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ULTRASOUND PROBE AND CONNECTION
METHOD FOR SIGNAL LINES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of PCT Interna-
tional Application No. PCT/JP2012/079248 filed on Nov. 12,
2012, which claims priority under 35 U.S.C. §119(a) to Japa-
nese Application No. 2012-079989 filed on Mar. 30, 2012.
The above application is hereby expressly incorporated by
reference, in its entirety, into the present application.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to an ultrasound probe
and a method for connecting signal lines, in particular, to an
ultrasound probe having a plurality of signal lines which are
drawn out from a plurality of piezoelectric elements and are
connected to an ultrasound diagnostic apparatus body
through communication cables and a method for connecting
the signal lines.

[0003] Conventionally, ultrasound diagnostic apparatuses
using ultrasound images have been put to practical use in the
medical field. In general, an ultrasound diagnostic apparatus
of this type transmits an ultrasonic beam from a plurality of
piezoelectric elements of an ultrasound probe into a subject’s
body, receives the echo from the subject with the plurality of
piezoelectric elements of the ultrasound probe, and electri-
cally processes the resulting reception signals in an ultra-
sound diagnostic apparatus body to produce an ultrasound
image.

[0004] Recently, in order to improve ultrasound image
resolution, ultrasound probes that transmit and receive high-
frequency ultrasonic beams have come into practical use.
Through transmission and reception of high-frequency ultra-
sonic beams, ultrasonic echoes from objects that are present
at short distances within a subject’s body can be individually
obtained, whereby the resolution can be improved. On the
other hand, there has been a problem that use of a high-
frequency ultrasonic beam in ultrasound diagnosis would
easily invite noise mixture. For example, as signals have the
higher frequency, reception signals respectively received by
the plurality of piezoelectric elements of the ultrasound probe
are likely to cause electric cross-talk among them. As a result,
the signal-to-noise ratio of reception signals significantly
drops. In addition, a high-frequency ultrasonic beam readily
attenuates as propagating within the subject’s body, which
will be another cause ofa decrease in the signal-to-noise ratio.
[0005] In order to suppress the decrease in the signal-to-
noise ratio of reception signals, the plurality of reception
signals received by the plurality of piezoelectric elements of
the ultrasound probe are transmitted to the ultrasound diag-
nostic apparatus body through coaxial cables, respectively. In
this manner, reception signals can be kept from being affected
by electric cross-talk or the like, and the decrease in the
signal-to-noise ratio of reception signals can be suppressed.
On the other hand, it is difficult to thoroughly connect from
the plurality of piezoelectric elements of the ultrasound probe
to the ultrasound diagnostic apparatus body with coaxial
cables. For example, drawn-out signal lines that are drawn out
from signal electrodes of the plurality of piezoelectric ele-
ments to the outside are connected to the coaxial cables via
connection conductors formed on a printed board. Since the
drawn-out signal lines and the connection conductors are not
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shielded from each other, noises would be possibly mixed in
reception signals transmitting therebetween.

[0006] Accordingly, as a technology for suppressing noise
mixture into reception signals, there has been proposed pro-
vision of grounded conductive layers each being disposed
between adjacent connection conductors formed on a printed
board as disclosed, for example, in JP 06-105396 A.

[0007] In the ultrasound probe described in JP 06-105396
A, the respective grounded conductive layers suppress cross-
talk among connection conductors and can thus suppress
noise mixture into reception signals.

[0008] However, it is difficult to drastically suppress an
influence of cross-talk among connection conductors or an
electric influence from the outside merely by means of pro-
vision of the grounded conductive layers each being disposed
between adjacent connection conductors. In particular, when
the ultrasonic echo received by the ultrasound probe has a
center frequency of 10 MHz or higher, its electric influence
would possibly be a major cause of a decrease in the signal-
to-noise ratio of reception signals.

SUMMARY OF THE INVENTION

[0009] The present invention has been made to solve the
above-described problem of the prior art and has an object to
provide an ultrasound probe capable of suppressing a
decrease in the signal-to-noise ratio of reception signals and a
method for connecting signal lines.

