diagnostic apparatus emits ultrasonic
signals toward a target region of an object from the surface of
the object and generates an image of the target region such as
a soft tissue tomogram or a blood stream image using
reflected ultrasonic signals, i.e., ultrasonic echo signals.
Since the ultrasonic diagnostic apparatus is small and inex-
pensive, displays an image in real time, and provides high
safety owing to no X-ray exposure, or the like, as compared to
other image diagnostic apparatuses such as an X-ray diagnos-
tic apparatus, a computed tomography (CT) scanner, a mag-
netic resonance imaging (MRI) apparatus, and a nuclear
medicine diagnostic apparatus, the ultrasonic diagnostic
apparatus is widely used for heart diagnosis, celiac diagnosis,
urinary diagnosis, and obstetric diagnosis.

[0006] The ultrasonic diagnostic apparatus includes an
ultrasonic probe to transmit ultrasonic signals to an object and
receive ultrasonic echo signals reflected by the object in order
to acquire an ultrasonic image of the object.

[0007] The ultrasonic probe includes an acoustic module.
In this regard, a transducer may include a piezoelectric layer
to perform interconversion between an electric signal and an
acoustic signal while a piezoelectric material vibrates, a
matching layer to reduce difference in acoustic impedance
between the piezoelectric layer and the object thereby effi-
ciently transfer ultrasonic waves generated by the piezoelec-
tric layer to the object, a lens layer to focus ultrasonic waves
proceeding forward from the piezoelectric layer on a prede-
termined point, a backing layer to block transmission of the
ultrasonic waves proceeding backward from the piezoelectric
layer thereby preventing image distortion.

SUMMARY

[0008] Therefore, it is an aspect of the present invention to
provide an ultrasonic probe having a focal zone adjusted by
changing curvatures of a matching layer and a piezoelectric
layer disposed on a backing layer in accordance with a
changed curvature of the backing layer.

[0009] 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.

[0010] In accordance with one aspect of the present inven-
tion, an ultrasonic probe includes a matching layer having
flexibility, a piezoelectric layer disposed on the bottom sur-
face of the matching layer and having flexibility, a first back-
ing layer disposed on the bottom surface of the piezoelectric
layer and having flexibility, a second backing layer disposed
on the bottom surface of the first backing layer and including
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aplurality of backing material layers stacked perpendicularly
to the first backing layer, and second backing layer adjusting
units respectively disposed between every two of the plurality
of the stacked backing material layers of the second backing
layer and changing an interval between the backing material
layers.

[0011] In accordance with another aspect of the present
invention, an ultrasonic probe includes a matching layer hav-
ing flexibility, a piezoelectric layer disposed on the bottom
surface of the matching layer and having flexibility, a first
backing layer disposed on the bottom surface of the piezo-
electric layer, including a ceiling disposed parallel to the
piezoelectric layer and barrier walls disposed perpendicularly
to the piezoelectric layer, and having flexibility, a second
backing layer disposed on the bottom surface of the first
backing layer and including a plurality of backing material
layers stacked perpendicularly to the first backing layer, and
a first backing layer adjusting unit disposed in a space defined
by a bottom surface of the second backing layer and the
barrier walls of the first backing layer, and changing the shape
of the first backing layer.

[0012] Among a plurality of backing material layers of the
second backing layer, a central backing material layer may be
fixed to the first backing layer not to move horizontally or may
move vertically to adjust a width of the backing layer.
[0013] The piezoelectric layer may be formed of a ceramic
complex, and the piezoelectric layer may include a plurality
of piezoelectric layers arranged in a matrix array, a linear
array, a convex array, a phased array, or a concave array.
[0014] The ultrasonic probe may include a controller to
control operations of backing layer adjusting units and the
piezoelectric layer, and the controller may adjust focal zones
of ultrasonic waves.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] These and/or other aspects of the invention will
become apparent and more readily appreciated from the fol-
lowing description of the embodiments, taken in conjunction
with the accompanying drawings of which:

[0016] FIG.1isa perspective view illustrating an ultrasonic
diagnostic apparatus including an ultrasonic probe according
to an embodiment of the present invention;

[0017] FIG. 2 is a cross-sectional view illustrating an
acoustic module mounted in an ultrasonic probe according to
an embodiment of the present invention;

[0018] FIG. 3 is a perspective view illustrating a two-di-
mensional matrix array of transducer modules according to
an embodiment of the present invention;

[0019] FIG. 4is a cross-sectional view illustrating an ultra-
sonic probe in which a central backing material layer among
a plurality of backing material layers of a second backing
layer is fixed to a first backing layer to prevent horizontal
movement of the central backing material layer according to
an embodiment of the present invention;

[0020] FIG. 5A is a conceptual diagram illustrating a
method of decreasing a curvature of a second backing layer of
an ultrasonic probe in which a central backing material layer
of the second backing layer is fixed to a first backing layer,
without vertical movement of second backing layer adjusting
units according to an embodiment of the present invention;
[0021] FIG. 5B is a conceptual diagram illustrating a
method of increasing a curvature of a second backing layer of
an ultrasonic probe in which a central backing material layer
of the second backing layer is fixed to a first backing layer,
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without vertical movement of second backing layer adjusting
units according to an embodiment of the present invention;
[0022] FIG. 6A is a conceptual diagram illustrating a
method of decreasing a curvature of a second backing layer of
an ultrasonic probe in which a central backing material layer
of the second backing layer is fixed to a first backing layer,
through vertical movement of second backing layer adjusting
units according to an embodiment of the present invention;
[0023] FIG. 6B is a conceptual diagram illustrating a
method of increasing a curvature of a second backing layer of
an ultrasonic probe in which a central backing material layer
of the second backing layer is fixed to a first backing layer,
through vertical movement of second backing layer adjusting
units according to an embodiment of the present invention;
[0024] FIG.7isacross-sectional view illustrating an ultra-
sonic probe in which a plurality of backing material layers of
asecond backing layer are fixed using fixing units disposed at
both sides of the backing material layers according to an
embodiment of the present invention;

[0025] FIG. 8A is a conceptual diagram illustrating a
method of decreasing a curvature of a second backing layer of
an ultrasonic probe in which fixing units fix a plurality of
backing material layers of the second backing layer, without
vertical movement of second backing layer adjusting units
according to an embodiment of the present invention;

[0026] FIG. 8B is a conceptual diagram illustrating a
method of increasing a curvature ofa second backing layer of
an ultrasonic probe in which fixing units fix a plurality of
backing material layers of the second backing layer, without
vertical movement of second backing layer adjusting units
according to an embodiment of the present invention;

[0027] FIG. 9A is a conceptual diagram illustrating a
method of decreasing a curvature of a second backing layer of
an ultrasonic probe in which fixing units fix a plurality of
backing material layers of the second backing layer, through
vertical movement of second backing layer adjusting units
according to an embodiment of the present invention;

[0028] FIG. 9B is a conceptual diagram illustrating a
method of increasing a curvature of a second backing layer of
an ultrasonic probe in which fixing units fix a plurality of
backing material layers of the second backing layer, through
vertical movement of second backing layer adjusting units
according to an embodiment of the present invention;

[0029] FIG. 10A is a conceptual diagram illustrating a
method of decreasing a curvature of a first backing layer of an
ultrasonic probe in which the first backing layer includes
barrier walls, without vertical movement of a first backing
layer adjusting unit according to an embodiment of the
present invention;

[0030] FIG. 10B is a conceptual diagram illustrating a
method of increasing a curvature of a first backing layer of an
ultrasonic probe in which the first backing layer includes
barrier walls, without vertical movement of a first backing
layer adjusting unit according to an embodiment of the
present invention;

[0031] FIG. 11 is a conceptual diagram illustrating curva-
ture, height, horizontal displacement, and Vertical displace-
ment of a first backing layer including barrier walls according
to an embodiment of the present invention;

[0032] FIG. 12 is a conceptual diagram illustrating curva-
ture according to an embodiment of the present invention;
[0033] FIG. 13A is a conceptual diagram illustrating a
method of decreasing a curvature of a backing layer without
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vertical movement of a backing layer adjusting unit including
an actuator according to an embodiment of the present inven-
tion;

[0034] FIG. 13B is a conceptual diagram illustrating a
method of increasing a curvature of a backing layer without
vertical movement of a backing layer adjusting unit including
an actuator according to an embodiment of the present inven-
tion;

[0035] FIG. 14A is a conceptual diagram illustrating a
method of decreasing a curvature of a backing layer without
vertical movement of a backing layer adjusting unit including
amotor and a lead screw according to an embodiment of the
present invention;

[0036] FIG. 14B is a conceptual diagram illustrating a
method of increasing a curvature of a backing layer without
vertical movement of a backing layer adjusting unit including
amotor and a lead screw according to an embodiment of the
present invention;

[0037] FIG. 15A is a conceptual diagram illustrating a
method of decreasing a curvature of a backing layer without
vertical movement of a backing layer adjusting unit including
amotor and a cam according to an embodiment of the present
invention;

[0038] FIG. 15B is a conceptual diagram illustrating a
method of increasing a curvature of a backing layer without
vertical movement of a backing layer adjusting unit including
amotor and a cam according to an embodiment of the present
invention;

[0039] FIG. 16 is a conceptual diagram illustrating a
method of merging three ultrasonic images acquired using
different focal zones adjusted by changing a curvature of a
backing layer corresponding to three segmented regions
according to an embodiment of the present invention;
[0040] FIG. 17 is a conceptual diagram illustrating a
method of merging three ultrasonic images in which ultra-
sonic waves are respectively focused on different regions
according to an embodiment of the present invention; and
[0041] FIG. 18 is a flowchart illustrating a method of merg-
ing ultrasonic images by setting a region of interest (ROI) and
a segmentation number (n_i) according to an embodiment of
the present invention.

