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(54)  Ultrasonic probe

(57)  Disclosed herein is an ultrasonic probe (1). The
ultrasonic probe includes a matching layer (20) having
flexibility, a piezoelectric layer (30) disposed on the bot-
tom surface of the matching layer and having flexibility,
a first backing layer (41) disposed on the bottom surface
of the piezoelectric layer and having flexibility, a second
backing layer (43) disposed on the bottom surface of the

first backing layer and including a plurality of backing
material layers stacked perpendicularly to the first back-
ing layer, and second backing layer adjusting units (71)
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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Description
BACKGROUND
1. Field

[0001] 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.

2. Description of the Related Art

[0002] 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 inexpen-
sive, 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 diagnostic apparatus, a computed tomography (CT) scanner, a
magnetic 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.

[0003] 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.

[0004] 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
efficiently transfer ultrasonic waves generated by the piezoelectric layer to the object, a lens layer to focus ultrasonic
waves proceeding forward from the piezoelectric layer on a predetermined point, a backing layer to block transmission
of the ultrasonic waves proceeding backward from the piezoelectric layer thereby preventing image distortion.

SUMMARY

[0005] 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.

[0006] Additional aspects of the invention will be set forth in part in the description which follows and, in part, will be
obvious from the description, or may be learned by practice of the invention.

[0007] In accordance with one aspect of the present invention, an ultrasonic probe includes a 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 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 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.

[0008] In accordance with another aspect of the present invention, an 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, 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.

[0009] 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.
[0010] 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.
[0011] 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.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] These and/or other aspects of the invention will become apparent and more readily appreciated from the
following description of the embodiments, taken in conjunction with the accompanying drawings of which:
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FIG. 1 is a perspective view illustrating an ultrasonic diagnostic apparatus including an ultrasonic probe according
to an embodiment of the present invention;

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

FIG. 3 is a perspective view illustrating a two-dimensional matrix array of transducer modules according to an
embodiment of the present invention;

FIG. 4 is a cross-sectional view illustrating an ultrasonic 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;

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;

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,
without vertical movement of second backing layer adjusting units according to an embodiment of the present
invention;

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;

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;

FIG. 7 is a cross-sectional view illustrating an ultrasonic probe in which a plurality of backing material layers of a
second backing layer are fixed using fixing units disposed at both sides of the backing material layers according to
an embodiment of the present invention;

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;

FIG. 8B 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, without
vertical movement of second backing layer adjusting units according to an embodiment of the present invention;

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;

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;
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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;

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

FIG. 11 is a conceptual diagram illustrating curvature, height, horizontal displacement, and Vertical displacement
of a first backing layer including barrier walls according to an embodiment of the present invention;

FIG. 12 is a conceptual diagram illustrating curvature according to an embodiment of the present invention;

FIG. 13Ais a conceptual diagram illustrating a method of decreasing a curvature of a backing layer without vertical
movement of a backing layer adjusting unitincluding an actuator according to an embodiment of the present invention;

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 unitincluding an actuator according to an embodiment of the present invention;

FIG. 14Ais a conceptual diagram illustrating a method of decreasing a curvature of a backing layer without vertical
movement of a backing layer adjusting unit including a motor and a lead screw according to an embodiment of the
present invention;

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 a motor and a lead screw according to an embodiment of the
present invention;

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 a motor and a cam according to an embodiment of the present
invention;

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 a motor and a cam according to an embodiment of the present
invention;

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; and

FIG. 18 is a flowchart illustrating a method of merging 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

[0013] Reference will now be made in detail to the embodiments of the present invention, examples of which are
illustrated in the accompanying drawings, wherein like reference numerals refer to like elements throughout.

[0014] 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 precedents. 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 ordinary skill in the art.

[0015] Unless defined otherwise, all constituent elements according to aspects and embodiments of the present
invention 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 configuration thereof is illustrated in the drawings.
[0016] 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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[0017] Referring to FIG. 1, an ultrasonic diagnostic apparatus including an ultrasonic probe will be described.
[0018] FIG. 1 illustrates an appearance of an ultrasonic diagnostic apparatus 1 including an ultrasonic probe.

