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(57) ABSTRACT

A connection component for array elements in an ultrasonic
probe comprises a first-layer body and a second-layer body,
wherein the second-layer body is connected with the first-
layer body, and an area of the second-layer body is smaller
than an area of the first-layer body. A region in the first-layer
body that extends beyond the second-layer body is provided
with at least one first-layer conductive element penetrating
through the first-layer body. A lower surface of the second-
layer body is provided with at least one second-layer con-
ductive element penetrating through the second-layer body
and the first-layer body. A signal transmission line is con-
nected to the array elements by the first-layer conductive
elements and the second-layer conductive elements. The
connection component for array elements is in a stepped
shape. The signal transmission line is connected to an array
element assembly through the stepped connection compo-
nent for array elements to provide sufficient space.
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ULTRASONIC PROBE, CONNECTION
COMPONENT FOR ARRAY ELEMENTS AND
ULTRASONIC IMAGING SYSTEM THEREOF

CROSS-REFERENCE

[0001] This application is a continuation of Patent Coop-
eration Treaty Application No. PCT/CN2013/081908, filed
Dec. 20, 2012, which is hereby incorporated by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to ultrasonic diag-
nosis, and more particularly to ultrasonic probes.

BRIEF SUMMARY

[0003] The present disclosure relates to ultrasonic probes,
in particular to ultrasonic probes, and connection compo-
nents for array elements and ultrasonic imaging systems
thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Objects, features and advantages of the present
disclosure will be more obvious by detailed description of
preferred embodiments of the present disclosure illustrated
in drawings. In the drawings, same reference numerals
represent the same parts, with a focus on illustrating the
principle of the present disclosure instead of proportionally
scaling the drawings deliberately based on actual sizes.
[0005] FIG. 1 is an exploded perspective view of an
ultrasonic probe in one embodiment;

[0006] FIG. 2 is a perspective view of a transducer in one
embodiment;
[0007] FIG. 3 is an exploded perspective view of an array

element assembly in one embodiment;

[0008] FIG. 4 is a diagram of a combination of the array
element assembly in one embodiment;

[0009] FIG. 5 is a perspective view of a connection
component for array elements in one embodiment;

[0010] FIG. 6 is another perspective view of the connec-
tion component for array elements shown in FIG. 5;
[0011] FIG. 7 is a cross-sectional exploded view of a
connection component for array elements in one embodi-
ment;

[0012] FIG. 81s a cross-sectional view of a combination of
a connection component for array elements shown in FIG. 7,
[0013] FIG. 9 is a cross-sectional view of a connection
component for array elements in another embodiment;
[0014] FIG. 10 is a perspective view of a connection
component for array elements in another embodiment;
[0015] FIG. 11 is a cross-sectional view of a connection
component for array elements and a signal transmission
component in another embodiment;

[0016] FIG. 12 is an enlarged view of the region marked
A in FIG. 11;
[0017] FIG. 13 is a diagram of connection between a

signal transmission line and a connection component for
array elements in another embodiment;

[0018] FIG. 14 is a perspective view of an array element
assembly and a connection component for array elements in
another embodiment; and

[0019] FIG. 15 is another perspective view of an array
element assembly and a connection component for array
elements shown in FIG. 14.
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DETAILED DESCRIPTION

[0020] In a medical ultrasonic imaging system, an ultra-
sonic probe is used for emitting ultrasonic waves and
receiving echoes carrying information on human tissues. A
common ultrasonic probe consists generally of an ultrasonic
head housing, a transducer, and a handle module, wherein
the transducer is a device for emitting ultrasonic waves and
receiving echoes. The transducer is a core part of the
ultrasonic probe, which consists generally of a matching
layer, a wafer, a flexible printed circuit board (FPC) and a
backing block. One-dimensional (1-D) ultrasonic probes are
widely used at present. With respect to a 1-D ultrasonic
probe, array elements of the transducer are usually arranged
in a 1-D direction, and an electrical connection of the array
elements is drawn from both sides of the FPC.

[0021] Two-dimensional (2-D) matrix ultrasonic probes
have found an increasingly wide utilization. The difference
between 1-D ultrasonic probes and 2-D matrix ultrasonic
probes is that array elements of transducer in a 2-D matrix
ultrasonic probe are arranged along two dimensions to form
an array of transducer array elements, that is, there are a total
of MxN transducer array elements, wherein M is the number
of rows in the array and N is the number of columns in the
array. There are usually thousands of array elements in the
transducer of the 2-D matrix ultrasonic probe. Therefore,
making an interconnection between the transducer elements
and their corresponding controlling elements (such as chips,
high-voltage switches, etc.) in the 2-D matrix ultrasonic
probe may be a challenge. When the 2-D ultrasonic probe
adopts the interconnection manner employed by the trans-
ducer of the 1-D ultrasonic probe, the circuits of FPCs or
printed circuit boards (PCBs) may be very dense and even
intricate due to numerous transducer array elements, which
is beyond the manufacturing capacity of FPCs and PCBs.
Some existing interconnection methods used to connect the
transducer array elements and their corresponding control-
ling elements in the 2-D matrix ultrasonic probe may have
a high registration requirement, a complicated process, and
a high cost.

[0022] It might be necessary to provide a connection
component for array elements which can provide sufficient
space for connecting signal transmission lines to array
elements, and an ultrasonic probe including the connection
component for array elements and an ultrasonic imaging
system thereof.

[0023] The connection component for array elements in an
ultrasonic probe may include a first-layer body, a second-
layer body, a first-layer conductive element and a second-
layer conductive element. The first-layer body may have a
first upper surface and a first lower surface. The second-
layer body may have a second upper surface and a second
lower surface. The second upper surface may contact with
the first lower surface, and an area of the second upper
surface may be smaller than an area of the first lower
surface. A region in the first lower surface that extends
beyond the second upper surface may form a first-layer
wiring connection region. The second lower surface may
then form a second-layer wiring connection region. The
first-layer conductive element may be arranged on the
first-layer wiring connection region and may pass through
the first body and extend to the first upper surface. The
second-layer conductive element may be arranged on the
second-layer wiring connection region and may pass
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through the second-layer body and the first-layer body, and
extend to the first upper surface of the first-layer body.

[0024] In one embodiment, the connection component for
array elements may further include a third-layer body and a
third-layer conductive element. The third-layer body may
have a third upper surface and a third lower surface. The
third upper surface may contact with the second lower
surface. An area of the third upper surface may be smaller
than an area of the second lower surface. A region in the
second lower surface that extends beyond the third upper
surface may form a second-layer wiring connection region.
The third lower surface may form a third-layer wiring
connection region thereon. The third-layer conductive ele-
ment may be arranged on the third-layer wiring connection
region and may pass through the third-layer body, the
second-layer body and the first-layer body, and then extend
to the first upper surface of the first-layer body.

