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An ultrasonic probe apparatus and a method of manufactur-
ing the ultrasonic probe apparatus are provided. The ultra-
sonic probe apparatus may include at least one first tile which
transmits an ultrasonic beam toward a target object, and at
least one second tile which receives an ultrasonic beam which
is reflected from the target object.
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ULTRASONIC PROBE APPARATUS AND
METHOD OF MANUFACTURING
ULTRASONIC PROBE APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims priority from Korean Patent
Application No. 10-2012-0043354, filed on Apr. 25,2012, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference in its entirety for all
purposes.

BACKGROUND

[0002] 1.Field

[0003] The following description relates to an ultrasonic
probe apparatus which includes a send-only first tile which
transmits an ultrasonic beam and a receive-only second tile
which receives an ultrasonic beam.

[0004] 2. Description of Related Art

[0005] A diagnostic ultrasound system is an apparatus that
may radiate, from a surface of a target object or body, an
ultrasonic beam toward a desired part inside the target object
or body, and may obtain, for example, an image which relates
to a cross section of soft tissues or an image of a blood flow,
by using a reflected ultrasonic beam.

[0006] The diagnostic ultrasound system may include an
ultrasonic probe apparatus that may obtain ultrasonic data by
transmitting an ultrasonic beam toward the target object and
receiving an ultrasonic beam which is reflected from the
target object.

[0007] In particular, the ultrasonic probe apparatus may
obtain imaging data relating to the target object by transmit-
ting and receiving an ultrasonic beam while moving along
with the target object, which remains in contact with the
ultrasonic probe apparatus.

SUMMARY

[0008] Inonegeneral aspect, there is provided an ultrasonic
probe apparatus, including n first tiles which transmit an
ultrasonic beam toward a target object, and m second tiles,
which are disposed along a virtual line that is provided in a
predetermined form, and which receive an ultrasonic beam
that is reflected from the target object. In particular, each ofn
and m denotes a natural number.

[0009] Each of the m second tiles includes a respective
channel which is associated with the ultrasonic beam, and
each of the m second tiles may be disposed such that each
respective channel is disposed on the virtual line.

[0010] Each ofthen first tiles and each ofthe m second tiles
may be disposed such thateach of a first gap among respective
adjacent pairs of the n first tiles and a second gap among
respective adjacent pairs of the m second tiles is maintained to
be less than a predetermined value.

[0011] Each ofthen firsttiles and each ofthe m second tiles
may include a respective Application Specific Integrated Cir-
cuit (ASIC) and a respective Capacitive Micromachined
Ultrasonic Transducer (CMUT) which is attached to an upper
portion of the corresponding ASIC.

[0012] Each of then first tiles and each of the m second tiles
may be disposed such that one side of each respective ASIC
and one side of the corresponding CMUT may be disposed
collinearly.
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[0013] Each of the m second tiles may further include an
oscillation absorbing material on a side of at least one of the
respective ASIC and the corresponding CMUT.

[0014] The ultrasonic probe apparatus may include a sub-
strate which includes a jig in which a tile area within which
the m second tiles are to be disposed may be patterned along
the virtual line, and connected to each of the m second tiles by
using a wire.

[0015] The virtual line may be provided in a form of at least
one of a closed curve and a plurality of straight lines having a
single point of contact.

[0016] In another general aspect, there is provided a
method for manufacturing an ultrasonic probe apparatus, the
method including providing a substrate which includes a jig
in which a tile area within which tiles are to be disposed may
be patterned, disposing, in the jig, n first tiles which transmit
an ultrasonic beam toward a target object, and disposing, in
the jig and along a virtual line that is provided in a predeter-
mined form, m second tiles which receive an ultrasonic beam
that is reflected from the target object. In particular, each of n
and m denotes a natural number.

[0017] Other features and aspects will be apparent from the
following detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG.1isaperspective view which illustrates a struc-
ture of an ultrasonic probe apparatus, according to an exem-
plary embodiment.

[0019] FIG. 2 is a top view which illustrates an ultrasonic
probe apparatus, according to an exemplary embodiment.
[0020] FIG. 3 is a top view which illustrates an ultrasonic
probe apparatus, according to another exemplary embodi-
ment.

[0021] FIG. 4 is a view which illustrates a substrate in an
ultrasonic probe apparatus, according to an exemplary
embodiment.

[0022] FIGS. 5A and 5B are views which illustrate a first
tile in an vltrasonic probe apparatus, according to an exem-
plary embodiment.

[0023] FIGS. 6A and 6B are views whichillustrate a second
tile in an ultrasonic probe apparatus, according to an exem-
plary embodiment.

[0024] FIG. 7 is a flowchart which illustrates a method for
manufacturing an ultrasonic probe apparatus, according to an
exemplary embodiment.