DETAILED DESCRIPTION

[0042] Reference will now be made in detail to the embodi-
ments of the present invention, examples of which are illus-
trated in the accompanying drawings, wherein like reference
numerals refer to like elements throughout.

[0043] Further, the following terms, which are defined in
consideration of functions of the present invention, may be
altered depending on the user’s intentions or judicial prece-
dents. Therefore, the meaning of each term should be inter-
preted based on the content of the entire disclosure of the
specification. If there is no specific definition, the terms
should be interpreted as generally interpreted by one of ordi-
nary skill in the art.

[0044] Unless defined otherwise, all constituent elements
according to aspects and embodiments of the present inven-
tion may be combined with each other, if it is obvious to one
of ordinary skill in the art that combinations thereof are not
technically contradictory, although a single integrated con-
figuration thereof is illustrated in the drawings.

[0045] Hereinafter an ultrasonic probe according to an
embodiment of the present invention will be described with
reference to the accompanying drawings.
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[0046] Referring to FIG. 1, an ultrasonic diagnostic appa-
ratus including an ultrasonic probe will be described.

[0047] FIG. 1 illustrates an appearance of an ultrasonic
diagnostic apparatus 1 including an ultrasonic probe.

[0048] The ultrasonic diagnostic apparatus 1 includes a
main body 2, an ultrasonic probe 10, input unit 8, a sub
display unit 96, and a main display unit 9a.

[0049] The main body 2 may accommodate a transmit sig-
nal generator of the ultrasonic diagnostic apparatus 1. When
an examiner inputs an instruction to initiate an ultrasonic
diagnosis, the transmit signal generator may generate a trans-
mit signal and transmit the generated transmit signal to the
ultrasonic probe 10.

[0050] More than one female connector 6 may be provided
at one side of the main body 2. A male connector 5 connected
to a cable 4 may be physically coupled to the female connec-
tor 6. The transmit signal generated by the transmit signal
generator may be transmitted to the ultrasonic probe 10 via
the male connector 5 coupled to the female connector 6 of the
main body 2 and the cable 4.

[0051] Meanwhile, a plurality of casters 7 may be provided
at the bottom of the main body 2 to provide mobility of the
ultrasonic diagnostic apparatus 1. The plurality of casters 7
may fix the ultrasonic diagnostic apparatus 1 at a particular
place, or may allow the ultrasonic diagnostic apparatus 1 to be
moved in a particular direction.

[0052] The ultrasonic probe 10 that contacts the surface of
the body of an object may transmit and receive ultrasonic
waves. Particularly, the ultrasonic probe 10 converts a signal
received from the main body 2 into an ultrasonic signal, emits
the converted ultrasonic signal into the body of the object,
receives an ultrasonic echo signal reflected by a particular
region inside the object, and transmits the received signal to
the main body 2.

[0053] To this end, a plurality of acoustic modules that
generates ultrasonic waves in accordance with electric signals
are provided at one end of the ultrasonic probe 10.

[0054] The acoustic modules may generate ultrasonic
waves in accordance with applied alternating current (AC)
power. Particularly, the acoustic modules may be receive AC
power from an external power supply or an internal capacitor.
A piezoelectric layer 30 of the acoustic module may vibrate in
accordance with the received AC powder, thereby generating
ultrasonic waves.

[0055] The plurality of acoustic modules may be arranged
in a matrix array, a linear array, or a convex array. The plu-
rality of acoustic modules may also be arranged in a phased
array or a concave array. In addition, a cover to cover the
acoustic modules may be provided at upper portions of the
acoustic modules.

[0056] Oneend ofthe cable 4 may be connected to the other
end of the ultrasonic probe 10, and the other end of the cable
4 may be connected to the male connector 5. The male con-
nector 5 may physically be coupled to the female connector 6.
[0057] Theinputunit8 may receive an instruction related to
operation of the ultrasonic diagnostic apparatus 1. For
example, the ultrasonic diagnostic apparatus 1 may receive an
instruction to select a mode such as an amplitude mode
(A-mode), a brightness mode (B-mode), and a motion mode
(M-mode), or an instruction to initiate an ultrasonic diagnosis
via the input unit 8. The instruction input through the input
unit 8 may be transmitted to the main body 2 via a wireless or
wired communication network.
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[0058] The input unit 8 may include at least one of a touch-
pad, a keyboard, a foot switch, a foot pedal. The touchpad or
keyboard may be a hardware element located at an upper
portion of the main body 2. The keyboard may include at least
one of a switch, a key, a wheel, a joystick, a trackball, and a
knop. As another example, the keyboard may also be a soft-
ware element such as a graphic user interface. In this case, the
keyboard may be displayed via the sub display unit 95 or the
main display unit 9¢. The foot switch or foot pedal may be
provided at a lower portion of the main body 2, and a manipu-
lator may control operation of the ultrasonic diagnostic appa-
ratus 1 using the foot pedal.

[0059] A probe holder 3 in which the ultrasonic probe 10 is
placed may be provided near the input unit 8. The ultrasonic
probe 10 may be held by the probe holder 3 for storage when
the ultrasonic diagnostic apparatus 1 is not in use. Although
one probe holder 3 is provided near the input unit 8 in FIG. 1,
embodiments of the present invention are not limited thereto.
The location and number of the probe holder 3 may vary
according to a design of the ultrasonic diagnostic apparatus 1
and designs or locations of components thereof.

[0060] The sub display unit 95 may be provided at the main
body 2. F1G. 1 illustrates that the sub display unit 95is located
above the input unit 8. The sub display unit 95 may be imple-
mented using a cathode ray tube (CRT), a liquid crystal dis-
play (LCD), and the like. The sub display unit 95 may display
menus or guidelines required for ultrasonic diagnosis.
[0061] The main display unit 9a may be provided at the
main body 2. FIG. 1 illustrates that the main display unit 9a is
located above the sub display unit 95. The main display umt
9a may be implemented using a CRT or a LCD. The main
display 9@ may display an ultrasound image acquired during
the ultrasonic diagnosis. The ultrasound image displayed
through the main display unit 9a may include at least one of
atwo-dimensional (2D) black and white ultrasound image, a
2D color ultrasound image, a three-dimensional (3D) black
and white ultrasound image, and a 3D color ultrasound
image.

[0062] Although FIG. 1 illustrates that the ultrasonic diag-
nostic apparatus 1 includes both the sub display unit 95 and
the main display unit 9a. If required, the sub display unit 95
may not be used. In this case, applications or menus displayed
through the sub display unit 95 may be displayed through the
main display unit 9a.

[0063] In addition, at least one of the sub display unit 95
and the main display unit 9a may be implemented in a state of
being separated from the main body 2.

[0064] Hereinafter an acoustic module of the ultrasonic
probe according to an embodiment of the present invention
will be described with reference to FIG. 2.

[0065] FIG. 2 illustrates a cross-sectional view of an acous-
tic module provided in the ultrasonic probe.

[0066] As illustrated in FIG. 2, the ultrasonic probe may
include an acoustic module 100, which includes a piezoelec-
tric layer 30, a backing layer 40 disposed on the bottom
surface of the piezoelectric layer 30, and a matching layer 20
disposed on the top surface of the piezoelectric layer 30, a
protective layer 50 to cover the top surface and portions of the
side surfaces of the acoustic module 100, and a lens layer 60
to cover the top surface and the side surfaces of the protective
layer 50.

