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An ultrasonic probe includes ultrasonic oscillating elements
arranged in a two-dimensional array shape, connection leads
connected to the ultrasonic oscillating elements, and at least
one board to connect the ultrasonic oscillating elements and
integrated circuits. The board includes a first part having
through-holes which are electrically connected to the con-
nection leads when the connection leads are inserted, and
second parts having bendable portions configured to connect
the first part and the integrated circuits.
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ULTRASONIC PROBE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the
benefit of priority under 35 U.S.C. §119 from the prior
Japanese Patent Application No. JP2004-301324 filed on
Oct. 15, 2004, the entire contents of which are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002]

[0003] Exemplary aspects of the present invention relate
to an ultrasonic probe used in an ultrasonic diagnostic
apparatus.

[0004]

[0005] Related art ultrasonic probes used in an ultrasonic
diagnostic apparatus have a cable assembly that exchanges
electric signals between ultrasonic oscillating elements,
which transmit and receive ultrasonic waves, and a main
body of the ultrasonic diagnostic apparatus.

[0006] An ultrasonic probe that performs three-dimen-
sional scanning using ultrasonic waves by deflecting and
focusing ultrasonic beams omni-directionally has been
developed.

[0007] Such ultrasonic probes include a two-dimensional
array ultrasonic probe in which a large number of ultrasonic
oscillating elements, which constitute an ultrasonic trans-
ducer, are arranged in a matrix shape.

[0008] Related art techniques to lead signals from the
ultrasonic oscillating elements arranged two-dimensionally
out to an integrated circuit in the ultrasonic probe and the
main body of the ultrasonic diagnostic apparatus are
described below.

[0009] U.S. Pat. No. 5,267,221 proposes a structure in
which a hole is drilled in a backing material to lead signals
out from the hole. JP-A-62-2799 describes a structure in
which boards, corresponding to arrays of ultrasonic oscil-
lating elements, are stacked to lead out signals.

[0010] The structure of two-dimensional array ultrasonic
probes disclosed in these patent documents make it possible
to keep an acoustic characteristic of one element satisfac-

tory.
[0011] U.S. Pat. No. 5,311,095 describes a structure in

which a stacked board for extracting signals is arranged
immediately below ultrasonic oscillating elements.

[0012] However, as a basic structure of the ultrasonic
probe, the ultrasonic oscillating elements and the main body
of the ultrasonic diagnostic apparatus are coupled by the
cable assembly. In the two-dimensional array ultrasonic
probe having a large number of very small ultrasonic oscil-
lating elements, reception signals from the ultrasonic oscil-
lating elements are also relatively small. Therefore, when
the reception signals are passed directly through the cable
assembly connected to the main body of the ultrasonic
diagnostic apparatus, the reception signals are significantly
attenuated because of an electrostatic capacity of the cable
assembly. Thus, integrated circuits or the like, including a

1. Field of the Invention

2. Description of the Background
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preamplifier or the like, to extract the reception signals from
the ultrasonic oscillating elements satisfactorily, are required
near the ultrasonic transducer.

[0013] Moreover, two-dimensional array ultrasonicprobes
require a large number of ultrasonic oscillating elements
compared with that in a one-dimensional array. Therefore,
when an attempt to independently transmit signals from the
each of of the ultrasonic oscillating elements to the main
body of the ultrasonic diagnostic apparatus, the number of
cable cores of the cable assembly becomes large. This means
that a cable connecting the ultrasonic probe and the main
body of the ultrasonic diagnostic apparatus becomes thick
and heavy. Such a structure does not support a method of
using an ordinary ultrasonic diagnostic apparatus in which
the ultrasonic probe has to be operated freely.

[0014] Therefore, the two-dimensional array ultrasonic
probe adopts a construction to reduce the number of signals
transmitted to the main body of the ultrasonic diagnostic
apparatus by, for example, connecting ultrasonic signals
from the ultrasonic oscillating elements commonly to one
data line. Therefore, integrated circuits or the like, to reduce
the number of signals by commonly connecting data lines,
is required in the ultrasonic probe.

[0015] Inthe two-dimensional array ultrasonic probe, inte-
grated circuits or the like, control a large number of electric
signals with low intensity, which are lead from the group of
ultrasonic oscillating elements by data lines, as described
above, are mounted near the ultrasonic transducer. In addi-
tion, from the viewpoint of operability of the ultrasonic
probe, it is necessary to keep a size of the ultrasonic probe
equal to or smaller than a fixed size. Thus, the integrated
circuits or the like are built at a high density.

[0016] As an example of a technique meeting the demand,
as disclosed in JP-A-2001-292496 of the inventors, a con-
struction to electrically and mechanically couple two kinds
of boards substantially orthogonally using connection leads
is proposed.

BRIEF SUMMARY OF THE INVENTION

[0017] An exemplary aspect of the invention provides a
small ultrasonic probe.