[0025] The ultrasonic probe may include a transducer. The
transducer may include an array element assembly, a con-
nection component for array elements, a first-group signal
transmission line and a second-group signal transmission
line. The array element assembly may have a plurality of
array elements. The connection component for array ele-
ments may include a first-layer body, a second-layer body, a
plurality of first-layer conductive elements and a plurality of
second-layer conductive elements. The first-layer body may
have a first upper surface and a first lower surface. A
plurality of conductive contacts may be arranged on the first
upper surface. Each conductive contact may be connected to
one of the array elements. The second-layer body may have
a second upper surface and a second lower surface. The
second upper surface may contact the first lower surface. An
area of the second upper surface may be smaller than an area
of the first lower surface. A region in the first lower surface
that extends beyond the second upper surface may form a
first-layer wiring connection region. A second lower surface
may form a second-layer wiring connection region. The
plurality of first-layer conductive elements may be arranged
on the first-layer wiring connection region. The plurality of
first-layer conductive elements may pass through the first-
layer body and extend to the first upper surface of the
first-layer body. Each first-layer conductive element may be
connected to one of the conductive contacts. The plurality of
second-layer conductive elements may be arranged on the
second-layer wiring connection region. The plurality of
second-layer conductive elements may pass through the
second-layer body and the first-layer body and extend to the
first upper surface of the first-layer body. Each second-layer
conductive element may be connected to one of the con-
ductive contacts. The first-group signal transmission line
may be connected to the plurality of first-layer conductive
elements. The second-group signal transmission line may be
connected to the plurality of second-layer conductive ele-
ments.

[0026] In one embodiment, the first-group signal trans-
mission line may include a first-group substrate layer and a
first-group wire formed on the first-group substrate layer.
The second-group signal transmission line may include a
second-group substrate layer and a second-group wire
formed on the second-group substrate layer. The second-
layer body may be an extension of the first-group substrate
layer. The first-group wire may be connected to the first-
layer conductive elements. The second-group wire may be
connected to the second-layer conductive elements.
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[0027] 1In another embodiment, the connection component
for array elements may further include a third-layer body
and a plurality of third-layer conductive elements. The
third-layer body may have a third upper surface and a third
lower surface. The third upper surface may contact the
second lower surface. An area of the third upper surface may
be smaller than an area of the second lower surface. A region
in the second lower surface that extends beyond the third
upper surface may form a second-layer wiring connection
region. The third lower surface may form a third-layer
wiring connection region. The plurality of third-layer con-
ductive elements may be arranged on the third-layer wiring
connection region. Third-layer conductive elements may
pass through the third-layer body, the second-layer body and
the first-layer body and extend to the first upper surface of
the first-layer body. Each third-layer conductive element
may be connected to one of the conductive contacts. The
ultrasonic transducer may further include a third-group
signal transmission line connected to the plurality of third-
layer conductive elements.

[0028] In still another embodiment, the first-group signal
transmission line may include a first-group substrate layer
and a first-group wire formed on the first-group substrate
layer. The second-group signal transmission line may
include a second-group substrate layer and a second-group
wire formed on the second-group substrate layer. The third-
group signal transmission line may include a third-group
substrate layer and a third-group wire formed on the third-
group substrate layer. The second-layer body may be an
extension of the first-group substrate layer. The third-layer
body may be an extension of the second-group substrate
layer. The first-group wire may be connected to the first-
layer conductive element. The second-group wire may be
connected to the second-layer conductive element. The
third-group wire may be connected to the third-layer con-
ductive element.

[0029] In another embodiment, the first upper surface may
be provided with a plurality of conductive contacts. Each
conductive contact is electrically connected to one of the
array elements.

[0030] In another embodiment, each array element may
include a transducer element and a backing block connected
to the transducer element.

[0031] In another embodiment, the first-layer body, the
second-layer body and the backing block may be made of
same material.

[0032] The ultrasonic imaging system may include any
one of the foregoing ultrasonic probes.

[0033] In the foregoing embodiments, the connection
component for array elements may be in a stepped shape.
The signal transmission line may be connected to an array
element assembly through the stepped connection compo-
nent; thus there might be sufficient space for an intercon-
nection between the signal transmission line and the array
element assembly.

[0034] To make it easier to understand the present disclo-
sure, all technical and scientific terms used herein have the
same meaning as commonly understood by those skilled in
the art to which the present disclosure belongs. The pre-
ferred embodiments of the present disclosure are shown in
the drawings. However, the present disclosure can be real-
ized in a variety of forms, without being construed as limited
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to the described embodiments herein; rather, these embodi-
ments are provided in order to make the present disclosure
thorough and complete.

[0035] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by those skilled in the art to which the present
disclosure belongs. Terms used herein to describe particular
embodiments are not intended to limit the present disclo-
sure. As used herein, the term “and/or” includes any and all
combinations of one or more of the item being described.
[0036] As shown in FIG. 1, the ultrasonic probe in an
embodiment may have an ultrasonic head housing 1, a
transducer 2 and a handle module 3. The ultrasonic head
housing 1 and the handle module 3 may form a receiving
cavity when they connect to each other. The transducer 2
may be fixedly accommodated in the receiving cavity. In one
embodiment, the position and connection among the ultra-
sonic head housing 1, the transducer 2 and the handle
module 3 may be identical or similar to those in a conven-
tional ultrasonic probe, which will not be described in detail
herein.

[0037] It may be appreciated that the shape and structure
of the probe shown in FIG. 1 are merely illustrated as an
exemplary embodiment of the ultrasonic probe of the pres-
ent disclosure, and are not intended to limit the present
disclosure to the probe shown in FIG. 1. For example, the
probe in FIG. 1 may be used for heart scans. The disclosures
herein can be used in many types of ultrasonic probes. FIG.
1 illustrates just one example of the probe of the present
disclosure without a specific description of the exemplary
ultrasonic probe, e.g., specifics and details about structure,
connection, proportion of components, and so on.

[0038] In one embodiment in FIG. 2, the transducer 2 may
include an array element assembly 20, a connection com-
ponent for array elements 21 and a signal transmission line
component 22.

[0039] The array element assembly 20 may include a
plurality of array elements. For example, the array element
assembly 20 can be an array of MxN array elements, where
M is the number of rows and N is the number of columns in
the array, and M and N are natural numbers greater than 0.
In one embodiment, the arrangement of array elements in the
array can be configured freely according to the actual design
of the ultrasonic probe, for example, these array elements
can be arranged as the aforesaid array of MxN in a rectan-
gular or square shape, where M and N can be any natural
numbers greater than 0. Alternatively, they can be arranged
in a nearly circular shape, an elliptic shape, or any irregular
shape. The quantity of the array elements can be set accord-
ing to actual requirements and is not limited in the present
disclosure.

[0040] The array element assembly 20 may be connected
to the upper surface of the connection component for array
elements 21, and the signal transmission line component 22
can be electrically connected to the array elements in the
array element assembly 20 through the connection compo-
nent for array elements 21 (detailed description below).
[0041] In one embodiment as shown in FIG. 3 and FIG. 4,
there may be a matching layer 25 over the array element
assembly 20. The matching layer 25 may be any common
matching layer currently used in ultrasonic probes, and will
not be described in detail herein.

[0042] As shown in FIG. 3 and FIG. 4, in one embodi-
ment, each array element in the array element assembly 20
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may include a transducer element and a backing block that
is below the transducer element. The transducer element and
the backing block in each array element may be disposed in
a stacked arrangement and electrically connected to each
other; that is, the transducer element may be connected to
the element connecting component 21 through the backing
block in one embodiment.

[0043] In another embodiment of the present disclosure,
an array element in an array element assembly 20 may be
only a transducer element; that is, the transducer element
may be directly connected to the connection component for
array elements 21 in one embodiment. In this respect, for
example, the connection component for array elements 21
and the backing block may be made of similar backing
material.

[0044] It can be understood that, since an array element
assembly 20 is arranged in an array, transducer elements
may be arranged to be a transducer element array 200, and
backing blocks may be arranged to be a backing block array
202, which is below the transducer element array 200, in one
embodiment, where the array element assembly 20 may
include the transducer elements and the backing blocks, as
shown in FIG. 3 and FIG. 4.

[0045] In one embodiment, the connection between trans-
ducer elements and backing blocks can be a common
conventional connection, which will not be described in
detail herein.