[0010] An ultrasound probe according to the present inven-
tion has a plurality of piezoelectric elements arranged in an
array, the plurality of piezoelectric elements outputting recep-
tion signals obtained through transmission and reception of
an ultrasonic beam to an ultrasound diagnostic apparatus
body, the ultrasound probe comprising: a printed board on
which a plurality of connection conductors are formed for
connecting between a plurality of drawn-out signal lines
drawn out from the plurality of piezoelectric elements and a
plurality of communication cables connected to the ultra-
sound diagnostic apparatus body, respectively, wherein con-
nection-conductor insulation layers are formed on the printed
board so as to cover respective outer peripheries of the plu-
rality of connection conductors, and a connection-conductor
ground conductive layer is formed on the printed board so as
to cover individual outer peripheries of the connection-con-
ductor insulation layers, whereby the plurality of connection
conductors are shielded from one another.

[0011] A signal line connecting method according to the
present invention connects a plurality of drawn-out signal
lines drawn out from a plurality of piezoelectric elements
arranged in an array to an ultrasound diagnostic apparatus
body through communication cables, the method comprising
the steps of:

[0012] connecting the plurality of drawn-out signal lines to
the plurality of communication cables through a plurality of
connection conductors formed on a printed board arranged
between the plurality of piezoelectric elements and the ultra-
sound diagnostic apparatus body; and

[0013] covering outer peripheries of the plurality of con-
nection conductors respectively with connection-conductor
insulation layers formed on the printed board and covering
outer peripheries of the connection-conductor insulation lay-
ers individually with a connection-conductor ground conduc-
tive layer formed on the printed board, whereby the plurality
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of connection-conductors that connect the plurality of drawn-
out signal lines to the plurality of communication cables are
shielded from one another.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 11s a perspective view illustrating a part of an
ultrasound probe according to an embodiment of the present
invention.

[0015] FIG. 2 is a cross section illustrating a configuration
of the ultrasound probe according to the embodiment.
[0016] FIG. 3 is a cross section illustrating a printed board
of the ultrasound probe according to the embodiment.

[0017] FIG. 4 is a cross section taken along a line A-A of
FIG. 3.
[0018] FIGS. 5A to 5F are cross sections illustrating a

method of producing the ultrasound probe according to the
embodiment in order of production steps.

DETAILED DESCRIPTION OF THE INVENTION

[0019] An embodiment of the present invention will be
described below based on the appended drawings.

[0020] FIG. 1 illustrates a configuration of an ultrasound
probe according to an embodiment of the present invention. A
plurality of inorganic piezoelectric elements 2 are arranged at
apredetermined pitch on the top surface of a backing material
1. The inorganic piezoelectric elements 2 comprise a plurality
of inorganic piezoelectric bodies 21 separated from one
another, and signal electrode layers 22 are respectively joined
to surfaces on one side of the inorganic piezoelectric bodies
21, while a ground electrode layer 23 is joined to entire
surfaces on the other side of the inorganic piezoelectric bodes
21. Thus, each of the inorganic piezoelectric elements 2 com-
prises a dedicated inorganic piezoelectric body 21, a dedi-
cated signal electrode layer 22, and a part of a ground elec-
trode layer 23.

[0021] Acoustic matching layers 3a and 35 are sequentially
joined onto the inorganic piezoelectric elements 2. The
acoustic matching layers 3a and 35 are not severed into a
plurality of pieces and extend entirely over the inorganic
piezoelectric elements 2. Further, an acoustic lens 5 is joined
onto the acoustic matching layer 3b via a protection layer 4.
[0022] Asillustrated in FIG. 2, the signal electrode layer 22
formed in each of the inorganic piezoelectric elements 2
extends from one end to the other end of the inorganic piezo-
electric body 21, and, at the other end, the signal electrode
layer 22 is connected to a drawn-out signal line 24. The
drawn-out signal line 24 is connected to the signal electrode
layer 22 on a one-to-one basis, is drawn out to the outside of
the inorganic piezoelectric body 21 from the connection pot-
tion along the surface of the backing material 1 and is bent so
as to be opposed to an end face of the backing material 11. In
addition, a signal-line insulation member 26 is disposed so as
to embed inside thereof a plurality of the drawn-out signal
lines 24 that are drawn to the outer side of the inorganic
piezoelectric bodies 21.

