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(54) ULTRASONIC TRANSDUCER UNIT

(57) A resonance layer (30) and an acoustic separa-
tion layer (34) are arranged adjacent to each other be-
tween a piezoelectric element (24) and a circuit board
(16) provided with an electronic circuit for driving the pi-
ezoelectric element. The acoustic impedance of the res-
onance layer (30) is higher than that of the piezoelectric
element (24), and the acoustic impedance of the acoustic
separation layer (34) is lower than that of the circuit board
(16). An ultrasonic wave is reflected at the interface be-
tween the resonance layer (30) and the acoustic sepa-
ration layer (34) where the difference in acoustic imped-
ance is large, and the ultrasonic wave propagating to the
circuit-board (16) side is reduced.
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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to an ultrasound
transducer unit used for an ultrasound probe, and in par-
ticular, to a structure of the ultrasound transducer unit.

BACKGROUND

[0002] Ultrasound diagnostic apparatuses are used in
the medical field. An ultrasound diagnostic apparatus is
an apparatus which transmits and receives ultrasound
to and from a living body, and forms an ultrasound image
based on a reception signal obtained by the transmission
and reception of the ultrasound. The transmission and
reception of the ultrasound to and from the living body
are executed by an ultrasound probe (probe). The probe
includes a transducer including a piezoelectric element,
and ultrasound is transmitted and received by driving the
piezoelectric element.

[0003] The transducer includes a matching layer
placed on a living body side of the piezoelectric element.
The matching layer is a layer for acoustically matching
the piezoelectric element and the living body, by grada-
tionally reducing an acoustic impedance from the piezo-
electric element toward the living body. In addition, the
transducer may include a resonance layer placed adja-
cent to a back surface of the piezoelectric element; that
is, a surface opposite from the living body side. An acous-
ticimpedance of the resonance is higher than that of the
piezoelectric element, and is useful for resonating with
the piezoelectric element to effectively transmit the ultra-
sound toward the living body. On a back surface of the
transducer, a circuit board having an electronic circuit
which drives the piezoelectric element is placed. Patent
Document 1 shows an example of the ultrasound probe.

CITATION LIST
PATENT LITERATURE

[0004] Patent Document 1: JP 2005-507581 A

SUMMARY
TECHNICAL PROBLEM

[0005] Whenthe ultrasound transmitted from the trans-
ducer propagates to the circuit board, the ultrasound is
reflected within the circuit board, and a part of the ultra-
sound returns to the transducer and is further transmitted
into the living body. The ultrasound reflected in the circuit
board is transmitted in a delayed manner from the ultra-
sound which is directly transmitted. Due to the delay, the
ultrasound may form noise, resulting in a possible deg-
radation of the ultrasound image.

[0006] An advantage of the present disclosure lies in
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reduction of the ultrasound propagating from the trans-
ducer to the circuit board side.

SOLUTION TO PROBLEM

[0007] Accordingone aspectof the present disclosure,
there is provided an ultrasound transducer unit compris-
ing: a piezoelectric element; a circuit board having an
electronic circuit which drives the piezoelectric element;
a resonance layer placed between the piezoelectric ele-
ment and the circuit board, and being higher in acoustic
impedance than the piezoelectric element; and an acous-
tic separation layer placed on a circuit board side of the
resonance layer and adjacent to the resonance layer,
and being lower in acoustic impedance than the circuit
board.

[0008] Due to the difference in the acoustic impedance
between the resonance layer and the acoustic separation
layer, the ultrasound may be reflected at a boundary sur-
face between these layers, and, consequently, propaga-
tion of the ultrasound to the circuit board side can be
suppressed.

[0009] According to another aspect of the present dis-
closure, the acoustic separation layer may comprise a
porous material, in particular, porous carbon.

[0010] According to another aspect of the present dis-
closure, the acoustic impedance of the resonance layer
may be greater than or equal to 2.3 times the acoustic
impedance of the piezoelectric element, and the acoustic
impedance of the acoustic separation layer may be less
than or equal to 1/20 of the acoustic impedance of the
circuit board. According to another aspect of the present
disclosure, the acoustic impedance of the acoustic sep-
aration layer may be 1/70 the acoustic impedance of the
resonance layer.