[0025] Throughout the drawings and the detailed descrip-
tion, unless otherwise described, the same drawing reference
numerals will be understood to refer to the same elements,
features, and structures. The relative size and depiction of
these elements may be exaggerated for clarity, illustration,
and convenience.

DETAILED DESCRIPTION

[0026] The following detailed description is provided to
assist the reader in gaining a comprehensive understanding of
the methods, apparatuses, and/or systems described herein.
Accordingly, various changes, modifications, and equivalents
of the methods, apparatuses, and/or systems described herein
will be suggested to those of ordinary skill in the art. The
progression of processing steps and/or operations described
is an example; however, the sequence of and/or operations is
not limited to that set forth herein and may be changed as is
known in the art, with the exception of steps and/or operations
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necessarily occurring in a particular order. In addition,
respective descriptions of well-known functions and con-
structions may be omitted for increased clarity and concise-
ness.

[0027] FIG. 1 illustrates a structure of an ultrasonic probe
apparatus 100, according to an exemplary embodiment.
[0028] Referring to FIG. 1, the ultrasonic probe apparatus
100 includes at least one first tile 101, at least one second tile
103, and a substrate 105.

[0029] In the ultrasonic probe apparatus 100, n first tiles
101 may be provided, and the n first tiles 101 may transmit an
ultrasonic beam toward a target object. In particular, n
denotes a natural number. The n first tiles 101 may be dis-
posed on the substrate 105, in a tile area of a jig (not shown)
that is patterned with respect to the n first tiles 101.

[0030] More particularly, the n first tiles 101 may include a
plurality of respective channels through which the ultrasonic
beam may be transmitted. The n first tiles 101 may be dis-
posed such that a gap among respective adjacent pairs of the
n first tiles 101 may be maintained to be less than a predeter-
mined value, for example, tens of micrometers (um).

[0031] The n first tiles 101 may be disposed, for example,
collinearly. However, the disposition of the n first tiles 101 is
not to be limited thereto.

[0032] Asanexample, m second tiles 103 may be provided,
and the m second tiles 103 may be disposed along a virtual
line that is provided in a predetermined form. In particular, m
denotes a natural number. The m second tiles 130 may obtain
image data of the target object, by receiving an ultrasonic
beam that may be reflected from the target object. In an
exemplary embodiment, the virtual line may be provided ina
form of a closed curve, for example a circular form, a rhombic
form, and the like, or in a form of a plurality of straight lines
having a single point of contact, for example, an X-shaped
form.

[0033] Accordingly, the ultrasonic probe apparatus 100
may arrange the at least one second tile 103 along a standard-
ized virtual line for feedback processing of an ultrasonic
beam to be performed. When compared to a conventional
model in which a plurality of tiles are disposed to disperse on
a substrate, the ultrasonic probe apparatus 100 may enable
such feedback processing of an ultrasonic beam sufficiently
through use of a fewer number of tiles, and also promote an
increase in a processing rate.

[0034] Inaddition, the ultrasonic probe apparatus 100 may
arrange tiles along a virtual line, thereby reducing a number
of tiles and achieving a reduction of maintenance costs and
heat to be expended, due to a fewer number of tiles being used
when compared to the conventional model.

[0035] For example, the ultrasonic probe apparatus 100
may dispose receive-only Capacitive Micromachined Ultra-
sonic Transducer (CMUT) tiles to be tiled in an X shape, and
dispose send-only CMUT tiles in a remaining space, thereby
enabling a high-density reception signal with respect to a
receive-only CMUT tile disposed in a central portion to be
smoothly linked to an analog board. In addition, the send-only
CMUT tiles in the remaining space may have a fewer number
of channels and a low density of transmission signals per
channel and thus, may be disposed more readily in a space.

[0036] As an example, when the virtual line is set in an X
shape. in the ultrasonic probe apparatus 100, the at least one
second tile 103 may be arranged along a line connecting two
nonadjacent vertices on the substrate 105, whereby a number
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of tiles may be reduced remarkably, when compared to the
conventional model that arranges tiles to disperse throughout
the substrate 105.

[0037] For example, the ultrasonic probe apparatus 100
may arrange twelve second tiles 103 on a substrate with room
for 6x6 tiles, thereby reducing a number of tiles correspond-
ing to twenty-four while achieving an identical effect of trans-
mission and reception function, when compared to a conven-
tional arrangement of thirty-six tiles.

[0038] As another example, when the virtual line is setina
circular shape, in the ultrasonic probe apparatus 100, the at
least one second tiles 103 may be arranged along a closed
curve of the circular shape, thereby enabling feedback pro-
cessing of an ultrasonic beam to be performed sufficiently
using a relatively fewer number of tiles.

[0039] The m second tiles 103 may be positioned, on the
substrate 105, within a tile area of a jig (not shown) that is
patterned with respect to the m second tiles 103.