[0023] In the meantime, the ground electrode layer 23
formed on the inorganic piezoelectric elements 2 extends
from an end to the other end of the inorganic piezoelectric
body 21, which other end is connected to a signal-line ground
conductive member 25. The signal-line ground conductive
member 25 has a plate-like shape and is disposed so as to
extend entirely over the plurality of inorganic piezoelectric
elements 2. The signal-line ground conductive member 25
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connected to the ground electrode layer 23 is drawn to the
outer side of the inorganic piezoelectric bodies 21 from their
connection portion along the surface of the inorganic piezo-
electric bodies 21 and is bent so as to be opposed to end faces
of the inorganic piezoelectric bodies 21. Accordingly, the
signal-line ground conductive member 25 is disposed to
cover the outside of the signal-line insulation member 26 in
which the drawn-out signal lines 24 are embedded, whereby
the signal-line ground conductive member 25 is electrically
insulated from the drawn-out signal lines 24 by the signal-line
insulation member 26.

[0024] A printed board 6 is arranged at an end face of the
backing material 1, and the drawn-out signal lines 24 con-
nected to the plurality of signal electrode layers 22 are respec-
tively connected to a plurality of coaxial cables 7 connected
via a plurality of connection conductors 61 formed on the
printed board 6 to an ultrasound diagnostic apparatus body.

[0025] FIG. 3 illustrates a configuration of the printed
board 6 at which the coaxial cables 7 are connected to the
drawn-out signal lines 24. The printed board 6 includes a
board body 62 formed of an insulating resin or the like. On a
surface of the board body 62, the plurality of connection
conductors 61 are formed so as to each extend from an end
toward the other end of the board body 62, and a connection-
conductor insulation layer 63 is formed to surround the outer
periphery of each of the connection conductors 61, while a
connection-conductor ground conductive layer 64 is formed
to surround the outer peripheries of the respective connec-
tion-conductor insulation layers 63.

[0026] Specifically, as illustrated in FIG. 4, the board body
62 is provided on its top surface with a plurality of guide
grooves 65 that correspond to the plurality of connection
conductors 61 and extend from an end to the other end of the
board body 62, and each of the connection conductors 61 is
disposed in each of the guide grooves 65 where the connec-
tion conductor 61 is covered by the connection-conductor
ground conductive layer 64 via the connection-conductor
insulation layer 63. The connection-conductor ground con-
ductive layer 64 consists of a lower conductive layer 64a
provided along the surfaces of the guide grooves 65 and an
upper conductive layer 645 provided above the lower conduc-
tive layer 64a so as to entirely cover the plurality of guide
grooves 65. The lower conductive layer 64a and the upper
conductive layer 644 are in contact with each other on parti-
tions 66 each separating between adjacent guide grooves 65,
whereby the connection-conductor ground conductive layer
64 can thoroughly surround the outer periphery of the con-
nection conductor 61 in each of the guide grooves 65 and can
separate each of the connection conductors 61 from one
another.