[0046] As previously described, a connection component
for array elements 21 may also be included in one embodi-
ment. FIGS. 5-8 illustrate the connection component for
array elements 21 of one embodiment.

[0047] In one embodiment, the connection component for
array elements 21 can include a plurality of layers of bodies;
for example, it can include at least two layers of bodies,
three layers of bodies, four layers of bodies, and so forth. For
instance, the connection component for array elements 21
shown in FIGS. 5-8 includes five layers of bodies (i.e., 210,
211, 212, 215 and 216). One embodiment shown in FIGS.
5-8 is an example of the connection component for array
elements, and the connection component for array elements
of the present disclosure is not limited to five bodies. In
another embodiment, the number of layers in the bodies may
be configured based on an actual design, as long as the
connection component for array elements has at least two
layers. The examples described below are shown in FIGS.
5-8, but they do not need to be identical.

[0048] In one embodiment, the connection component for
array elements 21 may include a first-layer body 210, a
second-layer body 211, a third-layer body 212, a fourth-
layer body 215 and a fifth-layer body 216. Each body may
have an upper surface and a lower surface.

[0049] In one embodiment shown in FIG. 7, the first-layer
body 210 may have a first upper surface 2101 and a first
lower surface 2102; the second-layer body 211 may have a
second upper surface 2111 and a second lower surface 2112;
the third-layer body 212 may have a third upper surface
2121 and a third lower surface 2122; the fourth-layer body
215 may have a fourth upper surface 2151 and a fourth lower
surface 2152; and the fifth-layer body 216 may have a fifth
upper surface 2161 and a fifth lower surface 2162.

[0050] The second upper surface 2111 of the second-layer
body 211 may contact the first lower surface 2102 of the
first-layer body 210. An area of the second upper surface
2111 of the second-layer body 211 may be smaller than an
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area of the first lower surface 2102 of the first-layer body
210, so that at least a region of the first lower surface 2102
of the first-layer body 210 may extend beyond the second
upper surface 2111 of the second-layer body 211. The region
that extends beyond the second upper surface 2111 in the
first lower surface 2102 may form a first-layer wiring
connection region 2100 of the first-layer body 210 (see FIG.
6 and FIG. 8).

[0051] Similarly, the third upper surface 2121 of the
third-layer body 212 may contact the second lower surface
2112 of the second-layer body 211. An area of the third
upper surface 2121 of the third-layer body 212 may be
smaller than an area of the second lower surface 2112 of the
second-layer body 211, so that at least a region of the second
lower surface 2112 of the second-layer body 211 may extend
beyond the third upper surface 2121 of the third-layer body
212. The region extending out of the third upper surface
2121 in the second lower surface 2112 may form a second-
layer wiring connection region 2110 of the second-layer
body 211 (see FIG. 6 and FIG. 8).

[0052] Similarly, the fourth upper surface 2151 of the
fourth-layer body 215 may contact the third lower surface
2122 of the third-layer body 212. An area of the fourth upper
surface 2151 of the fourth-layer body 215 may be smaller
than an area of the third lower surface 2122 of the third-layer
body 212, so that at least a region of the third lower surface
2122 of the third-layer body 212 may extend beyond the
fourth upper surface 2151 of the fourth-layer body 215. The
region extending out of the fourth upper surface 2151 in the
third lower surface 2122 may form a third-layer wiring
connection region 2120 of the third-layer body 212 (see FIG.
6 and FIG. 8).

[0053] Similarly, the fifth upper surface 2161 of the fifth-
layer body 216 may contact the fourth lower surface 2152 of
the fourth-layer body 215. An area of the fifth upper surface
2161 of the fifth-layer body 216 may be smaller than an area
of the fourth lower surface 2152 of the fourth-layer body
215, so that at least a region of the fourth lower surface 2152
of the fourth-layer body 215 may extend beyond the fifth
upper surface 2161 of the fifth-layer body 216. The region
extending out of the fifth upper surface 2161 in the fourth
lower surface 2152 may form a fourth-layer wiring connec-
tion region 2150 of the fourth-layer body 215 (see FIG. 6
and FIG. 8).

[0054] In one embodiment, the entire fifth lower surface
2162 of the fifth-layer body 216 may form a fifth-layer
wiring connection region 2160 of the fifth-layer body 216;
that is, the fifth-layer wiring connection region 2160 of the
fifth-layer body 216 is the fifth lower surface 2162. In this
respect, the entire lower surface forming the wiring connec-
tion region may be referred to as the wiring connection
region of the corresponding body.

[0055] The first-layer wiring connection region 2100 may
be provided with at least a first-layer conductive element
2105 which may pass through the first-layer body 210 and
extend to the first upper surface 2101 of the first-layer body
210.

[0056] The second-layer wiring connection region 2110
may be provided with at least a second-layer conductive
element 2115 which may pass through the second-layer
body 211 and the first-layer body 210 and extend to the first
upper surface 2101 of the first-layer body 210.

[0057] The third-layer wiring connection region 2120 may
be provided with at least a third-layer conductive element
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2125 which may pass through the third-layer body 212, the
second-layer body 211 and the first-layer body 210 and
extend to the first upper surface 2101 of the first-layer body
210.

[0058] The fourth-layer wiring connection region 2150
may be provided with at least a fourth-layer conductive
element 2155 which may pass through the fourth-layer body
215, the third-layer body 212, the second-layer body 211 and
the first-layer body 210 and extend to the first upper surface
2101 of the first-layer body 210.

[0059] The fifth-layer wiring connection region 2160 (i.e.,
the fifth lower surface 2162 of the fifth-layer body in one
embodiment) may be provided with at least a fifth-layer
conductive element 2165 which may pass through the fifth-
layer body 216, the fourth-layer body 215, the third-layer
body 212, the second-layer body 211 and the first-layer body
210 and extend to the first upper surface 2101 of the
first-layer body 210.

[0060] In one embodiment, the first upper surface 2101 of
the first-layer body 210 can be provided with a plurality of
conductive contacts 2106 for electrically connecting to the
array element assembly 20. Each conductive contact 2106
may electrically connect to one of the array elements in the
array element assembly 20; that is, it may be directly and
electrically connected to one of the transducer elements, or
it may be indirectly and electrically connected to one of the
transducer elements through the backing block of the array
element (detailed description below).

[0061] It can be appreciated that. in one embodiment,
these conductive contacts 2106 may be disposed in the first
upper surface 2101 of the first-layer body 210, and may
correspond to the array element assembly 20 which is
connected to the connection component for array elements
21. For example, each conductive contact 2106 may corre-
spond and electrically connect to one array element of the
array element assembly 20. In this respect, position, dimen-
sion, spacing and arrangement of the conductive contacts
2106 on the first upper surface 2101 of the first-layer body
210 may correspond to that of the array elements of the array
element assembly 20 according to actual requirements.
[0062] Inone embodiment, the conductive contacts can be
realized in any forms and/or materials as long as they can be
electrically connected to the array element of the array
element assembly 20. For example, in an embodiment, the
conductive contacts may be in the form of pads, but they can
be in any other suitable form in other embodiments.
[0063] As previously described, the first-layer conductive
element 2105 on the first-layer wiring connection region
2100 may pass through the first-layer body 210 and extend
to the first upper surface 2101 of the first-layer body 210.
The first-layer conductive elements 2105 can, for example,
pass through the first-layer body 210 via holes formed at the
first-layer body 210, extend to the first upper surface 2101
of the first-layer body 210, and electrically connect to the
aforementioned plurality of conductive contacts 2106. Each
first-layer conductive element 2105 may be connected to one
of the conductive contacts 2106.

