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(57) ABSTRACT

A stacked ultrasound vibration device includes a stacked
piezoelectric body unit in which a plurality of piezoelectric
bodies and a plurality of electrode layers are stacked and
integrated, a first bonding material that bonds the plurality of
piezoelectric bodies and melts at a first bonding temperature
lower than a half of a Curie temperature of the plurality of
piezoelectric bodies, and a second bonding material that
bonds the stacked piezoelectric body unit and the two mass
materials and melts at a second bonding temperature lower
than the first bonding temperature and higher than a maxi-
mum temperature during driving.
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STACKED ULTRASOUND VIBRATION
DEVICE, MANUFACTURING METHOD FOR
STACKED ULTRASOUND VIBRATION
DEVICE, AND ULTRASOUND MEDICAL
APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
PCT/IP2015/051541 filed on Jan. 21, 2015 and claims
benefit of Japanese Application No. 2014-012686 filed in
Japan on Jan. 27, 2014, the entire contents of which are
incorporated herein by this reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a stacked ultra-
sound vibration device that excites ultrasound vibration, a
manufacturing method for the stacked ultrasound vibration
device, and an ultrasound medical apparatus including the
stacked ultrasound vibration device.

[0004] 2. Description of the Related Art

[0005] As an ultrasound treatment instrument that per-
forms coagulation/dissection treatment of a biological tissue
using ultrasound vibration, there is an ultrasound treatment
instrument incorporating, in a hand piece, as an ultrasound
vibration source, an ultrasound oscillator in which a piezo-
electric transducer is used.

[0006] As such an ultrasound oscillator, there is an ultra-
sound oscillator in which a piezoelectric element, which
converts an electric signal into mechanical vibration, is
sandwiched by two block-like metal members functioning as
a front mass or a back mass and integrated by some method
including bonding to vibrate. Such an ultrasound transducer
is called Langevin transducer.

[0007] As the Langevin transducer, there is known a
bolt-clamped Langevin-type transducer in which, for
example, a piezoelectric element is sandwiched by two
metal members and firmly fastened by a bolt as a method of
integrating the piezoelectric element and the metal members
and the entire piezoelectric element and metal members
integrally vibrate.

[0008] In the piezoelectric element used in such a bolt-
clamped Langevin-type transducer, in general, lead zircon-
ate titanate (PZT, Pb(Zr,,Ti, ,)O3) is used. A shape of the
piezoelectric element is machined into a ring shape and a
bolt is inserted through the piezoelectric element.

[0009] The PZT has high productivity and high electro-
mechanical conversion efficiency and has a good character-
istic as a piezoelectric material. Therefore, the PZT has been
used in various fields of an ultrasound transducer, an actua-
tor, and the like for long years.

[0010] However, since lead is used in the PZT, from a
viewpoint of an adverse effect to environment, in recent
years, there has been a demand for use of a non-lead
piezoelectric material in which lead is not used. As such a
non-lead piezoelectric material having high electromechani-
cal conversion efficiency, lithium niobate (LiNbO3) of a
piezoelectric single crystal is known.

[0011] As a configuration for inexpensively realizing a
Langevin transducer in which lithium niobate is used, there
has been known a method of integrally bonding a piezo-
electric element and metal blocks in a state in which the
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piezoelectric element is sandwiched by the metal blocks. In
particular, when the metal blocks and the piezoelectric
element are bonded by a brazing material such as solder
without using an adhesive as a method for bonding the metal
blocks and the piezoelectric element, a vibration character-
istic more satisfactory than that of the adhesive is obtained
in the Langevin transducer.

[0012] However, when the metal blocks and the piezo-
electric element are bonded by the brazing material such as
solder, in general, a high-temperature process is necessary.
There is a problem in that the piezoelectric element of the
piezoelectric single crystal is cracked by thermal stress in a
different-material bonded section, which is a portion where
the metal blocks and the piezoelectric element are bonded.

[0013] As a technique for solving such a problem, an
ultrasound oscillator of Japanese Patent Application Laid-
Open Publication No. 2008-128875 is disclosed. In the
ultrasound oscillator in the past, there is known a technique
for providing structures such as grooves or hollows on
bonding surfaces of respective metal blocks bonded by an
adhesive to electrodes provided on upper and lower both
surfaces of a piezoelectric transducer to achieve suppression
of occurrence of a shearing strain that occurs during driving,
a reduction in a dielectric loss on the bonding surfaces,
prevent occurrence of a crack in the piezoelectric transducer,
and stabilize a vibration mode.

SUMMARY OF THE INVENTION

[0014] A stacked ultrasound vibration device of an aspect
in the present invention is a stacked ultrasound vibration
device that comprises a plurality of piezoelectric bodies and
mass material, the stacked ultrasound vibration device
including: a stacked piezoelectric body unit in which the
plurality of piezoelectric bodies and a plurality of electrode
layers are stacked and integrated; a first bonding material
that bonds the plurality of piezoelectric bodies and melts at
a first bonding temperature lower than a half of a Curie
temperature of the plurality of piezoelectric bodies; and a
second bonding material that bonds the stacked piezoelectric
body unit and the mass material and melts at a second
bonding temperature lower than the first bonding tempera-
ture and higher than a maximum temperature during driving.

[0015] A manufacturing method for a stacked ultrasound
vibration device of an aspect in the present invention is a
manufacturing method for a stacked ultrasound vibration
device including a stacked piezoelectric body unit in which
the plurality of piezoelectric bodies and a plurality of
electrode layers are stacked and integrated, a first bonding
material that bonds the plurality of piezoelectric bodies and
melts at a first bonding temperature lower than a half of a
Curie temperature of the plurality of piezoelectric bodies,
and a second bonding material that bonds the stacked
piezoelectric body unit and mass material and melts at a
second bonding temperature lower than the first bonding
temperature and higher than a maximum temperature during
driving, the manufacturing method including: a step in
which a base metal is formed on front and rear surfaces of
the plurality of piezoelectric single crystal wafers; a step of
bonding the plurality of piezoelectric single crystal wafers,
on which the base metal is formed, with the first bonding
material to manufacture the stacked wafer; a step of dicing
the stacked wafer to cut out the stacked piezoelectric body
unit in plurality; and a step of bonding one of the stacked
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piezoelectric body unit with the mass material by the second
bonding material to manufacture a stacked transducer.