[0067] The acoustic module 30 may also be called an ultra-
sonic transducer. Various ultrasonic transducers such as a
magnetostrictive ultrasonic transducer using a magnetostric-
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tive effect of a magnetic material, a capacitive microma-
chined ultrasonic transducer, which transmits and receives
ultrasonic waves using vibration of hundreds or thousands of
micromachined thin films, and a piezoelectric ultrasonic
transducer using a piezoelectric effect ofa piezoelectric mate-
rial, may be used. In the following description, a piezoelectric
ultrasonic transducer will be described by way of example of
the transducer.

[0068] A phenomenon in which a voltage is generated
when mechanical pressure is applied to a predetermined
object, and a phenomenon in which mechanical deformation
occurs when a voltage is applied are referred to as piezoelec-
tric effect and inverse piezoelectric effect, respectively. A
material having these effects may be referred to as a piezo-
electric material. That is, a piezoelectric material may be a
material that converts electric energy into mechanical vibra-
tion energy, and converts mechanical vibration energy into
electric energy.

[0069] The ultrasonic probe 10 may include the piezoelec-
tric layer 30 formed of a piezoelectric material that converts
an electric signal into mechanical vibration energy thereby
generating an ultrasonic wave.

[0070] The piezoelectric material constituting the piezo-
electric layer 30 may include a ceramic of lead zirconate
titanate PZT, a PZMT single crystal formed ofa solid solution
of lead magnesium niobate and lead titanate or a PZNT single
crystal formed of a solid solution of lead zinc niobate and lead
titanate. Various other materials may be used to form the
piezoelectric layer 30 to convert electric signals into
mechanical vibrations.

[0071] In addition, the piezoelectric layer 30 may have a
single-layered or multi-layered stack structure. In general, a
piezoelectric layer 30 having a stack structure may more
efficiently control impedance and voltage, thereby obtaining
high sensitivity, high energy conversion efficiency, and
smooth spectrum. In addition, the piezoelectric layer 30 may
have various structures to improve performance of the piezo-
electric layer 30.

[0072] The backing layer 40 is disposed on the bottom
surface of the piezoelectric layer 30 and absorbs ultrasonic
waves, which are generated in the piezoelectric layer 30 and
proceed backward, so as to prevent the ultrasonic waves from
proceeding backward from the piezoelectric layer 30.
Accordingly, the backing layer 40 may prevent image distor-
tion. The backing layer 40 may include a plurality of layers in
order to improve attenuating or blocking effects of ultrasonic
waves. In addition, various other structures may also be
applied to the backing layer 40 to improve attenuating or
blocking effects of ultrasonic waves.

[0073] The matching layer 20 may be disposed on the top
surface of the piezoelectric layer 30. The matching layer 20
reduces difference of acoustic impedance between the piezo-
electric layer 30 and the object, thereby matching acoustic
impedance of the piezoelectric layer 30 and that of the object.
Thus, the matching layer 20 may efficiently transmit ultra-
sonic waves generated by the piezoelectric layer 30 to the
object. To this end, the matching layer 20 may have a median
between the acoustic impedance of the piezoelectric layer 30
and that of the object.

[0074] The matching layer 20 may be formed of glass or
resin. In addition, various other materials may also be used to
form the matching layer 20 in order to match the acoustic
impedance of the piezoelectric layer 30 and that of the object.
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[0075] The matching layer 20 may include a plurality of
layers such that the acoustic impedance is changed in a step-
wise manner from the acoustic impedance of the piezoelectric
layer 30 to that of the object. Alternatively, a plurality of
different materials may be used to form the plurality of layers
of the matching layer 20. In addition, the matching layer 20
may have various structures to change the acoustic imped-
ance in a stepwise manner.

[0076] Inaddition, the piezoelectriclayer 30 and the match-
ing layer 20 may be processed in a 2D matrix array or a
one-dimensional (1D) array by a dicing process.

[0077] The protective layer 50 may be installed to cover the
top surface of the matching layer 20 and portions of the side
surfaces of the acoustic module 100. The protective layer 50
may include a chemical shield capable of protecting internal
parts from water and chemicals used during decontamination
by coating or depositing a conductive material on a surface of
a film having moisture resistance and chemical resistance.
The chemical shield may be formed by applying a polymer
film on the top surface of the matching layer 20 and portions
of the side surfaces of the acoustic module 100 by parylene-
coating. The chemical shield may also be formed by applying
a section sputter to a polymer film.

[0078] In addition, the protective layer 50 may include a
radio frequency (RF) shield to block outflow of radio fre-
quency components, which may be generated in the piezo-
electric layer 30, and inflow of external radio frequency com-
ponents. In addition, the protective layer 50 may have various
other configurations to block inflow and outflow of radio
frequency components.

[0079] The lens layer 60 may be installed to cover the top
surface and the side surfaces of the protective layer 50. The
lens layer 60 may be formed of a low attenuation material in
order to prevent attenuation of ultrasonic signals generated by
the piezoelectric layer 30. For example, a low viscosity epoxy
resin such as DER322 or an epoxy such as DEH24 may be
used. Various other materials may also be used to form the
lens layer 60 to prevent attenuation of ultrasonic signals. As
such, sensitivity of the ultrasonic signals may be improved by
preparing the lens layer 60 using a low attenuation material.
[0080] In addition, since the lens layer 60 is installed to
cover portions of kerfs of the acoustic module 100 that con-
stitute the side surfaces of the acoustic module 100, crosstalk
may be reduced.

[0081] Hereinafter, an arrangement of a plurality of trans-
ducer modules 13 according to an embodiment of the present
invention will be described with reference of FIG. 3.

[0082] Each of the plurality of transducer modules 13 may
include a controller 12 and an acoustic module 11 disposed on
the top surface of the controller 12.

[0083] Theplurality of transducer modules 13 connected to
the array may be arranged in various methods according to a
region to be diagnosed, a purpose of use of the ultrasonic
probe 10, and other grounds. For example, the transducer
modules 13 may be arranged in a matrix, linear, convex,
phased, or concave array.

[0084] FIG. 3 illustrates that the transducer modules 13 are
arranged in a 2D matrix form.

[0085] For example, 144 transducer modules 13 may be
arranged along a horizontal axis 14 of the array, and 72
transducer modules 13 may be arranged along a vertical axis
15 of the array. Thus, the transducer modules 13 may be
arranged in a 144x72 matrix, as a 2D matrix, and 10368
transducer modules 13 in total may be arranged.
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[0086] However, the number of the transducer modules 13
in the 2D matrix form is not limited by the 144x72 matrix, and
the transducer modules 13 may be arranged in various meth-
ods and the number thereof may vary according to the region
to be diagnosed, the purpose of use of the ultrasonic probe 10,
and any other grounds.

[0087] Hereinafter, an ultrasonic probe in which a central
backing material layer of a second backing layer is fixed
according to an embodiment of the present invention will be
described with reference to FIG. 4.

[0088] FIG. 4 illustrates a cross-section of an ultrasonic
probe in which a central backing material layer among a
plurality of backing material layers of a second backing layer
43 1s fixed to a first backing layer 41 to prevent horizontal
movement of the central backing layer.

[0089] The ultrasonic probe may include a matching layer
20, a piezoelectric layer 30, a lens layer 60, and a backing
layer.

[0090] The matching layer 20 may match acoustic imped-
ance of the piezoelectric layer 30 to that of an object to be
diagnosed, thereby efficiently transmitting ultrasonic waves
generated by the piezoelectric layer 30 to the object, The
piezoelectric layer 30 may transmit ultrasonic waves by con-
verting electric energy into mechanical vibration energy or
receive ultrasonic waves by converting mechanical vibration
energy into electric energy. In addition, the lens layer 60 may
prevent attenuation of ultrasonic signals generated by the
piezoelectric layer 30.

[0091] In addition, a focal zone of the ultrasonic probe is
adjusted by changing curvatures of the matching layer 20, the
piezoelectric layer 30, and the lens layer 60 in accordance
with a change ina curvature of the backing layer controlled by
a backing layer adjusting unit. Thus, the matching layer 20,
the piezoelectric layer 30, and the lens layer 60 may be
formed of flexible materials to be bent according to the
change of the curvature of the backing layer.

[0092] The backing layer may block the ultrasonic waves
and vibrations generated in the piezoelectric layer 30 not to
proceed backward, and may attenuate vibrations generated in
the piezoelectric layer 30, and the like. The backing layer may
be disposed on the bottom surface of the piezoelectric layer
30 and may include a first backing layer 41 and a second
backing layer 43.