[0018] An ultrasonic probe according to a first exemplary
aspect of the invention to address and/or solve the above
and/or other problems described above is an ultrasonic probe
including: a plurality of ultrasonic oscillating elements
arranged in a two-dimensional array; a plurality of connec-
tion leads connected to the plurality of ultrasonic oscillating
elements; and a first board to connect the plurality of
ultrasonic oscillating elements with at least one integrated
circuit. The first board includes a first part having through-
holes, which are electrically connected to the connection
leads when the connection leads are inserted into the through
holes; and at least one second part, a part of which is formed
to be bendable, that connects the first part and the at least one
integrated circuit.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0019] The exemplary aspects of the invention and atten-
dant advantages therefore are best understood from the
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following description of the non-limiting exemplary
embodiments when read in connection with the accompa-
nying Figures, wherein:

[0020] FIGS. 1A and 1B are a perspective view and a
sectional view respectively, showing a an ultrasonic trans-
ducer of an ultrasonic probe in a first exemplary embodi-
ment of the invention;

[0021] FIGS. 2A and 2B are perspective views showing a
constitution of an ultrasonic transducer and a board con-
nected to the ultrasonic transducer of the ultrasonic probe in
the first exemplary embodiment of the invention;

[0022] FIG. 3 is a perspective view showing a the ultra-
sonic transducer and the board of the ultrasonic probe in the
first exemplary embodiment of the invention are connected,

[0023] FIGS. 4A and 4B are a front view and a bottom
view respectively, showing a positional relation between the
ultrasonic transducer and an IC board on the one hand and
the board on the other of the ultrasonic probe in the first
exemplary embodiment of the invention;

[0024] FIG.5 is a perspective view showing the ultrasonic
probe in the first exemplary embodiment of the invention;

[0025] FIG. 6 is a perspective view showing the ultrasonic
probe in the first exemplary embodiment of the invention;

[0026] FIG. 7 is a perspective view showing an ultrasonic
transducer and a board connected to the ultrasonic trans-
ducer of an ultrasonic probe in a second exemplary embodi-
ment of the invention;

[0027] FIGS. 8Ato 8C are plan views showing respective
boards of the ultrasonic probe in the second exemplary
embodiment of the invention;

[0028] FIG.9 is a perspective view showing the ultrasonic
probe in the second exemplary embodiment of the invention;

[0029] FIG. 10 is a perspective view showing the ultra-
sonic probe in the second exemplary embodiment of the
invention;

[0030] FIG. 11 is a perspective view showing an ultrasonic
transducer and a board connected to the ultrasonic trans-
ducer of an ultrasonic probe in a third exemplary embodi-
ment of the invention;

[0031] FIGS. 12Ato 12C are plan views showing respec-
tive boards of the ultrasonic probe in the third exemplary
embodiment of the invention;

[0032] FIGS. 13A and 13B are perspective views showing
a relay board of an ultrasonic probe in a fourth exemplary
embodiment of the invention; and

[0033] FIG. 14 is a perspective view showing the ultra-
sonic probe in the fourth exemplary embodiment of the
invention.

DETAILED DESCRIPTION OF THE
INVENTION
[0034] Exemplary of the invention will be hereinafter
explained with reference to the accompanying drawings.
First Exemplary Embodiment

[0035] FIGS. 1A and 1B are schematic diagrams of a
two-dimensional array ultrasonic transducer 10 included in
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an ultrasonic probe in a first exemplary embodiment of the
invention. FIG. 1A is a perspective view of the two-dimen-
sional array ultrasonic transducer 10 and FIG. 1B is a
sectional view taken along A-A in FIG. 1A.

[0036] As shown in FIG. 1A, the two-dimensional array
ultrasonic transducer 10 includes an acoustic matching layer
12, ground electrodes 14, ultrasonic oscillating elements 16,
signal electrodes 18. a backing material 20, and connection
leads 22.

[0037] The acoustic matching layer 12 is provided
between a subject (not shown) and the ultrasonic oscillating
elements 16. The acoustic matching layer 12 matches the
acoustic impedances of the subject and the ultrasonic oscil-
lating elements 16.

[0038] The ground electrodes 14 are provided at one end
of respective ultrasonic oscillating elements 16. The ground
electrodes 14 are connected to a ground.

[0039] The ultrasonic oscillating elements (piezoelectric
members) 16 are piezoelectric elements including piezoelec-
tric ceramics or the like and are arranged in a two-dimen-
sional matrix shape. The arrangement in the two-dimen-
sional matrix shape of the ultrasonic oscillating elements 16
makes it possible to perform omni-directional focusing and
three-dimensional scanning of ultrasonic waves. In this
exemplary embodiment, the ultrasonic oscillating elements
16 are piezoelectric elements. However, the ultrasonic oscil-
lating elements 16 are not limited to piezoelectric elements.
For example, the ultrasonic oscillating elements 16 may be
any suitable element including CMUT elements or the like.
The CMUT element is an ultrasonic oscillating element of
an electrostatic capacity coupling type in which a thin film
and a board are provided across an air-gap. Ultrasonic waves
are transmitted by oscillation of the thin film. Oscillation of
the thin film caused by reception of reflected waves of the
ultrasonic waves is converted into an echo signal of an
electric signal.

[0040] The backing material 20 is provided on rear sur-
faces of the ultrasonic oscillating elements 16. The backing
material 20 is a material to eliminate unnecessary reflection
and reverberation in a probe of ultrasonic pulses transmitted
from the ultrasonic oscillating elements 16.

[0041] Paths to draw out the connection leads 22 from the
signal electrodes 18 in a direction perpendicular to an
arrangement surface of the ultrasonic oscillating elements 16
are formed in the backing material 20. End sections 221 of
the connection leads 22 drawn out by the paths are arranged
two-dimensionally in the same manner as the ultrasonic
oscillating elements 16.

