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(57) ABSTRACT

An ultrasonic transducer which can attenuate ultrasonic
waves emitted toward the rear without increasing a thickness
of'a backing layer includes: a piezoelectric transducer which
emits and receives ultrasonic waves; and the backing layer
which is provided in contact with the rear of the piezoelectric
transducer and which attenuates the ultrasonic waves emitted
in a rear direction from the piezoelectric transducer. The
backing layer includes a plurality of acoustic tubes formed in
the rear direction from a plane of the backing layer that is in
contact with the piezoelectric transducer. Each of the acoustic
tubes has a different length based on a principle of superpo-
sition of acoustic waves. The acoustic tubes include an acous-
tic tube which has (i) a portion of the length formed in a
direction perpendicular to the rear direction and (ii) the
remaining portion of the length formed in a direction parallel
to the rear direction.
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ULTRASONIC TRANSDUCER AND METHOD
OF MANUFACTURING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is a continuation application of PCT Patent
Application No. PCT/JP2011/002883 filed on May 24, 2011,
designating the United States of America, which is based on
and claims priority of Japanese Patent Application No. 2010-
122099 filed on May 27, 2010. The entire disclosures of the
above-identified applications, including the specifications,
drawings and claims are incorporated herein by reference in
their entirety.

BACKGROUND OF THE INVENTION

[0002] (1) Field of the Invention

[0003] The present invention relates to ultrasonic transduc-
ers used for ultrasonic diagnosis and methods of manufactur-
ing the ultrasonic transducers.

[0004] (2) Description of the Related Art

[0005] FIG. 1 shows an exemplary appearance of an ultra-
sonic transducer and an ultrasonic diagnostic apparatus. The
ultrasonic transducer 70 is connected to the ultrasonic diag-
nostic apparatus 80 by a cable. The ultrasonic transducer 70
emits ultrasonic waves in the direction of an arrow shown in
the drawing, and receives reflection waves which are reflected
from a living body and are in the opposite direction of the
arrow. The ultrasonic diagnostic apparatus 80 performs
image analysis on the reflected waves received by the ultra-
sonic transducer 70, and displays on a monitor an image of the
inside of the living body obtained through the analysis.
[0006] When such an ultrasonic transducer 70 emits the
ultrasonic waves from a piezoelectric transducer, the ultra-
sonic waves are emitted not only to the front of a transducer,
but also to the rear of the transducer. The following describes
an example of a structure of a conventional ultrasonic trans-
ducer with reference to a drawing.

[0007] FIG. 2 is a cross-sectional view showing a structure
of a conventional ultrasonic transducer 90. The conventional
ultrasonic transducer 90 in FIG. 2 has the structure in which,
from the top, an acoustic lens 93, a matching layer 92, a
piezoelectric transducer 91, and a backing layer 94 are
stacked. It is to be noted that FIG. 2 schematically illustrates
a thickness of each of materials included in the ultrasonic
transducer 90.

[0008] Intypical ultrasonic diagnostic apparatus, the ultra-
sonic waves emitted from the piezoelectric transducer 91
passes through the matching layer 92 and the acoustic lens 93,
and then emitted into a living body. Subsequently, the ultra-
sonic waves reflected within the living body pass through the
same route in the reverse order as the emitted ultrasonic
waves passed, and then received back by the piezoelectric
transducer 91. Depending on the strength of reception or
response time, a received signal is visualized in shading by
the ultrasonic diagnostic apparatus.

[0009] On the other hand, as described in the beginning,
ultrasonic waves having an opposite phase to the phase of
ultrasonic waves that are emitted to the front (upper side in
FIG. 2) are emitted from the piezoelectric transducer 91 to the
rear at the same time. The ultrasonic waves emitted to the rear
of the piezoelectric transducer 91 (lower side in FIG. 2) are
attenuated by the backing layer 94. However, when the back-
ing layer 94 is formed of a material which does not suffi-
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ciently attenuate the ultrasonic waves, the ultrasonic waves
reflect within the backing layer 94 and go back toward the
piezoelectric transducer 91.

[0010] Due to the effect of the reflected waves described
above, on the ultrasonic wave signal that is reflected from the
living body and received by the ultrasonic transducer 90,
noise is superimposed. With this, properties of the ultrasonic
diagnostic apparatus are degraded.

[0011] Thus, a material having internal loss and distance
that can provide sufficient attenuation to the ultrasonic waves
emitted to the rear is provided as the backing layer 94 (for
example, Patent Reference 1: Japanese Patent No. 3806349).

SUMMARY OF THE INVENTION

[0012] However, the structure disclosed in the Patent Ref-
erence 1, that is, a structure in which a material having inter-
nal loss and distance that can provide attenuation to the ultra-
sonic waves is provided as a backing layer poses a problem of
increasing the thickness of the backing layer itself.

[0013] The present invention has been conceived to solve
the above conventional problem, and has as an object to
provide an ultrasonic transducer and a manufacturing method
of the ultrasonic transducer which can attenuate ultrasonic
waves emitted to the rear without increasing the thickness of
the backing layer.

[0014] In order to achieve the aforementioned object, an
ultrasonic transducer according to an aspect of the present
invention includes: a transducer which emits and receives
ultrasonic waves; and a backing material which is provided in
contact with a rear of the transducer and which attenuates the
ultrasonic waves emitted in a rear direction from the trans-
ducer. The backing material includes a plurality of reflectors
formed in the rear direction from a plane of the backing
material that is in contact with the transducer. Each of the
reflectors has a different length based on a principle of super-
position of acoustic waves. The reflectors include a reflector
which has (i) a portion of the length formed in a direction
perpendicular to the rear direction and (ii) the remaining
portion of the length formed in a direction parallel to the rear
direction.

[0015] With this structure, for example, a reflector having a
long length can be formed with a portion of the reflector bent
along the length. Thus, it is possible to realize the ultrasonic
transducer which can attenuate ultrasonic waves emitted to
the rear without increasing the thickness of the backing mate-
rial.

[0016] Furthermore, it is preferable that each of the reflec-
tors have properties of an acoustic tube. Here, it may be that
each of the reflectors is formed to have a length that is an
integer multiple of a predetermined unit length, and one of
neighboring reflectors which has a greater length has a por-
tion of the length bent in a direction perpendicular to the rear
direction so as to be formed in the rear direction of another
one of the neighboring reflectors having a smaller length, the
neighboring reflectors being included in the reflectors.
[0017] Furthermore, inorder to achieve the aforementioned
object, an ultrasonic transducer according to an aspect of the
present invention includes: a transducer which emits and
receives ultrasonic waves; and a backing material which is
provided in contact with a rear of the transducer and which
attenuates ultrasonic waves emitted in a rear direction from
the transducer. The backing material includes a plurality of
reflectors formed in the rear direction from a plane of the
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backing material that is in contact with the transducer. Each of
the reflectors is formed based on a Helmholtz resonator prin-
ciple.

[0018] With the above structure, the reflectors have prop-
erties of the resonators. Further, there is an advantageous
effect that it is easy to form the reflectors having the above
structure.