[0040] More particularly, the m second tiles 103 may
include a plurality of respective channels through which the
reflected ultrasonic beam may be received. Similar to the n
first tiles 101, the m second tiles 103 may be disposed such
that a gap among respective adjacent pairs of the m second
tiles 103 may be maintained to be less than a predetermined
value. In order for a maximum amount of an ultrasonic beam
to be received, the gap among respective adjacent pairs of the
m second tiles 103 may be set to be preferably narrow, and
also to be less than or equal to 100 pm in view of easy
implementation, interference between beams, and the like.
[0041] For example, in order to maintain a gap between
CMUT elements to be less than 500 pm, a minimum gap
between adjacent tiles is to be setto 100 um, in view of aspace
for a CMUT process. When the gap between the CMUT
elements is not maintained to be less than 500 um, a grating
robe and a side lobe may increase.

[0042] In this instance, the m second tiles 103 may be
disposed such that each of the plurality of channels, included
in the m second tiles and associated with the ultrasonic beam,
may be disposed on the virtual line.

[0043] Because each of the m second tiles 103 may be
disposed along the virtual line, the m second tiles 103 may be
disposed noncollinearly, and may be disposed at different
respective heights. When the plurality of second tiles 103 is
arranged at different respective heights along the virtual line,
a time difference in feeding back an ultrasonic beam may
occur with respect to the plurality of second tiles 103. The
ultrasonic probe apparatus 100 may obtain three-dimensional
image data of the target object.

[0044] When second tiles are arranged at different respec-
tive heights, a probe footprint may correspond to, for
example, a rectangular form.

[0045] Each of the at least one first tile 101 and each of the
at least one second tile 103 may include a respective Appli-
cation Specific Integrated Circuit (ASIC) and a respective
CMUT which is attached to an upper portion of the corre-
sponding ASIC. In particular, the respective ASIC and the
corresponding CMUT may be bonded to each other directly,
rather than being connected through an intermediate material,
for example, an interposer, whereby electrical characteristics
of each first tile 101 and each second tile 103 may be
improved.

[0046] Each ofthe at least one first tile 101 and each of the
atleast one second tile 103 may be attached such thatone side
of the respective ASIC and one side of the corresponding
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CMUT may be disposed collinearly. In particular, a footprint
of the respective ASIC may differ from a footprint of the
corresponding CMUT. For example, an area of the footprint
of the respective ASIC may be greater than an area of the
footprint of the corresponding CMUT.

[0047] Each of the m second tiles 103 disposed along the
virtual line may include an oscillation absorbing material,
such as, for example, an epoxy, on at least one side of each of
the m second tiles 103, in order to reduce a residual oscillation
which occurs in the m second tiles 103. In particular, the
second tile 103 may include the oscillation absorbing mate-
rial which may be disposed to be in contact with a side of at
least one of the respective ASIC and the corresponding
CMUT, in order to effectively reduce the residual oscillation
resulting from a frequency oscillation between the ASIC and
the CMUT in the second tile 103.

[0048] The substrate 105 may correspond to, for example,
a printed circuit board (PCB), and each of the n first tiles 101
and each of the m second tiles 103 may be disposed on an
upper portion of the substrate 105. In this instance, the sub-
strate 105 may include the jigs, in which tile areas within
which each of the n first tiles 101 and each of the m second
tiles 103, respectively, is to be disposed may be patterned. In
addition, the substrate 105 may be connected to each of the n
first tiles 101 and to each of the m second tiles 103 disposed
in the respective jigs by using wires, such as, for example,
metallic wiring. In particular, each of the jigs may include a
thin metallic plate formed of silicon or by metal etching.
[0049] The substrate 105 may include a jig, in which a tile
area within which the m second tiles 103 are to be disposed is
patterned along the virtual line that is provided in the prede-
termined form, in order to guide positions of the m second
tiles 103 such that the m second tiles 103 may be readily
disposed along the virtal line.

[0050] A performance of the ultrasonic probe apparatus
100 may be improved by separating a first tile which is used
to transmit an ultrasonic beam toward a target object, and by
separating a second tile which is used to receive an ultrasonic
beam which is reflected from the target object. In particular,
the ultrasonic probe apparatus 100 may include a send-only
first tile which transmits an ultrasonic beam toward a target
object, and a receive-only second tile which receives an ultra-
sonic beam that may be reflected from the target object, and
may improve a transmission output and a receiving sensitivity
by using a first tile which is suitable for transmission and a
second tile which is suitable for reception, thereby obtaining
more accurate image data.

[0051] The ultrasonic probe apparatus 100 may receive an
ultrasonic beam that may be reflected from a target object by
using a plurality of second tiles which are disposed on a
substrate having a predetermined size, and which are dis-
posed along a virtual line that is provided in a predetermined
form, thereby obtaining image data which has a quality which
falls within an allowable range, using a relatively low number
of second tiles, and improving a rate of processing the image
data. Accordingly, the ultrasonic probe apparatus 100 may
reduce not only costs but also an amount of heat generated, in
association with the reduction of the number of the second
tiles.