[0093] The first backing layer 41 may be disposed on the
bottom surface of the piezoelectric layer 30 parallel to the
piezoelectric layer 30. In addition, the first backing layer 41
may be formed of epoxy, ceramic, metal, or the like, e.g., in
powder form, to prevent backward transmission of the ultra-
sonic waves and vibrations generated in the piezoelectric
layer 30. Alternatively, powders of epoxy, ceramic, and metal
may be mixed in a predetermined ratio to synthesize the first
backing layer 41. In addition, various other materials to
attenuate the ultrasonic waves and vibrations proceeding
backward may also be used to form the first backing layer 41.
[0094] The second backing layer 43 may include a plurality
of flat plate-shaped backing material layers stacked perpen-
dicularly to the first backing layer 41 and parallel to each
other.

[0095] In addition, the plurality of backing material layers
may be spaced apart from each other by a predetermined
interval to change the curvature of the first backing layer 41.
[0096] Furthermore, a central backing material layer 43a
among the plurality of backing material layers of the second
backing layer 43 may be fixed to the first backing layer 41 not
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to move horizontally, such that the central backing material
layer 43a may be used as a reference when the second backing
layer adjusting unit changes the curvature of the first backing
layer 41.

[0097] In addition, the second backing layer 43 may have
various other structures to change the curvature of the first
backing layer 41.

[0098] A material used to form the second backing layer 43
may be the same as or different from that of the first backing
layer 41.

[0099] Hereinafter, methods of changing a curvature of the
second backing layer 43 having a fixed central backing mate-
rial layer using second backing layer adjusting units 71a will
be described with reference to FIGS. 5A to 6B,

[0100] FIG. 5A is a conceptual diagram illustrating a
method of decreasing a curvature of a second backing layer
43 of an ultrasonic probe in which a central backing material
layer of the second backing layer 43 is fixed to a first backing
layer 41, without vertical movement of the second backing
layer adjusting units 71. FIG. 5A is a conceptual diagram
illustrating a method of decreasing the curvature of the sec-
ond backing layer 43 of an ultrasonic probe in which a central
backing material layer of the second backing layer 43 is fixed
to the first backing layer 41, without vertical movement of the
second backing layer adjusting units 71.

[0101] Asillustrated in FIGS. 5A and 5B, an upper portion,
adjacent to the first backing layer 41, of each of the backing
material layers of the second backing layer 43 may have a
greater thickness than a lower portion thereof such that each
of the second backing layer adjusting units 71, which do not
move vertically, is provided at the lower portion of the back-
ing material layer.

[0102] The second backing layer adjusting units 71, which
do not vertically move, may be disposed between the lower
portions of the backing material layers. The second backing
layer adjusting units 71 may adjust a lower width of the
second backing layer 43 by respectively controlling only the
widths of the second backing layer adjusting units 71 without
vertical movement thereof.

[0103] The shape, location, and operation principle of the
second backing layer adjusting units 71 will be described
later.

[0104] As illustrated in FIG. 5A, the ultrasonic probe may
have a wider focal zone by horizontally contracting the sec-
ond backing layer adjusting units 71. When the second back-
ing layer adjusting units 71 contract horizontally, the lower
width of the second backing layer 43 is reduced, so that the
plurality of backing material layers are disposed parallel to
each other. Thus, as the second backing layer adjusting units
71a reduces the lower width of the second backing layer 43,
the curvature of the first backing layer 41 is decreased,
thereby enlarging the focal zone of the ultrasonic probe.

[0105] As illustrated in FIG. 5B, the ultrasonic probe may
have a narrower focal zone by horizontally expanding the
second backing layer adjusting units 71. When the second
backing layer adjusting units 71 expand horizontally, the
lower width of the second backing layer 43 is increased, so
that the plurality of backing material layers except for the
central backing material layer are slanted. Thus, as the second
backing layer adjusting units 71 increase the lower width of
the second backing layer 43, the curvature of the first backing
layer 41 is increased, thereby narrowing the focal zone of the
ultrasonic probe.
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[0106] FIG. 6A is a conceptual diagram illustrating a
method of decreasing a curvature of a second backing layer
43 of an ultrasonic probe in which a central backing material
layer of the second backing layer 43 is fixed to a first backing
layer 41, by vertically moving second backing layer adjusting
units 72. FIG. 6B is a conceptual diagram illustrating a
method of increasing the curvature of the second backing
layer 43 of the ultrasonic probe in which the central backing
material layer of the second backing layer 43 is fixed to the
first backing layer 41, by vertically moving the second back-
ing layer adjusting units 72.

[0107] Asillustrated in FIGS. 6 A and 6B, an upper portion,
adjacent to the first backing layer 41, of each of the backing
material layers of the second backing layer 43 may have a
greater thickness than a lower portion thereof such that the
second backing layer adjusting units 72, which move verti-
cally, are provided between the lower portions of the backing
material layers. In addition, the lower portions of the backing
material layers may have a slope with a predetermined angle
or a gently curved surface so as to facilitate vertical move-
ment of the second backing layer adjusting units 72.

[0108] The second backing layer adjusting units 72 may
have acircular shape suitable for vertical movement along the
backing material layers of the second backing layer 43 having
the slopes or gently curved surfaces. In addition, the second
backing layer adjusting units 72 may also have various other
shapes suitable for vertical movement along the slopes or
gently curved surfaces of the backing material layers.
[0109] The second backing layer adjusting units 72, which
move vertically, may be disposed between the lower portions
of the backing material layers. In addition, the second back-
ing layer adjusting units 72 may control the lower width of the
second backing layer 43 via only vertical movement without
adjusting the width of each of the second backing layer
adjusting units 72.

[0110] The shape, location, and operation principle of the
second backing layer adjusting units 72 will be described
later.

[0111] As illustrated in FIG. 6A, the ultrasonic probe may
have a wider focal zone as the second backing layer adjusting
units 72 move downward to lower portions of the backing
material layers. When the second backing layer adjusting
units 72 move downward to the lower portions of the backing
material layers, the lower width of the second backing layer
43 is reduced, so that the plurality of backing material layers
are disposed parallel to each other. Thus, as the second back-
ing layer adjusting units 72 move downward to the lower
portions of the backing material layers, the curvature of the
first backing layer 41 is decreased, thereby enlarging the focal
zone of the ultrasonic probe.

[0112] As illustrated in FIG. 6B, the ultrasonic probe may
have anarrower focal zone as the second backing layer adjust-
ing units 72 move upward to upper portions of the backing
material layers. When the second backing layer adjusting
units 72 move upward to upper portions of the backing mate-
rial layers, the lower width of the second backing layer 43 is
increased, so that the plurality of backing material layers
except for the central backing material layer 43a are slanted.
Thus, as the second backing layer adjusting units 72 move
upward to the upper portions of the backing material layers,
the curvature ofthe first backing layer 41 is increased, thereby
narrowing the focal zone of the ultrasonic probe.

[0113] Hereinafter, an ultrasonic probe including fixing
units 42a disposed at both sides of the second backing layer
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43 to fix a plurality of backing material layers according to an
embodiment of the present invention will be described with
reference to FIG. 7.

[0114] FIG. 7is a cross-sectional view illustrating an ultra-
sonic probe in which a plurality of backing material layers of
a second backing layer 43 are fixed using fixing units 42a
disposed at both sides of the backing material layers.

[0115] The ultrasonic probe may include a matching layer
20, a piezoelectric layer 30, a lens layer 60, and a backing
layer. The backing layer may include a first backing layer 42
and a second backing layer 43.

[0116] Functions and shapes of the matching layer 20, the
piezoelectric layer 30, the lens layer 60, and the second back-
ing layer 43 may be the same as or different from those of the
aforementioned ultrasonic probe in which the central backing
material layer among the plurality of backing material layers
of the second backing layer 43 is fixed to the first backing
layer 42 not to move horizontally.

[0117] The first backing layer 42 may include fixing units
42a at both sides of the second backing layer 43 to fix upper
portions of a plurality of backing material layers. Particularly,
the first backing layer 42 may include the fixing units 42a
such that only intervals between lower portions of the plural-
ity of backing material layers are increased, and intervals
between upper portions of the backing material layers are
constantly maintained using the second backing layer adjust-
ing units 71a, which do not move vertically, or the second
backing layer adjusting units 72, which move vertically. In
addition, the first backing layer 42 may also have various
other shapes to adjust only intervals between lower portions
of the backing material layers.

[0118] A material used to form the fixing units 42¢ may be
the same as or different from that used to form the first
backing layer 42 of the ultrasonic probe in which the central
backing material layer among the plurality of backing mate-
rial layers of the second backing layer 43 is fixed to the first
backing layer 42 to prevent horizontal movement of the cen-
tral backing material and maintain ultrasonic wave absorbing
performance.