[0027] The connection-conductor insulation layer 63 con-
sists of a lower insulation layer 63« disposed in contact with
the lower conductive layer 64a and an upper insulation layer
635 disposed in contact with the upper conductive layer 645.
The lower insulation layer 63 and the upper insulation layer
635 throughly surround the outer periphery of the connection
conductor 61, whereby the connection-conductor insulation
layer 63 can electrically insulate the connection conductor 61
from the connection-conductor ground conductive layer 64.
[0028] As described above, the connection conductor 61 is
disposed in each of the guide grooves 65 and has its outer
periphery from one end to the other end surrounded by the
connection-conductor ground conductive layer 64 via the
connection-conductor insulation layer 63. In addition, as
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illustrated in FIG. 3, the connection conductor 61 is con-
nected to the drawn-out signal line 24 inserted from one end
into the connection-conductor insulation layer 63 and is also
connected to a core wire 71 of the coaxial cable 7 inserted
from the other end into the connection-conductor insulation
layer 63. The coaxial cable 7 consists of a cable insulation
member 72 disposed so as to cover the outer periphery of the
core wire 71, a cable conductive member 73 disposed so as to
cover the outer periphery of the cable insulation member 72,
and a protection film 74 disposed so as to cover the cable
conductive member 73.

[0029] One end of the connection-conductor ground con-
ductive layer 64 is connected to the signal-line ground con-
ductive member 25 connected to the ground electrode layer
23 while the other end thereof is connected to the cable
conductive member 73 of the coaxial cable 7. Preferably, the
guide grooves 65 are formed such that when the tip portions
of the core wires 71 of the plurality of coaxial cables 7 are
respectively disposed in the plurality of guide grooves 65, the
core wires 71 of the plurality of coaxial cables 7 are aligned
with and connected to the plurality of connection conductors
61 and the cable conductive members 73 of the plurality of
coaxial cables 7 abut the plurality of connection-conductor
ground conductive layers 64. Preferably, the connection con-
ductors 61 and the connection-conductor ground conductive
layer 64 have the distance therebetween, dielectric constants
thereof and the like that are adjusted so as to have a charac-
teristic impedance corresponding to that of the coaxial cables
7.

[0030] Inthe meantime, arear surface of the board body 62
is joined to a board ground conductive layer 67 that is
grounded. At least one of the signal-line ground conductive
layer 25, the connection-conductor ground conductive layer
64 and the cable conductive member 73 is required to be
grounded, and, for example, the connection-conductor
ground conductive layer 64 can be connected to the board
ground conductive layer 67. As described above, since the
connection-conductor ground conductive layer 64 is
grounded using the configuration of the printed board 6, the
structure of the ultrasound probe in relation to grounding can
be simplified.

[0031] Meanwhile, the inorganic piezoelectric body 21 of
the inorganic piezoelectric element 2 can be formed of a
lead-based oxide having a perovskite structure such as a lead-
based piezoelectric ceramic typified by lead zirconate titanate
(Pb(Zr,T1)O,) or a relaxor-based piezoelectric monocrystal
typified by a magnesium niobate-lead titanate solid solution
(PMN-PT) and a zinc niobate-lead titanate solid solution
(PZN-PT). In addition, other piezoelectric elements can be
also used in place of the inorganic piezoelectric element 2.
Other piezoelectric elements that can be also used include, for
example, an organic piezoelectric element made of a
vinylidene fluoride compound such as polyvinylidene fluo-
ride (PVDF) or a polyvinylidene fluoride trifluoroethylene
copolymer (P(VDF-TrFE)).

[0032] The backing material 1 supports the plurality of
inorganic piezoelectric elements 2 and absorbs the ultrasonic
waves discharged backwards. The backing material 1 may be
made of a rubber material such as ferrite rubber.

[0033] The acoustic matching layers 3a and 35 are pro-
vided to allow an ultrasonic beam emitted from the inorganic
piezoelectric elements 2 to efficiently enter a subject and is
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formed of a material having an acoustic impedance between
that of the inorganic piezoelectric elements 2 and that of a
living body.

[0034] The protection layer 4 protects the acoustic match-
ing layer 35 and is made of, for example, polyvinylidene
fluoride (PVDF).

[0035] The acoustic lens 5 uses refraction to focus an ultra-
sonic beam in order to improve the resolution in the elevation
direction and is formed of, for example, silicon rubber.
[0036] Next, an example of a method of producing an ultra-
sound probe is shown.