[0052] Although the ultrasonic probe apparatus 100 may
separate the first tile which is used to transmit the ultrasonic
beam, and the second tile which is used to receive the
reflected ultrasonic beam, the present disclosure is not limited
thereto. Instead, the ultrasonic prove apparatus 100 may per-
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form both transmission and reception of ultrasonic beams by
using a plurality of tiles disposed along a virtual line that is
provided in a predetermined form, thereby obtaining image
data.

[0053] FIG. 2 illustrates an ultrasonic probe apparatus 200,
according to an exemplary embodiment.

[0054] Referring to FIG. 2, the ultrasonic probe apparatus
200 includes n first tiles 201 and m second tiles 203. In
particular, n and m denote natural numbers. Each of the n first
tiles 201 may be disposed on a substrate 205 in order to
transmit an ultrasonic beam toward a target object, and each
of the m second tiles 203 may be disposed on the substrate
205 along a virtual line that is provided in a predetermined
form, in order to receive the ultrasonic beam that may be
reflected from the target object.

[0055] For example, the ultrasonic probe apparatus 200
may include the m second tiles 203 that may be disposed
along a virtual line 209 which is provided in the form of a
plurality of straight lines having a single point of contact, such
as, for example, in an x-shaped form, as illustrated in FIG. 2.
[0056] In an exemplary embodiment, the m second tiles
203 may be disposed such that a gap among respective adja-
cent pairs of the m second tiles 203 may be maintained to be
less than a predetermined value, for example, tens of um. In
particular, each of the m second tiles may include a respective
channel which is associated with the ultrasonic beam, and the
m second tiles 203 may be disposed such that each respective
channel may be arranged on the virtual line 209, which is
provided in the form of the plurality of straight lines having
the single point of contact. For example, a second tile 203-1
and a second tile 203-2 may be disposed apart from each other
by a distance which is less than the predetermined value such
thatachannel 207-1 which is included in the second tile 203-1
and a channel 207-2 which is included in the second tile 203-2
may be arranged successively along the virtual line 209,
which is provided in the form of the plurality of straight lines
having the single point of contact, such as, for example, the
x-shaped form.

[0057] The n first tiles 201 may be disposed in a residual
area on the substrate 205, outside of an area in which the m
second tiles 203 are disposed along the virtual line 209. For
example, then first tiles 201 may be disposed in anarea which
lies between the plurality of straight lines.

[0058] Because the m second tiles 203 may be disposed
along the virtual line 209 which is provided in the predeter-
mined form, the ultrasonic probe apparatus 200 may add tiles
above or below the m second tiles 203, thereby expanding
channels in an array elevation direction 211.

[0059] FIG. 3 illustrates an ultrasonic probe apparatus 300,
according to another exemplary embodiment.

[0060] Referring to FIG. 3, the ultrasonic probe apparatus
300 includes n first tiles 301 and m second tiles 303. In
particular, n and m denote natural numbers. Each of the n first
tiles 301 may be disposed on a substrate 305 in order to
transmit an ultrasonic beam toward a target object, and each
of the m second tiles 303 may be disposed on the substrate
305 along a virtual line that is provided in a predetermined
form, in order to receive the ultrasonic beam that may be
reflected from the target object.

[0061] For example, the ultrasonic probe apparatus 300
may include the m second tiles 303 that may be disposed
along a virtual line 309 which is provided in a form of a closed
curve, such as, for example, a circular form, a rhombic form,
and the like, as illustrated in FIG. 3.
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[0062] Inparticular,themsecond tiles 303 may be disposed
such that a gap among respective adjacent pairs of the m
second tiles 303 may be maintained to be less than a prede-
termined value, for example, tens of pm. In particular, each of
the m second tiles 303 may include a respective channel
which is associated with the ultrasonic beam, and the m
second tiles 303 may be disposed such that each respective
channel may be arranged on the virtual line 309 which is
provided in the form of the closed curve. For example, a
second tile 303-1 and a second tile 303-2 may be disposed
apart from each other by a distance which is less than the
predetermined value such that a channel 307-1 which is
included in the second tile 303-1 and a channel 307-2 which
is included in the second tile 303-2 may be arranged succes-
sively along the virtual line 309 which is provided in the form
of the closed curve, for example. the rhombic form.

[0063] Each of the n first tiles 301 may be disposed in a
residual area on the substrate 305, outside of an area in which
the m second tiles 303 are disposed along the virtual line 309.
For example, the n first tiles 301 may be disposed in an
internal area of the closed curve, as illustrated in FIG. 3.
[0064] FIG. 4 illustrates a substrate 400 in an ultrasonic
probe apparatus, according to an exemplary embodiment.
[0065] Referring to FIG. 4, the ultrasonic probe apparatus
may include the substrate 400 which may be disposed below
n first tiles which are used to transmit an ultrasonic beam
toward a target object, and below m second tiles which are
used to receive the ultrasonic beam that may be reflected from
the target object.