[0016] Further, an ultrasound medical apparatus of an
aspect in the present invention includes: a stacked ultra-
sound vibration device including a stacked piezoelectric
body unit in which the plurality of piezoelectric bodies and
a plurality of electrode layers are stacked and integrated, a
first bonding material that bonds the plurality of piezoelec-
tric bodies and melts at a first bonding temperature lower
than a half of a Curie temperature of the plurality of
piezoelectric bodies, and a second bonding material that
bonds the stacked piezoelectric body unit and mass material
and melts at a second bonding temperature lower than the
first bonding temperature and higher than a maximum
temperature during driving; and a probe distal end portion to
which ultrasound vibration occurring in the stacked ultra-
sound vibration device is transmitted to treat a biological
tissue.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a sectional view showing an overall
configuration of an ultrasound medical apparatus according
to an aspect of the present invention;

[0018] FIG. 2 is a diagram showing a schematic configu-
ration of an entire transducer unit according to the aspect of
the present invention;

[0019] FIG. 3 is a perspective view showing a configura-
tion of an ultrasound transducer according to the aspect of
the present invention;

[0020] FIG. 4 is a side view showing the configuration of
the ultrasound transducer according to the aspect of the
present invention;

[0021] FIG. 5 is a flowchart showing a manufacturing
process of the ultrasound transducer according to the aspect
of the present invention;

[0022] FIG. 6 is a perspective view showing a piezoelec-
tric single crystal wafer according to the aspect of the
present invention;

[0023] FIG. 7 is a perspective view showing the piezo-
electric single crystal wafer on which a base metal is formed
according to the aspect of the present invention;

[0024] FIG. 8 is a perspective view showing a plurality of
piezoelectric single crystal wafers to be stacked according to
the aspect of the present invention;

[0025] FIG. 9 is a perspective view showing a stacked
wafer in which the plurality of piezoelectric single crystal
wafers are stacked according to the aspect of the present
invention;

[0026] FIG. 10 is a perspective view showing the stacked
wafer to be diced according to the aspect of the present
invention;

[0027] FIG. 11 is a perspective view showing a stacked
piezoelectric body unit cut out from the stacked wafer
according to the aspect of the present invention;

[0028] FIG. 12 is an exploded perspective view of the
transducer unit including the ultrasound transducer accord-
ing to the aspect of the present invention;

[0029] FIG. 13 is an exploded perspective view showing
a state in which a flexible printed board is mounted on the
ultrasound transducer of the transducer unit according to the
aspect of the present invention;
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[0030] FIG. 14 is a perspective view showing the trans-
ducer unit in which the FPC is mounted on the ultrasound
transducer according to the aspect of the present invention;
and

[0031] FIG. 15 is a graph showing a temperature relation
concerning manufacturing and driving of the ultrasound
transducer according to the aspect of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0032] The present invention is explained below with
reference to the figures. Note that, in the following expla-
nation, it should be noted that the drawings based on
respective embodiments are schematic and relations
between thicknesses and widths of respective portions,
ratios of the thicknesses of the respective portions, and the
like are different from real ones. Portions having different
relations and ratios of dimensions among the portions are
sometimes included among the drawings.

[0033] First, an embodiment of an ultrasound medical
apparatus including a stacked ultrasound vibration device
that excites ultrasound vibration of an aspect of the present
invention is explained below with reference to the drawings.
[0034] FIG. 1 is a sectional view showing an overall
configuration of the ultrasound medical apparatus. FIG. 2 is
a diagram showing a schematic configuration of an entire
transducer unit. FIG. 3 is a perspective view showing a
configuration of an ultrasound transducer. FIG. 4 is a side
view showing the configuration of the ultrasound transducer.
FIG. 5 is a flowchart showing a manufacturing process of the
ultrasound transducer. FIG. 6 is a perspective view showing
a piezoelectric single crystal wafer. FIG. 7 is a perspective
view showing the piezoelectric single crystal wafer on
which a base metal is formed. FIG. 8 is a perspective view
showing a plurality of piezoelectric single crystal wafers to
be stacked. FIG. 9 is a perspective view showing a stacked
wafer in which the plurality of piezoelectric single crystal
wafers are stacked. FIG. 10 is a perspective view showing
the stacked wafer to be diced. FIG. 11 is a perspective view
showing a stacked piezoelectric body unit cut out from the
stacked wafer. FIG. 12 is an exploded perspective view of
the transducer unit including the ultrasound transducer. FI1G.
13 is an exploded perspective view showing a state in which
an FPC is mounted on the ultrasound transducer of the
transducer unit. FIG. 14 is a perspective view showing the
transducer unit in which the FPC is mounted on the ultra-
sound transducer. FIG. 15 is a graph showing a temperature
relation concerning manufacturing and driving of the ultra-
sound transducer.

(Ultrasound Medical Apparatus)

[0035] An ultrasound medical apparatus 1 shown in FIG.
1 is provided with a transducer unit 3 including an ultra-
sound transducer 2 that mainly generates ultrasound vibra-
tion and a handle 4 that performs coagulation/dissection
treatment of a diseased part using the ultrasound vibration.
[0036] The handle 4 includes an operation section 5, an
insertion sheath 8 including a long overcoat tube 7, and a
distal end treatment section 30. A proximal end portion of
the insertion sheath 8 is attached to the operation section 5
to be capable of rotating in an axial direction.