ADVANTAGEOUS EFFECTS OF INVENTION

[0011] According to various aspects of the present dis-
closure, the ultrasound can be reflected at the boundary
surface between the acoustic separation layer and the
resonance layer and propagation of the ultrasound to the
circuit board can be suppressed. Consequently, the
noise due to ultrasound reflected within the circuit board
can be reduced.

BRIEF DESCRIPTION OF DRAWINGS
[0012]

FIG. 1is a perspective diagram schematically show-
ing a structure of an ultrasound transducer unit ac-
cording to an embodiment of the present disclosure.
FIG. 2 is a cross-sectional diagram schematically
showing a structure of an ultrasound transducer unit
according to an embodiment of the present disclo-
sure.

FIG. 3 is a diagram showing an effect of an acoustic
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separation layer.
DESCRIPTION OF EMBODIMENTS

[0013] An embodiment of the present disclosure will
now be described with reference to the drawings. FIG. 1
is a perspective diagram showing an ultrasound trans-
ducer unit 10 according to an embodiment of the present
disclosure. FIG. 2 is a cross sectional diagram of the
ultrasound transducer unit 10. The ultrasound transducer
unit 10 is built in a probe of an ultrasound diagnostic
apparatus, and transmits and receives ultrasound to and
from a living body which the probe contacts. A transmis-
sion direction of the ultrasound in FIG. 1 is upward. In
the following description, the terms related to an up-and-
down relationship such as "upper" and "lower" merely
describe the up-and-down relationship in the figures, and
do not mean the up-and-down relationship in usage or
the like.

[0014] The ultrasound transducer unit 10 includes a
two-dimensional array transducer 14 in which individual
transducers 12 are arranged vertically and horizontally.
In the array transducer 14 shown in the figure, the same
number of individual transducers 12 are arranged verti-
cally and horizontally, to form an approximate square as
awhole. In the figures, for the purpose of description, the
number of the individual transducers 12 issetto 5 x 5 =
25, but the actual array transducer 14 includes many
more individual transducers 12, for example, thousands
of individual transducers 12. In this structure, an ultra-
sound beam can be scanned in an arbitrary angle. From
data within a three-dimensional space captured by scan-
ning of an arbitrary angle, a three-dimensional ultrasound
image representing the three-dimensional space can be
formed. Alternatively, from the data, an ultrasound image
atan arbitrary cross section may be formed. Alternatively,
the array transducer may be a one-dimensional array in
which the individual transducers 12 are arranged in a
straight line. Alternatively, the array transducer may be
an approximate rectangular array in which different num-
bers of individual transducers 12 are arranged in the ver-
tical direction and the horizontal direction.

[0015] The ultrasound transducer unit 10 has a circuit
board 16 having an electronic circuit which drives the
array transducer 14, and a protection layer 18 which cov-
ers and protects the array transducer 14. In the case of
the ultrasound transducer unit 10, the circuit board 16
has an electronic circuit board 20 on which an electronic
circuit is formed, and a relay board 22 having a wiring or
a circuit for connecting the electronic circuit and the in-
dividual transducer 12. The relay board 22 may have a
function to switch a connection between terminals on the
electronic circuit and the individual transducers 12.
[0016] The individual transducer 12 includes a trans-
ducer element 26 including a piezoelectric element 24,
and an acoustic matching layer 28. The transducer ele-
ment 26 includes a resonance layer 30 in addition to the
piezoelectric element 24. The resonance layer 30 is
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placed on a back side of the piezoelectric element 24;
that is, on a side opposite from the direction of transmis-
sion and reception of the ultrasound. The resonance lay-
er 30 is also higher in acoustic impedance than the pie-
zoelectric element 24, and forms a hard back layer, and
the piezoelectric element 24 and the resonance layer 30
as a whole transmit and receive the ultrasound. The
acoustic impedances of the piezoelectric element 24 and
the resonance layer 30 are, for example, 30 MRayl and
70 to 100 MRayl, respectively. The acoustic impedance
of the resonance layer 30 is greater than or equal to 2.3
times the acoustic impedance of the piezoelectric ele-
ment 24. A material of the resonance layer 30 is a resin
material including a conductive filler such as carbon and
tungsten, a metal, an alloy, a sintered structure of metal,
a sintered structure of metal and an inorganic material,
or acomposite of these. The resonance layer 30 is useful
in effectively transmitting the ultrasound to the living body
by resonating with the piezoelectric element 24. The
acoustic impedance of the circuit board 16, in particular,
the relay board 22, is about 20 MRay!.