[0037] First, as illustrated in FIG. 5A, the plurality of guide
grooves 65 are formed on the top surface of the board body 62
of the printed board 6 such that the guide grooves 65 extend
from one end to the other end of the board body 62. At this
time, the board ground conductive layer 67 that is grounded
has been preliminarily formed over the entire rear surface of
the board body 62. Next, as illustrated in FIG. 5B, the lower
conductive layer 64q is formed over the entire top surface of
the board body 62. The lower conductive layer 64a is formed
along the surfaces of the guide grooves 65 that are formed on
the top surface of the board body 62 to cover bottoms and
sides of the connection conductors 61 that are respectively
disposed in the guide grooves 65 as illustrated in FIG. 4.
[0038] Subsequently. as illustrated in FIG. 5C, the lower
insulation layers 634 each having a shape corresponding to
the guide groove 65 are respectively formed in the guide
grooves 65, thereby covering the surfaces of the lower con-
ductive layer 64a. At this time, since the lower insulation
layers 63a are formed so as to extend from one end to the
vicinity of the other end of the board body 62 along the guide
grooves 65, the lower conductive layer 64a is exposed above
the partitions 66 and in the vicinity of the other end of the
guide grooves 65. The lower insulation layer 63a can be
constituted of a resist to protect the printed board 6, for
example. The resist is coated over the entire surfaces of the
lower insulation layers 63a and thereafter removed from the
surfaces above the partitions 66 and in the vicinity of the other
end of the guide grooves 65, whereby the lower insulation
layer 63a can be formed.

[0039] Next, the plurality of connection conductors 61 are
disposed on the surfaces of the lower insulation layer 63a
along the corresponding guide grooves 65. In other words, the
bottom and the sides of each of the connection conductors 61
disposed in one of the guide grooves 65 is covered by the
lower conductive layer 64a as illustrated in FIG. 4. As the
connection conductors 61 are respectively disposed along the
guide grooves 65 in this manner, the connection conductors
61 can be easily arranged and guided in the predetermined
direction.

[0040] The drawn-out signal lines 24 respectively con-
nected to the inorganic piezoelectric elements 2 are then
inserted into the corresponding guide grooves 65 from one
end while the core wires 71 of the coaxial cables 7 are inserted
into the corresponding guide grooves 65 from the other end.
[0041] As illustrated in FIG. 5D, the drawn-out signal lines
24 inserted into the guide grooves 63 from one end and the
core wires 71 of the coaxial cables 7 inserted from the other
end are respectively connected to one end portions and the
other end portions of the connection conductors 61 that have
been preliminarily disposed in the guide grooves 65 by means
of soldering or the like. As described above, the drawn-out
signal lines 24 are disposed on the surfaces of the lower
insulation layers 63a along the guide grooves 65. In addition,
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the core wires 71 and the cable insulation members 72 of the
coaxial cables 7 are disposed on the surfaces of the lower
insulation layers 63a while the cable conductive members 73
are also disposed so as to abut the lower conductive layer 64a
exposed in the vicinity of the other end of board body 62.
[0042] Next, as illustrated in FIG. SE, the upper insulation
layers 630 respectively fit inside the guide grooves 65 and are
disposed so as to cover the top parts and the sides of the
connection conductors 61 disposed in the guide grooves 65.
The upper insulation layers 635 and the lower insulation
layers 63a are connected to each other to constitute the con-
nection-conductor insulation layers 63 inside the guide
grooves 65 in this manner, whereby the outer peripheries of
the connection conductors 61, the core wires 71 of the coaxial
cables 7 and the drawn-out signal lines 24 inserted into the
guide grooves 65 are thoroughly covered by insulation layers.
In the meantime, the lower conductive layer 64a is exposed
above the partitions 66, while the cable conductive members
73 of the coaxial cables 7 are exposed. The upper insulation
layer 635 can be formed of a resin material such as epoxy
resin, urethane, and acrylic resin.

[0043] Subsequently, the exposed portions of the drawn-
out signal lines 24, that is, the portions between the plurality
of inorganic piezoelectric elements 2 and the printed board 6
are embedded in the signal-line insulation member 26. The
outer peripheries of the drawn-out signal lines 24 are then
entirely covered by an insulation material.