[0037] The distal end treatment section 30 is provided at
a distal end of the insertion sheath 8. The operation section
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5 of the handle 4 includes an operation section main body 9,
a fixed handle 10, a movable handle 11, and a rotating knob
12. The operation section main body 9 is formed integrally
with the fixed handle 10.

[0038] A slit 13, through which the movable handle 11 is
inserted, is formed on a back side in a coupling section of the
operation section main body 9 and the fixed handle 10. An
upper part of the movable handle 11 is extended to an inside
of the operation section main body 9 through the slit 13.
[0039] A handle stopper 14 is fixed to an end portion on a
lower side of the slit 13. The movable handle 11 is rotatably
attached to the operation section main body 9 via a handle
support shaft 15. According to a motion of the movable
handle 11 turning about the handle support shaft 15, the
movable handle 11 is operated to be opened and closed with
respect to the fixed handle 10.

[0040] A substantially U-shaped coupling arm 16 is pro-
vided at an upper end portion of the movable handle 11. The
insertion sheath 8 includes the overcoat tube 7 and an
operation pipe 17 inserted through the overcoat tube 7 to be
capable of moving in an axial direction.

[0041] A large diameter section 18 larger in diameter than
a distal end side portion is formed on a proximal end portion
of the overcoat tube 7. The rotating knob 12 is mounted
around the large diameter section 18.

[0042] A ring-like slider 20 is provided on an outer
circumferential surface of an operation pipe 19 to be capable
of moving along the axial direction. A fixed ring 22 is
disposed behind the slider 20 via a coil spring (an elastic
member) 21.

[0043] Further, a proximal end portion of a grasper 23 is
coupled to a distal end portion of the operation pipe 19 via
an action pin to be capable of turning. The grasper 23
configures a treatment section of the ultrasound medical
apparatus 1 in conjunction with a distal end portion 31 of a
probe 6. During a motion of the operation pipe 19 moving
in the axial direction, the grasper 23 is operated to be pushed
and pulled in a front-back direction via the action pin.
[0044] At this point, during a motion of the operation pipe
19 operated to be moved to a hand side, the grasper 23 is
turned in a counterclockwise direction about a fulcrum pin
via the action pin.

[0045] Consequently, the grasper 23 turns in a direction in
which the grasper 23 approaches the distal end portion 31 of
the probe 6 (a closing direction). At this point, a biological
tissue can be grasped between the grasper 23 of a single
swing type and the distal end portion 31 of the probe 6.
[0046] In a state in which the biological tissue is grasped
in this way, electric power is supplied to the ultrasound
transducer 2 from an ultrasound power supply to vibrate the
ultrasound transducer 2. The ultrasound vibration is trans-
mitted to the distal end portion 31 of the probe 6. Coagu-
lation/dissection treatment of the biological tissue grasped
between the grasper 23 and the distal end portion 31 of the
probe 6 is performed using the ultrasound vibration.

(Transducer Unit)

[0047] The transducer unit 3 is explained.

[0048] In the transducer unit 3, as shown in FIG. 2, the
ultrasound transducer 2 and the probe 6, which is a bar-like
vibration transmitting member that transmits ultrasound
vibration occurring in the ultrasound transducer 2, are inte-
grally assembled.
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[0049] A horn 32, which amplifies amplitude of the ultra-
sound transducer, is concatenated to the ultrasound trans-
ducer 2. The horn 32 is made of stainless steel, duralumin,
or a titanium alloy such as 64Ti (Ti-6Al-4V).

[0050] The horn 32 is formed in a conical shape, an outer
diameter of which decreases toward a distal end side. An
outward flange 33 is disposed in a proximal end outer
circumferential section of the horn 32. Note that a shape of
the horn 32 is not limited to the conical shape and may be,
for example, an exponential shape, an outer diameter of
which exponentially decreases toward a distal end side or a
step shape that decreases in diameter stepwise toward a
distal end side.

[0051] The probe 6 includes a probe main body 34 made
of'a titanium alloy such as 64Ti (Ti-6Al1-4V). The ultrasound
transducer 2 concatenated to the above-described horn 32 is
disposed on a proximal end side of the probe main body 34.
[0052] In this way, the transducer unit 3 obtained by
integrating the probe 6 and the ultrasound transducer 2 is
formed. Note that the probe main body 34 and the horn 32
are screwed in the probe 6. The probe main body 34 and the
horn 32 are bonded.

[0053] Ultrasound vibration generated in the ultrasound
transducer 2 is amplified by the horn 32 and thereafter
transmitted to the distal end portion 31 side of the probe 6.
A treatment section explained below, which treats a biologi-
cal tissue, is disposed at the distal end portion 31 of the
probe 6.

[0054] On an outer circumferential surface of the probe
main body 34, two rubber linings 35 formed in a ring shape
by an elastic member are attached at an interval in several
places of node positions of vibration halfway in the axial
direction. Contact of the outer circumferential surface of the
probe main body 34 and the operation pipe 19 explained
below is prevented by the rubber linings 35.

[0055] That is, when the insertion sheath 8 is assembled,
the probe 6 functioning as a transducer-integrated probe is
inserted into an inside of the operation pipe 19. At this point,
the contact of the outer circumferential surface of the probe
main body 34 and the operation pipe 19 is prevented by the
rubber linings 35.

[0056] The ultrasound transducer 2 is electrically con-
nected to, via an electric cable 36, a not-shown power supply
device main body that supplies an electric current for
generating ultrasound vibration. Electric power is supplied
from the power supply device main body to the ultrasound
transducer 2 through a wire in the electric cable 36, whereby
the ultrasound transducer 2 is driven.

[0057] According to the above explanation, the transducer
unit 3 includes the ultrasound transducer 2 that generates
ultrasound vibration, the horn 32 that amplifies the ultra-
sound vibration generated by the ultrasound transducer 2,
and the probe 6 that transmits the amplified ultrasound
vibration.

(Ultrasound Transducer)

[0058] The ultrasound transducer 2 functioning as a
stacked ultrasound vibration device of the present invention
is explained below.