[0019] The ultrasonic diagnostic apparatus 1 includes a main body 2, an ultrasonic probe 10, input unit 8, a sub display
unit 9b, and a main display unit 9a.

[0020] The main body 2 may accommodate a transmit signal 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 transmit
signal and transmit the generated transmit signal to the ultrasonic probe 10.

[0021] 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 connector 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.

[0022] 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.

[0023] 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.

[0024] 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.

[0025] 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 aninternal capacitor.
Apiezoelectric layer 30 of the acoustic module may vibrate in accordance with the received AC powder, thereby generating
ultrasonic waves.

[0026] The plurality of acoustic modules may be arranged in a matrix array, a linear array, or a convex array. The
plurality 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.

[0027] One end of the 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 connector 5 may physically be coupled to the female
connector 6.

[0028] The input unit 8 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.

[0029] The input unit 8 may include at least one of a touchpad, 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 software element such as a graphic user interface. In this case, the keyboard may be displayed via the sub display
unit 9b or the main display unit 9a. The foot switch or foot pedal may be provided at a lower portion of the main body 2,
and a manipulator may control operation of the ultrasonic diagnostic apparatus 1 using the foot pedal.

[0030] 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 notin 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.

[0031] The sub display unit 9b may be provided at the main body 2. FIG. 1 illustrates that the sub display unit 9b is
located above the input unit 8. The sub display unit 9b may be implemented using a cathode ray tube (CRT), a liquid
crystal display (LCD), and the like. The sub display unit 9b may display menus or guidelines required for ultrasonic
diagnosis.

[0032] 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 9b. The main display unit 9a may be implemented using a CRT or a LCD. The main
display 9a 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 a two-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.
[0033] Although FIG. 1 illustrates that the ultrasonic diagnostic apparatus 1 includes both the sub display unit 9b and
the main display unit 9a. If required, the sub display unit 9b may not be used. In this case, applications or menus displayed
through the sub display unit 9b may be displayed through the main display unit 9a.
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[0034] In addition, at least one of the sub display unit 9b and the main display unit 9a may be implemented in a state
of being separated from the main body 2.

[0035] Hereinafter an acoustic module of the ultrasonic probe according to an embodiment of the present invention
will be described with reference to FIG. 2.

[0036] FIG. 2illustrates a cross-sectional view of an acoustic module provided in the ultrasonic probe.

[0037] Asillustrated in FIG. 2, the ultrasonic probe may include an acoustic module 100, which includes a piezoelectric
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.

[0038] The acoustic module 30 may also be called an ultrasonic transducer. Various ultrasonic transducers such as
a magnetostrictive ultrasonic transducer using a magnetostrictive 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 of a piezoelectric
material, may be used. In the following description, a piezoelectric ultrasonic transducer will be described by way of
example of the transducer.

[0039] 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 piezoelectric
effect and inverse piezoelectric effect, respectively. A material having these effects may be referred to as a piezoelectric
material. Thatis, a piezoelectric material may be a material that converts electric energy into mechanical vibration energy,
and converts mechanical vibration energy into electric energy.

[0040] The ultrasonic probe 10 may include the piezoelectric layer 30 formed of a piezoelectric material that converts
an electric signal into mechanical vibration energy thereby generating an ultrasonic wave.

[0041] The piezoelectric material constituting the piezoelectric layer 30 may include a ceramic of lead zirconate titanate
PZT, a PZMT single crystal formed of a 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.

[0042] In addition, the piezoelectric layer 30 may have a single-layered or multilayered 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 piezoelectric layer 30.

[0043] 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 preventimage distortion.
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.

[0044] The matching layer 20 may be disposed on the top surface of the piezoelectric layer 30. The matching layer
20reduces difference of acousticimpedance between the piezoelectric 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
ultrasonic 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.

[0045] 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.
[0046] The matching layer 20 may include a plurality of layers such that the acoustic impedance is changed in a
stepwise 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 impedance in a stepwise manner.

[0047] In addition, the piezoelectric layer 30 and the matching layer 20 may be processed in a 2D matrix array or a
one-dimensional (1 D) array by a dicing process.

[0048] 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.