[0042] Tt is possible to manufacture the backing material
20 by, for example, stacking thin tabular backing materials,
having a thickness the same as an arrangement pitch of the
ultrasonic oscillating elements 16.

[0043] The thickness of the backing material 20 is set to
sufficiently attenuate ultrasonic waves, in order to keep an
acoustic characteristic of the ultrasonic transducer satisfac-
tory.

[0044] The connection leads 22 have end sections 221 at
one end. The connection leads 22 are connected to the signal
electrodes 18 of respective ultrasonic oscillating elements 16
at the other end. The connection leads 22 are passed through



US 2007/0244392 Al

the paths in the backing material 20 from the signal elec-
trodes 18 in a direction perpendicular to an arrangement
surface of the ultrasonic oscillation elements 16. Therefore,
the end sections 221 of the connection leads 22 are arranged
two-dimensionally on a surface of the backing material 20
on the opposite side of the ultrasonic oscillating elements 16.

[0045] In this exemplary embodiment, the end sections
221 of the connection leads 22 are arranged at the same
arrangement pitch as the ultrasonic oscillating elements 16,
specifically, in the same manner as the electrode arrange-
ment. However, it is also possible to set an arrangement
pitch of the end sections 221 of the connection leads 22
larger than the arrangement pitch of the ultrasonic oscillat-
ing elements 16. For example, when a two-dimensional
array of the connection leads 22 is formed by sticking the
tabular backing material and a data line pattern together, it
is possible to realize the arrangement pitch of the end
sections 221 of the connection leads 22 by forming a pattern
of the connection leads 22 to be stuck so as to widen toward
the end sections 221 of the connection leads 22.

[0046] In the explanation of this exemplary embodiment,
one connection lead 22 and one signal electrode 18 are
provided for each of the ultrasonic oscillating elements 16.
However, the connection lead 22 and the signal electrode 18
may commonly connect plural ultrasonic oscillating ele-
ments to lead out the ultrasonic oscillating elements to one
end section 221.

[0047] FIGS. 2A and 2B are perspective views showing
the ultrasonic probe in the first exemplary embodiment of
the invention. FIG. 2A is a perspective view of the ultrasonic
transducer 10. FIG. 2B is a perspective view showing a
positional relation of the ultrasonic transducer 10 and a
board 30 in connecting the ultrasonic transducer 10 and the
board 30. As shown in FIG. 2A, the connection leads 22
arranged two-dimensionally are electrically connected to the
end sections 221 drawn out from the ultrasonic oscillating
elements 16 of a two-dimensional array ultrasonic trans-
ducer, respectively. The connection leads 22 are formed of
conductive metal and connected to the board 30 described
later by soldering.

[0048] As shown in FIG. 2B, the board 30 includes a
center section 31 (a first part) and end sections 32 (a second
part). The center section 31 has through-holes 311 formed in
association with the connection leads 22 such that the
connection leads 22 can be inserted into the through-holes
311. The respective through-holes 311 include data lines to
transmit signals to the end sections 32. The end sections 32
connect the data lines from the respective through-holes 311
to electrode pads 321 through data lines 33.

[0049] The end sections 32 may bend toward the center
section 31 on boundary sections (“bent sections” in the
figure) between the end sections 32 and the center section
31. Specifically, a flexible board, the center section 31 and
the end sections 32 which bends flexibly, may be applied to
the board 30. The end sections 32 may be made of a material
which bends or warps toward the center section 31 or may
be made of a material, only a part of which bends or warps.

[0050] The boundary sections (the bent sections) do not
always have to be clearly provided. The board 30 may be a
board that includes an area (the center section 31) that makes
sure electrical connection with the connection leads 22
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through the through-holes 311, areas (the end sections 32)
that bend or warp toward the area and in which the electrode
pads 321 are formed, and the data lines 33 that the through-
holes 311 and the electrode pads 321 conductive.

[0051] The electrode pads 321 connect the ultrasonic
transducer 10 and integrated circuits 45 directly or indi-
rectly.

[0052] FIG. 3 shows the ultrasonic transducer 10 con-
nected to the board 30 as described above. FIGS. 4A and 4B
show a relation of connecting positions among the ultrasonic
transducer 10, IC boards 40 mounted with integrated cir-
cuits, and the board 30 in this exemplary embodiment.

[0053] As shown in FIG. 4B, the IC boards 40, such as
rigid boards mounted with the integrated circuits 45, which
process (e.g., amplify or switch) received signals, are con-
nected to the electrode pads 321. In this exemplary embodi-
ment, the end sections 32 are bent toward the center section
31 in boundary sections of the center section 31 and the end
sections 32 (in the figure, “bent sections”) to connect the IC
boards 40 to the electrode pads 321. For example, when the
board 30 provided with the two end sections 32 at both ends
of the center section 31 is adopted, as shown in FIG. 5, the
two end sections 32 are bent with the center section 31 fixed
to the ultrasonic transducer 10 to connect the IC boards 40
to the electrode pads 321 formed near the end sides of the
two end sections 32.