[0017] The acoustic matching layer 28 is a layer for
acoustically matching the piezoelectric element 24 and
the living body by gradationally reducing the acoustic im-
pedance from the piezoelectric element 24 toward the
living body. The acoustic matching layer 28 may be
formed from only one layer, or may include a plurality of
layers, in order to smoothly reduce the acoustic imped-
ance toward the living body. In the example structure
shown in the figures, the acoustic matching layer 28 in-
cludes two layers, afirst acoustic matching layer 28A and
a second acoustic matching layer 28B.

[0018] Onasurface of the individual transducer 12 fac-
ing the protection layer 18, a ground electrode 32 com-
mon for allindividual transducers 12 is joined. The acous-
tic matching layer 28 has conductivity, and electrically
connects the ground electrode 32 and the transducer el-
ement 26. In the acoustic matching layer 28, in order to
introduce conductivity, there may be used a resin to which
glass-form carbon, carbon, a graphite material, or a con-
ductive filler is mixed. The resin may be, for example, an
epoxy resin.

[0019] On a back side of the resonance layer 30; that
is, on the side of the circuit board 16, an acoustic sepa-
ration layer 34 is placed adjacent to the resonance layer
30. The acoustic separation layer 34 is lower in acoustic
impedance than the piezoelectric element 24 and the cir-
cuitboard 16. The relay board 22 and the electronic circuit
board 20 included in the circuit board 16 are approxi-
mately equal in acoustic impedance. However, when
these impedances differ from each other, the acoustic
impedance ofthe acoustic separation layer 34 is setlower
than the acoustic impedance of the relay board 22 placed
on the side of the acoustic separation layer 34. When
there is no relay board 22, the acoustic impedance of the
acoustic separation layer 34 is setlower than the acoustic
impedance of the electronic circuit board 20. By placing
the resonance layer 30 being higher in acoustic imped-
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ance than the piezoelectric element 24 and the acoustic
separation layer 34 being lower in acoustic impedance
than the circuit board 16 adjacent to each other, a large
difference in acoustic impedance is created at the bound-
ary between the resonance layer 30 and the acoustic
separation layer 34. With such a configuration, the ultra-
sound reflects at the boundary surface between the res-
onance layer 30 and the acoustic separation layer 34,
and the amount of ultrasound propagating to the circuit
board 16 is reduced. By setting the acoustic impedance
of the resonance layer 30 to be higher than that of the
piezoelectric element 24, and the acoustic impedance of
the acoustic separation layer 34 to be lower than that of
the relay board 22, the difference in acoustic impedance
between the resonance layer 30 and the acoustic sepa-
ration layer 34 can be increased.

[0020] Theindividual transducer 12 is connected to an
electrode provided on a surface of the circuit board 16
via the acoustic separation layer 34. The resonance layer
30 and the acoustic separation layer 34 are set to be
conductive, and the piezoelectric element 24 and the
electrode of the circuit board 16 are electrically connect-
ed. The relay board 22 has a function to connect the
individual transducer 12 and the electrode provided on
an upper surface of the electronic circuit board 20, and,
for example, the connection between the individual trans-
ducer 12 and the electrode is realized by a through via
provided on the relay board 22. Placement of the wiring
in the relay board 22 enables matching of differences in
arrangement and a pitch between the electrode on the
electronic circuit board 20 and the individual transducer
12. Alternatively, a circuit for switching the connection
relationship between the electrode on the electronic cir-
cuit board 20 and the individual transducer 12 may be
provided in the relay board 22.

[0021] As described above, the acoustic separation
layer 34 is a layer for causing the ultrasound to be re-
flected at the boundary surface with the resonance layer
30 by the difference in the acoustic impedance with the
resonance layer 30, and thus, must be formed from a
material having a large difference in acoustic impedance
from the resonance layer 30. As described above, the
acoustic impedance of the resonance layer 30 is high,
and thus, itis desirable to reduce the acousticimpedance
of the acoustic separation layer 34, to achieve a large
acoustic impedance difference. In addition, because
electricity supplied from the circuit board 16 flows in the
acoustic separation layer 34, a high conductivity is re-
quired for the acoustic separation layer 34. Further, be-
cause the acoustic separation layer 34 connects the in-
dividual transducer 12 and the circuit board 16, a high
structural strength is also required. Thus, the acoustic
separation layer 34 must have alow acoustic impedance,
a high conductivity, and a high structural strength.
[0022] As a material which satisfies the above-de-
scribed characteristics required for the acoustic separa-
tion layer 34, a porous material can be exemplified. For
example, in production of a sintered conductive member,
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a pore ratio of 80 percent or greater can be achieved by
mixing a binder or the like, and, with this process, the
acoustic impedance can be set to be less than or equal
to 1 MRayl. More specifically, as the material, a porous
metal and porous carbon may be exemplified. Charac-
teristics of a certain porous carbon are: an acoustic im-
pedance of 0.7 ~ 1.0 MRayl, a specificresistance of about
2 t0 20 x 10"2 Qcm, and a bending modulus of elasticity
of 2 to 15 GPa, which satisfy the above-described re-
quired characteristics.