[0019] Thus, it is possible to realize the ultrasonic trans-
ducer which can attenuate ultrasonic waves emitted to the rear
without increasing the thickness of the backing material.
[0020] Furthermore, in order to achieve the aforementioned
object, a method of manufacturing an ultrasonic transducer
according to an aspect of the present invention is a method of
manufacturing an ultrasonic transducer which includes: a
transducer which emits and receives ultrasonic waves; and a
backing material which (i) is provided in contact with arear of
the transducer, (ii) includes a board and a plurality of reflec-
tors, and (iii) attenuates ultrasonic waves emitted in a rear
direction from the transducer. The method includes forming
the backing material which includes the reflectors by printing
on the board a material with an acoustic impedance different
from an acoustic impedance of the board, each of the reflec-
tors having a different length based on a principle of super-
position of acoustic waves and being formed in the rear direc-
tion from a plane of the backing material that is in contact
with the transducer.

[0021] With this, it becomes easier to form the ultrasonic
transducer which can attenuate the ultrasonic waves emitted
to the rear without increasing the thickness of the backing
material.

[0022] According to the present invention, it is possible to
realize the ultrasonic transducer and the manufacturing
method of the ultrasonic transducer which can attenuate the
ultrasonic waves emitted to the rear without increasing the
thickness of the backing layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] These and other objects, advantages and features of
the invention will become apparent from the following
description thereof taken in conjunction with the accompa-
nying drawings that illustrate a specific embodiment of the
invention. In the Drawings:

[0024] FIG. 1 shows an exemplary appearance of an ultra-
sonic transducer and an ultrasonic diagnostic apparatus;
[0025] FIG. 2 is a cross-sectional view showing a structure
of a conventional ultrasonic transducer;

[0026] FIG. 3 is a cross-sectional view showing a structure
of'an ultrasonic transducer according to Embodiment 1 of the
present invention;

[0027] FIG. 4 is a cross-sectional view of a backing layer
according to Embodiment 2 of the present invention;

[0028] FIG.S5isacross-sectional view showing an example
of an arrangement of acoustic tubes according to Embodi-
ment 2 of the present invention;

[0029] FIG. 6 shows change in amplitudes of noise con-
tained in a signal of the case where the backing layer accord-
ing to Embodiment 2 of the present invention includes acous-
tic tubes and the case where the backing layer does not
include acoustic tubes;

[0030] FIG. 7 is a cross-sectional view showing another
example of an arrangement of acoustic tubes according to
Embodiment 2 of the present invention;
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[0031] FIG. 8A is a diagram showing an example of a
three-dimensional structure of acoustic tubes according to
Embodiment 2 of the present invention;

[0032] FIG. 8B is a diagram showing an example of the
three-dimensional structure of the acoustic tubes according to
Embodiment 2 of the present invention;

[0033] FIG. 8C is a diagram showing an example of the
three-dimensional structure of the acoustic tubes according to
Embodiment 2 of the present invention;

[0034] FIG. 8D is a diagram showing an example of the
three-dimensional structure of the acoustic tubes according to
Embodiment 2 of the present invention;

[0035] FIG. 9A is a diagram showing another example of a
three-dimensional structure of acoustic tubes according to
Embodiment 2 of the present invention;

[0036] FIG. 9B is a diagram showing another example of
the three-dimensional structure of the acoustic tubes accord-
ing to Embodiment 2 of the present invention;

[0037] FIG. 9C is a diagram showing another example of
the three-dimensional structure of the acoustic tubes accord-
ing to Embodiment 2 of the present invention;

[0038] FIG. 9D is a diagram showing another example of
the three-dimensional structure of the acoustic tubes accord-
ing to Embodiment 2 of the present invention;

[0039] FIG. 10A is a cross-sectional view showing in
which direction the plane having openings of the acoustic
tubes formed within the backing layer according to Embodi-
ment 2 of the present invention is provided with respect to the
piezoelectric transducer;

[0040] FIG.10Bis across-sectional view showing in which
direction the plane having the openings of the acoustic tubes
formed within the backing layer according to Embodiment 2
of the present invention is provided with respect to the piezo-
electric transducer;

[0041] FIG. 11 is a diagram showing a relation between a
direction in which one-dimensionally arranged acoustic tubes
are formed within the backing layer according to Embodi-
ment 2 of the present invention and a direction in which the
piezoelectric transducer is diced;

[0042] FIG. 12A is a cross-sectional view showing an
example of a structure of an ultrasonic transducer according
to Embodiment 3 of the present invention;

[0043] FIG. 12B is a cross-sectional view showing another
example of a structure of an ultrasonic transducer according
to Embodiment 3 of the present invention;

[0044] FIG. 13A is a diagram showing an example of an
arrangement of a piezoelectric transducer according to
Embodiment 3 of the present invention;

[0045] FIG. 13B is a diagram showing an example of an
arrangement of acoustic tubes with respect to the piezoelec-
tric transducer according to Embodiment 3 of the present
invention;

[0046] FIG. 14 is a cross-sectional view showing an
example of an arrangement of the acoustic tubes shown in
FIG. 12A;

[0047] FIG. 15 is a cross-sectional view showing an
example of an arrangement of the acoustic tubes shown in
FIG. 12B which include portions that are bent;

[0048] FIG. 16 is adiagram showing an example of printing
patterns according to Embodiment 4 of the present invention;
[0049] FIG. 17 is a flowchart showing steps for forming a
printing pattern using a screen printing according to Embodi-
ment 4 of the present invention;
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[0050] FIG.18is adiagram showing an example of printing
patterns according to Embodiment 5 of the present invention;
[0051] FIG. 19A is a cross-sectional view showing a struc-
ture of an ultrasonic transducer according to Embodiment 6
of the present invention;

[0052] FIG. 19B is a diagram schematically showing a
resonator, which is an example of a reflector according to
Embodiment 6 of the present invention;

[0053] FIG. 20 is a perspective view of a backing layer 4f°
and shows an example of an arrangement of resonators
according to Embodiment 6 of the present invention; and
[0054] FIG. 21 is a perspective view of a backing layer and
shows an example of another arrangement of resonators
according to Embodiment 6 of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0055] Hereinafter, embodiments of the present invention
will be described with reference to the drawings.

Embodiment 1

[0056] FIG. 3 is a cross-sectional view showing a structure
of'an ultrasonic transducer according to Embodiment 1 of the
present invention. The ultrasonic transducer 10 shown in FIG.
3 includes a piezoelectric transducer 1, a matching layer 2, an
acoustic lens 3, and a backing layer 4. In addition, as shown in
FIG. 3, the ultrasonic transducer 10 includes an acoustic tube
5 that is formed in the backing layer 4.

[0057] Theacoustic tube 5 is formed such that its width (w)
is sufficiently small compared to the wavelength (A) of the
ultrasonic waves emitted from the piezoelectric transducer 1,
and its length (Ln) causes direct waves of the ultrasonic waves
and reflected waves of the ultrasonic waves to cancel out each
other.