[0054] Note that, in FIG. 2B, FIG. 3, and FIGS. 4A and
4B, the data lines 33 are drawn out only from the through-
holes 311 in three rows each, at both ends of the center
section 31, among the through-holes 311 formed in the
center section 31, and are connected to the electrode pads
321, respectively. However, it is also possible that the data
lines 33 are drawn out from all the through-holes 311 formed
in the center section 31 and the electrode pads 321 corre-
sponding to the data lines 33 are formed.

[0055] In this exemplary embodiment, the data lines may
be drawn out from all the through-holes 311 in a certain area.
However, it is also possible that the data lines are not drawn
out from all the through-holes 311, and the through-holes
311 from which the data lines are not drawn out, are located
at random.

[0056] Advantages of such random connection are
described below. It is convenient from the viewpoint of ease
of processing to form a two-dimensional array ultrasonic
transducer in a matrix shape and provide the connection
leads 22 in all arrays thereof. However, from the viewpoint
of formation of an image, all the ultrasonic oscillating
elements 16 do not always have to be driven. Even if the
ultrasonic oscillating elements 16 not being driven are
present at random locations, it is possible to form an image.
Since an arrangement of the ultrasonic oscillating elements
16 not being driven is random, the image is not clearly
affected by the arrangement. If the ultrasonic oscillating
elements 16 to be driven are reduced, since it is possible to
reduce the number of signals to be lead out, the number of
signals to be processed is reduced. This makes it possible to
reduce a size of the two-dimensional array ultrasonic probe
and reduce a diameter of cables therefor.

[0057] The through-holes 311 and the electrode pads 321
do not always have to be connected in a one-to-one relation.
For example, the data lines 33 drawn out from the plural
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through-holes 311 may be connected to one electrode pad
321. The data lines 33 drawn out from one through-hole 311
may be connected to the plural electrode pads 321.

[0058] In this exemplary embodiment, the IC boards 40
mounted with the integrated circuits 45 are connected to the
electrodes pads (multipole connectors) 321. However, the IC
boards 40 do not always have to be connected to the
electrode pads 321. The integrated circuits 45 may be
directly connected to the electrode pads 321. The integrated
circuits 45 may be mounted on the end sections 32 or the IC
boards 40 and the integrated circuits 45 may be connected to
the end sections 32 in a mixed state. With such a constitu-
tion, it is possible to reduce mounting space for members
mounted on the end sections 32. This makes it possible to
realize a reduction in a size of the ultrasonic probe.

[0059] In this exemplary embodiment, the board 30
includes the one center section 31 and the two end sections
32 provided at both side ends of the center section 31.
However, three or more end sections 32 may be provided for
the one center section 31 at a side end of the center section
31. Thus, even when the connection leads 22 are increased,
it is possible to distribute drawing-out of data lines from the
connection leads 22 via the through-holes 311 formed in the
center section 31. Therefore, it is possible to set the inte-
grated circuits 45 efficiently using spaces in the ultrasonic
probe effectively. As a result, it is possible to realize a
reduction in a size of the ultrasonic probe.

[0060] In this exemplary embodiment, the board 30
includes the one center section 31 and the two end sections
32 provided at both the side ends of the center section 31.
However, one end section 32 may be provided for the one
center section 31 at a side end of the center section 31.

[0061] FIG. 6 is a diagram for explaining a mechanism to
connect a cable 60, which connects the ultrasonic probe and
the main body of the ultrasonic diagnostic apparatus in the
first exemplary embodiment of the invention, and the IC
board 40.

[0062] As shown in FIG. 6, the cable 60 is a cable to
electrically connecting the main body of the ultrasonic
diagnostic apparatus and the IC board 40 and the like. The
cable 60 includes an FPC for cable assembly 601 (a flexible
printed board) and a cover 603 that covers the FPC for cable
assembly 601. The cable 60 is flexible.

[0063] A cable connection board 50 is a board to connect
the IC board 40 and the cable 60. The cable connection
board 50 is made of a flexible FPC. One end of the cable
connection board 50 is electrically connected to one end on
the opposite side of an end of the IC board 40 where
connection pins (not shown) are provided.

[0064] Connectors 62 are provided at the other end of the
cable connection board 50 and one end of the FPC for cable
assembly 601, respectively. The cable connection board 50
and the FPC for cable assembly 601 are electrically con-
nected by the connectors 62.

[0065] According to the exemplary embodiment explained
above, it is possible to draw out the refined data lines 33
from the connection leads 22 via the through-holes 311.
Therefore, it is possible to efliciently set the integrated
circuits 45 using spaces in the ultrasonic probe effectively.
As a result, it is possible to realize a size reduction of the
ultrasonic probe.
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[0066] Compared with the the relay board and connection
pins in the related art example described in JP-A-2001-
292496, it is possible to reduce a size of the arrangement of
the connection sections (the connection leads 22) because a
flexible board is used as the board 30 and warp of the board
30 is utilized. Therefore, it is possible to realize a size
reduction of the ultrasonic probe.

[0067] If a flexible printed board including superimposed
thin films is used as the board 30, in processing the board 30,
it is possible to apply various thin-film processing tech-
niques, such as etching and sputtering. A technique of
microfabrication in a thin film is remarkably higher in
accuracy compared with a processing technique in a tabular
bulk. Therefore, it is possible to perform finer processing in
the connection of the through-holes and the data lines 33.
This makes it possible to reduce a size of the arrangement of
the connection sections (the connection leads 22).