[0064] Similarly, the second-layer conductive elements
2115 on the second-layer wiring connection region 2110 can
also, for example, pass through the second-layer body 211
and the first-layer body 210 via holes formed in the second-
layer body 211 and the first-layer body 210. They then
extend to the first upper surface 2101 of the first-layer body
210, and electrically connect to the aforementioned plurality
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of conductive contacts 2106. Each second-layer conductive
element 2115 may be connected to one of the conductive
contacts 2106.

[0065] Similarly, the third-layer conductive elements 2125
on the third-layer wiring connection region 2120 can also,
for example, pass through the third-layer body 212, the
second-layer body 211 and the first-layer body 210 via holes
formed in the third-layer body 212, the second-layer body
211 and the first-layer body 210. They then extend to the first
upper surface 2101 of the first-layer body 210, and electri-
cally connect to the aforementioned plurality of conductive
contacts 2106. Each third-layer conductive element 2125
may be connected to one of the conductive contacts 2106.
[0066] Similarly, the fourth-layer conductive elements
2155 on the fourth-layer wiring connection region 2150 can
also, for example, pass through the fourth-layer body 215,
the third-layer body 212, the second-layer body 211 and the
first-layer body 210 via holes formed in the fourth-layer
body 215, the third-layer body 212, the second-layer body
211 and the first-layer body 210. They then extend to the first
upper surface 2101 of the first-layer body 210, and electri-
cally connect to the aforementioned plurality of conductive
contacts 2106. Each fourth-layer conductive element 2155
may be connected to one of the conductive contacts 2106.
[0067] Similarly, the fifth-layer conductive element 2165
on the fifth-layer wiring connection region 2160 can also, for
example, pass through the fifth-layer body 216, the fourth-
layer body 215, the third-layer body 212, the second-layer
body 211 and the first-layer body 210 via holes formed in the
fifth-layer body 216, the fourth-layer body 215, the third-
layer body 212, the second-layer body 211 and the first-layer
body 210. They then extend to the first upper surface 2101
of the first-layer body 210, and electrically connect to the
aforementioned plurality of conductive contacts 2106. Each
fifth-layer conductive element 2165 may be connected to
one of the conductive contacts 2106.

[0068] In one embodiment, the connection component for
array elements may include five layers of bodies; for
example, the total amount of the first-layer conductive
elements 2105, the second-layer conductive elements 2115,
the third-layer conductive elements 2125, the fourth-layer
conductive elements 2155 and the fifth-layer conductive
elements 2165 may equal the amount of conductive contacts
2106 on the first upper surface 2101 of the first-layer body
210. That is, the first-layer conductive elements 2105, the
second-layer conductive elements 2115, the third-layer con-
ductive elements 2125, the fourth-layer conductive elements
2155 and the fifth-layer conductive elements 2165 may
correspond one-to-one to conductive contacts 2106 on the
first upper surface 2101 of the first-layer body 210.

[0069] In one embodiment, each conductive contact 2106
may be part of the conductive element connected thereto, for
example, the first-layer conductive elements 2105, the sec-
ond-layer conductive elements 2115, the third-layer conduc-
tive elements 2125, the fourth-layer conductive elements
2155 or the fifth-layer conductive elements 2165, and so
forth. That is, the conductive contact may be molded inte-
grally with the conductive element connected thereto.
[0070] In one embodiment, conductive elements in each
layer of a body, such as the first-layer conductive elements
2105, and the second-layer conductive elements 2115, the
third-layer conductive elements 2125, the fourth-layer con-
ductive elements 2155 or the fifth-layer conductive elements
2165 and so forth, can be made of any suitable conductive
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material, such as copper, silver, gold, or other metal or
non-metal conductive material.

[0071] In one embodiment, the fifth-layer body 216, the
fourth-layer body 215, the third-layer body 212, the second-
layer body 211 and the first-layer body 210 may be separate
components and may connect together as shown in FIG. 7
and FIG. 8. In other embodiments of the present disclosure,
the fifth-layer body 216, the fourth-layer body 215, the
third-layer body 212, the second-layer body 211 and the
first-layer body 210 may also be molded integrally as shown
in FIG. 9. Herein, one layer of a body combining with
another layer of a body also includes these two layers of
bodies being molded integrally.

[0072] In one embodiment, signal transmission compo-
nents 22 may include a plurality of groups of signal trans-
mission lines. For example, in one embodiment shown in
FIG. 2, signal transmission components 22 may include a
first-group signal transmission line 220, a second-group
signal transmission line 221, a third-group signal transmis-
sion line 222, a fourth-group signal transmission line 225
and a fifth-group signal transmission line 226.

[0073] In one embodiment, the first-group signal trans-
mission line 220 may be connected to the first-layer con-
ductive element 2105 which are provided in the first-layer
wiring connection region 2100 of the element connecting
component 21; the second-group signal transmission line
221 may be connected to the second-layer conductive ele-
ment 2115 which are provided in the second-layer wiring
connection region 2110 of the element connecting compo-
nent 21; the third-group signal transmission line 222 may be
connected to the third-layer conductive element 2125 which
are provided in the third-layer wiring connection region
2120 of the element connecting component 21; the fourth-
group signal transmission line 225 may be connected to the
fourth-layer conductive element 2155 which are provided in
the fourth-layer wiring connection region 2150 of the ele-
ment connecting component 21; and the fifth-group signal
transmission line 226 may be connected to the fifth-layer
conductive element 2165 which are provided on the fifth-
layer wiring connection region 2160 of the element con-
necting component 21. As previously described, conductive
elements in each wiring connection region of the connection
component for array elements 21 may be respectively con-
nected to each conductive contact 2106 which are on the first
upper surface 2101 of the connection component for array
elements 21, and the conductive contacts 2106 may also be
respectively connected to each array element in the array
element assembly 20. The electrical connection between
each group of signal transmission line and each array
element of the array element assembly 20 can be achieved
by the connection component for array elements 21 in this
manner. The ends of these signal transmission lines may be
connected to corresponding array element controlling com-
ponents (not shown in the figures); thus array element
assembly 20 will connect to a corresponding array element
controlling component to cause a signal transmission.
[0074] In one embodiment, each group of signal transmis-
sion lines used herein may comprise any suitable types of
components for signal transmission of an array element of
the array element assembly 20. For example, in one embodi-
ment, each group of signal transmission lines may be a
flexible printed circuit board (FPC), or other suitable signal
transmission components such as a printed circuit board
(PCB), a suitable cable or the like.
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[0075] In one embodiment, each group of signal transmis-
sion lines and each corresponding layer of conductive ele-
ments may be connected in any suitable manner, such as by
welding and so on.

[0076] In one embodiment, each layer of “wiring connec-
tion region” (e.g., the first-layer wiring connection region
2100, the second-layer wiring connection region 2110, the
third-layer wiring connection region 2120 the fourth-layer
wiring connection region 2150 and the fifth-layer wiring
connection region 2160) at each layer of the body (e.g., the
fifth-layer body 216, the fourth-layer body 215, the third-
layer body 212, the second-layer body 211 and the first-layer
body 210) may refer to a region where a conductive element
1s located for connecting with a corresponding signal trans-
mission line, or to a region for connecting with a corre-
sponding signal transmission line.