[0058] Here, the wavelength A in the backing layer 4 may
be obtained by Equation 1.

[Math. 1]

(Equation 1)

0

[0059] For example, when it is assumed that the backing
layer 4 is made of an epoxy resin and the piezoelectric trans-
ducer 1 emits the ultrasonic waves of =5 MHz. When it is
assumed that speed of sound ¢ within the epoxy resin is 5000
m/s, the wavelength of the ultrasonic waves can be obtained
as A=1000 um.

[0060] Then, in this case, when it is assumed that the length
Ln of the acoustic tube 5 is 250 um, a phase of the reflected
waves shifts by Y4. This causes cancellation of the ultrasonic
waves. Here, the width (w) of the acoustic tube 5 needs to
satisfy w<Ln so that a rectilinear propagation of acoustic
waves is maintained.

[0061] In other words, in the backing layer 4 that is
included in the ultrasonic transducer 10, the acoustic tube 5
that has a length based on a principle of superposition of
acoustic waves is formed in the rear direction (toward the
lower side in the drawing) viewed from a plane of the backing
layer 4 that is in contact with the piezoelectric transducer 1.
With this, it is possible to attenuate the ultrasonic waves
emitted to the rear by the piezoelectric transducer 1 and
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thereby allow the ultrasonic transducer to receive only the
ultrasonic waves reflected from the front side. Thus, it is
possible to produce an effect that sensitivity of an ultrasonic
wave signal is increased and thus a good image can be
obtained with the ultrasonic diagnostic apparatus which
includes the ultrasonic transducer 10.

[0062] As described above, according to the ultrasonic
transducer in Embodiment 1, the acoustic tube 5 is formed in
the backing layer 4. With this, it is possible to attenuate the
ultrasonic waves without increasing the thickness of the back-
ing layer compared to the case where the material having
internal loss and distance that can provide attenuation to the
ultrasonic waves is provided as the backing layer.

Embodiment 2

[0063] Although Embodiment 1 has described an example
where one acoustic tube is formed in a backing layer, the
present invention is not limited to this. Embodiment 2
describes the case where a plurality of acoustic tubes is
arranged in the backing layer.

[0064] FIG. 4 is a cross-sectional view of the backing layer
4a according to Embodiment 2 of the present invention.
Above the backing layer 4a shown in FIG. 4, in addition to a
piezoelectric transducer 1, although not illustrated, a match-
ing layer 2 and an acoustic lens 3 are stacked in the same
manner as shown in FIG. 3.

[0065] AsshowninFIG. 4, a plurality of acoustic tubes 5 is
arranged in the backing layer 4a. Here, the acoustic tubes 5
have lengths (Ln) based on a principle of superposition of
acoustic waves. The lengths (Ln) of the acoustic tubes 5 are
arranged according to a defined rule.

[0066] Following describes the lengths (Ln) of the acoustic
tubes 5.
[0067] FIG.5is a cross-sectional view of the backing layer

4 showing an example of an arrangement of the acoustic tubes
5 according to Embodiment 2 of the present invention. FIG. 5
shows an example where the acoustic tubes 5 are arranged in
the backing layer 4a based on a quadratic residue sequence.
Specifically, length (Ln) of each of the acoustic tubes is
determined by a one dimensional quadratic residue sequence
which satisfies the Equation 2 below.

[Math. 2]
_ ¢-n*(modN) (Equation 2)
" 2Nowr

[0068] Here, c denotes a speed of sound, N denotes a prime

number, and n denotes an integer which varies in a range of 0
to (N-1), and wr denotes any design frequency.

[0069] Forexample, itis assumed that the backing layer 4 is
made of an epoxy resin and the speed of sound ¢ within the
epoxy resin is 5000 m/s, N=11, and wr=5 MHz. In this case,
each acoustic tube 5 in the backing layer 4 has, with 45.5 um
as a unit length “1”, alength of 1,4, 9, 5,3,3,5,9,4, 1, and
0 respectively.

[0070] The acoustic tubes 5 arranged based on the arrange-
ment with the lengths (Ln) which satisfy the above Equation
2 are known to absorb and spread the acoustic waves of
broadband because a discontinuity of phase occurs in the
vicinity of an opening of each of adjacent acoustic tubes 5. In
other words, the reflected waves can be reduced by arranging
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within the backing layer 4 the acoustic tubes 5 based on the
arrangement with the lengths (Ln) which satisfy the above
Equation 2.

[0071] An example of an effect of arranging acoustic tubes
5 based on the arrangement with the lengths (Ln) which
satisfy the above Equation 2 is shown in FIG. 6. FIG. 6 shows
change in amplitudes of noise contained in a signal of the case
where the backing layer according to Embodiment 2 of the
present invention includes acoustic tubes and the case where
the backing layer does not include acoustic tubes. As shown in
FIG. 6, when the backing layer 44 includes acoustic tubes 5
arranged based on the arrangement with the lengths (Ln)
which satisfy the above Equation 2, the amplitude of noise is
less than the case where the backing layer 4a includes no
acoustic tubes. This indicates that the acoustic tubes 5 can
absorb and spread the noise.

[0072] Itisto be noted that the lengths (Ln) of the acoustic
tubes 5 are not limited to the lengths arranged based on the
quadratic residue sequence. The length (Ln) of each acoustic
tube 5 may be arranged based on a primitive root sequence
which satisfies Equation 3 below. With this, similar effect can
be produced.

[Math. 3]
I ¢-Y'(modN) (Equation 3)

"= SN Dor
[0073] Here, ¢ denotes speed of sound, N denotes a prime

number, and n denotes an integer which varies in a range of 0
to (N-1), r denotes a primitive root of N, and wr denotes any
design frequency.

[0074] FIG. 7 is a cross-sectional view of the backing layer
4 and shows another example of an arrangement of the acous-
tic tubes 5 according to Embodiment 2 of the present inven-
tion. As an example of the backing layer in which each of the
acoustic tubes 5 is arranged based on a primitive root
sequence, FIG. 7 shows an arrangement of the acoustic tubes
5 when N=11 and r=2.

[0075] Furthermore, the arrangement of the acoustic tubes
5 is not limited to the one-dimensional arrangement shown in
FIG. 5 and FIG. 7, and a two-dimensional arrangement may
also be used.

[0076] FIG. 8A to FIG. 8D are diagrams which show an
example of a three-dimensional structure of the acoustic
tubes according to Embodiment 2 of the present invention.
FIG. 8A is a perspective view showing the backing layer4a in
which the acoustic tubes 5 are formed based on the one-
dimensional arrangement shown in FIG. 5. FIG. 8B to FIG.
8D compose a three-view drawing of FIG. 8A. FIG. 8B is a
plan view, FIG. 8C is a front view, and FIG. 8D is a side view.
For example, as shown in FIG. 8B, grooves which are parallel
in the horizontal direction are formed in the backing layer 4a.
The grooves are formed to have depths (lengths of the acous-
tictubes) 0f 1,4, 9,5,3,3,5,9,4, 1, and 0 in sequence in the
vertical direction. As shown in FIG. 8C, a depth of each of the
grooves that form the acoustic tubes 5 is uniform. When the
backing layer 4a is cut along a plane perpendicular to a
longitudinal direction of the grooves, the depth of each
groove (length (Ln) of each acoustic tube 5) is arranged in the
quadratic residue sequence as shown in FIG. 8D.