[0049] In addition, the protective layer 50 may include a radio frequency (RF) shield to block outflow of radio frequency
components, which may be generated in the piezoelectric layer 30, and inflow of external radio frequency components.
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In addition, the protective layer 50 may have various other configurations to block inflow and outflow of radio frequency
components.

[0050] 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.

[0051] Inaddition, since the lens layer 60 is installed to cover portions of kerfs of the acoustic module 100 that constitute
the side surfaces of the acoustic module 100, crosstalk may be reduced.

[0052] Hereinafter, an arrangement of a plurality of transducer modules 13 according to an embodiment of the present
invention will be described with reference of FIG. 3.

[0053] 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.

[0054] The plurality 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.

[0055] FIG. 3 illustrates that the transducer modules 13 are arranged in a 2D matrix form.

[0056] 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 144 X 72 matrix, as a 2D matrix, and 10368 transducer modules 13 in total may be arranged.

[0057] However, the number of the transducer modules 13 in the 2D matrix form is not limited by the 144 X 72 matrix,
and the transducer modules 13 may be arranged in various methods 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.

[0058] 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.

[0059] 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 is fixed to a first backing layer 41 to prevent horizontal
movement of the central backing layer.

[0060] The ultrasonic probe may include a matching layer 20, a piezoelectric layer 30, a lens layer 60, and a backing
layer.

[0061] The matching layer 20 may match acoustic impedance 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 converting 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.

[0062] 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 in a 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.

[0063] 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.

[0064] 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 ultrasonic 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.

[0065] The second backing layer 43 may include a plurality of flat plate-shaped backing material layers stacked
perpendicularly to the first backing layer 41 and parallel to each other.

[0066] 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.

[0067] 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 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.
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[0068] In addition, the second backing layer 43 may have various other structures to change the curvature of the first
backing layer 41.

[0069] 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.

[0070] Hereinafter, methods of changing a curvature of the second backing layer 43 having a fixed central backing
material layer using second backing layer adjusting units 71 a will be described with reference to FIGS. 5A to 6B.
[0071] 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 second 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.

[0072] 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
backing material layer.

[0073] 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.

[0074] Theshape, location, and operation principle of the second backing layer adjusting units 71 will be described later.
[0075] As illustrated in FIG. 5A, the ultrasonic probe may have a wider focal zone by horizontally contracting the
second backing layer adjusting units 71. When the second backing 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 a 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.

[0076] 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.

[0077] 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 backing
layer adjusting units 72.

[0078] Asillustrated in FIGS. 6A 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 vertically, 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 movement of the second backing layer adjusting units 72.
[0079] The second backing layer adjusting units 72 may have a circular 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.

[0080] 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 backing 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.

[0081] Theshape, location, and operation principle of the second backing layer adjusting units 72 will be described later.
[0082] Asillustratedin 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
backing layer adjusting units 72 move downward to the lower portions of the backing material layers, the curvature of
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the first backing layer 41 is decreased, thereby enlarging the focal zone of the ultrasonic probe.

[0083] As illustrated in FIG. 6B, the ultrasonic probe may have a narrower focal zone as the second backing layer
adjusting 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 material 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 of the first backing layer 41 is increased, thereby narrowing the focal zone of the ultrasonic probe.
[0084] Hereinafter, an ultrasonic probe including fixing units 42a disposed at both sides of the second backing layer
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.

[0085] FIG. 7 is a cross-sectional view illustrating an ultrasonic 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.
[0086] 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.

[0087] Functions and shapes of the matching layer 20, the piezoelectric layer 30, the lens layer 60, and the second
backing 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.

[0088] 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 plurality of backing material layers are increased, and intervals
between upper portions of the backing material layers are constantly maintained using the second backing layer adjusting
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.

[0089] A material used to form the fixing units 42a 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 material
layers of the second backing layer 43 is fixed to the first backing layer 42 to prevent horizontal movement of the central
backing material and maintain ultrasonic wave absorbing performance.

[0090] 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.
[0091] 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 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, without vertical movement of the second
backing layer adjusting units 71 a.

[0092] Asillustrated in FIGS. 8A 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.