[0077] As explained above, each layer of a wiring con-
nection region may be part of the lower surface of each body
of the connection component for array elements 21 uncov-
ered by another body, or may be the total lower surface of
the body located at the lowest layer. In one embodiment, the
wiring connection regions which are formed by part of the
lower surface of the body uncovered by another body may
have a random shape and/or quantity and may be configured
freely and flexibly according to an actual design. For
example, in one embodiment as shown in FIG. 10, wiring
connection regions of the bodies except the lowest body 216
in the connection component for array elements 21 may be
ring-shaped or one embodiment may be bilaterally and/or
fore-and-aft symmetrical. It would be understood that the
connection component for array elements 21 may be asym-
metric, and the whole shape thereof may be configured
flexibly based on an actual design.

[0078] It would be understood that the wiring connection
region of the lowest layer of a body may also be formed by
part of the lower surface of the lowest layer of the body
instead of the whole lower surface of the lowest layer of the
body.

[0079] The aforesaid situations herein are uniformly
referred to as “forming a wiring connection region” on the
lower surface of a corresponding body.

[0080] In the foregoing embodiments, the connection
component for array elements 21 of the transducer 2 may
have five layers of bodies. However, it may have any
quantity of layers, which may be flexibly configured accord-
ing to an actual design and/or the quantity and/or dimensions
of the probe, the array element assembly 20, the connection
component for array elements and the signal transmission
line, as long as it has at least two layers of bodies.

[0081] It would be understood that the lower surface of the
lowest layer of the body may not be provided with the wiring
connection region; instead, the lowest layer of the body may
only be used for covering the body adjacent thereto, and the
wiring connection region is provided on all or part of the
bodies except on the lowest layer.

[0082] For example, in another embodiment, the ultra-
sonic probe may include an ultrasonic head housing 1, a
transducer 2 and a handle module 3. The ultrasonic head
housing 1 and the handle module 3 may form a receiving
cavity when they connect to each other. The transducer 2
may be fixedly accommodated in the receiving cavity. The
transducer 2 may include an array element assembly 20, a
connection component for array elements 21 and a signal
transmission line component 22. It is different from forego-
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ing embodiments in that the connection component for array
elements 21 in this embodiment may only have two layers
of bodies.

[0083] For example, in one embodiment (referring to
FIGS. 2-10), the connection component for array elements
21 may have a first-layer body 210 and a second-layer body
211. The first-layer body 210 may have a first upper surface
2101 and a first lower surface 2102; and the second-layer
body 211 may have a second upper surface 2111 and a
second lower surface 2112.

[0084] The second upper surface 2111 of the second-layer
body 211 may contact the first lower surface 2102 of the
first-layer body 210, and an area of the second upper surface
2111 of the second-layer body 211 may be smaller than an
area of the lower surface 2102 of the first-layer body 210. So
at least a part of the lower surface 2102 of the first-layer
body 210 may extend beyond the second upper surface 2111
of the second-layer body 211, and this region may form a
first-layer wiring connection region 2100 of the first-layer
body 210.

[0085] In one embodiment, the second lower surface 2112
of the second-layer body 211 may provide a second-layer
wiring connection region 2110 of the second-layer body.
[0086] The first-layer wiring connection region 2100 may
be provided with at least a first-layer conductive element
2105 which may pass through the first-layer body 210 and
extend to the first upper surface 2101 of the first-layer body
210.

[0087] The second-layer wiring connection region 2110
may be provided with at least a second-layer conductive
element 2115 which may pass through the second-layer
body 211 and the first-layer body 210 and extend to the first
upper surface 2101 of the first-layer body 210.

[0088] The first upper surface 2101 of the first-layer body
210 may be provided with a plurality of conductive contacts
2106 for electrically connecting to the array element assem-
bly 20. Each conductive contact 2106 may be electrically
connected to one of the array elements in the array element
assembly 20. The configuration of the conductive contacts
can be identical or similar to those in the foregoing embodi-
ments, which will not be repeated herein.

[0089] As previously described, the first-layer conductive
element 2105 on the first-laver wiring connection region
2100 may pass through the first-layer body 210 and extend
to the first upper surface 2101 of the first-layer body 210. For
example, the first-layer conductive elements 2105 may pass
through the first-layer body 210 via holes formed in the
first-layer body 210, extend to the first upper surface 2101
of the first-layer body 210, and electrically connect to the
aforementioned plurality of conductive contacts 2106. Each
first-layer conductive element 2105 may be connected to one
of the conductive contacts 2106.

[0090] Similarly, the second-layer conductive elements
2115 on the second-layer wiring connection region 2110
may also pass through the second-layer body 211 and the
first-layer body 210 via holes formed in the second-layer
body 211 and the first-layer body 210, extend to the first
upper surface 2101 of the first-layer body 210, and electri-
cally connect the aforementioned plurality of conductive
contacts 2106. Each second-layer conductive element 2115
may be connected to one of the conductive contacts 2106.
[0091] In one embodiment, the connection component for
array elements may include two layers of bodies; for
example, the sum of the first-layer conductive elements
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2105 and the second-layer conductive elements 2115 may be
equal to the amount of conductive contacts 2106 on the first
upper surface 2101 of the first-layer body 210. That is, the
first-layer conductive elements 2105 and the second-layer
conductive elements 2115 may correspond one-to-one to
conductive contacts 2106 on the first upper surface 2101 of
the first-layer body 210.

[0092] In one embodiment, the second-layer body 211 and
the first-layer body 210 which may be separate components
which can be connected together, or the second-layer body
211 and the first-layer body 210 may be molded integrally.
[0093] In one embodiment, the signal transmission line
component 22 may include a first-group signal transmission
line 220 and a second-group signal transmission line 221.
[0094] In one embodiment, the first-group signal trans-
mission line 220 may be connected to the first-layer con-
ductive element 2105 which is provided on the first-layer
wiring connection region 2100 of the element connecting
component 21; and the second-group signal transmission
line 221 may be connected to the second-layer conductive
element 2115 which is provided on the second-layer wiring
connection region 2110 of the element connecting compo-
nent 21. As previously described, conductive elements in
each wiring connection region of the connection component
for array elements 21 may be respectively connected to each
conductive contact 2106 which is in the first upper surface
2101 of the connection component for array elements 21,
and the conductive contacts 2106 may also be respectively
connected to each array element in the array element assem-
bly 20. Thus, the electrical connection between each group
of signal transmission lines and each array element of the
array element assembly 20 can be achieved by a connection
component for array elements 21 in this manner for signal
transmission.

[0095] Other features in one embodiment can be identical
or similar to those in the foregoing embodiments, which will
not be repeated herein.

[0096] In still another embodiment, the ultrasonic probe
may have an ultrasonic head housing 1, a transducer 2 and
a handle module 3. The ultrasonic head housing 1 and the
handle module 3 may form a receiving cavity when they
connect to each other. The transducer 2 may be fixedly
accommodated in the receiving cavity. The transducer 2 may
include an array element assembly 20, a connection com-
ponent for array elements 21 and a signal transmission line
component 22. It is different from foregoing embodiments in
that the connection component for array elements 21 in this
embodiment may only have three layers of bodies.

[0097] For example, in one embodiment (still referring to
FIGS. 2-10), the connection component for array elements
21 has a first-layer body 210, a second-layer body 211 and
a third-layer body 212. The first-layer body 210 may have a
first upper surface 2101 and a first-layer lower surface 2102;
the second-layer body 211 may have a second upper surface
2111 and a second lower surface 2112; and the third-layer
body 212 may include a third upper surface 2121 and a third
lower surface 2122.