[0059] The ultrasound transducer 2 of the transducer unit
3 includes, as shown in FIG. 3 and FIG. 4, in order from a
distal end, the above-described horn 32 connected to the
probe main body 34, which is one of vibration transmitting
members, by screwing or the like, a stacked transducer 41
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functioning as a stacked piezoelectric body unit having a
rectangular shape (a quadratic prim shape) concatenated
behind the horn 32, and a cover body 51 that covers the
stacked transducer 41 from a proximal end of the horn 32 to
the electric cable 36.

[0060] Note that the cover body 51 covering the stacked
transducer 41 includes, in a proximal end portion, a bending
prevention piece 52 that covers wires 36a and 365 of the
electric cable 36 electrically connected to two FPCs (flexible
printed boards) 47 and 48 functioning as energizing mem-
bers. Note that the energizing members are not limited to the
FPCs 47 and 48 and may be a mere metal wire.

[0061] A front side of the stacked transducer 41 is bonded
to a front mass 42 having a rectangular shape (a quadratic
prism shape) connected to the horn 32 by screwing or the
like and a rear side is connected to a back mass 43 having
a rectangular shape (a quadratic prism shape).

[0062] Note that, like the horn 32, the front mass 42 and
the back mass 43 are formed by duralumin. The front mass
42 and the back mass 43 may be formed by stainless steel or
a titanium alloy such as 64Ti (Ti-6Al-4V).

[0063] Further, the stacked transducer 41 may hold,
between the front mass 42 and the back mass 43, an
insulating member that has insulation and in which vibration
is less easily attenuated. As the insulating member, an
insulation plate obtained by forming a ceramics-based mate-
rial such as alumina or silicon nitride as a plate body having
a rectangular shape (a quadratic prism shape).

[0064] In this way, in the stacked transducer 41, since the
insulating member is provided, even when the ultrasound
medical apparatus 1 shown in FIG. 1 is used together with
a treatment instrument such as a medical high-frequency
knife for performing treatment using a high frequency,
damage or the like due to the high frequency from the
treatment instrument is prevented.

[0065] As the stacked transducer 41, a piezoelectric ele-
ment made of a non-lead single crystal material having a
high Curie point is used. A plurality of, that is, four piezo-
electric single crystal bodies 61 functioning as piezoelectric
single crystal chips, which are piezoelectric elements, are
stacked and disposed.

[0066] Among the four piezoelectric single crystal bodies
61, the front mass 42, and the back mass 43, positive side
bonded metal 62 functioning as positive electrode layers and
negative side bonded metal 63 functioning as negative
electrode layers are alternately interposed as bonded metal
layers formed from non-lead solder explained below func-
tioning as a brazing material that bond the piezoelectric
single crystal bodies 61, the front mass 42, and the back
mass 43.

[0067] Note that, in the stacked transducer 41, electric
contacts of the FPCs 47 and 48 are electrically connected to,
by conductive paste or the like, the positive side bonded
metal 62 or the negative side bonded metal 63 provided
among the piezoelectric single crystal bodies 61 and
between the piezoelectric single crystal bodies 61 and the
front mass 42 or the back mass 43.

(Manufacturing Method for the Ultrasound Transducer)

[0068] A manufacturing method for the ultrasound trans-
ducer 2 explained above is explained in detail below.

[0069] First, the ultrasound transducer 2 is created from a
piezoelectric single crystal wafer 71 (see FIG. 6) made of
lithium niobate (LiNbO3) wafer functioning as a single
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crystal material using a piezoelectric material that has a high
Curie temperature (Curie point) and a piezoelectric charac-
teristic of which is not deteriorated even at a melting point
of bonded metal.

[0070] Note that, as the piezoelectric single crystal wafer
71, a piezoelectric single crystal wafer having a crystal
orientation called 36-degree rotation Y cut is used such that
an electromechanical coupling coefficient in a thickness
direction of the piezoelectric element increases.

[0071] As shown in the flowchart of FIG. 5, firstly, a base
metal 72 (see FIG. 7) is formed on front and rear surfaces of
the piezoelectric single crystal wafer 71 (see FIG. 6) (S1).

[0072] More specifically, in the piezoelectric single crystal
wafer 71, the base metal 72 made of, for example, Ti/Ni/Au,
Ti/Pt/Au, Cr/Ni/Au, or Cr/Ni/Pd/Au having satisfactory
adhesion and wettability with non-lead solder is formed on
the front and rear surfaces by vapor deposition, sputtering,
plating, or the like.

[0073] Subsequently, the piezoelectric single crystal
wafers 71 as many as a number corresponding to desired
specifications of the ultrasound transducer 2, that is, four
piezoelectric single crystal wafers 71 have (see FIG. 8 and
FIG. 9) are stacked and bonded (S2).

[0074] More specifically, among the base metal 72 of the
four piezoelectric single crystal wafers 71, as shown in FIG.
8, first brazing materials 73 functioning as a first bonding
material, in which non-lead solder, for example, Zn—Al-
based solder is used, are provided. Note that the first brazing
material 73 is disposed on one base metal 72 of the piezo-
electric single crystal wafer 71 by screen printing or a ribbon
form.

[0075] Since the Zn—Al-based solder is used in the first
brazing materials 73 that bond the four piezoelectric single
crystal wafers 71 one another, the four piezoelectric single
crystal wafers 71 are heated to approximately 380° C.,
which is a first bonding temperature at which the first
brazing materials 73 melt, and slowly cooled. In this way, as
shown in FIG. 9, the four piezoelectric single crystal wafers
71 are bonded to one another by the first brazing materials
73.

[0076] Consequently, bonded metal layers configured by
the base metal 72 and the first brazing materials 73 are
formed among the four piezoelectric single crystal wafers
71. An integrated stacked wafer 74 is formed.

[0077] Note that, in a heating process for bonding the four
piezoelectric single crystal wafers 71, pressurization is
desirably performed to compress the four piezoelectric
single crystal wafers 71 in a stacking direction according to
necessity.