[0077] FIG. 9A to FIG. 9D are diagrams which show an
example of another three-dimensional structure of the acous-
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tic tubes according to Embodiment 2 of the present invention.
FIG. 9A is a perspective view showing the backing layer 45 in
which acoustic tubes 54 are formed in two-dimensional
arrangement. FIG. 9B to FIG. 9D compose a three-view
drawing of FIG. 9A. FIG. 9B is a plan view, FIG. 9C is a front
view, and FIG. 9D is a side view. For example, as shown in
FIG. 9B, in the backing layer 45, grooves are formed to have
various to depths in two-dimensional directions of horizontal
direction and vertical direction. In the case where c=5000
m/s, N=7, and wr=5 MHz, the grooves are formed to have a
depth of an integer multiple of a unit length of 71.5 pm.
Furthermore, as shown in FIG. 9C and FIG. 9D, the grooves
are arranged such that the depths of the grooves are repeated
in a predetermined pattern when viewed from the direction
perpendicular to the cross-section as well as when viewed
from the direction horizontal to the cross-section.

[0078] FIG. 10A and FIG. 10B are cross-sectional views
showing in which direction the plane having the openings of
the acoustic tubes formed within the backing layer according
to Embodiment 2 of the present invention is provided with
respect to the piezoelectric transducer 1. FIG. 10A shows, in
the same manner as in the FIG. 5, an example where the plane
of the backing layer 4a without the openings of the acoustic
tubes 5 that are formed in the backing layer 4a is provided in
contact with the layer of the piezoelectric transducer 1. On the
other hand, FIG. 10B shows an example where the plane of
the backing layer 4¢ with the openings of the acoustic tubes 5
is provided in contact with the layer of the piezoelectric
transducer 1.

[0079] Stated differently, to cancel out the reflected waves,
which are the ultrasonic waves that return after having
reflected off the end of the backing layer, the plane having the
openings of the acoustic tubes 5 may be formed at either side
with respect to the piezoelectric transducer 1 as shown in FIG.
10A and FIG. 10B.

[0080] FIG. 11 is a diagram showing a relation between a
direction in which one-dimensionally arranged acoustic tubes
are formed within the backing layer according to Embodi-
ment 2 of the present invention and a direction in which the
piezoelectric transducer is diced. As shown in the drawing,
when the acoustic tubes 5 are formed within the backing layer
4 in a one-dimensional arrangement, it is preferable that the
acoustic tubes 5 be formed such that a direction of dice cutting
of the piezoelectric transducer 1 and a longitudinal direction
of the grooves of the acoustic tubes 5 are at right angles to
each other. With this, a larger number of the acoustic tubes of
different lengths act on the piezoelectric transducer of one
channel. Thus, the reflected waves can be reduced more effec-
tively within the backing layer 4.

[0081] As described above, according to the ultrasonic
transducer in Embodiment 2, the acoustic tubes are arranged
in the backing layer. With this, it is possible to attenuate the
ultrasonic waves without increasing the thickness of the back-
ing layer compared to the case where the material having
internal loss and distance that can provide attenuation to the
ultrasonic waves is provided as the backing layer.

Embodiment 3

[0082] Embodiment 1 and Embodiment 2 have described
an example where one or more acoustic tubes are arranged in
a backing layer. However, the present invention is not limited
to this. It is sufficient that reflectors corresponding to the
acoustic tubes are arranged in the backing layer. Embodiment
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3 describes the case where the reflectors have properties of the
acoustic tubes and serve as acoustic tubes 5.

[0083] FIG. 12A is a cross-sectional view showing an
example of a structure of an ultrasonic transducer according
to Embodiment 3 of the present invention.

[0084] FIG. 12A shows a specific structure in which an
ultrasonic transducer 30 includes the backing layer corre-
sponding to FIG. 10B. The ultrasonic transducer 30 includes
a piezoelectric transducer 1 which emits and receives ultra-
sonic waves, a matching layer 2, an acoustic lens 3, and a
backing layer 4c.

[0085] The backing layer 4¢ is provided in contact with the
rear of the piezoelectric transducer 1, and attenuates ultra-
sonic waves emitted in the rear direction from the piezoelec-
tric transducer 1.

[0086] The backing layer 4¢ includes a plurality of reflec-
tors (the acoustic tubes 5) formed in the rear direction from a
plane of the backing layer 4c¢ that is in contact with the
piezoelectric transducer 1. The reflectors have different
lengths based on a principle of superposition of acoustic
waves. Here, the reflectors have properties of the acoustic
tubes as described above. The following describes the case
where the reflectors are the acoustic tubes 5. Stated differ-
ently, in the backing layer 4¢, the acoustic tubes 5 are
arranged and the plane with the openings of the acoustic tubes
5 is provided in contact with the layer of the piezoelectric
transducer 1.

[0087] The acoustic tubes 5 are formed to have lengths
based on the principle of superposition of acoustic waves.
[0088] Specifically, each of the acoustic tubes 5 is formed
such that its width (w) is sufficiently small compared to the
wavelength of the ultrasonic waves emitted from the piezo-
electric transducer 1, and its length (Ln) causes direct waves
of the ultrasonic waves and reflected waves of the ultrasonic
waves to cancel out each other. For example, here, it is
assumed that the backing layer 4¢ is made of an epoxy resin,
and the inside of the acoustic tubes 5 is filled with a metal
paste that has an acoustic impedance different from an acous-
tic impedance of the epoxy resin. With this, when it is
assumed that the piezoelectric transducer 1 emits 5 MHz
ultrasonic waves, wavelength in the acoustic tubes 5 is 600
um. For example, with an acoustic tube 5 that has a length of
150 pum, a phase of the reflected waves shifts by Y4. This
causes cancellation of the ultrasonic waves. Note that the
width of the acoustic tube 5 needs to be 150 um or less
because, as described above, the width of the acoustic tube 5
needs to be smaller than the length of the acoustic tube 5.
Further, ultrasonic waves having different wavelengths can
be cancelled out by arranging in the backing layer 4¢ the
acoustic tubes 5 having different lengths than the above
acoustic tube 5. In other words, ultrasonic waves having
different frequencies can be cancelled out by arranging in the
backing layer 4c¢ the acoustic tubes 5 having different lengths
as shown in FIG. 12A.

[0089] As described above, when the acoustic tubes 5 are
arranged in the backing layer 4c, it is possible to attenuate the
ultrasonic waves without increasing the thickness of the back-
ing layer compared to the case where the material having
internal loss and distance that can provide attenuation to the
ultrasonic waves is provided as the backing layer.