[0119] Hereinafter, methods of changing a curvature of a
second backing layer 43 of an ultrasonic probe including
fixing units 42a and second backing layer adjusting units 71,
72 will be described with reference to FIGS. 8A to 9B.
[0120] FIG. 8A is a conceptual diagram illustrating a
method of decreasing a curvature of a second backing layer
43 of an ultrasonic probe in which fixing units 42a fix a
plurality of backing material layers of the second backing
layer 43, without vertical movement of second backing layer
adjusting units 71. FIG. 8B is a conceptual diagram illustrat-
ing a method of increasing the curvature of the second back-
ing layer 43 of the ultrasonic probe in which the fixing units
42a fix the plurality of backing material layers of the second
backing layer 43, without vertical movement of the second
backing layer adjusting units 71a.

[0121] Asillustrated in FIGS. 8§ A and 8B, an upper portion,
adjacent to the first backing layer 42, of each of the backing
material layers of the second backing layer 43 may have a
greater thickness than a lower portion thereof such that the
second backing layer adjusting units 71, which does not move
vertically, are provided between the lower portions of the
backing material layers.

[0122] The second backing layer adjusting units 71, which
do not move vertically, may be disposed between the lower
portions of the backing material layers. The second backing
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layer adjusting units 71 may adjust a lower width of the
second backing layer 43 by controlling only a width of each of
the second backing layer adjusting units 71 without vertical
movement thereof.

[0123] The shape, location, and operation principle of the
second backing layer adjusting units 71 will be described
later.

[0124] As illustrated in FIG. 8A, the ultrasonic probe may
have a wider focal zone by horizontally contracting the sec-
ond backing layer adjusting units 71. When the second back-
ing layer adjusting units 71 contract horizontally, the lower
width of the second backing layer 43 is reduced, so that the
plurality of backing material layers are disposed parallel to
each other. Thus, as the second backing layer adjusting units
71 reduces the lower width of the second backing layer 43, the
curvature of the first backing layer 42 is decreased, thereby
enlarging the focal zone of the ultrasonic probe.

[0125] As illustrated in FIG. 8B, the ultrasonic probe may
have a narrower focal zone by horizontally expanding the
second backing layer adjusting units 71. When the second
backing layer adjusting units 71 expand horizontally, the
lower width of the second backing layer 43 is increased, so
that the plurality of backing material layers except for the
central backing material layer are slanted. Thus, as the second
backing layer adjusting units 71 increases the lower width of
the second backing layer 43, the curvature of the first backing
layer 42 is increased, thereby narrowing the focal zone of the
ultrasonic probe.

[0126] FIG. 9A is a conceptual diagram illustrating a
method of decreasing a curvature of a second backing layer
43 of an ultrasonic probe in which fixing units 424 fix a
plurality of backing material layers of the second backing
layer 43 by vertically moving second backing layer adjusting
units 72. FIG. 9B is a conceptual diagram illustrating a
method of increasing the curvature of the second backing
layer 43 of the ultrasonic probe in which the fixing units 42a
fix the plurality of backing material layers of the second
backing layer 43, by vertically moving the second backing
layer adjusting units 72.

[0127] Asillustrated in FIGS. 9A and 9B, an upper portion,
adjacent to the first backing layer 42, of each of the backing
material layers of the second backing layer 43 may have a
greater thickness than a lower portion thereof such that the
second backing layer adjusting units 72, which move verti-
cally, are provided between the lower portions of the backing
material layers. In addition, the lower portion of the backing
material layer may have a slope with a predetermined angle or
a gently curved surface so as to facilitate vertical movement
of the second backing layer adjusting units 72.

[0128] The second backing layer adjusting units 72, which
move vertically, may have a circular shape suitable for verti-
cal movement along the backing material layers of the second
backing layer 43 having the slopes or gently curved surfaces.
In addition, the second backing layer adjusting units 72 may
also have various other shapes suitable for vertical movement
along the slopes or gently curved surfaces of the backing
material layers.

[0129] The second backing layer adjusting units 72, which
move vertically, may be disposed between the lower portions
of the backing material layers. In addition, the second back-
ing layer adjusting units 72 may control the lower width of the
second backing layer 43 via only vertical movement without
adjusting the width of each of the second backing layer
adjusting units 72.
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[0130] The shape, location, and operation principle of the
second backing layer adjusting units 72 will be described
later.

[0131] As illustrated in FIG. 9A, the ultrasonic probe may
have a wider focal zone by vertically moving the second
backing layer adjusting units 72 downward to the lower por-
tions of the backing material layers. When the second backing
layer adjusting units 72 move downward to lower portions of
the backing material layers, the lower width of the second
backing layer 43 is reduced, so that the plurality of backing
material layers are disposed parallel to each other. Thus, as
the second backing layer adjusting units 72 move downward
to the lower portions of the backing material layers, the cur-
vature of the first backing layer 42 is decreased, thereby
enlarging the focal zone of the ultrasonic probe.

[0132] As illustrated in FIG. 9B, the ultrasonic probe may
have a narrower focal zone by moving the second backing
layer adjusting units 72 upward to upper portions of the
backing material layers. When the second backing layer
adjusting units 72 move upward to the upper portions of the
backing material layers, the lower width of the second back-
ing layer 43 is increased, so that the plurality of backing
material layers except for the central backing material layer
are slanted. Thus, as the second backing layer adjusting units
72 move upward to the upper portions of the backing material
layers, the curvature of the first backing layer 42 is increased,
thereby narrowing the focal zone of the ultrasonic probe.
[0133] Hereinafter, a method of changing a curvature of a
first backing layer including barrier walls 445 using a first
backing layer adjusting unit 71 according to an embodiment
of the present invention will be described with reference to
FIGS. 10A and 10B.

[0134] FIG. 10A is a conceptual diagram illustrating a
method of decreasing a curvature of a first backing layer of an
ultrasonic probe in which a first backing layer 44 includes
barrier walls 44b, without vertical movement of a first back-
ing layer adjusting unit 715. FIG. 10B is a conceptual diagram
illustrating a method of increasing the curvature of the first
backing layer 44 of the ultrasonic probe in which the first
backing layer includes barrier walls 445, without vertical
movement of the first backing layer adjusting unit 715.
[0135] As illustrated in FIGS. 10A and 10B, the ultrasonic
probe may include a matching layer 20, a piezoelectric layer
30, a lens layer 60, and a backing layer. The backing layer
may include a first backing layer 44 and a second backing
layer 45.

[0136] Functions and shapes of the matching layer 20, the
piezoelectric layer 30, the lens layer 60, and the second back-
ing layer 45 may be the same as or different from those of the
aforementioned ultrasonic probe in which a central backing
material layer among the plurality of backing material layers
of the second backing layer 45 is fixed to the first backing
layer 44 not to move horizontally.

[0137] The first backing layer 44 may include a ceiling 44a
and barrier walls 445 at both ends, each having a height
greater than that of the second backing layer 45. Particularly,
in the previous embodiment, a curvature of the first backing
layer is changed by controlling intervals between lower por-
tions of a plurality of backing material layers of the second
backing layer 45, and then curvatures of the lens layer 60, the
matching layer 20, and the piezoelectric layer 30 disposed on
the top surface of the first backing layer are changed in accor-
dance with the changed curvature of the first backing layer.
Differently, according to the current embodiment, the curva-
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ture of the first backing layer 44 is changed by controlling an
interval between lower portions of the barrier walls 445 of the
first backing layer 44, and then the curvatures of the lens layer
60, the matching layer 20, and the piezoelectric layer 30
disposed on the top surface of the second backing layer 45
may be changed in accordance with the changed curvatures of
the first backing layer 44. In addition, the first backing layer
44 may also have various other shapes to adjust the interval
between the lower portions of the barrier walls 445 of the first
backing layer 44.

[0138] A material used to form the barrier walls 445 of the
first backing layer 44 may be the same as or different from a
material used to form the first backing layer 44 of the ultra-
sonic probe in which the first backing layer adjusting unit 715
is fixed to the first backing layer 44 such that the first backing
layer adjusting unit 715 directly controls the curvature of the
first backing layer 44 and the barrier walls 445 maintain
ability to absorb ultrasonic waves.

[0139] As illustrated in FIGS. 10A and 10B, the barrier
walls 445 of the first backing layer 44 may respectively have
aheight greater than that of the second backing layer 45 such
that the first backing layer adjusting unit 7154, which does not
move vertically, is provided therebetween.

[0140] The first backing layer adjusting unit 714, which
does not move vertically, may be disposed in a space defined
by the bottom surface of the plurality of backing material
layers and the barrier walls 445 of the first backing layer 44.
The first backing layer adjusting unit 71a may adjust the
interval between lower portions of the barrier walls 445 by
adjusting only the width of the first backing layer adjusting
unit 71a without vertical movement.

[0141] The shape, location, and operation principle of the
first backing layer adjusting unit 715, which does not move
vertically, will be described later.