[0098] The second upper surface 2111 of the second-layer
body 211 may contact the lower surface 2102 of the first-
layer body 210, and an area of the second upper surface 2111
of the second-layer body 211 may be smaller than an area of
the lower surface 2102 of the first-layer body 210. So at least
a part of the lower surface 2102 of the first-layer body 210
may extend beyond the second upper surface 2111 of the
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second-layer body 211, and this region may form a first-
layer wiring connection region 2100 of the first-layer body
210.

[0099] Similarly, the third upper surface 2121 of the
third-layer body 212 may contact the third lower surface
2122 of the second-layer body 211, and an area of the third
upper surface 2121 of the third-layer body 212 may be
smaller than an area of the third lower surface 2122 of the
second-layer body 211, so that at least one region of the third
lower surface 2122 of the second-layer body 211 may extend
beyond the third upper surface 2121 of the third-layer body
212. The region extending out of the third upper surface
2121 in the second lower surface 2112 may form a second-
layer wiring connection region 2110 of the second-layer
body 211.

[0100] Inoneembodiment, the third lower surface 2122 of
the third-layer body 212 may provide a third-layer wiring
connection region 2120 of the third-layer body.

[0101] The first-layer wiring connection region 2100 may
be provided with at least a first-layer conductive element
2105 which may pass through the first-layer body 210 and
extend to the first upper surface 2101 of the first-layer body
210.

[0102] The second-layer wiring connection region 2110
may be provided with at least a second-layer conductive
element 2115 which may pass through the second-layer
body 211 and the first-layer body 210 and extend to the first
upper surface 2101 of the first-layer body 210.

[0103] The third-layer wiring connection region 2120 may
be provided with at least a third-layer conductive element
2125 which may pass through the third-layer body 212, the
second-layer body 211 and the first-layer body 210 and
extend to the first upper surface 2101 of the first-layer body
210.

[0104] The first upper surface 2101 of the first-layer body
210 may be provided with a plurality of conductive contacts
2106 for electrically connecting to the array element assem-
bly 20. Each conductive contact 2106 may be electrically
connected to one of the array elements in the array element
assembly 20. The configuration of the conductive contacts
can be identical or similar to those in the foregoing embodi-
ments, which will not be repeated herein.

[0105] As previously described, the first-layer conductive
element 2105 on the first-layer wiring connection region
2100 may pass through the first-layer body 210 and extend
to the first upper surface 2101 of the first-layer body 210. For
example, the first-layer conductive element 2105 may pass
through the first-layer body 210 via holes formed in the
first-layer body 210, extend to the first upper surface 2101
of the first-layer body 210, and electrically connect the
aforementioned plurality of conductive contacts 2106. Each
first-layer conductive element 2105 may be connected to one
of the conductive contacts 2106.

[0106] Similarly, the second-layer conductive element
2115 on the second-layer wiring connection region 2110
may also pass through the second-layer body 211 and the
first-layer body 210 via holes formed in the second-layer
body 211 and the first-layer body 210, extend to the first
upper surface 2101 of the first-layer body 210, and electri-
cally connect the aforementioned plurality of conductive
contacts 2106. Each second-layer conductive element 2115
may be connected to one of the conductive contacts 2106.
[0107] Similarly, the third-layer conductive element 2125
on the third-layer wiring connection region 2120 may also



US 2019/0254628 Al

run through the third-layer body 212, the second-layer body
211 and the first-layer body 210 via holes formed at the
third-layer body 212, the second-layer body 211 and the
first-layer body 210, extend to the first upper surface 2101
of the first-layer body 210, and electrically connect the
aforementioned plurality of conductive contacts 2106. Each
second-layer conductive element 2125 may be connected to
one of the conductive contacts 2106.

[0108] In one embodiment, the connection component for
array elements may include three layers of bodies; for
example, the sum of the first-layer conductive elements
2105, the second-layer conductive elements 2115 and the
third-layer conductive elements 2125 may equal the amount
of conductive contacts 2106 on the first upper surface 2101
of the first-layer body 210. That is, the first-layer conductive
elements 2105, the second-layer conductive elements 2115
and the third-layer conductive elements 2125 may corre-
spond one-to-one to conductive contacts 2106 on the first
upper surface 2101 of the first-layer body 210.

[0109] In one embodiment, the third-layer body 212, the
second-layer body 211 and the first-layer body 210 may be
separate components that can be connected together, or the
third-layer body 212, the second-layer body 211 and the
first-layer body 210 may be molded integrally.

[0110] In one embodiment, the signal transmission line
component 22 may include a first-group signal transmission
line 220, a second-group signal transmission line 221 and a
third-group signal transmission line 222.

[0111] In one embodiment, the first-group signal transmis-
sion line 220 may be connected to the first-layer conductive
elements 2105 which are provided in the first-layer wiring
connection region 2100 of the element connecting compo-
nent 21; the second-group signal transmission line 221 may
be connected to the second-layer conductive element 2115
which is provided in the second-layer wiring connection
region 2110 of the element connecting component 21, and
the third-group signal transmission line 222 may connect to
the third-layer conductive element 2125 which is provided
on the third-layer wiring connection region 2120 of the
element connecting component 21. As previously described,
conductive elements in each wiring connection region of the
connection component for array elements 21 may be respec-
tively connected to each conductive contact 2106 that is in
the first upper surface 2101 of the connection component for
array elements 21. The conductive contacts 2106 may also
be respectively connected to each array element in the array
element assembly 20. Thus, the electrical connection
between each group of signal transmission lines and each
array element of the array element assembly 20 can be
achieved by connection component for array elements 21 in
this manner for signal transmission.

[0112] Other features in one embodiment can be identical
or similar to those in foregoing embodiments, which will not
be repeated herein.

[0113] It would be appreciated that the connection com-
ponent for array elements 21 may have more layers of
bodies.

[0114] In some embodiments of the present disclosure,
each layer of the body of the connection component for array
elements 21 may be made of any suitable material, such as
plastic material. In other embodiments of the present dis-
closure, each layer of the body of the connection component
for array elements 21 may be made of backing material for
an ultrasonic probe.
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[0115] Insome embodiments, each layer of the body of the
connection component for array elements 21 may be made
of the same material. In other embodiments, at least one
layer of the bodies of the connection component for array
elements 21 may be made of material different from that in
other layers of the bodies.

[0116] For example, another embodiment of the connec-
tion component for array elements 21 and signal transmis-
sion line component 22 in an ultrasonic probe is shown in
FIG. 11 and FIG. 12. In one embodiment, the signal trans-
mission line component 22 may have a plurality of groups
of signal transmission lines, and each group of signal
transmission lines is provided with a substrate layer and a
wire formed on the substrate layer. For example, the first-
group signal transmission line 220 may have a first-group
substrate layer 2200 and a first-group wire 2201 formed on
the first-group substrate layer 2200; the second-group signal
transmission line 221 may have a second-group substrate
layer 2210 and a second-group wire 2211 formed on the
second-group substrate layer 2210. In a similar manner,
other groups of signal transmission lines may have respec-
tive substrate layers and respective wires, e.g., the third-
group signal transmission line may include a third-group
substrate layer and a third-group wire may be formed on the
third-group substrate layer (not shown in FIG. 11 and FIG.
12), and the fourth-group signal transmission line may
include a fourth-group substrate layer and a fourth-group
wire formed on the fourth-group substrate layer (not shown
in FIG. 11 and FIG. 12), and so forth.