[0090] However, when the acoustic tubes are arranged in
the backing layer, a thickness of the backing layer needs to be
greater than the maximum length of the acoustic tubes. Stated
differently, with the ultrasonic transducer according to
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Embodiment 2, there may be a case where the increase in the
thickness of the ultrasonic transducer cannot be sufficiently
prevented since the thickness of the backing layer depends on
the maximum length of the acoustic tubes.

[0091] In view of the above, the following describes an
example of a structure with which the increase in the thick-
ness of the backing layer can be prevented even more effec-
tively.

[0092] FIG. 12B is a cross-sectional view of another
example of a structure of the ultrasonic transducer according
to Embodiment 3 of the present invention. In the drawing, the
elements identical to the elements shown in FIG. 12A are
denoted by the same reference numerals, and thus detailed
description thereof are omitted.

[0093] The ultrasonic transducer 35 shown in FIG. 12B
includes the piezoelectric transducer 1, the matching layer 2,
the acoustic lens 3, and a backing layer 4d. In the backing
layer 4d, acoustic tubes 5¢ are arranged and the plane of the
backing layer 44 with the openings of the acoustic tubes 5 is
provided in contact with the layer of the piezoelectric trans-
ducer 1.

[0094] The acoustic tubes 5¢ correspond to the reflectors of
the present invention and have lengths based on a principle of
superposition of acoustic waves.

[0095] Here, the acoustic tubes 5¢ include at least one
acoustic tube 5¢ which has (i) a portion of the length formed
in a direction perpendicular to the rear direction and (ii) the
remaining portion of the length formed in a direction parallel
to therear direction. Specifically, each of the acoustic tubes 5¢
is formed to have a length that is an integer multiple of a
predetermined unit length, and at least one of neighboring
acoustic tubes 5¢ which has a greater length has a portion of
the length bent in a direction perpendicular to the rear direc-
tion so as to be formed in the rear direction of another one of
the neighboring acoustic tubes 5S¢ having a smaller length.
The neighboring acoustic tubes 5¢ are included in the acous-
tic tubes 5¢. It is to be noted that the neighboring acoustic
tubes Sc are two or more of the acoustic tubes Sc.

[0096] More specifically, each of the acoustic tubes 5¢ is
formed such that its width (w) is sufficiently small compared
to the wavelength of the ultrasonic waves emitted from the
piezoelectric transducer 1, and its length (Ln) causes direct
waves of the ultrasonic waves and reflected waves of the
ultrasonic waves to cancel out each other. It is to be note that,
as shown in FIG. 12B, the acoustic tubes 5¢ are formed not
only in the depth direction of the backing layer 4d but portions
of'the acoustic tubes 5c¢ are formed in a direction perpendicu-
lar to the depth direction of the backing layer 4d. For example,
with a length of the acoustic tube 5¢ having the smallest
length among the acoustic tubes 5S¢ as a reference length, a
portion of the acoustic tube 5S¢, which has the length greater
than the reference length, may be formed in the direction
perpendicular to the depth direction of the backing layer 4d.
[0097] Stated differently, except for the acoustic tube hav-
ing the smallest length, portions of the lengths of the acoustic
tubes 5c¢ are bent so as to be formed in a direction perpen-
dicular to the depth direction of the acoustic tube, such that
each of the lengths of the acoustic tubes 5 in the depth direc-
tion is a sum of (i) the length in the depth direction of the
acoustic tube having the smallest length in the depth direction
and (ii) the length of width of the corresponding one of the
acoustic tubes 5. When a portion of the acoustic tube in the
depth direction is formed in the direction perpendicular to the
depth direction of the backing layer as described, it is possible
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to provide the effect of cancelling out the ultrasonic waves,
allow the length of the acoustic tube in the depth direction to
be small, and further reduce the thickness of the backing
layer.

[0098] Here, as shown in FIG. 13 A, the piezoelectric trans-
ducer 1 is sectioned parallel to a short side direction (y direc-
tion in the drawing) of the ultrasonic transducer 35 and each
of a plurality of channels is independently emits and receives
an ultrasonic wave signal. FIG. 13A is a diagram showing an
example of an arrangement of the piezoelectric transducer 1
according to Embodiment 3 of the present invention. FIG.
13B is a diagram showing an example of arrangement of the
acoustic tubes 5S¢ with respect to the piezoelectric transducer
1 according to Embodiment 3 of the present invention.

[0099] Furthermore, as shown in FIG. 13B, the acoustic
tubes 5S¢ are arranged such that a cross-section of the ends of
openings of the acoustic tubes 5¢ in contact with the layer of
the piezoelectric transducer 1 is parallel to the longitudinal
direction (x direction in the drawing) of the ultrasonic trans-
ducer 35. In other words, the longitudinal direction (x direc-
tion in the drawing) of the cross-section of the ends of open-
ings of the acoustic tubes 5¢ is substantially perpendicular to
the longitudinal direction (y direction in the drawing) of the
piezoelectric transducer 1. With such arrangement of the ends
of openings of the acoustic tubes 5¢, the acoustic tubes Sc
having different lengths are arranged for each of the piezo-
electric transducer 1, and thus produces an effect that the
ultrasonic waves having different frequencies can be can-
celed out.

[0100] Itisto be noted that although the structure in which
the acoustic tubes 5S¢ are arranged such that the cross-section
ofthe ends of openings of the acoustic tubes 5S¢ are parallel to
the longitudinal direction (x direction in the drawing) of the
ultrasonic transducer 35, that is, the acoustic tubes 5c¢ are
arranged to form grooves has been described, a shape of the
cross-section of ends of openings is not limited to this. For
example, the cross-section of the ends of openings of each of
the acoustic tubes 5¢ may be formed in a shape of a hole.

[0101] Furthermore, the lengths (Ln) of the acoustic tubes
5¢ are arranged based on a defined rule such as a quadratic
residue sequence or a primitive root sequence in the same
manner as described in Embodiment 2.

[0102] FIG. 14 is a cross-sectional view showing an
example of an arrangement of the acoustic tubes 5 shown in
FIG. 12A. FIG. 15 is a cross-sectional view showing an
example of an arrangement of the acoustic tubes 5¢ including
acoustic tubes which have bent portions shown in FIG. 12B.

[0103] For example, it is assumed that length (Ln) of each
of the acoustic tubes 5 is arranged based on the quadratic
residue sequence indicated by Equation 2. Here, it is assumed
that inside of the acoustic tubes 5 is filled with metal paste,
speed of sound ¢=3000 m/s, N=7, and wr=5 MHz.

[0104] Inthis case, each of the acoustic tubes S is arranged,
with 43 pum as a unit length “1”, to have alength of 1, 4, 2, 2,
4,1, and 0, respectively, as shown in FIG. 14.