[0044] Thereafter, as illustrated in FIG. 5F, the upper con-
ductive layer 644 is formed on the entire surface of the printed
board 6 using a silver paste or the like so as to be connected to
the lower conductive layer 64a above the partitions 66,
whereby the connection-conductor ground conductive layer
64 is formed to thoroughly surround the outer peripheries of
the connection conductors 61 via the connection-conductor
insulation layers 63 in the guide grooves 65.

[0045] Inaddition, the signal-line ground conductive mem-
ber 25 connected to the ground electrode layer 23 of the
plurality of inorganic piezoelectric elements 2 is disposed so
as to cover the outside of the signal-line insulation member
26, and the other end of the signal-line ground conductive
member 25 is connected to the connection-conductor ground
conductive layer 64. Moreover, the connection-conductor
ground conductive layer 64 is connected to the board ground
conductive layer 67 formed on the rear surface of the board
body 62.

[0046] Accordingly, the ground electrode layer 23, the sig-
nal-line ground conductive member 25, the connection-con-
ductor ground conductive layer 64 and the cable insulation
members 72 are sequentially connected to integrally form a
shielding structure, thereby shielding the drawn-out signal
lines 24, the connection conductors 61 and the core wires 71
that are disposed inside the shielding structure from the out-
side. In addition, the connection-conductor ground conduc-
tive layer 64 is formed so as to cover the outer periphery of
each of the connection conductors 65, thereby shielding each
of the connection conductors 65 from one another.

[0047] Next, the operation of this embodiment will be
described.
[0048] First, application of a voltage in the form of pulses or

a continuous wave between the signal electrode layers 22 and
the ground electrode layer 23 of the inorganic piezoelectric
elements 2 causes the inorganic piezoelectric bodies 21 of the
inorganic piezoelectric elements 2 to expand and contract,
generating ultrasonic waves in the form of pulses or a con-
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tinuous wave. The ultrasonic waves pass through the acoustic
matching layers 3a and 34, the protection layer 4, and the
acoustic lens 5 to enter a subject, where the ultrasonic waves
are combined to form an ultrasonic beam, which propagates
inside the subject.

[0049] Subsequently. as ultrasonic echoes of the ultrasonic
beam that propagated inside and reflected from the subject
enter the individual organic piezoelectric elements 2 through
the acoustic lens 5, the protection layer 4 and the acoustic
matching layers 3a and 34, the inorganic piezoelectric bodies
21 respond to the ultrasonic waves by expansion and contrac-
tion, generating electric signals between the signal electrode
layers 22 and the ground electrode layer 23, which electric
signals are outputted as reception signals from the signal
electrode layers 22 to the corresponding drawn-out signal
lines 24.

[0050] During this process, since the drawn-out signal lines
24 are shielded from the outside by the signal-line ground
conductive layer 64 via the signal-line insulation member 26,
noise mixture into the reception signals that are transmitted
through the drawn-out signal lines 24 due to electric influence
from the outside can be suppressed.