[0078] Subsequently, a stacked piezoelectric body unit 75
(see FIG. 10 and FIG. 11) is cut out from the stacked wafer
74 (S3).

[0079] More specifically, the stacked wafer 74 is cut out in
a block shape along a broken line (an imaginary line) shown
in FIG. 10 by a thin dicing blade. A plurality of stacked
piezoelectric body unit 75 functioning as rectangular piezo-
electric material blocks shown in FIG. 11 are extracted.

[0080] That is, the stacked piezoelectric body unit 75
integrated in a state in which the four piezoelectric single
crystal bodies 61 are stacked is extracted from the stacked
wafer 74. The base metal 72 and the first brazing materials
73 among the four piezoelectric single crystal bodies 61
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configure the positive side bonded metal 62 or the negative
side bonded metal 63 of the stacked piezoelectric body unit
75.

[0081] A shape of the stacked piezoelectric body unit 75 is
a rectangular block shape adjusted to specifications of the
ultrasound transducer 2. Note that the stacked piezoelectric
body unit 75 cut out by dicing from the stacked wafer 74 can
be manufactured most inexpensively by forming the stacked
piezoelectric body unit 75 in a rectangular block shape.
[0082] Subsequently, the cut out one stacked piezoelectric
body unit 75 and the front mass 42 and the back mass 43,
which are mass materials, are bonded (S4).

[0083] More specifically, as shown in FIG. 12, the front
mass 42 and the back mass 43, which are metal blocks, are
bonded such that both ends of the stacked piezoelectric body
unit 75 are sandwiched.

[0084] Second brazing materials 76 functioning as second
bonding materials, in which, for example, Sn—Ag—Cu-
based solder is used as non-lead solder, are provided
between the stacked piezoelectric body unit 75 and the front
mass 42 and the back mass 43. The second brazing materials
76 are disposed on surfaces of the base metal 72 on both end
faces of the stacked piezoelectric body unit 75 or respective
one end faces of the front mass 42 and the back mass 43 by
screen printing or a ribbon form.

[0085] Since the Sn—Ag—Cu-based solder is used in the
second brazing materials 76 that bond the stacked piezo-
electric body unit 75 and the front mass 42 and the back
mass 43 each other, the stacked piezoelectric body unit 75
and the front mass 42 and the back mass 43 are heated to
approximately 220° C., which is temperature at which the
Sn—Ag—Cu-based solder melts, and slowly cooled. In this
way, the stacked piezoelectric body unit 75 and the front
mass 42 and the back mass 43 are bonded to each other by
the second brazing materials 76.

[0086] Consequently, bonded metal layers configured by
the base metal 72 and the second brazing materials 76 are
formed between the stacked piezoelectric body unit 75 and
the front mass 42 and the back mass 43. The integrated
ultrasound transducer 2 is created. Note that, as explained
above, in a heating process for bonding the stacked piezo-
electric body unit 75 and the front mass 42 and the back
mass 43, pressurization is desirably performed to compress
the stacked piezoelectric body unit 75 and the front mass 42
and the back mass 43 in a stacking direction according to
necessity.

[0087] In the ultrasound transducer 2, the second brazing
material 76 interposed between the stacked piezoelectric
body unit 75 and the front mass 42 or the back mass 43 and
the base metal 72 provided on both the end faces of the
stacked piezoelectric body unit 75 configure the negative
side bonded metal 63 of the stacked piezoelectric body unit
75.

[0088] Note that, in a one end face center of the front mass
42, a screw hole 42a attached with a tap is machined. A
screw section 32a integrally formed in the horn 32 is
screwed in the screw hole 42a, whereby the horn 32 and the
front mass 42 are screwed.

[0089] The two FPCs 47 and 48 (see FIG. 13 and FIG. 14),
which are energization members, are mounted on the ultra-
sound transducer 2 (S5).

[0090] As shown in FIG. 13 and FIG. 14, the positive side
bonded metal 62 and the negative side bonded metal 63 of
the ultrasound transducer 2 are electrically connected to the
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electric contacts of the FPCs 47 and 48 via electric connec-
tors 49 formed using conductive paste or the like.

[0091] That is, in order to take electric connection of the
positive side bonded metal 62 and the negative side bonded
metal 63 and the FPCs 47 and 48, the electric contacts of the
FPCs 47 and 48 are set in contact with outer surfaces of the
positive side bonded metal 62 and the negative side bonded
metal 63 via the electric connectors 49. The FPCs 47 and 48
are fixed to the stacked piezoelectric body unit 75.

[0092] In this way, electric connection of the positive side
bonded metal 62 and the negative side bonded metal 63 and
the FPCs 47 and 48 is established. The wires 36a and 364
(see FIG. 3 and FIG. 4) of the above-described electric cable
36 are connected to the FPCs 47 and 48.

[0093] Note that, in FIG. 13 and FIG. 14, a state is shown
in which the horn 32 and the front mass 42 are screwed.
However, bonding by the screwing of the horn 32 and the
front mass 42 only has to be performed before or after the
mounting of the FPCs 47 and 48 on the ultrasound trans-
ducer 2 in step S5 explained above.

[0094] With such a configuration, as a positive electrode
side, the wire 36a of the electric cable 36, the FPC 47, the
electric connectors 49, and the positive electrode side metal
62 are electrically connected. As a negative electrode side,
the wire 365 of the electric cable 36, the FPC 48, the electric
connectors 49, and the negative electrode metal 63 are
electrically connected. According to the electric connec-
tions, a driving signal is applied to the four piezoelectric
single crystal bodies 61 via the positive side bonded metal
62 and fed back from the negative side bonded metal 63.
[0095] Note that exposed surface portions of the positive
side bonded metal 62, the negative side bonded metal 63,
and the electric connectors 49 may be covered with an
insulator such as resin to prevent occurrence of unnecessary
electric connection that leads to a failure. For the purpose of
reinforcement of mechanical fixing of the FPCs 47 and 48,
the FPCs 47 and 48 may be fixed to the positive side bonded
metal 62 and the negative side bonded metal 63 by an
adhesive. Further, the FPCs 47 and 48 may be fixed to
surfaces of side portions of the four piezoelectric single
crystal bodies 61 by the adhesive.