[0142] Asillustrated in FIG. 10A, the ultrasonic probe may
have a wider focal zone by horizontally contracting the first
backing layer adjusting unit 715. When the first backing layer
adjusting unit 714 contracts horizontally, the lower interval
between the barrier walls 445 of the first backing layer 44 is
reduced so that the barrier walls 445 of the first backing layer
44 are disposed parallel to each other. Thus, as the first back-
ing layer adjusting unit 714 reduces the lower interval
between the barrier walls 445 of the first backing layer 44, the
curvature of the first backing layer 44 is decreased, thereby
enlarging the focal zone of the ultrasonic probe.

[0143] Asillustrated in FIG. 10B, the ultrasonic probe may
have a narrower focal zone by horizontally expanding the first
backing layer adjusting unit 715. When the first backing layer
adjusting unit 714 expands horizontally, the lower interval
between the barrier walls 446 of the first backing layer 44
increases, and an upper interval between the barrier walls 445
of the first backing layer 44 is maintained since the upper
portions of the barrier walls 445 are fixed to the ceiling 44a.
Accordingly, the barrier walls 445 of the first backing layer 44
are slanted. Thus, as the first backing layer adjusting unit 715
increases the lower interval between the barrier walls 445 of
the first backing layer 44, the curvature of the first backing
layer 44 is increased, thereby narrowing the focal zone of the
ultrasonic probe.

[0144] Hereinafter, displacements of the first backing layer
44 including the barrier walls 445 will be described with
reference to FIGS. 11 and 12.

[0145] FIG. 11 is a conceptual diagram illustrating curva-
ture 90, height 93, horizontal displacement 95, and Vertical
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displacement 94 of the first backing layer 44 including the
barrier walls 44b6. FIG. 12 is a conceptual diagram illustrating
curvature 90.

[0146] The curvature 90 is a variable indicating the degree
of bending of a curved line or a curved surface. The curvature
90 is in inverse relationship with a curvature radius, which is
a variable indicating a radius of an arc determined by using a
small portion of a curve. The curvature 90 increases as the
radius of curvature decreases.

[0147] Particularly, when a point on a curve moves from A
to B as illustrated in FIG. 12, a variation of distance 91 there
between may be defined as As, and a variation of exterior
angle 92 between tangent lines of points A and B may be
defined as AB. Hereinafter, a curvature 90(k) will be described
by using Equation 1 below.

fe= o, FmIAS/AD | =|ds/dB

[0148] The curvature 90(k) is a directional variation of A8,
which is a variation of exterior angle 92 between tangential
lines of points A and B. The curvature 90(k) may be an
absolute value of AB/As, when As converges on 0. Alterna-
tively, the curvature 90(k) may be a value acquired by differ-
entiate 6, which is an exterior angle 92 between tangential
lines of points A and B, with respect to s, as the distance 91.

[0149] Hereinafter, the curvature 90 described above with
reference to FIG. 12, the height 93, the Vertical displacement
94, and the horizontal displacement 95 of the barrier walls
44b of the first backing layer 44 will be described.

[0150] Dashed lines of FIG. 11 indicate the shape of the
first backing layer 44 including the barrier walls 445 when the
lower interval between the barrier walls 445 of the first back-
ing layer 44 is reduced by the first backing layer adjusting unit
7154. Solid lines of FIG. 11 indicate the first backing layer 44
including the barrier walls 446 when the lower interval
between the barrier walls 445 of the first backing layer 44 is
increased by the first backing layer adjusting unit 715.

[0151] Asillustrated in FIG. 11, the height 93 of the barrier
walls 445 of the first backing layer 44 is a variable uncontrol-
lable by the first backing layer adjusting unit 715, and the
curvature 90 of the first backing layer 44 is a variable con-
trollable by the first backing layer adjusting unit 715. As the
lower interval between the barrier walls 445 decreases, the
curvature 90 decreases. As the lower interval between the
barrier walls 44b increases, the curvature 90 increases.

[0152] In addition, the Vertical displacement 94 is a varia-
tion of the ceiling 44a of the first backing layer 44 including
the barrier walls 445 in the vertical direction when the lower
interval between the barrier walls 445 of the first backing
layer 44 is adjusted by the first backing layer adjusting umt
71b. The horizontal displacement 95 is a variation of the
barrier walls 445 of the first backing layer 44 in the horizontal
direction when the lower interval between the barrier walls
44b of the first backing layer 44 is adjusted by the first back-
ing layer adjusting unit 715.

Equation 1

TABLE 1
Array Width of Height of Vertical ~ Horizontal
of trans- opening of barrier displace-  displace-
ducer transducer wall Curvature ment ment
module  module [mm] [mm] [mm] [mm] [mm]
Phased 14 10 65~90 0.105 0.303
array
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TABLE 1-continued

Array Width of Height of Vertical ~ Horizontal
of trans- opening of barrier displace-  displace-
ducer transducer wall Curvature ment ment
module  module [mm] [mm] [mm] [mm] [mm)]
Linear 4 5 10~18 0.102 0.923
array 5 5 10~18 0.089 1.180
14 10 120~160 0.051 0.104
[0153] Table 1 shows the curvatures 90, the Vertical dis-

placements 94, and the horizontal displacements 95 of the
first backing layer 44 including the barrier walls 445 with
respect to the width of an opening of the transducer module
and the height 93 of the barrier walls 445 when the transducer
modules are arranged in a phased or linear array.

[0154] Theshapeand characteristics of the ultrasonic probe
are not limited by the variables listed in Table 1 and the
arrangement of the transducer modules, and appropriate vari-
ables may be selected according to the lens layer 60, the
matching layer 20, the piezoelectric layer 30, the backing
layer, other components, regions to be diagnosed, and other
grounds.

[0155] Hereinafter, backing layer adjusting units to change
a curvature of a backing layer according to an embodiment of
the present invention will be described with reference to
FIGS. 13A to 15B.

[0156] FIG. 13A is a conceptual diagram illustrating a
method of decreasing a curvature of a backing layer without
vertical movement of a backing layer adjusting unit 71a
including an actuator 75. FIG. 13B is a conceptual diagram
illustrating a method of increasing the curvature of the back-
ing layer without vertical movement of the backing layer
adjusting unit 71a including the actuator 75.

[0157] The backing layer adjusting unit 71a including the
actuator 75 may include upper and lower panels 73, an air bag
74, an actuator 75, an air inlet 764, and an air outlet 764.
[0158] The upper and lower panels 73 may respectively be
disposed at upper and lower portions of the backing layer
adjusting unit 71a to be connected to the air bag 74. The upper
and lower panels 73 may be connected to the air bag 74 such
that air inside the backing layer adjusting unit 71a does not
leak to the outside.

[0159] In addition, the upper and lower panels 73 may be
formed of a rigid material such that the backing layer adjust-
ing unit 71a expands in volume only in the horizontal direc-
tion, notin the vertical direction. For example, a material used
to form the backing layer adjusting unit 71¢ may include
metal or carbon allotrope such as carbon nanotube (CNT),
graphite, and graphene. In addition, the upper and lower
panels 73 may be formed of various materials suitable for
volumetric expansion of the backing layer adjusting unit 71a
only in the horizontal direction and preventing leakage of air
to the outside.

[0160] The air bag 74 may be connected to the upper and
lower panels 73 and air may be introduced into and dis-
charged out of the air bag 74 by the actuator 75. In addition,
the inside of the air bag 74 may be shielded from the outside
such that air flows into and out of the air bag 74 through only
the actuator 75. In addition, the air bag 74 may have elasticity
suitable for volumetric change in accordance with air intro-
duced and discharged by the actuator 75.

[0161] For example, the air bag 74 may be formed of a
plastic or rubber. Various other materials that may shield
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internal air from the outside and have elasticity suitable for
volumetric expansion may also be used to form the air bag 74.
[0162] The actuator 75 may expand the volume of the air
bag 74 by introducing external air into the air bag 74 by
increasing a hydraulic pressure according to a control signal
and may contract the volume of the air bag 74 by discharging
internal air out of the air bag 74 by decreasing the hydraulic
pressure, thereby providing power to control a curvature of
the first backing layer. However, the actuator 75 is exemplar-
ily described, and various other devices capable of introduc-
ing external air into the air bag 74 and discharging internal air
out of the air bag 74 may also be used.

[0163] Theairinlet 76ais disposed inside the air bag 74 and
is connected to the actuator 75 so as to transfer external air
provided by the actuator 75 into the air bag 74 or transfer
internal air of the air bag 74 to the actuator 75 such that the
actuator 75 discharges the internal air of the air bag 74 to the
outside, in accordance with the change in the hydraulic pres-
sure.