[0068] Moreover, the board 30 including the center section
31, in which the through-holes 311 are formed, and the end
sections 32 to connect the board 30 to the integrated circuits
45 or the like, is interposed between the ultrasonic trans-
ducer 10 and the integrated circuits 45. Thus, a degree of
freedom in forming the data lines 33 formed in the board 30
is increased. It is possible to provide the ultrasonic probe in
which the integrated circuit 45 is packaged at high density
near the ultrasonic transducer 10.

Second Exemplary Embodiment

[0069] An wultrasonic probe in a second exemplary
embodiment of the invention will be described with refer-
ence to the drawings.

[0070] As a characteristic of this exemplary embodiment,
plural boards 30 are provided. In this exemplary embodi-
ment, the plural boards 30 are explained. Explanations of
components identical with those in the first exemplary
embodiment are omitted.

[0071] FIG. 7 is a perspective view showing the ultrasonic
probe in the second exemplary embodiment of the invention.
As shown in FIG. 7, in plural boards (a first board 30a, a
second board 304, and a third board 30¢) provided to be
superimposed on the connection leads 22 side of the ultra-
sonic transducer 10, sizes of center sections 31a, 315, and
31¢, arrangements of the through-holes 311, and shapes of
end sections 32a, 32b, and 32¢ are set substantially the same,
respectively.

[0072] The first board 30a, the second board 305, and the
third board 30c¢ are different in the form of the through-holes
311 formed in the respective center sections 31. Specifically,
the through-holes 311, which are through-holes not electri-
cally connected to the connection leads 22, are also formed
in at least any one of the center sections 314, 315, and 31c¢.
The respective boards 30 are conductive to at least a part of
the connection leads 22. As a whole, the boards 30 share all
the connection leads 22 divided into predetermined areas
(e.g., divided into three).

[0073] Note that the through-holes 311 provided in all the
superimposed boards 30 may be conductive to all the
connection leads 22, respectively.

[0074] For example, as shown in FIGS. 8A to 8C, only a
part of the through-holes 311 of the center sections 314, 315,
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and 31c, which are constituted in a 12x12 matrix in asso-
ciation with the connection leads 22 (not shown) constituted
in 12x12 matrix, are drawn out by the data lines 33. In the
first board 30a, the data lines 33 are drawn out from the
through-holes 311 in three rows each near the bent sections
of the center section 31a.

[0075] As shown in FIG. 8B, in the second board 305, the
data lines 33 are drawn out from the through-holes 311 in
two rows each, Specifically, a fourth row and a fifth row
from the bent sections of the center section 315.

[0076] As shown in FIG. 8C, in the third board 30c, the
data lines 33 are drawn out from the through-holes 311 in
one row each, specifically, a sixth row from the bent sections
of the center section 31¢. In this case. the through-holes 311
in the fourth to the sixth rows from the bent sections
correspond to the through-holes 311, which are through-
holes from which the data lines 33 are not drawn out, formed
in the center section 31a (the through-holes 311 are indi-
cated by hatching in the figure as a “nonconductive area™).
The through-holes 311 in the first to the third rows and the
through-holes 311 in the sixth row from the bent sections
correspond to the through-holes 311, which are through-
holes from which the data lines 33 are not drawn out, formed
in the center section 314 (the through-holes 311 are indi-
cated by hatching in the figure as “nonconductive areas”).
The through-holes 311 in the first to the fifth rows from the
bent sections correspond to the through-holes 311, which are
through-holes from which the data lines 33 are not drawn
out, formed in the center section 31¢ (the through-holes 311
are indicated by hatching in the figure as “nonconductive
areas™).

[0077] Note that, in this exemplary embodiment, the
through-holes 311 belonging to the “nonconductive areas” in
the respective center sections 31 are not electrically con-
nected to the connection leads 22 as simple through-holes
that do not draw out the data lines 33. However, it is also
possible that the through-holes 311 belonging to the “non-
conductive areas” are not connected by the electrode pads
321 formed in the respective end sections 32 and the data
lines 33.

[0078] As shown in FIG. 9, the IC boards 40 such as rigid
boards mounted with the integrated circuits 45, which pro-
cess (e.g., amplify or switch) received signals, are connected
to the respective electrode pads 321. The respective elec-
trode pads 321 are electrically connected to the respective
connection leads 22 by being connected to the through-holes
311, which are formed in the respective boards 30a, 305, and
30¢, by the data lines 33. In this exemplary embodiment, the
end sections 32 are bent toward the center sections 31 to
connect the IC boards 40. For example, when the boards 30
including the two end sections 32 at both the ends of the
center sections 31 are adopted, the two end sections 32 are
bent about 90° with the center sections 31 fixed to the
ultrasonic transducer 10. The IC boards 40 are connected to
the electrode pads 321 formed near the end sides of the two
end sections 32, respectively.

[0079] When flexible boards are adopted as the boards 30,
the boards 30 only have to be warped without providing the
bent sections of the center sections 31 and the end sections
32.

[0080] In this exemplary embodiment, the IC boards 40
mounted with the integrated circuits 45 are connected to the
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electrode pads 321. However, the IC boards 40 do not
always have to be connected to the electrode pads 321. The
integrated circuits 45 may be directly connected to the
electrode pads 321. Specifically, the integrated circuits 45
may be mounted on the end sections 32. Alternatively, the IC
boards 40 and the integrated circuits 45 may be connected to
the end sections 32 in a mixed state. With such a constitu-
tion, it is possible to reduce a mounting space for members
mounted on the end sections 32. Thus, it is possible to
realize a reduction in a size of the ultrasonic probe.