[0117] In one embodiment, the first-layer body 210 may
be identical to or similar to the first-layer body 210 men-
tioned in foregoing embodiments. It is different from the
foregoing embodiments in that at least one layer of the body
below the first-layer body 210 may be molded integrally
with a substrate layer of a signal transmission line of its
adjacent and upper layer of body, or one layer of the body
below the first-layer body 210 may be an extension part of
the substrate layer of the signal transmission line of its
adjacent and upper layer body. For example, as shown in
FIG. 11 and FIG. 12, the second-layer body 211 may be
molded integrally with the first-group substrate layer 2200
of the first-group signal transmission line 220, and the signal
transmission line is connected with the first-layer conductive
element 2105 located on the first-layer wiring connection
region 2100 of the first-layer body 210. Alternatively, the
second-layer body 211 may be an extension part of the
first-group substrate layer 2200. The third-layer body 212
may be molded integrally with the second-group substrate
layer 2210 of the second-group signal transmission line 221,
and the second-group signal transmission line 221 is con-
nected with the second-layer conductive element 2115
located on the second-layer wiring connection region 2110
of the second-layer body 211; alternatively, the third-layer
body 212 may be extension part of the second-group sub-
strate layer 2210. Similarly, if there are more bodies below
the third-layer body 212, each of them may be formed in a
similar manner. For example, the fourth-layer body may be
molded integrally with the third-group substrate layer of the
third-group signal transmission line, and the third-group
signal transmission line is connected with the third-layer
conductive element located on the third-layer wiring con-
nection region of the third-layer body. Alternatively, the
fourth-layer body may be extension of part of the third-
group substrate layer, and so forth.
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[0118] Itis noted that, in FIG. 11 and FIG. 12, the structure
of each body below the third-layer body 212 may be similar
to that of the second-layer body 211 and the third-layer body
212, but the quantity of conductive elements passing
through each body may gradually decrease from upper body
to lower body, wherein the quantity of conductive elements
in one layer of body may include those belonging to said
body itself and those passing through said body but belong-
ing to the other body that is below said body. Similarly, the
structure of the signal transmission line connected to the
conductive element of each body below the third-layer body
212 may be similar to that of the first-group signal trans-
mission line 220 and the second-group signal transmission
line 221. Therefore, each body and corresponding signal
transmission line below the third-layer body 212 is not
described in detail and is schematically illustrated with a
thin solid line in FIG. 11 and FIG. 12 instead.

[0119] An end of the first-group wire 2201 of the first-
group signal transmission line 220 is provided with a
first-group wire contact point 2202, and an end of the
second-group wire 2211 of the second-group signal trans-
mission line 221 is provided with a second-group wire
contact point 2212. The first-group wire 2201 may be
connected to the first-layer conductive element 2105 of the
first-layer body 210 through a first-group wire contact point
2202, which may pass through a first-group substrate layer
2200. The second-group wire 2211 may be connected to the
second-layer conductive element 2115 of the second-layer
body 211 through a second-group wire contact point 2212,
which may pass through a second-group substrate layer
2210. Similarly, other signal transmission lines (if there are
any) may also have a similar structure and connect in a
similar manner. For example, the third-group wire may be
connected to the third-layer conductive element of the
third-layer body through a third-group wire contact point
(not shown in FIG. 11 and FIG. 12) and so forth.

[0120] In one embodiment as shown in FIG. 11 and FIG.
12, the wire and wire contact point of each group of signal
transmission line may be arranged below the corresponding
substrate layer. However, it would be understood that, in
other embodiments, the wire and wire contact point of each
group of signal transmission lines may be arranged above
the corresponding substrate layer; in this option, when the
wire 1s connected to the corresponding conductive element
of the corresponding body through the corresponding wire
contact point, there may be no need to pass through the
corresponding substrate layer.

[0121] In one embodiment, the ends of conductive ele-
ments of each body, such as the ends of first-layer conduc-
tive element 2105 and the second-layer conductive element
2115, etc., for connecting with a corresponding signal trans-
mission line, may be made in any form suitable for electrical
connection, for example, in the form of pads (shown in FIG.
7 or FIG. 12).

[0122] Other features in one embodiment can be identical
or similar to those in foregoing embodiments, which will not
be repeated herein.

[0123] In one embodiment, each layer of conductive ele-
ments passing bodies, such as the second-layer conductive
element 2115, the third-layer conductive element 2125, the
fourth-layer conductive element 2155 and the fifth-layer
conductive element 2165 in FIG. 7, or the second-layer
conductive element 2115 and the third-layer conductive
element 2125, and so on, may have contact points B to
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facilitate manufacture, which are located between passed
bodies, if the bodies are separated and then connected
together in the manner described in above embodiments.
The contact points B are identical to or similar to the wire
contact point of the signal transmission line, such the
first-group wire contact point 2202 or the second-group wire
contact point 2212 as shown in FIG. 12. Accordingly, in
manufacturing, the contact points may first be formed on
both sides of each layer of body and each pair of contact
points of one layer may be connected to each other by a
conductive material C passing through the corresponding
body. Then, the contact points on each body may be con-
nected accordingly to when layers of body are connected to
each other. Finally, the contact points B connected between
each layer of body and the conductive material C may
constitute the conductive element of each layer of body
mentioned above, when layers of body are connected to each
other. In other words, in one embodiment, the “conductive
element” in each layer of body may be constituted by several
parts connected to each other. Alternatively, as previously
described, the “conductive element” in each layer of body
may an integrally molded component, such as conductive
element 2115, 2125, 2155, 2165, etc., shown in FIG. 9.
[0124] In one embodiment, the layer quantity of bodies in
the connection component for array elements 21 may be
flexibly configured according to an actual design, as long as
the connection component for array elements 21 has at least
two layers of bodies, which may be flexibly configured
according to an actual design and/or quantity and/or dimen-
sion of the probe, the array element assembly 20, the
connection component for array elements and the signal
transmission line, as long as it has at least two layers of
bodies.

[0125] In one embodiment, the quantity and arrangement
of the conductive elements in the connection component for
array elements 21 of each layer of body may be configured
flexibly based on an actual design, which will not be limited
to a particular quantity and arrangement in the present
disclosure.

[0126] In the foregoing embodiments, when referring to a
“group” of components, such as the first-group signal trans-
mission line, the second-group signal transmission line, the
first-group substrate layer, the second-group substrate layer,
etc., the “group” of components may be only one component
or may contain a plurality of components.

[0127] In the foregoing embodiments, the first-group sig-
nal transmission line 220 may be connected with the first-
layer conductive element 2105 of the wiring connection
region of each layer of body in any suitable manner. For
example, as shown in FIG. 2 or FIG. 11, the extension
direction of the first-group signal transmission line 220 may
be perpendicular to that of the first-layer conductive element
2105. Alternatively, as shown in FIG. 13, the extension
direction of the first-group signal transmission line 220 may
be parallel to or coincide with that of the first-layer conduc-
tive element 2105.

[0128] In still another embodiment, a transducer 2 of the
ultrasonic probe may include more than one connection
component for array elements 21; instead, it may have a
plurality of connection components for array elements 21.
That is, an array element assembly 20 may be connected to
the more than one connection component for array elements
21. In one embodiment as shown in FIG. 14 and FIG. 15, the
array element assembly 20 is connected to two connection
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components for array elements 21. In one embodiment, the
array element assembly 20 may be connected to at least one
connection component for array elements 21, that is, the
ultrasonic probe may have at least one connection compo-
nent for array elements.

[0129] Herein, when referring to an “above/upper” or
“below/lower” position, it means the ultrasonic probe is
placed vertically and the ultrasonic head is upward.