[0066] In particular, the substrate 400 may correspond to a
PCB. The substrate 400 includes a jig 401 in which a tile area
within which each of the n first tiles is to be disposed is
patterned, and ajig 403 in which a tile area within which each
of the m second tiles is to be disposed is patterned. In this
instance, the jig 403 may be positioned along a virtual line
that is provided in a predetermined form, for example a form
of a closed curve, or a form of a plurality of straight lines
having a single point of contact, in order to guide positions of
the m second tiles such that the m second tiles may be readily
disposed along the virtual line.

[0067] Inparticular, each of the jig 401 and the jig 403 may
include a thin metallic plate which may be formed, for
example, of silicon or by metal etching.

[0068] The substrate 400 may be connected to each of the n
first tiles which is disposed in the jig 401, and to each of the m
second tiles which is disposed in the jig 403, by using wires,
such as, for example, metallic wiring.

[0069] FIGS.5A and 5B illustrate a first tile in an ultrasonic
probe apparatus, according to an exemplary embodiment. In
particular, FIG. 5A illustrates a cross-sectional view of the
firsttile 101 of FIG. 1, which is cut along a line A-A', and FIG.
5B illustrates a top view of the first tile 101.

[0070] Referring to FIGS. 5A and 5B, a first tile 505, which
is disposed on a substrate 507 in order to transmit an ultra-
sonic beam, includes an ASIC 501 and a CMUT 503. In this
instance, the ASIC 501 and the CMUT 503 may be laminated
sequentially. In particular, the first tile 505 includes the ASIC
501 and the CMUT 503 which is attached to an upper portion
of the ASIC 501.

[0071] Because the ASIC 501 and the CMUT 503 may be
bonded to each other directly, without using an intermediate
material, such as, for example, an interposer, between the
ASIC 501 and the CMUT 503, the first tile 505 may prevent
degradation of an electrical characteristic of the first tile 505,
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thereby preventing, for example, a crosstalk, a parasitic
capacitance, and the like. In this instance, the ASIC 501 and
the CMUT 503 may be attached to each other, for example, by
using flip chip bonding technology.

[0072] The first tile 505 may be attached such that one side
501-1 of the ASIC 501 and one side 503-1 of the CMUT 503
may be disposed collinearly. In particular, the first tile 505
may be attached such that the side 503-1 of the CMUT 503
may be disposed directly above the side 501-1 of the ASIC
501.

[0073] In an exemplary embodiment, a size of the ASIC
501 may differ from a size of the CMUT 503. For example,
the size of the ASIC 501 may be greater than the size of the
CMUT 503.

[0074] FIGS. 6A and 6B illustrate a second tile in an ultra-
sonic probe apparatus, according to an exemplary embodi-
ment. In particular, FIG. 6A illustrates a cross-sectional view
ofthesecond tile 103 of FIG. 1, which is cut along a line B-B',
and FIG. 6B illustrates a top view of the second tile 103.
[0075] Referring to FIGS. 6A and 6B, a second tile 607,
which is disposed on a substrate 609 in order to receive an
ultrasonic beam, includes at least one of an ASIC 601, a
CMUT 603, and an oscillation absorbing material 605. In this
instance, the ASIC 601 and the CMUT 603 may be laminated
sequentially. In particular, the second tile 607 includes the
ASIC 601 and the CMUT 603 which is attached to an upper
portion of the ASIC 601.

[0076] Because the ASIC 601 and the CMUT 603 may be
bonded to each other directly, without using an intermediate
material, such as, for example, an interposer, between the
ASIC 601 and the CMUT 603, the second tile 607 may
prevent degradation of an electrical characteristic of the sec-
ond tile 607, thereby preventing, for example, a crosstalk, a
parasitic capacitance, and the like. In this instance, the ASIC
601 and the CMUT 603 may be attached to each other, for
example, by using flip chip bonding technology.

[0077] The second tile 607 may be attached such that one
side 601-1 of the ASIC 601 and one side 603-1 of the CMUT
603 may be disposed collinearly. In particular, the second tile
607 may be attached such that the side 603-1 of the CMUT
603 may be disposed directly above the side 601-1 of the
ASIC 601.

[0078] In an exemplary embodiment, a size of the ASIC
601 may differ from a size of the CMUT 603. For example,
the size of the ASIC 601 may be greater than the size of the
CMUT 603.

[0079] In addition, the second tile 607 may include the
oscillation absorbing material 605 on at least one side of the
second tile 607 in order to reduce a residual oscillation which
occurs in the second tile 607.