[0093] 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 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.

[0094] Theshape, location, and operation principle of the second backing layer adjusting units 71 will be described later.
[0095] As illustrated in FIG. 8A, the ultrasonic probe may have a wider focal zone by horizontally contracting the
second backing layer adjusting units 71. When the second backing 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.

[0096] 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.
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[0097] 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 42a 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.
[0098] 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 vertically, 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.

[0099] The second backing layer adjusting units 72, which move vertically, may have a circular 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.

[0100] 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 backing 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.

[0101] Theshape, location, and operation principle of the second backing layer adjusting units 72 will be described later.
[0102] 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 portions 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
curvature of the first backing layer 42 is decreased, thereby enlarging the focal zone of the ultrasonic probe.

[0103] 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 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 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.
[0104] Hereinafter, a method of changing a curvature of a first backing layer including barrier walls 44b 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.

[0105] 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 backing
layer adjusting unit 71 b. 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 44b, without vertical
movement of the first backing layer adjusting unit 71 b.

[0106] Asillustrated 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.

[0107] Functions and shapes of the matching layer 20, the piezoelectric layer 30, the lens layer 60, and the second
backing 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.

[0108] The first backing layer 44 may include a ceiling 44a and barrier walls 44b 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 portions 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 accordance with the changed curvature of the first backing
layer. Differently, according to the current embodiment, the curvature of the first backing layer 44 is changed by controlling
an interval between lower portions of the barrier walls 44b 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 44b of the first backing layer 44.

[0109] A material used to form the barrier walls 44b of the first backing layer 44 may be the same as or different from
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a material used to form the first backing layer 44 of the ultrasonic probe in which the first backing layer adjusting unit 71
b is fixed to the first backing layer 44 such that the first backing layer adjusting unit 71 b directly controls the curvature
of the first backing layer 44 and the barrier walls 44b maintain ability to absorb ultrasonic waves.

[0110] As illustrated in FIGS. 10A and 10B, the barrier walls 44b of the first backing layer 44 may respectively have
a height greater than that of the second backing layer 45 such that the first backing layer adjusting unit 71 b, which does
not move vertically, is provided therebetween.

[0111] The first backing layer adjusting unit 71 b, 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 44b of the first backing layer 44.
The first backing layer adjusting unit 71 a may adjust the interval between lower portions of the barrier walls 44b by
adjusting only the width of the first backing layer adjusting unit 71 a without vertical movement.

[0112] The shape, location, and operation principle of the first backing layer adjusting unit 71 b, which does not move
vertically, will be described later.

[0113] As illustrated in FIG. 10A, the ultrasonic probe may have a wider focal zone by horizontally contracting the first
backing layer adjusting unit 71 b. When the first backing layer adjusting unit 71 b contracts horizontally, the lower interval
between the barrier walls 44b of the first backing layer 44 is reduced so that the barrier walls 44b of the first backing
layer 44 are disposed parallel to each other. Thus, as the first backing layer adjusting unit 71 b reduces the lower interval
between the barrier walls 44b 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.

[0114] As illustrated in FIG. 10B, the ultrasonic probe may have a narrower focal zone by horizontally expanding the
first backing layer adjusting unit 71 b. When the first backing layer adjusting unit 71 b expands horizontally, the lower
interval between the barrier walls 44b of the first backing layer 44 increases, and an upper interval between the barrier
walls 44b of the first backing layer 44 is maintained since the upper portions of the barrier walls 44b are fixed to the
ceiling 44a. Accordingly, the barrier walls 44b of the first backing layer 44 are slanted. Thus, as the first backing layer
adjusting unit 71 b increases the lower interval between the barrier walls 44b 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.

[0115] Hereinafter, displacements of the first backing layer 44 including the barrier walls 44b will be described with
reference to FIGS. 11 and 12.

[0116] FIG. 11 is a conceptual diagram illustrating curvature 90, height 93, horizontal displacement 95, and Vertical
displacement 94 of the first backing layer 44 including the barrier walls 44b. FIG. 12 is a conceptual diagram illustrating
curvature 90.

[0117] 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.