[0081] In this exemplary embodiment, the board 30
includes the one center section 31 and the two end sections
32 provided at both ends of the center section 31. However,
three or more end sections 32 may be provided for the one
center section 31. With such a constitution, even when the
connection leads 22 are increased, it is possible to further
distribute drawing-out of data lines from the connection
leads 22 via the through-holes 311 formed in the center
section 31. Therefore, it is possible to set the integrated
circuits 45 efficiently using spaces in the ultrasonic probe
effectively. As a result, it is possible to realize a further size
reduction in the ultrasonic probe.

[0082] FIG. 10 is a diagram for explaining a mechanism to
connect the cable 60, which connects the ultrasonic probe
and the main body of the ultrasonic diagnostic apparatus in
the second exemplary embodiment of the invention, and the
IC boards 40.

[0083] As shown in FIG. 10, the cable 60 is a cable to
electrically connect the main body of the ultrasonic diag-
nostic apparatus and the IC board 40 and the like. The cable
60 includes the FPC for cable assembly 601 (a flexible
printed board) and the cover 603 that covers the FPC for
cable assembly 601. The cable 60 is flexible.

[0084] The cable connection boards 50 are boards to
connect the IC boards 40 and the cable 60. The cable
connection boards 50 are made of a flexible FPC. One end
of the cable connection boards 50 are electrically connected
to one end on the opposite side of end of the IC boards 40,
where connection pins (not shown) are provided.

[0085] The connectors 62 are provided at the other end of
the cable connection boards 50 and one end of the FPC for
cable assembly 601, respectively. The cable connection
boards 50 and the FPC for cable assembly 601 are electri-
cally connected by the connectors 62.

[0086] According to the exemplary embodiment explained
above, it is possible to distribute conduction of the respec-
tive connection leads 22 of the ultrasonic transducer 10
using the through-holes 311, the data lines 33, and the
electrode pads 321 that are formed on the superimposed
boards 30, respectively.

[0087] This makes it possible to arrange the electrode pads
321, specifically, the IC boards 40 according to a way of
forming the data lines 33 without depending on the arrange-
ment of the connection leads 22.

[0088] Each of the data lines 33 has to be conductive to the
end sections 32 through spaces among the through-holes 311
and the other data lines 33. However, in this exemplary
embodiment, conduction from the connection leads 23 is
distributed to each of the superimposed boards 30. There-
fore, in particular, in the center section 31 where the
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through-holes 311 are formed, it is possible to give room to
wiring of the data lines 33. This makes it possible to draw
out a large number of data lines 33 while keeping the
arrangement of the connection leads 22 small.

[0089] Since the flexible board is adopted as the board 30,
it is possible to easily perform connection in both a case in
which the flexible board and a board mounted with inte-
grated circuits and the like are connected in advance and,
then, the flexible board and the board are coupled to con-
nection leads and a case in which the connection leads and
the flexible board are coupled and, then, the connection
leads and the flexible board are connected to the board
mounted with the integrated circuits and the like.

[0090] Since the board on which data lines and through-
holes to electrically connect the connection leads and elec-
trode pads (IC boards) are formed is adopted, electrical
connection is made possible only by inserting the connection
leads into the through-holes. This makes it unnecessary to
perform positioning at the time of connection and makes
connection work easy.

[0091] Since it is possible to couple plural flexible boards
simultaneously and in the same manner using the connection
leads, it is possible to connect all the flexible boards in the
same work. Thus, workability in manufacturing is enhanced.

Third Exemplary Embodiment

[0092] An ultrasonic probe in a third exemplary embodi-
ment of the invention will be explained with reference to the
drawings.

[0093] As a characteristic of this exemplary embodiment,
as opposed to the first and the second exemplary embodi-
ments, the plural boards 30a, 305, and 30c¢ are not super-
imposed on the center sections 31a, 315, and 31c, respec-
tively, and each of the boards 30a, 305, and 30¢ includes the
center section 31, in which through-holes are provided only
in a part of the connection leads 22, and one end section 32
at one side ends thereof. In this exemplary embodiment, a
constitution of the plural boards 30 is explained. Explana-
tions of components identical with those in the first and the
second exemplary embodiments are omitted.

[0094] FIG. 11 is a perspective view showing a constitu-
tion of the ultrasonic probe in the third exemplary embodi-
ment of the invention. As shown in FIG. 11, a size of the
center sections 31a, 315, and 31c¢ of the respective boards
(the first boards 30q, the second boards 300, and the third
boards 30c¢) is set according to an arrangement of the
connection leads 22 to be conductive. Ends 32a, 3254, and
32¢ are provided at one side ends of the respective center
sections 31a, 31b, and 31c.

[0095] For example, as shown in FIG. 12A, for the con-
nection leads 22 (not shown) constituted in a 12x12 matrix,
the two first boards 30a include the center sections 31a, the
data lines 33, and the end sections 32a, respectively. The
center sections 31a have the through-holes 311 correspond-
ing to three rows each from both the end sides of the
connection leads 22. The data lines 33 are drawn out from
the respective through-holes formed in the center sections
31a. In the end sections 32q, the electrode pads 321 are
formed.