[0105] Forexample, when the acoustic tubes 5 are arranged
as shown in FIG. 14, the acoustic tube 5 having the greatest
length needs a length that is four times greater than the acous-
tic tube 5 having a length equal to a unit length. However, the
effect of the acoustic tube does not change even when the
acoustic tube is bent along its length. Thus, as shown in FIG.
15, the acoustic tube 5c having a greater length may be bent to
a behind of the acoustic tube 5¢ having a smaller length. With
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this, it is possible to reduce the thickness of the backing layer
4d as a whole roughly to a half.

[0106] As described above, according to the ultrasonic
transducer in Embodiment 3, the acoustic tubes having dif-
ferent lengths based on the principle of superposition of
acoustic waves are formed in the backing layer in the rear
direction (toward lower side in the drawing) from a plane of
the backing layer that is in contact with the piezoelectric
transducer 1, and, further, portions of the lengths of the acous-
tic tubes are bent to be formed in a direction perpendicular to
the depth direction of the acoustic tube. With this, it is pos-
sible to prevent more effectively, the increase in thickness of
the backing layer and to attenuate the ultrasonic waves.

Embodiment 4

[0107] Embodiment, 4 describes a manufacturing method
that realizes a backing layer according to the present inven-
tion.

[0108] In other words, Embodiment 4 describes a method
of manufacturing an ultrasonic transducer which includes a
backing layer that is provided in contact with the rear of a
piezoelectric transducer 1. The backing layer includes a board
and acoustic tubes, and attenuates ultrasonic waves emitted in
the rear direction from the piezoelectric transducer 1.

[0109] The following describes an example of a specific
process for forming the backing layer which includes a plu-
rality of acoustic tubes (reflectors). The acoustic tubes (re-
flectors) are formed, by printing on the board (base material)
a material with an acoustic impedance different from an
acoustic impedance of the board (base material). Each of the
acoustic tubes (reflectors) has a different length based on a
principle of superposition of acoustic waves, and is formed in
the rear direction from a plane of the backing layer that is in
contact with the piezoelectric transducer 1. In this process,
the acoustic tubes (reflectors) are formed to include at least
one acoustic tube which has (i) a portion of the length formed
in a direction perpendicular to the rear direction and (ii) the
remaining portion of the length formed in a direction parallel
to the rear direction.

[0110] FIG. 16 is adiagram showing an example of printing
patterns according to Embodiment 4 of the present invention.
In order to realize the backing layer according to the present
invention, a plurality of printing patterns such as the patterns
shown in FIG. 16 having relief of 150 pm are formed by
screen printing (precision printing). Then, by stacking the
formed printing patterns, the backing layers 44 shown in FIG.
12B and FIG. 13B can be manufactured. Stated differently,
for example, the printing pattern including a base material
41a and a groove 51a in FIG. 16 is, among layers obtained by
dividing the backing layer 4d in a direction perpendicular to a
z direction in FIG. 13B, a layer having openings of the acous-
tic tubes that are in contact with the piezoelectric transducer
1. Furthermore, for example, a printing pattern including a
base material 417 and a groove 51z is, among the layers
obtained by dividing the backing layer 44 in the direction
perpendicular to the z direction in FIG. 13B, the lowermost
layer. Then, by adhesively stacking the printing patterns, it is
possible to form the backing layer that includes acoustic
tubes.

[0111] Next, a method of forming the printing patterns
shown in FIG. 16 is described.

[0112] FIG. 17 is a flowchart showing steps for forming a
printing pattern using the screen printing according to
Embodiment 4 of the present invention.
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[0113] First,amask for screen printing that includes groove
portion adjusted to have a thickness of 150 pum when dried is
prepared (S101).

[0114] Next, a material with high acoustic impedance is
printed through a mask, which is for screen printing and has
a predetermined pattern, such that base material portion is
made of a material with high acoustic impedance (S102).
Here, the material with high acoustic impedance refers to, for
example, metallic conductive paste.

[0115] A pattern that forms groove portion of the mask for
screen printing needs to be formed such that a bore diameter
is equal to or less than 150 pm. With this, a groove having a
bore diameter equal to or less than 150 um can be formed.
Thus, the rectilinear propagation of the acoustic waves which
enter the groove (the acoustic tube 5¢) is good and the ultra-
sonic waves are reduced in highly effective manner. However,
it is not that the effect disappears suddenly once the thickness
exceeds 150 pum. Therefore, as far as a desired effect is
achieved, the bore diameter does not necessarily have to be
exactly 150 um or less. Note that it is preferable that the base
material portion that is formed by printing be made of a
material with an acoustic impedance equivalent to or similar
to the acoustic impedance of the conductive paste that is used
for the printing. With this, reflection of the ultrasonic waves is
facilitated.

[0116] Next, a resin material with low acoustic impedance
is applied into a region on which base material is not present,
that is, a groove portion (S103).

[0117] Next, asqueegeeor thelikeis used to fill an inside of
the groove portion with the resin material while completely
removing air inside the groove portion (S104).

[0118] Next, the resin material is solidified, for example,
through drying or chemical reaction (S105).

[0119] Thus, one of the printing patterns shown in FIG. 16
is formed.
[0120] Then, by forming the printing patterns shown in

FIG. 16 and stacking the formed printing patterns, it is pos-
sible to obtain the backing layer 4d which reduces the
reflected waves effectively at 5 MHz.

[0121] Stated differently, the method of manufacturing the
ultrasonic transducer according to this embodiment includes
(i) a first process in which base materials (boards) each of
which includes a plurality of grooves are formed by printing,
(i1) a second process in which the grooves are filled with a
material with an acoustic impedance different from an acous-
tic impedance of the base material by printing, and (iii) a
process in which the backing layer 44 which includes the
acoustic tubes 5c¢ (reflectors) are formed by adhesively stack-
ing the base materials printed in the first process and the
second process.

[0122] Thus, by designing the backing layer 4d that
includes the acoustic tubes 5¢ having portions of the lengths
bent as shown in FIG. 12B and FIG. 16, the number of
printing patterns, i.e. the number of layers stacked, can be
reduced compared to the case where the backing layer 4¢
which includes the acoustic tubes 5 shown in FIG. 12A is
designed. In other words, the backing layer which includes
acoustic tubes can be manufactured more easily.

[0123] It is to be noted that the method of forming the
printing patterns shown in FIG. 16 is not limited to the use of
the screen printing described above. For example, each of the
printing patterns may be formed using a precise mold that is
used in, for instance, nanoimprint. In this case, the printing
pattern that includes grooves (fine pores) having bore diam-
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eters no greater than 150 um can be formed by embossing
against a resin material a mold having a predetermined pat-
tern formed thereon through microfabrication using a
nanoimprint technique. Due to the same reason described
above, the bore diameter does not necessarily have to be 150
um or less.

[0124] In addition, in the predetermined pattern, the con-
ducting path through which the acoustic waves propagate
needs to be formed in a shape of convex. Further, in the same
manner as S103 to S105, paste with high acoustic impedance
such as metal is applied to the grooves (fine pores) of the
obtained printing pattern, and inside the grooves is filled with
the paste using a squeegee or the like while completely
removing air inside the grooves. Then, the paste is solidified
through drying or chemical reaction.