[0051] Next, the respective reception signals are transmit-
ted from the drawn-out signal lines 24 to the connection
conductors 61 and travel over the connection conductors 61
extending from one end to the other end of the printed board
along the guide grooves 65. Since the connection conductors
61 are shielded from one another by the connection-conduc-
tor ground conductive layer 64 via the connection-conductor
insulation layers 63, noise mixture into the reception signals
traveling over the connection conductors 61 due to influence
from electric crosstalk among reception signals can be sup-
pressed. The reception signals having traveled over the con-
nection conductors 61 from one end to the other end thereof
without the influence of crosstalk are transmitted to the ultra-
sound diagnostic apparatus body from the connection con-
ductors 61 through the core wires 71 of the coaxial cables 7.
[0052] Inthis way, during transmission of reception signals
from the ultrasound probe to the ultrasound diagnostic appa-
ratus body, not only the core wires 71 of the coaxial cables 7
but also the drawn-out signal lines 24 that are drawn out from
the inorganic piezoelectric elements 2 of the ultrasound probe
and the connection conductors 61 of the printed board 6 are
shielded from the outside, and thus a decrease in the signal-
to-noise ratio of the reception signals that have traveled the
signal lines can be suppressed. In addition, as the plurality of
connection conductors 61 formed on the printed board 6 are
shielded from one another, a decrease in the signal-to-noise
ratio of the reception signals can be further suppressed. In
particular, when the ultrasonic echo received by the ultra-
sound probe has a high frequency, e.g., a center frequency of
10 MHz or higher. its reception signal is likely to be affected
by an electric influence, possibly resulting in a significant
decrease in the signal-to-noise ratio. However, with the ultra-
sound probe having the above-described shielding structure,
a decrease in the signal-to-noise ratio of reception signals
having a high frequency can be also suppressed.

[0053] Moreover, as the connection conductors 61 and the
connection-conductor ground conductive layer 64 are consti-
tuted to have a characteristic impedance corresponding to that
of the coaxial cables 7, loss of reception signals at the time
when the reception signals are transmitted from the connec-
tion conductors 61 to the core wires 71 of the coaxial cables
7 can be suppressed.
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[0054] Once reception signals enter the ultrasound diag-
nostic apparatus body via the coaxial cables 7, the ultrasound
diagnostic apparatus body generates an ultrasound image
based on the reception signals entered. Since a decrease in the
signal-to-noise ratio of the reception signals entered in the
ultrasound diagnostic apparatus body is suppressed, an ultra-
sound image with a high image quality can be generated. In
addition, even when an ultrasound image is generated
through transmission and reception of an ultrasonic beam
having a high frequency, since a decrease in the signal-to-
noise ratio of the reception signals is similarly suppressed, an
ultrasound image with high resolution in which noise mixture
is suppressed can be generated.

[0055] In the above-described embodiment, a decrease in
the signal-to-ratio of reception signals is suppressed in the
ultrasound probe that transmits and receives an ultrasonic
beam. However, this is not the sole case, and a decrease in the
signal-to-noise ratio can be suppressed in a different probe as
long as the probe obtains reception signals from piezoelectric
elements that receive ultrasonic waves, and an example
thereof may be a probe used in photoacoustic examinations
where a subject is irradiated with light to generate photoa-
coustic waves in the subject, and a photoacoustic image is
generated based on reception signals obtained through detec-
tion of the photoacoustic waves.

What is claimed is:

1. An ultrasound probe comprising:

a plurality of piezoelectric elements arranged in an array;

a plurality of drawn-out signal lines drawn out from the

plurality of piezoelectric elements; and

aprint board on which a plurality of connection conductors

are formed for connecting between a plurality of com-
munication cables connected to an ultrasound diagnos-
tic apparatus body and the plurality of drawn-out signal
lines, respectively,

wherein connection-conductor insulation layers are

formed on the printed board so as to cover respective
outer peripheries of the plurality of connection conduc-
tors, and a connection-conductor ground conductive
layer is formed on the printed board so as to cover
individual outer peripheries of the connection-conduc-
tor insulation layers, whereby the plurality of connec-
tion conductors are shielded from one another.

2. The ultrasound probe according to claim 1, wherein a
signal-line insulation member is disposed between the plu-
rality of piezoelectric elements and the printed board so as to
embed the plurality of drawn-out signal lines, and a signal-
line ground conductive member having a plate shape is dis-
posed so as to cover an outside of the signal-line insulation
member, whereby the plurality of drawn-out signal lines are
shielded from an outside.

3. The ultrasound probe according to claim 2, wherein the
signal-line connection conductive member is connected to
ground electrodes formed in the plurality of piezoelectric
elements and also to the connection-conductor ground con-
ductive layer.