[0096] As shown in FIG. 12B, for the connection leads 22
(not shown) constituted in a 12x12 matrix, the two second
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boards 305 include the center sections 315, the data lines 33,
and the end sections 325, respectively. In the center sections
315, the through-holes 311 are formed in a 12x6 matrix in
order to draw out the data lines 33 from the through-holes
311 corresponding to the fourth row and the fifth row from
both the end sides of the connection leads 22. The data lines
33 are drawn out from the through-holes 311 corresponding
to the fourth row and the fifth row from both the end sides
of the connection leads 22 among the through-holes 311
formed in the center sections 315. In the end sections 324,
the electrode pads 321 are formed.

[0097] As shown in FIG. 12C, for the connection leads 22
(not shown) constituted in a 12x12 matrix, the two third
boards 30c¢ include the center sections 31c¢, the data lines 33,
and the end sections 32¢, respectively. In the center sections
31¢, the through-holes 311 are formed in a 12x6 matrix in
order to draw out the data lines 33 from the through-holes
311 corresponding to the sixth row from both the end sides
of the connection leads 22. The data lines 33 are drawn out
from the through-holes 311 corresponding to the sixth row
from both the end sides of the connection leads 22 among
the through-holes 311 formed in the center sections 31¢. In
the end sections 32¢, the electrode pads 321 are formed.

[0098] Note that the through-holes 311, to not be conduc-
tive to the connection leads 22 in the center sections 31, do
not have to be electrically connected to the connection leads
22 as simple through-holes. The through-holes 311 to not be
conductive to the connection leads 22 in the center sections
31 do not have to be connected by the electrode pads 321 and
the data lines 33 formed in the respective end sections 32.

[0099] According to this exemplary embodiment, a size of
the center sections 31 is changed according to an arrange-
ment on the side of the connection leads 22, which are
desired to be conductive, without depending on a size of a
surface on the connection leads 22 side of the ultrasonic
transducer 10. Thus, it is possible to reduce manufacturing
cost for the boards 30 and realize partial leading-out of
signals from the connection leads 22 effectively.

Fourth Exemplary Embodiment

[0100] An ultrasonic probe in a fourth exemplary embodi-
ment of the invention will be explained with reference to the
drawings.

[0101] In this exemplary embodiment, unlike the first to
the third exemplary embodiments, the connection leads 22
formed in the ultrasonic transducer 10 are not connected to
the board 30. As a characteristic of this exemplary embodi-
ment, a relay board 70, in which an arrangement interval
(pitch) and/or an arrangement order of the connection leads
22 is changed, is interposed between the ultrasonic trans-
ducer 10 and the board 30. In this exemplary embodiment,
a constitution of the relay board 70 is explained. Explana-
tions of components identical with those in the first and the
second exemplary embodiments are omitted.

[0102] FIGS. 13A and 13B are perspective views showing
the constitution of the relay board 70 in this exemplary
embodiment. As shown in FIGS. 13A and 13B, the relay
board 70 includes a first surface on which electrodes 71
connected to the connection leads 22 of the ultrasonic
transducer 10 are formed and a second surface that is
opposed to the first surface and on which second connection
leads 72 are arranged.
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[0103] As shown in FIG. 13A, holes 711 to insert the
respective connection leads 22 are formed on the first
surface of the relay board 70 in association with the arrange-
ment of the connection leads 22 provided in the ultrasonic
transducer 10. Electrodes (not shown) electrically to connect
to the connection leads 22 inserted in the holes 711 are
provided at bottoms of the respective holes 711. In the
explanation of this exemplary embodiment, the holes 711
and the electrodes are generally referred to as the electrodes
71.

[0104] As shown in FIG. 13B, second connection leads 72
electrically connected to the electrodes 71 are two-dimen-
sionally arranged on the second surface of the relay board
70. The second connection leads 72 are formed of conduc-
tive metal and may be connected to the second surface of the
relay board 70 by brazing.

[0105] As shown in FIG. 14, the connection leads 22 of the
ultrasonic transducer 10 are connected to the electrodes 71
of the relay board 70. The second connection leads 72 of the
relay board 70 are inserted into and connected to the
through-holes 311 of the board 30. Consequently, the inte-
grated circuits 45 mounted on the IC boards 40, which are
connected to the electrode pads 321 of the board 30, and the
ultrasonic transducers 10 are electrically connected.

[0106] The IC boards 40 in this exemplary embodiment
are also rigid boards mounted with the integrated circuits 45
that process (e.g., amplify or switch) transmission and
reception signals in the same manner as the exemplary
embodiments described above. The IC boards 40 have the
connection pins 401 corresponding to an arrangement inter-
val (pitch) of the electrode pads 321 of the board 30, which
is connected via the relay board 70, at one end thereof.

[0107] Although not shown in FIG. 14, as in the exem-
plary embodiments described above, a cable to electrically
connect the ultrasonic probes and the main body of the
ultrasonic diagnostic apparatus and a cable connection board
to connecting the cable and the IC boards 40 are also
provided in this exemplary embodiment.

[0108] According to the relay board 70 constituted in this
way, an arrangement interval (pitch) and an arrangement
order of the second connection leads 72 arranged on the
second surface are not affected by an arrangement interval
(pitch) and an arrangement order of the connection leads 22
(do not have to be the same as the arrangement interval
(pitch) and the arrangement order of the connection leads
22). It is possible to select wiring between the electrodes 71
and the second connection leads 72 freely.