[0080] In particular, the oscillation absorbing material 605
may be disposed on a side of at least one of the ASIC 601 and
the CMUT 603. More particularly, the oscillation absorbing
material 605 may be disposed to be in contact with at least one
of the ASIC 601 and the CMUT 603 in order to absorb the
residual oscillation effectively.

[0081] Thesecond tile 607 is not limited to receiving of the
ultrasonic beam, and may transmit an ultrasonic beam.
[0082] FIG. 7 illustrates a method for manufacturing an
ultrasonic probe apparatus, according to an exemplary
embodiment.

[0083] Referring to FIG. 7, in operation 701, a substrate
including jigs in which tile areas within which tiles are to be
disposed are respectively patterned is provided.
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[0084] In operation 703, n first tiles which transmit an
ultrasonic beam toward a target object are disposed in one jig
on the substrate. In particular, n denotes a natural number.
[0085] Inanexemplary embodiment, then first tiles may be
disposed within the tile area of the jig which is patterned with
respect to the n first tiles.

[0086] Each of the n first tiles may include a respective
channel through which a respective ultrasonic beam may be
transmitted. The n first tiles may be disposed such that a gap
among respective adjacent pairs of the n first tiles may be
maintained to be less than a predetermined value, for
example, tens of pm.

[0087] A first tile may include a respective ASIC and a
respective CMUT which is attached to an upper portion of the
corresponding ASIC.

[0088] In this instance, the first tile may be attached such
that one side of the respective ASIC and one side of the
corresponding CMUT may be disposed collinearly. In par-
ticular, a footprint of the respective ASIC may differ from a
footprint of the corresponding CMUT. For example, the area
of the footprint of the respective ASIC may be greater than
area of the footprint ofthe corresponding CMUT. Because the
footprint of the respective ASIC may differ from the footprint
of the corresponding CMUT, another side of the respective
ASIC and another side of the corresponding CMUT may not
be disposed collinearly when the first tile is attached such that
the one side of the respective ASIC and the one side of the
corresponding CMUT may be disposed collinearly.

[0089] In operation 705, m second tiles which receive the
ultrasonic beam that may be reflected from the target object
are disposed in another jig on the substrate, along a virtual
line that is provided in a predetermined form. In particular, m
denotes a natural number.

[0090] As an exaniple, the m second tiles may be disposed
within the tile area of the other jig which is patterned along a
virtual line with respect to the m second tiles. In particular, the
m second tiles may be disposed within the tile area of the
other jig which is patterned along the virtual line, and may
disposed on the substrate in a form of a closed curve, orin a
form of a plurality of straight lines having a single point of
contact.

[0091] Each of the m second tiles may include a respective
channel through which the ultrasonic beam may be received.
Similar to the n first tiles, the m second tiles may be disposed
such that a gap among respective adjacent pairs of the m
second tiles may be maintained to be less than a predeter-
mined value, for example, tens of pm. In this instance, the m
second tiles may be disposed on the substrate such that each
of the plurality of respective channels, which are included in
the m second tiles and which are associated with the ultra-
sonic beam, may be disposed on the virtual line.

[0092] Similar to the first tile, a second tile may include a
respective ASIC and a respective CMUT which is attached to
an upper portion of the corresponding ASIC.

[0093] Inthisinstance, the second tile may be attached such
that one side of the respective ASIC and one side of the
corresponding CMUT may be disposed collinearly. In par-
ticular, a footprint of the respective ASIC may differ from a
footprint of the corresponding CMUT. For example, an area
of the footprint of the respective ASIC may be greater than an
area of the footprint of the corresponding CMUT. Because the
footprint of the respective ASIC may differ from the footprint
of the corresponding CMUT, another side of the respective
ASIC and another side of the corresponding CMUT may not
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be disposed collinearly when the second tile is attached such
that the one side of the respective ASIC and the one side of the
corresponding CMUT may be disposed collinearly.

[0094] In addition, the second tile may include an oscilla-
tion absorbing material, such as, for example, an epoxy, on a
side of at least one of the respective ASIC and the correspond-
ing CMUT in order to reduce a residual oscillation which
occurs in the second tile.

[0095] In operation 707, the substrate is connected, by
using wires, to each of the n first tiles and to each of the m
second tiles which are respectively disposed in the jigs on the
substrate.

[0096] The units described herein may be implemented
using hardware components, software components, or a com-
bination thereof. For example, a processing device may be
implemented by using one or more general-purpose or special
purpose computers, such as, for example, a processor, a con-
troller and an arithmetic logic unit, a digital signal processor,
a microcomputer, a field programmable array, a program-
mable logic unit. a microprocessor or any other device
capable of responding to and executing instructions in a
defined manner. The processing device may run an operating
system (OS) and one or more software applications that run
on the OS. The processing device also may access, store,
manipulate, process, and create data in response to execution
of the software. For purpose of simplicity, the description of
a processing device 1s used as singular; however, one skilled
in the art will appreciate that a processing device may include
multiple processing elements and multiple types of process-
ing elements. For example, a processing device may include
multiple processors or a processor and a controller. In addi-
tion, different processing configurations are possible, such as
parallel processors.