[0130] Accordingly, an ultrasonic imaging system is pro-
vided in still another embodiment of the present disclosure,
which includes a host and any one of the ultrasonic probes
mentioned above. The ultrasonic probe may be connected to
the host which may receive ultrasonic echoes and make the
ultrasonic probe emit ultrasonic waves, so as to achieve
ultrasonic scanning and imaging. In one embodiment, the
host may be a conventional host employed in a field of
ultrasonic imaging.

[0131] In one embodiment, the connection component for
array elements may be in a stepped shape. The signal
transmission line may be connected to an array element
assembly through the stepped connection component, so
there might be sufficient space for interconnection between
the array element assembly and the signal transmission line,
such as an FPC, PCB, cable, etc.

[0132] In one embodiment, since the stepped connection
component for array elements may be an integral compo-
nent, there may be a reduction in the alignment requirement
and assembly difficulty when it is interconnected with array
elements in the array element assembly. At the same time,
signal transmission lines, such as an FPC, PCB, cable, etc.,
may engender a multi-layer structure when they are con-
nected with the stepped connection component for array
elements, because the latter has a multi-layered structure.
Thus there might be sufficient space for the signal transmis-
sion lines. Moreover, the quantity of the body of the stepped
connection component for array elements might be reason-
ably selected in accordance with the quantity of the array
elements in the array element assembly, the processing
difficulty of the stepped connection component for array
elements, and the quantity of corresponding array element
controlling components. As a result, the signal transmission
lines might be arranged easily and flexibly, and the inter-
ference problem and difficulty of wiring arrangement caused
by complicated and compact wiring might be reduced, and
the interconnection between the array element assembly and
corresponding array element controlling component via the
signal transmission line might be improved with less cost.
[0133] The foregoing embodiments with detailed descrip-
tions represent several implementations of the present dis-
closure, but they should not be construed as limiting the
scope of the present disclosure. It should be noted that, for
those skilled in the art, a number of modifications and
improvements can also be made without departing from the
idea of the present disclosure, which is within the claimed
scope of the present disclosure. Therefore, the claimed scope
of the present disclosure should be subject to the appended
claims.

We claim that:

1. A connection component in an ultrasonic probe, com-
prising:

a first-layer body comprising a first upper surface and a

first-layer wiring connection region arranged on a first
lower surface of the first-layer body;
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a second-layer body connected to the first-layer body and
comprising a second-layer wiring connection region
arranged on a second lower surface of the second-layer
body;

a first-layer conductive element arranged on the first-layer
wiring connection region and extended to the first
upper surface of the first-layer body by penetrating
through the first-layer body; and

a second-layer conductive element arranged on the sec-
ond-layer wiring connection region and extended to the
first upper surface of the first-layer body by penetrating
through the second-layer body and the first-layer body.

2. The connection component of claim 1, further com-

prising:

a third-layer body connected to the second-layer body and
comprising a third-layer wiring connection region
arranged on a third lower surface of the third-layer
body; and

a third-layer conductive element arranged on the third-
layer wiring connection region and extended to the first
upper surface of the first-layer body by penetrating
through the third-layer body, the second-layer body and
the first-layer body.

3. An ultrasonic probe, comprising a transducer, wherein

the transducer comprises:

an array element assembly comprising a plurality of array
elements; and

a connection component comprising:

a first-layer body comprising a first upper surface and
a first-layer wiring connection region arranged on a
first lower surface of the first-layer body, wherein a
plurality of conductive contacts are arranged on the
first upper surface and each conductive contact is
connected to one of the array elements respectively;

a second-layer body connected to the first-layer body
and comprising a second-layer wiring connection
region arranged on a second lower surface of the
second-layer body;

a plurality of first-layer conductive elements arranged
on the first-layer wiring connection region and
extended to the first upper surface of the first-layer
body by penetrating through the first-layer body,
wherein each first-layer conductive element is con-
nected to one of the conductive contacts; and

a plurality of second-layer conductive elements
arranged on the second-layer wiring connection
region and extended to the first upper surface of the
first-layer body by penetrating through the second-
layer body and the first-layer body, wherein each
second-layer conductive element is connected to one
of the conductive contacts.

4. The ultrasonic probe of claim 3, wherein the transducer

further comprises:

a first-group signal transmission line connected to the
plurality of first-layer conductive elements; and

a second-group signal transmission line connected to the
plurality of second-layer conductive elements.

5. The ultrasonic probe of claim 4, wherein:

the first-group signal transmission line is provided with a
first-group substrate layer and a first-group wire formed
on the first-group substrate layer;

the second-group signal transmission line is provided
with a second-group substrate layer and a second-group
wire formed on the second-group substrate layer;
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the second-layer body is an extension part of the first-
group substrate layer;

the first-group wire is connected to the first-layer conduc-
tive element; and

the second-group wire is connected to the second-layer
conductive element.

6. The ultrasonic probe of claim 3, wherein:

the connection component further comprises:

a third-layer body connected to the second-layer body and
comprising a third-layer wiring connection region
arranged on a third lower surface of the third-layer
body; and

a plurality of third-layer conductive elements arranged on
the third-layer wiring connection region and extended
to the first upper surface of the first-layer body by
penetrating through the third-layer body, the second-
layer body and the first-layer body, wherein each third-
layer conductive element is connected to one of the
conductive contacts;

7. The ultrasonic probe of claim 6, wherein the ultrasonic

transducer further comprises:

a first-group signal transmission line connected to the
plurality of first-layer conductive elements;

a second-group signal transmission line connected to the
plurality of second-layer conductive elements; and

a third-group signal transmission line connected to the
plurality of third-layer conductive elements.

8. The ultrasonic probe of claim 7, wherein:

the first-group signal transmission line is provided with a
first-group substrate layer and a first-group wire formed
on the first-group substrate layer;

the second-group signal transmission line is provided
with a second-group substrate layer and a second-group
wire formed on the second-group substrate layer;

the third-group signal transmission line is provided with
a third-group substrate layer and a third-group wire
formed on the third-group substrate layer;

the second-layer body is an extension part of the first-
group substrate layer;

the third-layer body is an extension part of the second-
group substrate layer;

the first-group wire is connected to the first-layer conduc-
tive element;
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the second-group wire is connected to the second-layer

conductive element; and

the third-group wire is connected to the third-layer con-

ductive element.

9. The ultrasonic probe of claim 3, wherein the first upper
surface is provided with a plurality of conductive contacts
and each conductive contract is electrically connected to one
of the array elements.

10. The ultrasonic probe of claim 3, wherein each array
element comprises a transducer element and a backing block
connected with the transducer element.

11. The ultrasonic probe of claim 10, wherein the first-
layer body. the second-layer body and the backing block are
made of same material.

12. An ultrasonic imaging system, comprising an ultra-
sonic probe which comprises a transducer, wherein the
transducer comprises:

an array element assembly comprising a plurality of array

elements; and

a connection component comprising:

a first-layer body comprising a first upper surface and
a first-layer wiring connection region arranged on a
first lower surface of the first-layer body, wherein a
plurality of conductive contacts are arranged on the
first upper surface and each conductive contact is
connected to one of the array elements respectively;

a second-layer body connected to the first-layer body
and comprising a second-layer wiring connection
region arranged on a second lower surface of the
second-layer body;

a plurality of first-layer conductive elements arranged
on the first-layer wiring connection region and
extended to the first upper surface of the first-layer
body by penetrating through the first-layer body,
wherein each first-layer conductive element is con-
nected to one of the conductive contacts; and

a plurality of second-layer conductive elements
arranged on the second-layer wiring connection
region and extended to the first upper surface of the
first-layer body by penetrating through the second-
layer body and the first-layer body, wherein each
second-layer conductive element is connected to one
of the conductive contacts.
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