[0164] Inaddition, the air inlet 76a may have various other
shapes suitable for allowing the actuator 75 to introduce
external air into the air bag 74 or to discharge internal air out
ofthe airbag 74. For example, the air inlet 762 may be formed
of a metal or plastic.

[0165] The air outlet 765 is disposed outside the upper and
lower panels 73 and the air bag 74 and is connected to the
actuator 75 so as to transfer external air to the actuator 75 or
discharge internal air of the air bag 74 provided by the actua-
tor 75, in accordance with the change in the hydraulic pres-
sure.

[0166] Inaddition, the air outlet 765 may have various other
shapes suitable for allowing the actuator 75 to introduce
external air into the air bag 74 or to discharge internal air out
of the air bag 74. In addition, a material used to form the air
outlet 765 may be the same as or different form that used to
form the air inlet 76a.

[0167] As illustrated in FIG. 13A, when a controller
receives an input signal to diagnose a region to be diagnosed
in along focal length, the controller transmits a control signal
to the actuator 75. Then, an inner hydraulic pressure of the
actuator 75 is reduced, and the actuator 75 draws internal air
of the air bag 74. Then, the internal air of the air bag 74 may
be transferred to the actuator 75 through the air inlet 76a, and
the actuator 75 may discharge the air to the outside through
the air outlet 765. Then, as the air bag 74 contracts in volume
only in the horizontal direction, the interval between the
barrier walls decreases, thereby decreasing the curvature of
the first backing layer. Accordingly, the curvature of the
piezoelectric layer 30 disposed on the top surface of the first
backing layer and having flexibility and the curvature of the
matching layer 20 disposed on the top surface of the piezo-
electric layer 30 and having flexibility decrease in accordance
with the decreased curvature of the first backing layer. As a
result, the focal length of the ultrasonic probe increases.
[0168] Onthe contrary, as illustrated in FIG. 13B, when the
controller receives an input signal to diagnose a region to be
diagnosed in a short focal length, the controller transmits a
control signal to the actuator 75. Then, an inner hydraulic
pressure of the actuator 75 is increased, and the actuator 75
draws external air of the air bag 74. Then, external air trans-
ferred by the actuator 75 via the air inlet 764 is introduced into
the air bag 74, and an internal pressure of the air bag 74
increases. Accordingly, the volume of the air bag 74 may
increase corresponding to an external pressure. Then, as the
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air bag 74 expands in volume only in the horizontal direction,
the interval between the barrier walls increases, thereby
increasing the curvature of the first backing layer. Accord-
ingly, the curvature of the piezoelectric layer 30 disposed on
the top surface of the first backing layer and having flexibility
and the curvature of the matching layer 20 disposed on the top
surface of the piezoelectric layer 30 and having flexibility
increase in accordance with the increased curvature of the
first backing layer. As a result, the focal length of the ultra-
sonic probe decreases.

[0169] FIG. 14A is a conceptual diagram illustrating a
method of decreasing a curvature of a backing layer without
vertical movement of a backing layer adjusting unit 715
including a motor 80 and a lead screw 78 according to an
embodiment of the present invention. FIG. 14B is a concep-
tual diagram illustrating a method of increasing the curvature
of the backing layer without vertical movement of the back-
ing layer adjusting unit 715 including the motor 80 and the
lead screw 78.

[0170] The backing layer adjusting unit 715 including the
motor and the lead screw 78 may include a housing 77, a
motor 80, a screw 78, and a packing 79.

[0171] The housing 77 may include various parts required
for driving of the backing layer adjusting unit 715. Particu-
larly, the housing 77 may include a motor 80 or may have a
spiral surface corresponding to a metal wing of the screw 78.

[0172] In a state of being connected to the screw 78, the
motor 80 may perform a fastening operation in accordance
with a control signal from the controller to move the screw 78
toward both sides of the backing layer adjusting unit 715,
thereby increasing the curvature of the first backing layer. On
the contrary, the motor 80 may perform a loosening operation
to move the screw 78 toward the backing layer adjusting unit
715, thereby decreasing the curvature of the first backing
layer. The motor 80 may be a permanent magnet, a servo
motor, a brushless (BL) motor, a DC motor, or an AC motor.
In addition, the motor 80 may also have various other shapes
suitable for changing the curvature of the first backing layer
by providing power to the backing layer using the screw 78.

[0173] The screw 78 is a power conversion element that
includes a metal wing having a spiral surface at an end of a
rotation shaft and converts rotational force into linear force
while rotating, thereby moving in the axial direction. The
screw 78 receives power from the motor 80 and rotates along
the spiral surface formed in the housing 77 to move toward
both sides of the backing layer adjusting unit 715 or toward
the center of the backing layer adjusting unit 714.

[0174] For example, the screw 78 may be a lead screw 78.
In addition, the screw 78 may also have various other shapes
suitable for adjusting the curvature of the first backing layer
by receiving power from the motor 80.

[0175] In addition, the screw 78 may be formed of a metal
or plastic. In addition, various other rigid materials may also
be used to form the screw 78 as long as the screw 78 may
move along the spiral surface of the housing 77 by using
power received from the motor 80.

[0176] The packing 79 may be a power conversion element
provided at an end of the screw 78 and transferring linear
force of the screw 78, which moves by converting the rota-
tional force received from the motor 80 into the linear force,
to the backing layer. The packing 79 may be formed of rubber
having elasticity to relieve impact applied to the backing
layer. In addition, the packing 79 may be formed of various
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other materials and may have various shapes suitable for
transferring the linear force to the backing layer while reliev-
ing impact.

[0177] As illustrated in FIG. 14A, when the controller
receives an input signal to diagnose a region to be diagnosed
in along focal length, the controller transmits a control signal
to the motor 80. Then, the motor 80 may perform a loosening
operation and transfer rotational force to the screw 78. The
screw 78 converts the rotational force received from the motor
80 into linear force using a rotating wing of the screw 78 and
the spiral surface of the housing 77 corresponding to the
rotating wing of the screw 78. The screw 78 may move toward
the center of the backing layer adjusting unit 715 by using the
linear force. In addition, as screw 78 moves toward the back-
ing layer adjusting unit 715, the interval between the barrier
walls decreases, thereby decreasing the curvature of the first
backing layer. In addition, the curvature of the piezoelectric
layer 30 disposed on the top surface of the first backing layer
and having flexibility and the curvature of the matching layer
20 disposed on the top surface of the piezoelectric layer 30
and having flexibility decrease in accordance with the
decreased curvature of the first backing layer. As a result, the
focal length of the ultrasonic probe increases.

[0178] Onthe contrary, as illustrated in FIG. 14B, when the
controller receives an input signal to diagnose a region to be
diagnosed in a short focal length, the controller transmits a
control signal to the motor 80. Then, the motor 80 may per-
form a fastening operation and transfer rotational force
thereof to the screw 78. The screw 78 converts the rotational
force received from the motor 80 into linear force using the
rotating wing of the screw 78 and the spiral surface of the
housing 77 corresponding to the rotating wing of the screw
78. The screw 78 may move toward both sides of the backing
layer adjusting unit 715 by using the linear force. In addition,
as the packing 79 transfers the linear force of the screw 78,
which moves to the both sides of the backing layer adjusting
unit 715, the interval between the barrier walls increases,
thereby increasing the curvature of the first backing layer. In
addition, the curvature of the piezoelectric layer 30 disposed
on the top surface of the first backing layer and having flex-
ibility and the curvature of the matching layer 20 disposed on
the top surface of the piezoelectric layer 30 and having flex-
ibility increase in accordance with the increased curvature of
the first backing layer. As a result, the focal length of the
ultrasonic probe decreases.

[0179] FIG. 15A is a conceptual diagram illustrating a
method of decreasing a curvature of a backing layer without
vertical movement of a backing layer adjusting unit 71¢
including a motor 82 and a cam 81 according to an embodi-
ment of the present invention. FIG. 15B is a conceptual dia-
gram illustrating a method of increasing the curvature of the
backing layer without vertical movement of the backing layer
adjusting unit 71¢ including the motor 82 and the cam 81.
[0180] The backing layer adjusting unit 71¢ may include a
cam 81 and a motor 82.

[0181] The cam 81, which is a plate-shaped device having
aparticular shape or groove and performing rotational motion
or reciprocating motion, may be a power conversion element
for transforming a rotational motion or a reciprocating
motion into another reciprocating motion or a rocking
motion.

[0182] Particularly, as illustrated in FIG. 15A, a horizontal
axial length of the cam 81 may be different from a vertical
axial length thereof, and the cam 81 may have a gently curved
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external surface and contact the backing layer. Since the
horizontal axial length of the cam 81 is different from the
vertical axial length thereof, and the external surface of the
cam 81 contacts the backing layer, the interval between the
barrier walls 44b may increase and decrease while the motor
82 rotates.