[0118] 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 A6. Hereinafter, a curvature 90 (k) will be described by using Equation 1 below.

Equation 1

k = lim
AS—0

AO B d6|
Asl |ds

[0119] The curvature 90 (k) is a directional variation of A6, 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 A6/AS, when AS converges on 0. Alternatively,
the curvature 90 (k) may be a value acquired by differentiate 0, which is an exterior angle 92 between tangential lines
of points A and B, with respect to s, as the distance 91.

[0120] 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.

[0121] Dashed lines of FIG. 11 indicate the shape of the first backing layer 44 including the barrier walls 44b when
the lower interval between the barrier walls 44b of the first backing layer 44 is reduced by the first backing layer adjusting
unit 71 b. Solid lines of FIG. 11 indicate the first backing layer 44 including the barrier walls 44b when the lower interval
between the barrier walls 44b of the first backing layer 44 is increased by the first backing layer adjusting unit 71 b.
[0122] As illustrated in FIG. 11, the height 93 of the barrier walls 44b of the first backing layer 44 is a variable uncon-
trollable by the first backing layer adjusting unit 71 b, and the curvature 90 of the first backing layer 44 is a variable
controllable by the first backing layer adjusting unit 71 b. As the lower interval between the barrier walls 44b decreases,
the curvature 90 decreases. As the lower interval between the barrier walls 44b increases, the curvature 90 increases.
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[0123] In addition, the Vertical displacement 94 is a variation of the ceiling 44a of the first backing layer 44 including
the barrier walls 44b in the vertical direction when the lower interval between the barrier walls 44b of the first backing
layer 44 is adjusted by the first backing layer adjusting unit 71 b. The horizontal displacement 95 is a variation of the
barrier walls 44b 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 backing layer adjusting unit 71 b.

Table 1
Array of Width of opening of Height of Curvature Vertical Horizontal
transducer transducer module [mm] barrier wall [mm] displacement displacement

module [mm] [mm] [mm]
Phased array 14 10 65~90 0.105 0.303
Linear array 4 5 10~18 0.102 0.923
5 5 10~18 0.089 1.180
14 10 120~160 0.051 0.104

[0124] Table 1 shows the curvatures 90, the Vertical displacements 94, and the horizontal displacements 95 of the
first backing layer 44 including the barrier walls 44b with respect to the width of an opening of the transducer module
and the height 93 of the barrier walls 44b when the transducer modules are arranged in a phased or linear array.
[0125] The shape and characteristics of the ultrasonic probe are not limited by the variables listed in Table 1 and the
arrangement of the transducer modules, and appropriate variables 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.

[0126] 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.

[0127] 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 71 a including an actuator 75. FIG. 13B is a conceptual diagram
illustrating a method of increasing the curvature of the backing layer without vertical movement of the backing layer
adjusting unit 71 a including the actuator 75.

[0128] The backing layer adjusting unit 71 a including the actuator 75 may include upper and lower panels 73, an air
bag 74, an actuator 75, an air inlet 76a, and an air outlet 76b.

[0129] The upper and lower panels 73 may respectively be disposed at upper and lower portions of the backing layer
adjusting unit 71 a 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 71 a does not leak to the outside.

[0130] In addition, the upper and lower panels 73 may be formed of a rigid material such that the backing layer adjusting
unit 71 a expands in volume only in the horizontal direction, not in the vertical direction. For example, a material used
to form the backing layer adjusting unit 71 a 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 71 a only in the horizontal direction and preventing leakage of
air to the outside.

[0131] Theairbag 74 may be connected to the upperand lower panels 73 and air may be introduced into and discharged
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 introduced and discharged by the actuator 75.

[0132] For example, the air bag 74 may be formed of a plastic or rubber. Various other materials that may shield
internal air from the outside and have elasticity suitable for volumetric expansion may also be used to form the air bag 74.
[0133] 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 exemplarily described, and various other devices capable of introducing
external air into the air bag 74 and discharging internal air out of the air bag 74 may also be used.

[0134] The airinlet 76a is 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
pressure.

[0135] In addition, the air inlet 76a may have various other shapes suitable for allowing the actuator 75 to introduce
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external air into the air bag 74 or to discharge internal air out of the air bag 74. For example, the air inlet 76a may be
formed of a metal or plastic.