[0096] According to the manufacturing process of the
ultrasound transducer 2 explained above, the front mass 42,
the four piezoelectric single crystal bodies 61, and the back
mass 43 are stacked and integrated by the positive side
bonded metal 62 and the negative side bonded metal 63
functioning as the bonded metal layers. The driving signal is
applied to, via the electric connectors 49, the positive side
bonded metal 62 from the FPCs 47 and 48 provided on the
side surfaces of the stacked body and fed back by the
negative side bonded metal 63 to ultrasonically vibrate the
entire ultrasound transducer 2.

[0097] In this way, in the ultrasound medical apparatus 1
of the present embodiment, the ultrasound transducer 2
functioning as the stacked ultrasound vibration device is
configured to include the rectangular block-like stacked
piezoelectric body unit 75, in which the four piezoelectric
single crystal bodies 61, the positive side bonded metal 62,
and the negative side bonded metal 63 are stacked, by
forming the base metal 72 on the plurality of that is, four
piezoelectric single crystal wafers 71 and thereafter dicing
and cutting out the stacked wafer 74 obtained by stacking
and bonding the four piezoelectric single crystal wafers 71
by the first brazing materials 73.
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[0098] Consequently, a process for individually bonding
the piezoelectric single crystal bodies 61 is unnecessary in
the stacked piezoelectric body unit 75 provided in the
ultrasound transducer 2. It is possible to collectively manu-
facture a plurality of stacked piezoelectric body units 75
from the stacked wafer 74.

[0099] Therefore, in the ultrasound transducer 2, since it is
unnecessary to individually cut out the piezoelectric single
crystal bodies 61 from the piezoelectric single crystal wafer
71, the number of times of dicing decreases and a machining
time is reduced, leading to a reduction in costs. As a result,
it is possible to inexpensively manufacture the ultrasound
transducer 2.

[0100] Note that, in the above explanation, the example of
the rectangular block-like shape of the ultrasound transducer
2 that can be most inexpensively manufactured is explained.
However, the shape of the ultrasound transducer 2 is not
limited to this. The shape of these members may be, for
example, columnar shape. Further, there is no limitation
either in cutting out the stacked piezoelectric body unit 75
from the stacked wafer 74 with dicing and forming the
stacked piezoelectric body unit 75 in the rectangular block-
like shape. For example, it is also possible that the piezo-
electric single crystal wafer 71, on which the base metal 72
is formed, is diced into a rectangular shape in advance and
the stacked and bonded stacked piezoelectric body unit 75 is
formed using a plurality of piezoelectric single crystal
wafers 71.

[0101] In the ultrasound transducer 2, the Zn—Al-based
solder is used in the first brazing materials 73 that bond the
stacked four piezoelectric single crystal wafers 71. For the
second brazing materials 76 that bond the stacked piezo-
electric body unit 75, which is cut out from the stacked wafer
74, and the front mass 42 and the back mass 43, the
Sn—Ag—Cu-based solder having the melting point (the
melting temperature) lower than the melting point of the first
brazing materials 73 is used.

[0102] More specifically, the first bonding temperature in
bonding the four piezoelectric single crystal wafers 71 is set
to a melting temperature (approximately) 380° of the first
brazing materials 73 and the second bonding temperature in
bonding the stacked piezoelectric body unit 75, which is cut
out from the stacked wafer 74, and the front mass 42 and the
back mass 43 is set to a melting temperature (approximately
220° C.) of the second brazing materials 76 lower than the
first bonding temperature.

[0103] That is, in the ultrasound transducer 2, as shown in
FIG. 15, the first bonding temperature for bonding the four
piezoelectric single crystal wafers 71 (the piezoelectric
single crystal bodies 61) is approximately 380° C. and the
second bonding temperature for bonding the stacked piezo-
electric body unit 75, which is cut out from the stacked wafer
74, and the front mass 42 and the back mass 43 is approxi-
mately 220° C. lower than the first bonding temperature
(approximately 380° C.).

[0104] When the stacked piezoelectric body unit 75 is
bonded to the front mass 42 and the back mass 43, the four
piezoelectric single crystal bodies 61 are bonded by the first
brazing materials 73. Even if the four piezoelectric single
crystal bodies 61 are heated to the melting temperature
(approximately 220° C.) of the second brazing materials 76,
since the first brazing materials 73 having the melting
temperature (approximately 380° C.) higher than the melting
temperature of the second brazing materials 76 is used, the
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first brazing materials 73 that bond the piezoelectric single
crystal bodies 61 do not melt. Reliability of the bonding
among the piezoelectric single crystal bodies 61 is not
spoiled.

[0105] Incidentally, in the manufacturing process of the
ultrasound transducer 2, when the front mass 42 and the
back mass 43 are bonded to the stacked piezoelectric body
unit 75, in some case, the piezoelectric single crystal bodies
61 are affected and a crack occurs on insides of the piezo-
electric single crystal bodies 61. This is because, in the
ultrasound transducer 2, according to a difference between
coeflicients of thermal expansion of the piezoelectric single
crystal bodies 61 and the front mass 42 and the back mass
43, in some case, a shearing strain occurs on the piezoelec-
tric single crystal bodies 61 side and residual stress always
occurs.

[0106] As explained above, the melting temperature of the
second brazing materials 76 used in bonding parts of the
front mass 42 or the back mass 43 and the stacked piezo-
electric body unit 7 is set lower than the melting temperature
of the first brazing materials 73. Consequently, it is possible
to suppress the influence due to the difference between the
coeflicients of thermal expansion. It is possible to prevent a
crack that occurs on the insides of the piezoelectric single
crystal bodies 61.