[0125] Thus, by forming and stacking the printing patterns
shown in FIG. 16, it is possible to manufacture the backing
layer which reduces the reflected waves effectively at 5 MHz.
[0126] As described above, according to the manufacturing
method of the ultrasonic transducer in Embodiment 4, it
becomes easier to form the ultrasonic transducer which can
attenuate the ultrasonic waves emitted to the rear without
increasing the thickness of the backing material.

Embodiment 5

[0127] Embodiment 4 described a method in which print-
ing patterns obtained by dividing a backing layer 4d in a
direction perpendicular to a z direction in FIG. 13B are
formed to manufacture the backing layer 4d. However, the
present invention is not limited to this. Printing patterns
obtained by dividing the backing layer 44 in a direction per-
pendicular to an x direction in FIG. 13B may be formed to
manufacture the backing layer 4d.

[0128] FIG. 18 is adiagram showing an example of printing
patterns according to Embodiment 5 of the present invention.
[0129] In this embodiment, in order to realize the backing
layer according to the present invention, printing patterns
shown in FIG. 18 are formed by screen printing (precision
printing), and the formed printing patterns are stacked. Thus,
a backing layer 4¢ shown in FIG. 12A can be manufactured.
Stated differently, in FIG. 18, the printing patterns that
include a base material 42a and a groove 52a, a base material
42b and a groove 52b, a base material 42¢ and a groove 52c,
a base material 42d and a groove 52d, a base material 42¢ and
agrooveS2e. .., are layers respectively obtained by dividing
the backing layer 4¢ shown in FIG. 12A in a direction per-
pendicular to the x direction. Then, by stacking these printing
patterns, it is possible to form the backing layer 4c¢ that
includes acoustic tubes 5.

[0130] In other words, the acoustic tubes 5 may be formed
not only by stacking the printing patterns in a depth direction
(z direction) of the acoustic tubes 5, but also by printing the
acoustic tubes 5 divided in the x direction and stacking the
printing patterns as shown in FIG. 18.

[0131] With this, compared to the method described in
Embodiment 4, each of the printing patterns does not have to
be accurately stacked. Thus, the backing layer which includes
acoustic tubes can be manufactured more easily.

[0132] Stated differently, the method of manufacturing the
ultrasonic transducer according to this embodiment includes
(1) a first process in which base materials (boards) each of
which includes a plurality of grooves are formed by printing,
(i1) a second process in which the grooves are filled with a
material with an acoustic impedance different from an acous-
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tic impedance of the base material by printing, and (iii) a
process in which the backing layer 4d which includes the
acoustic tubes 5¢ (reflectors) are formed by stacking the base
materials printed in the first process and the second process.
[0133] Thus, according to the method of manufacturing the
ultrasonic transducer in this embodiment, it is possible to
arrange in the backing layer the acoustic tubes which (i) are
formed in the rear direction from a plane of the backing layer
that is in contact with the piezoelectric transducer, (ii) have
different lengths based on the principle of superposition of
acoustic waves and, (iii) have portions of the lengths of the
acoustic tubes formed in a direction perpendicular to the
depth direction of the acoustic tubes.

[0134] Withthis, itis possible to manufacture the ultrasonic
transducer that can prevent more effectively the increase in
thickness of the backing layer and attenuate the ultrasonic
waves.

Embodiment 6

[0135] Embodiment 1 to Embodiment 5 have described the
case where the reflector formed in the backing layer, which
attenuates ultrasonic waves without increased thickness, is an
acoustic tube or a reflector having properties of the acoustic
tube. However, the present invention is not limited to these.

[0136] As the reflectors corresponding to the acoustic tubes
arranged in the backing layer, resonators or reflectors having
properties of the resonators may be used. Stated differently,
the backing layer which attenuates the ultrasonic waves with-
out increased thickness can also be realized with a resonator
that is designed to have a first resonant frequency that is the
same as a first resonant frequency of the acoustic tube accord-
ing to Embodiment 1 to Embodiment 5. Specifically, the
backing layer can also be realized with a resonator having a
bore diameter and a neck length designed using a Helmholtz
resonator principle. With this, it is possible to obtain a similar
advantageous effect as the case where the at least one acoustic
tube is formed in the backing layer as described in Embodi-
ment 1 to Embodiment 5.

[0137] FIG. 19A is a cross-sectional view showing a struc-
ture of an ultrasonic transducer according to Embodiment 6
ofthe present invention. FIG. 19B is a diagram schematically
showing a resonator that is an example of the reflector accord-
ing to Embodiment 6 of the present invention. An ultrasonic
transducer 40 shown in FIG. 19A includes a piezoelectric
transducer 1 which emits and receives ultrasonic waves, a
matching layer 2, an acoustic lens 3, and a backing layer 4e.
It is to be noted that, in the drawing, the elements identical to
the elements shown in FIG. 12A are denoted by the same
reference numerals, and thus detailed description thereof are
omitted.

[0138] The backing layer 4de is provided in contact with the
rear of the piezoelectric transducer 1, and attenuates ultra-
sonic waves emitted in the rear direction from the piezoelec-
tric transducer 1.

[0139] The backing layer 4e includes reflectors (resonators
6) that are formed in the rear direction from a plane of the
backing layer 4e that is in contact with the piezoelectric
transducer 1. The reflectors (resonators 6) are formed based
on the Helmholtz resonator principle. Here, the reflectors
have properties of the resonators as described above. The
following describes the case where the reflectors are the reso-
nators 6.

[0140] Each of the resonators 6 has the neck length and the
bore diameter designed to have a desired resonant frequency.
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Specifically, the resonators 6 can obtain the desired first reso-
nant frequency by designing the bore diameter (rd) and the
neck length (nd) shown in FIG. 19B. The first resonant fre-
quency of the resonator 6 can be changed by changing the
neck length (nd) and the bore diameter (rd). Thus, it is pos-
sible to easily arrange the resonators having various resonant
frequencies in the backing layer 4e.

[0141] Tt is to be noted that a distance 61 between the
resonators 6 may be any given value. In other words, for
example, an inside of the resonator may be connected with the
inside of the adjacent resonator as shown in FIG. 20. In this
case, a backing layer 4fin which the resonators are arranged
can be manufactured more easily. Here, FIG. 20 is a perspec-
tive view of the backing layer 4fthat shows an example of an
arrangement of the resonators 6 according to Embodiment 6
of the present invention.

[0142] Furthermore, FIG. 21 is a perspective view of a
backing layer 4g that shows another example of the resona-
tors according to Embodiment 6 of the present invention. In
other words, a shape of the bore portion of the resonator on a
plane of the backing layer 4g that is in contact with the
piezoelectric transducer 1 may be a slit as shown in FIG. 20
(for example, a slit 62) or may be a hole as shown in FIG. 21
(for example, a hole 63).

[0143] Following describes a method of forming the back-
ing layer in which the resonators are arranged as described
above. As an example, a method of forming the backing layer
4g shown in FIG. 21 is described.