[0097] The software may include a computer program, a
piece of code, an instruction, or some combination thereof,
for independently or collectively instructing or configuring
the processing device to operate as desired. Software and data
may be embodied permanently or temporarily in any type of
machine, component, physical or virtual equipment, com-
puter storage medium or device, or in a propagated signal
wave which is capable of providing instructions or data to or
being interpreted by the processing device. The software also
may be distributed over network coupled computer systems
so that the software is stored and executed in a distributed
fashion. In particular, the software and data may be stored by
one or more transitory and/or non-transitory computer read-
able recording mediums.

[0098] The computer readable recording medium may
include any data storage device that can store data which can
be thereafter read by a computer system or processing device.
Examples of the non-transitory computer readable recording
medium include read-only memory (ROM), random-access
memory (RAM), compact disk-ROMs (CD-ROMs), mag-
netic tapes, floppy disks, and optical data storage devices. In
addition, functional programs, codes, and code segments for
accomplishing the exemplary embodiments disclosed herein
can be easily construed by programmers skilled in the art to
which the exemplary embodiments pertain based on and
using the flow diagrams and block diagrams of the figures and
their corresponding descriptions as provided herein.

[0099] According to exemplary embodiments, an ultra-
sonic probe apparatus may include a send-only first tile which
transmits an ultrasonic beam toward a target object, and a
receive-only second tile which receives an ultrasonic beam
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which is reflected from the target object, and may improve a
transmission output and a receiving sensitivity by using a first
tile which is suitable for transmission and a second tile which
is suitable for reception.

[0100] According to exemplary embodiments, an ultra-
sonic probe apparatus may receive an ultrasonic beam that
may be reflected from a target object, by using a plurality of
second tiles which are disposed on a substrate having a pre-
determined size, along a virtual line that is provided in a
predetermined form, thereby obtaining image data which has
a quality which falls within an allowable range, using a rela-
tively low number of second tiles, and improving a rate of
processing the image data.

[0101] According to exemplary embodiments, an ultra-
sonic probe apparatus may include a plurality of second tiles
which are respectively disposed along a virtual line that is
provided in a predetermined form, and may include addi-
tional tiles which are disposed above or below the plurality of
second tiles with respect to the virtual line, thereby expanding
channels in an array elevation direction.

[0102] According to exemplary embodiments, an ultra-
sonic probe apparatus may exhibit improved electrical char-
acteristics of a first tile and a second tile by arranging the first
tile and the second tile such that they are bonded to each other
directly, without using an intermediate material, such as, for
example, an interposer, between an ASIC and a CMUT.
[0103] According to exemplary embodiments, an ultra-
sonic probe apparatus may include an oscillation absorbing
material, such as, for example, an epoxy, on at least one side
of asecond tile in order to reduce a residual oscillation which
occurs in the second tile.

[0104] A number of exemplary embodiments have been
described above. Nevertheless, it should be understood that
various modifications may be made. For example, suitable
results may be achieved if the described techniques are per-
formed in a different order and/or if components in a
described system, architecture, device, or circuit are com-
bined in a different manner and/or replaced or supplemented
by other components or their equivalents. Accordingly, other
implementations are within the scope of the following claims.

What is claimed is:
1. An ultrasonic probe apparatus, comprising:

n first tiles which transmit an ultrasonic beam toward a
target object; and

m second tiles, which are disposed along a virtual line that
is provided in a predetermined form, and which receive
an ultrasonic beam that is reflected from the target
object,

wherein each of n and m denotes a natural number.

2. The apparatus of claim 1, wherein each of the m second
tiles comprises a respective channel which is associated with
the ultrasonic beam, and wherein each of the m second tiles is
disposed such that each respective channel is disposed on the
virtual line.

3. The apparatus of claim 1, wherein each of the n first tiles
and each of the m second tiles is disposed such that each of a
first gap among respective adjacent pairs ofthe n first tiles and
asecond gap among respective adjacent pairs of the m second
tiles is maintained to be less than a predetermined value.

4. The apparatus of claim 1, wherein each of the n first tiles
and each of the m second tiles comprises a respective Appli-
cation Specific Integrated Circuit (ASIC) and a respective
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Capacitive Micromachined Ultrasonic Transducer (CMUT)
which is attached to an upper portion of the corresponding
ASIC.

5. The apparatus of claim 4, wherein each of the n first tiles
and each of the m second tiles is disposed such that one side
of each respective ASIC and one side of the corresponding
CMUT are disposed collinearly.