[0136] The air outlet 76b 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
actuator 75, in accordance with the change in the hydraulic pressure.

[0137] In addition, the air outlet 76b 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 76b may be the same as or different form that used to form the air inlet 76a.

[0138] As illustrated in FIG. 13A, when a controller receives an input signal to diagnose a region to be diagnosed in
a long 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 76b. 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 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.
[0139] On the 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
transferred by the actuator 75 via the air inlet 76a 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 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. 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 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.

[0140] 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 71 b including a motor 80 and a lead screw 78 according to an
embodiment of the present invention. FIG. 14B is a conceptual diagram illustrating a method of increasing the curvature
of the backing layer without vertical movement of the backing layer adjusting unit 71 b including the motor 80 and the
lead screw 78.

[0141] The backing layer adjusting unit 71 b including the motor and the lead screw 78 may include a housing 77, a
motor 80, a screw 78, and a packing 79.

[0142] Thehousing77 may include various parts required for driving of the backing layer adjusting unit 71 b. Particularly,
the housing 77 may include a motor 80 or may have a spiral surface corresponding to a metal wing of the screw 78.
[0143] 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 71
b, 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 71 b, 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.

[0144] 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 71 b or toward the center of the backing layer adjusting unit 71 b.

[0145] 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.

[0146] 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.

[0147] 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 rotational 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 other materials and may have various shapes suitable for
transferring the linear force to the backing layer while relieving impact.

[0148] As illustrated in FIG. 14A, when the controller receives an input signal to diagnose a region to be diagnosed
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in a long 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 71 b
by using the linear force. In addition, as screw 78 moves toward the backing layer adjusting unit 71 b, 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.
[0149] On the 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
perform 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 71 b 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 71 b, 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 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.

[0150] 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 embodiment
of the presentinvention. FIG. 15B is a conceptual diagram illustrating a method of increasing the curvature of the backing
layer without vertical movement of the backing layer adjusting unit 71 c including the motor 82 and the cam 81.

[0151] The backing layer adjusting unit 71 ¢ may include a cam 81 and a motor 82.

[0152] The cam 81, which is a plate-shaped device having a particular 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.

[0153] 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 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.

[0154] The motor 82 performs a rotational motion in accordance 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.

[0155] As illustrated in FIG. 15A, when the controller receives an input signal to diagnose a region to be diagnosed
in a long focal length, the controller transmits a control signal to the motor 82. 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.

[0156] 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
perform 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.

[0157] Hereinafter, a method of focusing of an ultrasonic probe having different focal zones according toan embodiment
of the present invention will be described.

[0158] FIG. 16isaconceptual diagram illustrating a method of merging three ultrasonicimages 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
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of the present invention.

[0159] Asillustratedin FIG. 16, as a curvature of an acoustic 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).
[0160] Ultrasonic images acquired using ultrasonic signals received from three segmented regions may be merged
into a single image by an image processor (114). The merged image may have an increased focal distance (114).
[0161] 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 module (133), and the other region 129 is out
of focus.

[0162] Then, only the focused regions are respectively extracted from the three ultrasonic images and merged to
acquire an ultrasonic image 120 in which the closerregion 131, the mid region 132, and the farther region 133 are focused.
[0163] 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
[0164] FIG. 18 is a flowchart illustrating a method of merging ultrasonic images by setting a region of interest (ROI)
and a segmentation number (n_i).

[0165] When a region of interest (ROI) of an object and a segmentation number (n_i) are set through an input unit
(810), abacking 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., whether
n_p=n_i (S 40).

[0166] 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
segmentation number (n_i) set through the input unit, an image processor of the controller may merge ultrasonic images
corresponding to the set segmentation number (n_i).

[0167] As is apparent from the above description, the ultrasonic 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
curvature of the backing layer.

[0168] Although a few embodiments of the present invention 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.

Claims
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;

a second backing layer disposed adjacent to the first backing 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
backing material layers of the second backing layer and changing an interval between the backing material layers.

2. The ultrasonic probe according to claim 1, further comprising 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.
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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.