4. The ultrasound probe according to claim 1, wherein a
plurality of guide grooves are formed on a surface of the
printed board so as to extend correspondingly to the plurality
of connection conductors, and the plurality of connection
conductors covered by the connection-conductor insulation
layers and the connection-conductor ground conductive layer
are respectively disposed in the guide grooves.
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5. The ultrasound probe according to claim 4, wherein tip
portions of core wires of the plurality of communication
cables are respectively disposed in the guide grooves formed
on the printed board so that the core wires of the plurality of
communication cables are aligned and connected to the plu-
rality of connection conductors.

6. The ultrasound probe according to claim 5, wherein the
plurality of communication cables include: cable insulation
members formed so as to respectively cover outer peripheries
ofthe core wires; and cable conductive members formed so as
to respectively cover outer peripheries of the cable insulation
members and also to connect with the connection-conductor
ground conductive layer.

7. The ultrasound probe according to claim 1, wherein the
plurality of communication cables connected to the ultra-
sound diagnostic apparatus body are constituted by coaxial
cables, and

wherein the connection conductors and the connection-

conductor ground conductive layer are formed on the
printed board so as to have a characteristic impedance
corresponding to a characteristic impedance of the
coaxial cables.

8. The ultrasound probe according to claim 1, wherein the
printed board includes a board ground conductive layer on a
rear surface of the printed board, and the connection-conduc-
tor ground conductive layer is connected to the board ground
conductive layer.

9. The ultrasound probe according to claim 1, wherein an
ultrasonic echo received by the plurality of piezoelectric ele-
ments has a center frequency of 10 MHz or higher.

10. The ultrasound probe according to claim 1, further
comprising a backing material on a surface of which the
plurality of piezoelectric elements are arrayed,

wherein the plurality of piezoelectric elements includes a

plurality of inorganic piezoelectric bodies, a plurality of
signal electrode layers joined to one surfaces of the
plurality of inorganic bodies opposing to the backing
material, and a ground electrode material joined entirely
to another surfaces of the plurality of inorganic piezo-
electric bodies.

11. The ultrasound probe according to claim 10, wherein
the printed board is arranged along an end face of the backing
material.

12. The ultrasound probe according to claim 11, wherein
the plurality of drawn-out signal lines are drawn out from the
plurality of signal electrode layers along the surface of the
backing material and are bent so as to oppose the end face of
the backing material, thereby being connected to the plurality
of connection conductors at an end portion of the printed
board.

13. The ultrasound probe according to claim 12, wherein
the plurality of connection conductors are formed on the
printed board so as to extend from the end portion to another
end portion opposing the end portion.

14. The ultrasound probe according to claim 13, wherein
the plurality of connection conductors are connected to the
plurality of communication cables at the other end portion of
the printed board.

15. The ultrasound probe according to claim 10, wherein
the backing material is formed of a rubber material.

16. The ultrasound probe according to claim 10, wherein
the plurality of inorganic piezoelectric bodies are formed of a
lead-based oxide having a perovskite structure.
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17. The ultrasound probe according to claim 1, further
comptrising an acoustic matching layer disposed on the plu-
rality of piezoelectric elements.

18. The ultrasound probe according to claim 17, further
comprising an acoustic lens disposed on the acoustic mating
layer.

19. The ultrasound probe according to claim 18, further
comprising, between the acoustic matching layer and the
acoustic lens, a protection layer for protecting the acoustic
matching layer.

20. A method for connecting signal lines comprising the
steps of:

connecting a plurality of drawn-out signal lines drawn out

from a plurality of piezoelectric elements arranged in an
array of an ultrasound probe to a plurality of communi-
cation cables connected to an ultrasound diagnostic
apparatus body through a plurality of connection con-
ductors formed on a printed board; and

covering outer peripheries of the plurality of connection

conductors respectively with connection-conductor
insulation layers formed on the printed board and cov-
ering outer peripheries of connection-conductor insula-
tion layers individually with a connection-conductor
ground conductive layer formed on the printed board,
whereby the plurality of connection-conductors that
connect the plurality of drawn-out signal lines to the
plurality of communication cables are shielded from one
another.
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