[0144] First, a base material (lower portion of the backing
layer 4g in FIG. 21) is formed using metal paste with high
acoustic impedance such as silver paste.

[0145] Next, on the base material thatis formed, a resonator
layer (resonator 6a in FIG. 21) is formed using a resin mate-
rial with small acoustic impedance. Examples of the resin
material are rubber polymeric material or plastic such as
epoxy, polyester, and polyimide.

[0146] Next, a metal layer (upper portion of the backing
layer 4g in FIG. 21) that includes holes 63 having different
bore diameters is formed on the resonator layer.

[0147] Next, the same material as the resonator layer (e.g.
resin material) is applied into the holes 63 in the metal layer,
and inside of the holes 63 is filled with the material (e.g. resin
material) using a squeegee or the like.

[0148] Thus, the backing layer which includes resonators
shown in FIG. 21 can be formed.

[0149] TItis to be noted that the base material and the mate-
rial filled in the holes 63 may be reversed. In other words, a
material with high acoustic impedance such as the metal paste
may be used to print the structure on the base material made
of resin material with small impedance to realize the backing
layer.

[0150] As described above, according to the ultrasonic
transducer in Embodiment 6, the resonators formed in the rear
direction from a plane of the backing layer that is in contact
with the piezoelectric transducer 1 are arranged in the back-
ing layer. The resonators are formed based on the Helmholtz
resonator principle. With this, it is possible to prevent more
effectively the increase in thickness of the backing layer and
to attenuate the ultrasonic waves.

[0151] As described above, according to the present inven-
tion, it is possible to provide the ultrasonic transducer and the
manufacturing method of the ultrasonic transducer which can
attenuate ultrasonic waves emitted to the rear without increas-
ing the thickness of the backing layer.

[0152] For example, by arranging as reflectors the acoustic
tubes or the resonators in the backing layer, it is possible to
attenuate the reflected waves in the backing layer 4 and
increase sensitivity of the ultrasonic transducer.
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[0153] Further, heat can be released to outside of the back-
ing layer using the acoustic tubes or the resonators, and thus
there is an effect that the heat contained in the backing layer
can be dissipated.

[0154] Although the ultrasonic transducer and the manu-
facturing method of the ultrasonic transducer according to the
present invention have been described thus far based on the
above embodiments, the present invention is not limited to
such embodiments. The scope of the present invention
includes embodiments obtained through various modifica-
tions to the above embodiments or embodiments obtained
through a combination of elements of above embodiments
that may be conceived by those skilled in the art without
departing from the spirit of the present invention.

[0155] For example, ultrasonic diagnostic apparatuses
which use the ultrasonic transducers according to the present
invention are intended to be included within the scope of the
present invention.

INDUSTRIAL APPLICABILITY

[0156] The present invention is applicable to, for example,
ultrasonic transducers used by ultrasonic diagnostic appara-
tuses and methods for manufacturing the ultrasonic transduc-
ers. The present invention is particularly useful in realizing an
ultrasonic transducer and a method of manufacturing the
ultrasonic transducer which reduce reflected waves in a back-
ing layer, increase sensitivity of a received ultrasonic wave
signal, reduce thickness of the ultrasonic transducer, and
reduce cost of manufacturing as a result of the thinner ultra-
sonic transducer.

What is claimed is:

1. An ultrasonic transducer comprising:

a transducer which emits and receives ultrasonic waves;
and

a backing material which is provided in contact with a rear
of said transducer and which attenuates the ultrasonic
waves emitted in a rear direction from said transducer,

wherein said backing material includes a plurality of
reflectors formed in the rear direction from a plane of
said backing material that is in contact with said trans-
ducer, each of said reflectors having a different length
based on a principle of superposition of acoustic waves,
and

said reflectors include a reflector which has (i) a portion of
the length formed in a direction perpendicular to the rear
direction and (ii) the remaining portion of the length
formed in a direction parallel to the rear direction.

2. The ultrasonic transducer according to claim 1,

wherein each of said reflectors has properties of an acoustic
tube.

3. The ultrasonic transducer according to claim 1,

wherein each of said reflectors is formed to have a length
thatis an integer multiple of a predetermined unit length,
and

one of neighboring reflectors which has a greater length
has a portion of the length bent in a direction perpen-
dicular to the rear direction so as to be formed in the rear
direction of another one of said neighboring reflectors
having a smaller length, said neighboring reflectors
being included in said reflectors.

4. An ultrasonic transducer comprising:

a transducer which emits and receives ultrasonic waves;
and
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a backing material which is provided in contact with a rear
of said transducer and which attenuates ultrasonic waves
emitted in a rear direction from said transducer,

wherein said backing material includes a plurality of
reflectors formed in the rear direction from a plane of
said backing material that is in contact with said trans-
ducer, each of said reflectors being formed based on a
Helmbholtz resonator principle.

5. The ultrasonic transducer according to claim 4,

wherein said reflectors have properties of the resonator,
and

each of said reflectors has a neck length and a bore diameter
that are designed to have a desired resonant frequency.

6. The ultrasonic transducer according to claim 1,

wherein said backing material includes

a board and said reflectors, and

said reflectors are made of a material with an acoustic
impedance different from an acoustic impedance of said
board.

7. The ultrasonic transducer according to claim 6,

wherein said reflectors are formed on said board by print-
ing.

8. A method of manufacturing an ultrasonic transducer
which includes: a transducer which emits and receives ultra-
sonic waves; and

a backing material which (i) is provided in contact with a
rear of the transducer, (ii) includes a board and a plural-
ity of reflectors, and (iii) attenuates ultrasonic waves
emitted in a rear direction from the transducer, said
method comprising

forming the backing material which includes the reflectors
by printing on the board a material with an acoustic
impedance different from an acoustic impedance of the
board, each of the reflectors having a different length
based on a principle of superposition of acoustic waves
and being formed in the rear direction from a plane of the
backing material that is in contact with the transducer.

9. The method of manufacturing an ultrasonic transducer
according to claim 8,

wherein in said forming of the backing material, the reflec-
tors are formed to include a reflector which has (i) a
portion of the length formed in a direction perpendicular
to the rear direction and (ii) the remaining portion of the
length formed in a direction parallel to the rear direction.

10. The method of manufacturing an ultrasonic transducer
according to claim 8,

wherein said forming of the backing material includes:

forming, by printing, base materials each of which includes
a plurality of grooves;

filling the grooves, by printing, with a material with an
acoustic impedance different from an acoustic imped-
ance of the base material; and

forming the backing material which includes the reflectors,
by adhesively stacking the base materials printed in said
forming of the base material and in said filling of the
grooves.

11. The method of manufacturing an ultrasonic transducer

according to claim 10,

wherein in said forming of the base material, the base
materials each of which includes a plurality of grooves
which have different lengths based on the principle of
superposition of acoustic waves are formed by printing.

12. An ultrasonic diagnostic apparatus comprising the
ultrasonic transducer according to claim 1.

* * #* ok %
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