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

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

The ultrasonic probe according to claim 1, further comprising a controller to control operations of the second backing
layer adjusting units and the piezoelectric layer.

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

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 perpendicularly to the piezoelectric layer, and having flexibility;
a second backing layer disposed adjacent to the first backing 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.

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.

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

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

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

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

16



EP 2 891 525 A1

FIG. 1

/\/2

17



EP 2 891 525 A1

FIG. 2

60
50

100

}

~—20
~—30

N
>
a~—A40

AR IR R IR I AR IR IR R AR RN AN I ARNAR IR R ARANADLNNIRN,

Sl

AL

FIG. 3

18



EP 2 891 525 A1

FIG. 4
60

/’\/30

>43

N

433

19



EP 2 891 525 A1

FIG. DA

M -3

43

43a

20



EP 2 891 525 A1

FIG. 5B

|

21



EP 2 891 525 A1

FIG. 6A

22



EP 2 891 525 A1

FIG. 6B
60

/’\,/30

43

——
—_—

72
43a

23



EP 2 891 525 A1

FIG. 7
60

L
.
é

e

24



EP 2 891 525 A1

FIG. 8A

/’—\_,/30

/’—\__/42

t\/ 423

25



FIG. 8B

WY

I~

NS

5\
o~

v L

/

ﬂj
w

\




EP 2 891 525 A1

FIG. 9A
60

/\’/30

’—\__/42

’\/423

vt
C
C
C

27

A~ 43



EP 2 891 525 A1

FIG. 9B

/"'\,_/20

/"'\,_/30

/”'\___/42

28



EP 2 891 525 A1

FIG. 10A
60

il

/8

:‘..\/—\

29



EP 2 891 525 A1

FIG. 10B
/_\L
] |20
_ 30
| T~
] ]
< —
79

30



EP 2 891 525 A1

FIG. 11

FIG. 12

31



EP 2 891 525 A1

FIG. 13A
Tia
T ~— T T~ _—
73
| / | o
N /
= R T =
/ Ié+l LN
| ( .
oot | Y A
FIG. 13B
/1a

/7 \| 4344
SRR r y \
A S : N\
1 l |
7ob— | >5 74

32



EP 2 891 525 A1

FIG. 14A
7ib
M~ — T T~
L a3jaap
<
FIG. 14B
7ib
;7 43/ 441
79
=

33



EP 2 891 525 A1

FIG. 15A
81

FIG. 15B

P

_-43/44b

34




EP 2 891 525 A1

FIG. 16

FIG. 17

129

126

131

133

1 |
| |
| |
T T
| |
| |
| |
| |
i i
I I
| I
I I
1 1
| |
| | | |
1 1 > | |
| | | |
| I | I
| | | |
I I I I
1 I 1 [oe) I
| | __ | & |
| I | I
| L I |
i i I 1
| | [ |
| o I — i |
VN A _
| I 1 | —
| \L / | \ ) I |
i S I S~ 1 |
i ! i I
i L JiN )
| O |
—— ! a— ——
7 T T 7 AY
[ i i | N
_ — i - L~
AN b7
—~H [ )i B I NN
{ X 1 th \ Y, | —
{ \. / [H 0l g (
I S 1 | |
_ i m/_,__—/\l\\__\l/
_,llll __r AL __/ /_.hn/_u
m G -
i 1l i q
I 1" I |
1 _"_ TN " TN |
| i L/ |
{ [ ! {
| i A _ A v |
| Wl _
{ I | ) —
i f--.w _f--w | i
| | | |
1 1 1 1
o™~ [ap]
o~ ol

35



EP 2 891 525 A1

FIG. 18

( START )

SET ROl AND SEGMENTATION NUMBER | 1o
THROUGH [NPUT UNIT

BACKING LAYER ADJUSTING UNIT
ADJUST SHAPE OF BACKING LAYER TO
ALLOW ACOUSTIC MODULE TO HAVE 3520

CURVATURE CORRESPONDING TO
CURRENT SEGMENTATION NUMBER (N_P)