[0183] Themotor 82 performs a rotational motion in accor-
dance with a control signal from the controller, in a state of
being connected to the cam 81 and transfers a rotational force
to the cam 81 to increase or decrease the curvature of the first
backing layer. The motor 82 may be a permanent magnet, a
servo motor, a brushless (BL) motor, a DC motor, or an AC
motor. In addition, the motor 82 may also have various other
shapes suitable for changing the curvature of the first backing
layer by providing the rotational force to the cam 81.

[0184] As illustrated in FIG. 15A, when the controller
receives an input signal to diagnose a region to be diagnosed
in along focal length, the controller transmits a control signal
to the motor 8§2. Then, the motor 82 may perform a rotational
motion and transfer rotational force to the cam 81. When a
shorter portion of the cam 81 contacts the backing layer, the
curvature of the first backing layer decreases. In addition, the
curvature of the piezoelectric layer 30 disposed on the top
surface of the first backing layer and having flexibility and the
curvature of the matching layer 20 disposed on the top surface
of the piezoelectric layer 30 and having flexibility decrease in
accordance with the decreased curvature of the first backing
layer. As a result. the focal length of the ultrasonic probe
increases.

[0185] On the contrary, as illustrated in FIG. 15B, when the
controller receives an input signal to diagnose a region to be
diagnosed in a short focal length, the controller transmits a
control signal to the motor 82. Then, the motor 82 may per-
form a rotational motion and transfer rotational force to the
cam 81. When a longer portion of the cam 81 contacts the
backing layer, the curvature of the first backing layer
increases. In addition, the curvature of the piezoelectric layer
30 disposed on the top surface of the first backing layer and
having flexibility and the curvature of the matching layer 20
disposed on the top surface of the piezoelectric layer 30 and
having flexibility increase in accordance with the increased
curvature of the first backing layer. As a result, the focal
length of the ultrasonic probe decreases.

[0186] Hereinafter, a method of focusing of an ultrasonic
probe having different focal zones according to an embodi-
ment of the present invention will be described.

[0187] FIG. 16 is a conceptual diagram illustrating a
method of merging three ultrasonic images acquired using
different focal zones adjusted by changing a curvature of a
backing layer corresponding to three segmented regions
according to an embodiment of the present invention. FIG. 17
is a conceptual diagram illustrating a method of merging three
ultrasonic images in which ultrasonic waves are respectively
focused on different regions according to an embodiment of
the present invention.

[0188] Asillustrated in FIG. 16, as a curvature of an acous-
tic module increases, a focal distance of the acoustic module
may decrease (111). As the curvature of the acoustic module
decreases, the focal distance of the acoustic module may
increase (112). In addition, the acoustic module may have a
maximum focal distance at a minimum curvature (113).

[0189] Ultrasonic images acquired using ultrasonic signals
received from three segmented regions may be merged into a
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single image by an image processor (114). The merged image
may have an increased focal distance (114).

[0190] Particularly, as illustrated in FIG. 17, when the
acoustic module has a first curvature that is a higher curvature
(121), ultrasonic signals are focused on one region 122 closer
to the acoustic module (131), and the other region 123 is out
of focus. In addition, when the acoustic module has a second
curvature that is a middle curvature (124), ultrasonic signals
are focused on one region 125 at a mid- point (132) between
the acoustic module and a target, and the other region 126 is
out of focus. In addition, when the acoustic module has a third
curvature that is a lower curvature (127), ultrasonic signals
are focused on one region 128 farther from the acoustic mod-
ule (133), and the other region 129 is out of focus.

[0191] Then, only the focused regions are respectively
extracted from the three ultrasonic images and merged to
acquire an ultrasonic image 120 in which the closer region
131, the mid region 132, and the farther region 133 are
focused.

[0192] Hereinafter, a method of acquiring an ultrasonic
image having a wide focal zone by changing a focal zone of an
ultrasonic probe according to an embodiment of the present
invention will be described with reference to FIG. 18

[0193] FIG. 18 is a flowchart illustrating a method of merg-
ing ultrasonic images by setting a region of interest (ROI) and
a segmentation number (n_i).

[0194] When a region of interest (ROI) of an object and a
segmentation number (n_i) are set through an input unit
(510), a backing layer adjusting unit may adjust the shape of
a backing layer such that an acoustic module has a curvature
corresponding to a first segmentation number (S20). Then, a
piezoelectric layer may emit ultrasonic waves to a region to be
diagnosed and receive echo signals reflected by the region
(S30). Then, the controller may examine whether a current
segmentation number (n_p) is identical to the segmentation
number (n_i) set through the input unit, i.e., whethern_p=n_i
(S 40).

[0195] If the current segmentation number (n_p) is less
than the segmentation number (n_i) set through the input unit,
operations S20 and S30 may be performed. However, if the
current segmentation number (n_p) is identical to the seg-
mentation number (n_i) set through the input unit, an image
processor of the controller may merge ultrasonic images cor-
responding to the set segmentation number (n_i).

[0196] As is apparent from the above description, the ultra-
sonic probe may provide efficient focusing by adjusting the
focal zone by changing curvatures of the matching layer and
the piezoelectric layer in accordance with a changed curva-
ture of the backing layer.

[0197] Although a few embodiments of the present inven-
tion have been shown and described, it would be appreciated
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.

What is claimed is:

1. An ultrasonic probe comprising:

a matching layer having flexibility;

a piezoelectric layer disposed adjacent to the matching
layer and having flexibility;

a first backing layer disposed adjacent to the piezoelectric
layer and having flexibility;
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a second backing layer disposed adjacent to the first back-
ing layer and comprising a plurality of backing material
layers stacked perpendicularly to the first backing layer;
and

second backing layer adjusting units respectively disposed
between every two of the plurality of the stacked back-
ing material layers of the second backing layer and
changing an interval between the backing material lay-
ers.

2. The ultrasonic probe according to claim 1, further com-
prising fixing units disposed at both sides of the plurality of
the backing material layers of the second backing layer and
fixing the plurality of backing material layers.

3. The ultrasonic probe according to claim 1, wherein a
central backing material layer among the plurality of backing
material layers of the second backing layer is fixed to the first
backing layer not to move horizontally.

4. The ultrasonic probe according to claim 1, wherein the
second backing layer adjusting units respectively adjust the
interval between every two of the plurality of the backing
material layers without moving vertically.

5. The ultrasonic probe according to claim 1, wherein the
second backing layer adjusting units respectively adjust the
interval between every two of the plurality of the backing
material layers by moving vertically.

6. The ultrasonic probe according to claim 1, wherein the
piezoelectric layer is formed of a ceramic complex.

7. The ultrasonic probe according to claim 1, wherein the
piezoelectric layer comprises a plurality of piezoelectric lay-
ers arranged in a matrix array, a linear array, a convex array, a
phased array, or a concave array.

8. The ultrasonic probe according to claim 1, further com-
prising a controller to control operations of the second back-
ing layer adjusting units and the piezoelectric layer.

9. The ultrasonic probe according to claim 8, wherein the
controller controls a focal zone of ultrasonic waves by adjust-
ing the second backing layer adjusting units.

12
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10. An ultrasonic probe comprising:

a matching layer having flexibility;

a piezoelectric layer disposed adjacent to the matching
layer and having flexibility;

a first backing layer disposed adjacent to the piezoelectric
layer, comprising a ceiling disposed parallel to the
piezoelectric layer and barrier walls disposed perpen-
dicularly to the piezoelectric layer, and having flexibil-
iy;

a second backing layer disposed adjacent to the first back-
ing layer and comprising a plurality of backing material
layers stacked perpendicularly to the first backing layer:;
and

a first backing layer adjusting unit disposed adjacent to the
second backing layer between the barrier walls of the
first backing layer, and changing an interval between the
barrier walls of the first backing layer.

11. The ultrasonic probe according to claim 10, wherein the
first backing layer adjusting unit adjusts the interval between
the barrier walls of the first backing layer without moving
vertically.

12. The ultrasonic probe according to claim 10, wherein the
piezoelectric layer is formed of a ceramic complex.

13. The ultrasonic probe according to claim 10, wherein the
piezoelectric layer comprises a plurality of piezoelectric lay-
ers arranged in a matrix array, a linear array, a convex array, a
phased array, or a concave array.

14. The ultrasonic probe according to claim 10, further
comprising a controller to control operations of the first back-
ing layer adjusting unit and the piezoelectric layer.

15. The ultrasonic probe according to claim 14, wherein the
controller controls a focal zone of ultrasonic waves by adjust-
ing the first backing layer adjusting unit.
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