[0109] For example, the relay board 70 is constituted by a
multilayer board. A pattern to change an arrangement inter-
val (pitch) and an arrangement order (a connection pattern to
change connection between the connection leads 22 and the
connection pins 401 of the IC boards 40 to one-to-one
connection, plural-to-one connection, and one-to-plural con-
nection) is provided in an intermediate layer thereof. This
makes it possible to secure a connection form of the through-
holes 311 formed in the board 30 and the electrode pads 321
in the exemplary embodiments described above.

[0110] Therefore, in addition to the function of the board
30 provided to enhance a degree of freedom of capacity of
the IC boards 40 mounted with the integrated circuits 45, a
degree of freedom is given to connection between the
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connection leads 22 and the integrated circuits 45. Thus, it
is possible to realize high-density packaging of the inte-
grated circuits 45.

[0111] The exemplary embodiments described above are
examples of the invention. The invention is not limited to the
exemplary embodiments. In the exemplary embodiments, a
board used in the ultrasonic probe is explained. However, it
is possible to similarly apply the invention to an exemplary
embodiment in which, via a board, integrated circuits and
another board mounted with the integrated circuits are
connected to connection leads projected in a matrix shape.
It is possible to obtain the same advantages as the advan-
tages obtained by the exemplary embodiments of the inven-
tion. Various modifications of the invention are possible
according to designs and the like without departing from the
technical idea of the invention.

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

a plurality of ultrasonic oscillating elements arranged in a
two-dimensional array;

a plurality of connection leads connected to the plurality
of ultrasonic oscillating elements; and

a first board to connect the plurality of ultrasonic oscil-
lating elements with at least one integrated circuit,
wherein the first board includes,

a first part having through-holes, which are electrically
connected to the connection leads when the connection
leads are inserted into the through-holes, and

at least one second part, a part of which is formed to be
bendable, that connects the first part and the at least one
integrated circuit.

2. An ultrasonic probe according to claim 1, wherein the
at least one integrated circuit is mounted on the at least one
second part.

3. An ultrasonic probe according to claim 1, comprising:

at least one second board mounted with at least one
integrated circuit and connected to the at least one
second part.
4. An ultrasonic probe according to claim 1, wherein the
first board comprises a flexible board.
5. An ultrasonic probe, comprising:

a plurality of ultrasonic oscillating elements arranged in a
two-dimensional array shape;

a relay section having a plurality of second connection
leads connected to the plurality of ultrasonic oscillating
elements; and

a first board to connect the relay section and at least one
integrated circuit, wherein the first board includes,

a first part having through-holes, which are electrically
connected to the plurality of second connection leads
when the plurality of second connection leads are
inserted into the through-holes, and

at least one second part having a bendable portion con-
figured to connect the first part and the at least one
integrated circuit.
6. An ultrasonic probe according to claim 5, wherein the
at least one integrated circuit is mounted on the at least one
second part.
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7. An ultrasonic probe according to claim 5, comprising:

at least one second board mounted with the at least one
integrated circuit and connected to the at least one
second part.
8. An ultrasonic probe according to claim 5, wherein the
first board comprises a flexible board.
9. An ultrasonic probe, comprising:

a plurality of ultrasonic oscillating elements arranged in a
two-dimensional array;

a plurality of connection leads connected to the ultrasonic
oscillating elements; and

a plurality of first boards that connect the plurality of
ultrasonic oscillating elements and at least one inte-
grated circuit, each first board including a first part
having through-holes to insert the plurality of connec-
tion leads and at least one second part that connects the
first part and the at least one integrated circuit and has
bendable portions, wherein

the plurality of connection leads have portions electrically
connected to the through-holes into which the plurality
of connection leads are inserted.

10. An ultrasonic probe according to claim 9, wherein the
first part of the plurality of first boards is provided to be laid
one on top of another.

11. An ultrasonic probe according to claim 9, wherein the
at least one integrated circuit is mounted on the at least one
second part.

12. An ultrasonic probe according to claim 9, wherein at
least one second board mounted with the at least one
integrated circuit is connected to the at least one second part.
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13. An ultrasonic probe according to claim 9, wherein the
plurality of first boards comprise flexible boards.
14. An ultrasonic probe, comprising:

a plurality of ultrasonic oscillating elements arranged in a
two-dimensional array shape;

a relay section having a plurality of second connection
leads connected to the plurality of ultrasonic oscillating
elements;

a plurality of first boards that connect the relay section and
at least one integrated circuit, each first board including
a first part having through-holes to insert the plurality
of second connection leads and at least one second part
that connects the first part and the at least one integrated
circuit and has a bendable portion; and

the plurality of second connection leads being electrically
connected to the through-holes into which the plurality
of second connection leads are inserted.

15. An ultrasonic probe according to claim 14, wherein
the first parts of the plurality of first boards are provided to
be laid one on top of another.

16. An ultrasonic probe according to claim 14, wherein
the at least one integrated circuit is mounted on the at least
one second part.

17. An ultrasonic probe according to claim 14, wherein at
least one second board mounted with the at least one
integrated circuit is connected to the at least one second part.

18. An ultrasonic probe according to claim 14, wherein
the plurality of first boards comprise flexible boards.
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