-1

IEZ0
R

ELECTRIC LAYER TRANSHIT AND | _qqq
ECEIVE ULTRASONIC WAVES

/////////J\\\\\\\\\ S40
CONTROLLER J

EXAMINES WHETHER

CURRENT SEGMENTATION NUMBER (N_P)

|S IDENTICAL TO SEGMENTATION NUMBER

(N_I) SET VIA INPUT
|

- w

YES

IMAGE PROCESSOR OF CONTROLLER MERGE
ULTRASONIC IMAGES CORRESPONDING TOf~—S30
SET SEGMENTATION NUMBER

a0 )

36



10

15

20

25

30

35

40

45

50

55

EP 2 891 525 A1

9

Europdisches
Patentamt

European

Patent Office EUROPEAN SEARCH REPORT

Office européen
des brevets

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 14 18 7033

28 February 2001 (2001-02-28)
* abstract; claims 1,3,4; figures 1,2 *

Catego Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)
X US 2013/060140 Al (SINELNIKOV YEGOR [US]) |1-15 INV.
7 March 2013 (2013-03-07) BO6B1/06
* abstract; figures 5,7,8 * G1OK11/32
* paragraphs [0035], [0078], [0079] * A61B8/00
X WO 01/45550 A2 (THERUS CORP [US]) 1,2,4-15
28 June 2001 (2001-06-28)
* abstract; claims 1,3,6,7; figures 12-15
*
* page 5, line 20 - page 6, line 14 *
A EP 1 079 369 A2 (GEN ELECTRIC [US]) 1,10

TECHNICAL FIELDS
SEARCHED (IPC)

G10K
A61B
BO6B
1 The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
The Hague 27 May 2015 Fernandes, Paulo

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

EPO FORM 1503 03.82 (P04C01)

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

37




EP 2 891 525 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 14 18 7033

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

27-05-2015
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2013060140 Al 07-03-2013 CA 2799717 Al 24-11-2011
US 2013060140 Al 07-03-2013
US 2014180103 Al 26-06-2014
WO 2011146138 A2 24-11-2011
WO 0145550 A2 28-06-2001 AU 2598201 A 03-07-2001
CA 2394892 Al 28-06-2001
EP 1241994 A2 25-09-2002
JP 2004512856 A 30-04-2004
US 2001031922 Al 18-10-2001
US 2005096542 Al 05-05-2005
US 2006235300 Al 19-10-2006
WO 0145550 A2 28-06-2001
EP 1079369 A2 28-02-2001 EP 1079369 A2 28-02-2001
JP 4761611 B2 31-08-2011
JP 2001074701 A 23-03-2001
us 6253619 Bl 03-07-2001

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

38




THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A
RAAN
IPCH %S

CPCH¥S

BEGF)

BXAFT—BERL (1), BERFELEFEEEZHENTEE
(20) , REBEECHRENEKRELHEEZMENESRRE (30) , REHE
FHENREELNE—SWE (41) T4, E-EWE (43) REE

B R Rk

EP2891525A1 K (AE)B
EP2014187033 FER
ZEZB/RKASH

=EMEDISON CO. , LTD.

=EMEDISON CO. , LTD.

SONG IN SEONG

SONG, IN SEONG

B06B1/06 G10K11/32 A61B8/00

patsnap

2015-07-08

2014-09-30

A61B8/4444 A61B8/4483 A61B8/4488 B06B1/0622 G10K11/32 A61B8/4494 A61B8/469 E03D9/00

E03D13/00
Z/RFEHT , PAULO

1020140002007 2014-01-07 KR

Espacenet

FIG. 5B
60

- | 30

(

BE-ERERNERALHCEESTE -—SREHBNSNERHR
B, B-EFRATER (71) 25 REEER N ZAE-FRENS
MEBNES T RENUZESHREHIR.

71

41

\

\\\\ W\
N\

ARRRNARN
\ \\
NN

W\
AN

\
A\

N\

nEl

N\
N

N
%
&


https://share-analytics.zhihuiya.com/view/f18acd95-ef4c-4edc-8f6a-3cdf8ca5ab7c
https://worldwide.espacenet.com/patent/search/family/051730319/publication/EP2891525A1?q=EP2891525A1