[0107] Further, in the ultrasound transducer 2, lithium
niobate (LiNbO3) is used in the four piezoelectric single
crystal bodies 61 stacked as the stacked piezoelectric body
unit 75. A Curie point (a Curie temperature) of the lithium
niobate (LiNbO3) is approximately 1200° C. Approximately
600° C., which is a half temperature of the Curie point, is
considered to be an upper limit of usability.

[0108] In the ultrasound transducer 2, as a maximum
temperature during manufacturing, the first bonding tem-
perature for melting the first brazing materials 73 when the
four piezoelectric single crystal wafers 71 are bonded and
bonding the four piezoelectric single crystal wafers 71 (the
piezoelectric single crystal bodies 61) is approximately 380°
C. lower than approximately 600° C., which is a half of the
Curie temperature of the piezoelectric single crystal bodies
61. Therefore, piezoelectric performance of the four piezo-
electric single crystal bodies 61 formed from the piezoelec-
tric single crystal wafer 71 is not deteriorated.

[0109] Incidentally, in the ultrasound transducer 2, tem-
perature during operation rises to a maximum temperature of
approximately 100° C. That is, in the ultrasound transducer
2, as shown in FIG. 15, the melting temperature (approxi-
mately 380° C.) of the first brazing materials 73 that bond
the four piezoelectric single crystal wafers 71 and the
melting temperature (approximately 220° C.) of the second
brazing materials 76 that bond the stacked piezoelectric
body unit 75 and the front mass 42 and the back mass 43 are
higher than the maximum temperature (approximately 100°
C.) during the operation.

[0110] Therefore, during the operation, temperature of the
ultrasound transducer 2 does not reach the temperature at
which the positive side bonded metal 62 and the negative
side bonded metal 63 formed from the first brazing materials
73 and the second brazing materials 76 melt. Therefore,
reliability of the bonding among the four piezoelectric single
crystal bodies 61 and the bonding of the stacked piezoelec-
tric body unit 75 and the front mass 42 and the back mass
43 are not spoiled.
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[0111] In other words, in the ultrasound transducer 2, the
second bonding temperature (approximately 220° C.) for
bonding the stacked piezoelectric body unit 75 and the front
mass 42 and the back mass 43 is temperature lower than the
first bonding temperature (approximately 380° C.) at the
time when the four piezoelectric single crystal wafers 71 are
bonded, which is the manufacturing time of the stacked
piezoelectric body unit 75, and higher than the maximum
temperature (approximately 100° C.) during the operation of
the ultrasound transducer 2.

[0112] As explained above, the ultrasound transducer 2 is
set in a temperature relation in which the second bonding
temperature (approximately 220° C.) is set between the
maximum temperature (approximately 100° C.) during the
driving and the first bonding temperature (approximately
380° C.). Therefore, it is possible to manufacture the ultra-
sound transducer 2 without spoiling the reliability of the
bonding among the four piezoelectric single crystal bodies
61 and the bonding of the stacked piezoelectric body unit 75
and the front mass 42 and the back mass 43.

[0113] In addition, the ultrasound transducer 2 is config-
ured such that the positive side bonded metal 62 and the
negative side bonded metal 63, which are bonded sections
among the four piezoelectric single crystal bodies 61 and
bonded sections between the stacked piezoelectric body unit
75 and the front mass 42 and the back mass 43, are not
affected even if the temperature of the ultrasound transducer
2 reaches the maximum temperature of approximately 100°
C. during the operation.

[0114] In the ultrasound transducer 2 of the present
embodiment, a coefficient of thermal expansion of the
second brazing materials 76, which are bonding materials of
the parts where the stacked piezoelectric body unit 75 and
the front mass 42 and the back mass 43 are bonded, is set in
an intermediate range of coefficients of thermal expansion of
the piezoelectric single crystal bodies 61 and the front mass
42 and the back mass 43.

[0115] Therefore, in the ultrasound transducer 2, it is
possible to suppress a shearing strain on the piezoelectric
single crystal bodies 61 side, which sometimes occur
because of a difference between the coefficients of thermal
expansion of the piezoelectric single crystal bodies 61
provided at both ends of the stacked piezoelectric body unit
75 and the front mass 42 and the back mass 43. It is possible
to prevent a crack that occurs on the insides of the piezo-
electric single crystal bodies 61.

[0116] More specifically, in the ultrasound transducer 2,
lithium niobate (LiNbO3) is used in the piezoelectric single
crystal bodies 61 and duralumin is used in the front mass 42
and the back mass 43. Note that a coefficient of thermal
expansion of the lithium niobate (LiNbO3) is 8 to 15x107°
[17° C.] and a coefficient of thermal expansion of the
duralumin is 24x1075 [1/° C.].

[0117] Therefore, in the present embodiment, the second
brazing materials 76, which are the Sn—Ag—Cu-based
solder having a coefficient of thermal expansion between the
coeflicients of thermal expansion of the piezoelectric single
crystal bodies 61 of the lithium niobate (LiNbO3) and the
front mass 42 and the back mass 43 of the duralumin are
used.

[0118] Note that the coefficient of thermal expansion of
the Sn—Ag—Cu-based solder is 21x107% [1/° C.] larger
than the coefficient of thermal expansion (8 to 15x107° [1/°
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C.]) of the lithium niobate (LiNbO3) and smaller than the
coeflicient of thermal expansion (24x107° [1/° C.]) of the
duralumin.

[0119] Consequently, the second brazing materials 76 of
the Sn—Ag—Cu-based solder, which is the bonding mate-
rial of the stacked piezoelectric body unit 75 and the front
mass 42 and the back mass 43, play a role of absorbing a
coefficient of thermal expansion difference between the
stacked piezoelectric body unit 75 and the front mass 42 and
the back mass 43. Stress to the piezoelectric single crystal
bodies 61 is reduced. Occurrence of a crack on the insides
of the piezoelectric single crystal bodies 61 is prevented.