[0023] FIG. 3 is a diagram showing an effect of the
acoustic separation layer 34 made of porous carbon hav-
ing the above-described characteristics. A horizontal axis
shows elapsed time and a vertical axis shows an ampli-
tude of ultrasound. A broken line shows a graphin a case
where the acoustic separation layer 34 is not provided,
and a solid line shows a graph in a case where the acous-
tic separation layer 34 is provided. FIG. 3 shows that a
pulse width of the ultrasound at-20 dB became about 50
percent, indicating that the influence due to multiple re-
flections in a back layer of the acoustic separation layer
34 has been reduced. In the actual ultrasound image
also, reduction of acoustic noise due to the multiple re-
flection is observed.

[0024] The acoustic impedance of the acoustic sepa-
ration layer 34 made of the porous carbon is 1/20 that of
the circuit board 16, and 1/100 to 1/70 that of the reso-
nance layer 30. It is suggested that, with values lower
than these values, the pulse width of the ultrasound may
be reduced to 50 percent or less, and the image quality
of the ultrasound image can be improved.

[0025] Employment of a configuration where the ultra-
sound is reflected at the boundary surface between the
resonance layer 30 and the acoustic separation layer 34
enables improvement in the degree of freedom for se-
lection of materials for the layers placed on the back side
of the acoustic separation layer 34. In the structure of the
related art having no acoustic separation layer 34, the
noise has been suppressed by attenuating the ultrasound
entering the layers behind the transducer element 26,
such as the circuit board 16, within such layers. Thus, it
has been necessary to select a material having a high
attenuation for the material of these layers. By providing
the acoustic separation layer 34, the ultrasound propa-
gating to the layers behind the acoustic separation layer
34 can be reduced, and thus, it becomes possible to se-
lect a material with small attenuation.

REFERENCE SIGNS LIST
[0026]

10 ULTRASOUND TRANSDUCER UNIT; 12 INDI-
VIDUAL TRANSDUCER; 16 CIRCUIT BOARD; 20
ELECTRONIC CIRCUIT BOARD; 22 RELAY
BOARD; 24 PIEZOELECTRIC ELEMENT; 26
TRANSDUCER ELEMENT; 28 ACOUSTIC
MATCHING LAYER; 30 RESONANCE LAYER; 34
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ACOUSTIC SEPARATION LAYER.

Claims
1. An ultrasound transducer unit comprising:

a piezoelectric element;

a circuit board having an electronic circuit which
drives the piezoelectric element; 10
a resonance layer placed between the piezoe-
lectric element and the circuit board, and being
higher in acoustic impedance than the piezoe-
lectric element; and

an acoustic separation layer placed on a circuit 75
board side of the resonance layer and adjacent

to the resonance layer, and being lower in
acoustic impedance than the circuit board.

2. The ultrasound transducer unit according to Claim 20
1, wherein

the acoustic separation layer comprises a po-
rous material.

25
3. The ultrasound transducer unit according to Claim
1, wherein
the acoustic separation layer comprises porous
carbon. 30

4. The ultrasound transducer unit according to any one
of Claims 1 to 3, wherein

the acoustic impedance of the resonance layer 35
is greater than or equal to 2.3 times the acoustic
impedance of the piezoelectric element, and the
acoustic impedance of the acoustic separation
layer is less than or equal to 1/20 of the acoustic
impedance of the circuit board. 40

5. Theultrasound transducer unit according to any one
of Claims 1 to 4, wherein

the acoustic impedance of the acoustic separa- 45
tion layer is less than or equal to 1/70 of the
acoustic impedance of the resonance layer.

50

55
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