6. The apparatus of claim 4, wherein each of the m second
tiles further comprises:

an oscillation absorbing material on a side of at least one of

the respective ASIC and the corresponding CMUT.

7. The apparatus of claim 1, further comprises:

asubstrate which comprises a jig in which a tile area within

which the m second tiles are to be disposed is patterned
along the virtual line, and connected to each of the m
second tiles by using a wire.

8. The apparatus of claim 1, wherein the virtual line is
provided in a form of at least one of a closed curve and a
plurality of straight lines having a single point of contact.

9. A method for manufacturing an ultrasonic probe appa-
ratus, the method comprising:

providing a substrate which comprises a jig in which a tile

area within which tiles are to be disposed is patterned,;
disposing, in the jig, n first tiles which transmit an ultra-
sonic beam toward a target object; and

disposing, in the jig and along a virtual line that is provided

in apredetermined form, m second tiles which receive an
ultrasonic beam that is reflected from the target object,
wherein each of n and m denotes a natural number.

10. The method of claim 9, wherein each of the m second
tiles comprises a respective channel which is associated with
the ultrasonic beam, and wherein the disposing the m second
tiles comprises disposing each of the m second tiles such that
each respective channel is disposed on the virtual line.

11. The method of claim 9, further comprising:

disposing each of the n first tiles and each of the m second

tiles such that each of a first gap among respective adja-
cent pairs of the n first tiles and a second gap among
respective adjacent pairs of the m second tiles is main-
tained to be less than a predetermined value.

12. The method of claim 9, wherein each of the n first tiles
comprises a respective Application Specific Integrated Cir-
cuit (ASIC) and a respective Capacitive Micromachined
Ultrasonic Transducer (CMUT) which is attached to an upper
portion of the corresponding ASIC.

13. The method of claim 12, wherein each of the n first tiles
is disposed such that one side of each respective ASIC and one
side of the corresponding CMUT are disposed collinearly.

14. The method of claim 9, wherein each of the m second
tiles comprises at least one of a respective ASIC, a respective
CMUT which is attached to an upper portion of the corre-
sponding ASIC, and an oscillation absorbing material which
1s disposed on a side of at least one of the respective ASIC and
the corresponding CMUT.

15. The method of claim 9, further comprising:

connecting the substrate to each of the n first tiles and to

each of the m second tiles that are disposed in the jig by
using a wire.

16. The method of claim 9, wherein the virtual line is
provided in a form of at least one of a closed curve and a
plurality of straight lines having a single point of contact.

17. An ultrasonic probe apparatus, comprising:

at least one transmit-only tile which transmits an ultrasonic

beam toward a target object; and
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aplurality of receive-only tiles which receive an ultrasonic

beam that is reflected from the target object, and

a substrate upon which each of the at least one transmit-

only tile and each of the plurality of receive-only tiles is
attached,

wherein the plurality of receive-only tiles is arranged in a

predetermined shape.

18. The apparatus of claim 17, wherein the predetermined
shape includes an X shape, and wherein a gap between each
respective one of the plurality of receive-only tiles and at least
one other tile of the plurality of receive-only tiles is less than
100 um.

19. The apparatus of claim 17, wherein the predetermined
shape includes a closed curve, and wherein a gap between
each respective one of the plurality of receive-only tiles and
each of two correspondingly adjacent tiles of the plurality of
receive-only tiles is less than 100 pm.

20. The apparatus of claim 17, wherein at least a first one of
the plurality of receive-only tiles is positioned above at least
a second one of the plurality of receive-only tiles such that a
first height of the first one of the plurality of receive-only tiles
with respect to the substrate is greater than a second height of
the second one of the plurality of receive-only tiles with
respect to the substrate.

21. A method for manufacturing an ultrasonic probe appa-
ratus, comprising:
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providing a substrate;

attaching, to the substrate, at least one transmit-only tile
which transmits an ultrasonic beam toward a target
object; and

attaching, to the substrate, a plurality of receive-only tiles

which receive an ultrasonic beam that is reflected from
the target object,

wherein the plurality of receive-only tiles is arranged in a

predetermined shape.

22. The method of claim 21, wherein the predetermined
shape includes an X shape, and wherein a gap between each
respective one of the plurality of receive-only tiles and at least
one other tile of the plurality of receive-only tiles is less than
100 pum.

23. The method of claim 21, wherein the predetermined
shape includes a closed curve, and wherein a gap between
each respective one of the plurality of receive-only tiles and
each of two correspondingly adjacent tiles of the plurality of
receive-only tiles is less than 100 pm.

24. The method of claim 21, wherein at least a first one of
the plurality of receive-only tiles is positioned above at least
a second one of the plurality of receive-only tiles such that a
first height of the first one of the plurality of receive-only tiles
with respect to the substrate is greater than a second height of
the second one of the plurality of receive-only tiles with
respect to the substrate.
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