[0120] Note that the second brazing materials 76 only
have to have the coefficient of thermal expansion between
the coefficients of thermal expansion of the lithium niobate
(LiNbO3) and the duralumin. The second brazing materials
76 may be, for example, Sn-based solder, Sn—Ag-based
solder, or Sn—Cu-based solder besides the Su-Ag—Cu-
based solder.

[0121] The Zn—Al-based solder is used in the first braz-
ing materials 73, which are the bonding materials of the
piezoelectric single crystal bodies 61. However, other braz-
ing materials may be used as long as a magnitude relation
between the melting temperature of the first brazing mate-
rials 73 (the first bonding temperature) and the melting
temperature of the second brazing materials 76 (the second
bonding temperature) holds. That is, the first brazing mate-
rials 73 only have to have a melting temperature higher than
the melting temperature of the second brazing materials 76
(the first bonding temperature>the second bonding tempera-
ture). However, a difference between the melting tempera-
tures is desirably equal to or larger than several tens ° C.
taking into account for temperature fluctuation during manu-
facturing.

[0122] Further, even in a state in which temperature of the
solder used in the first brazing materials 73 and the second
brazing materials 76 does not reach the melting temperature
and the solder does not melt, a Young’s modulus decreases
and the solder softens when the temperature is near the
melting temperature. Performance of the ultrasound trans-
ducer 2 is deteriorated. Therefore, in particular, it is desir-
able to use solder having a large difference between the
melting temperature of the second brazing materials 76 and
the maximum temperature (approximately 100° C.) during
the driving of the ultrasound transducer 2.

[0123] Incidentally, lead zirconate titanate (PZT, Pb(Zr,,
Ti,_,)O3) currently widely used as a piezoelectric material of
an ultrasound transducer in the past has a Curie temperature
of approximately 300° C. Approximately 150° C., which is
a half of the Curie temperature, is considered to be an upper
limit of usability. Therefore, even if low-melting point
solder is used, a difference between the first bonding tem-
perature and the second bonding temperature is not
obtained. The low-melting point solder cannot be applied to
the manufacturing method of the ultrasound transducer 2 in
the present embodiment.

[0124] As explained above, the ultrasound transducer 2,
which is the stacked ultrasound vibration device, and the
ultrasound medical apparatus 1 including the ultrasound
transducer 2 of the present embodiment can be inexpen-
sively manufactured and is configured to be capable of
preventing a piezoelectric body from being broken by stress
that occurs because of a difference between coefficients of
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thermal expansion of the metal blocks functioning as the
mass materials and the piezoelectric body.

[0125] The invention described in the embodiment is not
limited to the embodiment and modifications. Besides, in an
implementation stage, it is possible to implement various
modifications in a range not departing from the spirit of the
invention. Further, the embodiment includes inventions in
various stages. Various inventions can be extracted accord-
ing to appropriate combinations in a disclosed plurality of
constituent elements.

[0126] For example, when the described problems can be
solved and the described effects can be obtained even if
several constituent elements are deleted from all the con-
stituent elements described in the embodiment, a configu-
ration from which the constituent elements are deleted can
be extracted as an invention.

What is claimed is:

1. A stacked ultrasound vibration device that comprises a
plurality of piezoelectric bodies and mass material, the
stacked ultrasound vibration device comprising:

a stacked piezoelectric body unit in which the plurality of
piezoelectric bodies and a plurality of electrode layers
are stacked and integrated;

a first bonding material that bonds the plurality of piezo-
electric bodies and melts at a first bonding temperature
lower than a half of a Curie temperature of the plurality
of piezoelectric bodies; and

a second bonding material that bonds the stacked piezo-
electric body unit and the mass material and melts at a
second bonding temperature lower than the first bond-
ing temperature and higher than a maximum tempera-
ture during driving.

2. The stacked ultrasound vibration device according to
claim 1, wherein a coeflicient of thermal expansion of the
second bonding material is in an intermediate range between
a coefficient of thermal expansion of the plurality of piezo-
electric bodies and a coefficient of thermal expansion of the
mass material.

3. The stacked ultrasound vibration device according to
claim 1, wherein the first bonding material and the second
bonding material are different brazing materials.
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4. The stacked ultrasound vibration device according to
claim 1, wherein the stacked piezoelectric body unit has a
rectangular block shape.

5. The stacked ultrasound vibration device according to
claim 1, wherein the plurality of piezoelectric bodies are
piezoelectric single crystal materials.

6. The stacked ultrasound vibration device according to
claim 1, wherein the first bonding material and the second
bonding material configured to be function as the plurality of
electrode layers.

7. A manufacturing method for the stacked ultrasound
vibration device according to claim 1, comprising:

a step in which a base metal is formed on front and rear
surfaces of the plurality of piezoelectric single crystal
wafers;

a step of bonding the plurality of piezoelectric single
crystal wafers, on which the base metal is formed, with
the first bonding material to create the stacked wafer;

a step of dicing the stacked wafer to cut out the stacked
piezoelectric body unit in plurality; and

a step of bonding one of the stacked piezoelectric body
unit with the mass material by the second bonding
material to manufacture a stacked transducer.

8. The manufacturing method for the stacked ultrasound
vibration device according to claim 7, wherein, after the first
bonding material is heated to the first bonding temperature
and melted, the first bonding material is cooled to bond the
plurality of piezoelectric single crystal wafers.

9. The manufacturing method for the stacked ultrasound
vibration device according to claim 7, wherein, after the
second bonding material is heated to the second bonding
temperature and melted, the second bonding material is
cooled to bond the stacked piezoelectric body unit with the
mass material.

10. An ultrasound medical apparatus comprising:

the stacked ultrasound vibration device according to claim
1; and

a probe to which ultrasound vibration occurring in the
stacked ultrasound vibration device is transmitted to
treat a biological tissue.

#* #* #* #* #*



