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Description
Field of the Invention

[0001] The present invention relates to an ultrasonic
probe, a production method therefor and an ultrasonic
diagnostic apparatus using a CMUT for transducers.

Description of Related Art

[0002] Anultrasonic diagnostic apparatus transmits ul-
trasonic waves to an object to be examined via an ultra-
sonic probe, receives the reflected echo signals from the
object by the ultrasonic probe, and executes imaging of
a diagnostic image on the basis of the received reflected
echo signals. An ultrasonic probe is provided with plural
transducers arrayed therein. Ultrasonic transducers
have the function to convert the drive signals provided
from an ultrasonic-beam forming circuit into ultrasonic
waves and transmit the ultrasonic waves to an object, as
well as the function to receive the reflected echo signals
from the object and convert them into electrical signals.
[0003] In recent years, Capacitive Micromachined Ul-
trasonic Transducers (hereinafter abbreviated as
"CMUT") have been employed for ultrasonic transducers
of ultrasonic probes. The CMUT is manufactured by sem-
iconductive microfabrication process, and operated so
that electromechanical coupling coefficient changes ac-
cording to the bias voltage which is applied between the
upper electrode and the lower electrode that are formed
in such a manner that plural vibratory elements are sand-
wiched therebetween. The plural vibratory elements con-
vert the drive signals provided from the ultrasonic-beam
forming circuit into ultrasonic waves and transmit the ul-
trasonic waves to an object, as well as receive the re-
flected echo signals from the object and convert them
into electrical signals.

[0004] An example of the ultrasonic probe using a
CMUT for ultrasonic transducers is disclosed in Patent
Document 1. The ultrasonic probe has a configuration in
which a backing layer, a thermal-stress suppressing
means, a basal plate, a CMUT and an acoustic lens are
laminated in that order. The thermal-stress suppressing
means suppresses the thermal stress generated by tem-
perature change in the basal plate and the backing layer
having different linear expansion coefficients.

Prior Art Documents
Patent Documents

[0005] Patent Document 1: WO2009/069555

[0006] The technique disclosed in Patent Document 1
merely suppresses the thermal stress generated in a ba-
sal plate and a backing layer by thermal-stress suppress-
ing means.

[0007] However, minimizing the thermal stress gener-
ated in the joint between a backing layer and a CMUT is
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not considered in Patent Document 1.

[0008] The objective of the present invention is to pro-
vide a ultrasonic diagnostic apparatus, a manufacturing
method therefor, and an ultrasonic diagnostic apparatus,
capable of improving resistance against thermal stress
generated in the joint between a backing layer and a
CMUT.

Brief Summary of the Invention

[0009] In order to achieve the above-described objec-
tives, the present invention laminates, viewing from the
ultrasonic transmitting surface, a CMUT, a backing layer
and a thermal-stress balancing member in that order and
adhere them to one another. In other words, the CMUT
and the thermal-stress balancing member are disposed
facing each other in such a manner that the backing layer
is sandwiched therebetween. The CMUT is adhered to
the backing layer, and the thermal-stress balancing
member is adhered to the backing layer respectively.
[0010] Next, the concrete configuration of the present
invention will be described.

[0011] The ultrasonic probe of the present invention is
characterized in comprising:

a CMUT having vibratory elements that change the
electromechanical coupling coefficient or sensitivity
in accordance with the applied bias voltage;

a backing layer adhered to the back surface of the
ultrasonic transmitting surface of the CMUT; and

a thermal-stress balancing member which is placed
facing the CMUT in such a manner that the backing
layer is sandwiched therebetween and is adhered to
the backing layer.

[0012] Also, the manufacturing method of the ultrason-
ic probe related to the present invention is characterized
in including:

a first step of adhering the back surface of the ultra-
sonic transmitting surface of a CMUT to a backing
layer; and

a second step of placing the CMUT and a ther-
mal-stress balancing member to face each other in
such a manner that the backing layer is sandwiched
therebetween, and adhering the thermal-stress bal-
ancing member to the backing layer.

[0013] Also, the ultrasonic diagnostic apparatus of the
present invention comprises:

an ultrasonic probe configured to transmit/receive
ultrasonic waves to/from an object to be examined;
a transmission unit configured to activate the ultra-
sonic probe;

an image generation unit configured to generate an
ultrasonic image using the reflected echo signals re-
ceived by the ultrasonic probe from the object;
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adisplay unit configured to display the ultrasonic im-
age; and

a control unit configured to control the transmission
unit, the image generation unit and the display unit,

wherein the ultrasonic probe comprises:

a CMUT provided with vibratory elements that
change the electromechanical coupling coefficient
or the sensitivity in accordance with the applied bias
voltage;

a backing layer to be adhered to the back side of the
ultrasonic transmitting surface of the CMUT; and
athermal-stress balancing member to be placed fac-
ing the CMUT in such a manner that the backing
layer is sandwiched therebetween, and to be ad-
hered to the backing layer.

[0014] In accordance with the present invention, by
comprising a thermal-stress balancing member, the ther-
mal stress generated between the thermal-stress balanc-
ing member and the backing layer is directed to the di-
rection opposite to the thermal stress generated between
the CMUT and the backing layer, which balances each
thermal stress.

[0015] Therefore, the present invention is capable of
minimizing the warpage of a CMUT caused by the ther-
mal stress generated in the joint between a backing layer
and the CMUT, whereby improving the durability of ad-
herence in the CMUT and the backing layer.

Effect of the Invention

[0016] In accordance with the present invention, it is
possible to provide an ultrasonic probe, the manufactur-
ing method therefor, and an ultrasonic diagnostic appa-
ratus capable of minimizing the warpage of a CMUT
caused by the thermal stress generated in the joint be-
tween a backing layer and the CMUT, whereby improving
the durability of the adherence in the CMUT and the back-
ing unit.

Brief Description of the Drawings

[0017] Fig. 1is a block diagram of an ultrasonic diag-
nostic apparatus 1 in the present invention.

Fig. 2 is a perspective view of an ultrasonic probe 2
of which a part is cut out.

Fig. 3 is a configuration diagram of transducers 21
in Fig. 2.

Fig. 4 is a cross-sectional view of one of vibratory
elements 28 in Fig. 3.

Fig. 5 is a view for explaining the principle of setting
off the thermal stress using a thermal-stress balanc-
ing member 24.

Fig. 6 is a view in a first embodiment showing the
result in measurement of the warpage of the ultra-
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sonic probe 2 in the major-axis direction.

Fig. 7 shows finite element models in a second em-
bodiment without a thermal-stress balancing mem-
ber 24.

Fig. 8 shows finite element models in the second
embodiment with a thermal-stress member 24.

Fig. 9 is a view in the second embodiment showing
the result in measurement of warpage of the ultra-
sonic probe 2 in the major-axis direction.

Fig. 10 is a view in a third embodiment showing the
result in measurement of warpage of the ultrasonic
probe 2 in the major-axis direction.

Fig. 11 is a cross-sectional view in a fourth embod-
iment of the ultrasonic probe 2 in which ther-
mal-stress balancing members 24-1 ~ 24-5 are dis-
posed.

Fig. 12is across-sectional viewin a fifth embodiment
of the ultrasonic probe 2 in which thermal-stress bal-
ancing members 24-1 ~ 24-5 are disposed.

Fig. 13 is a flowchart showing the process of manu-
facturing method of an ultrasonic probe in a sixth
embodiment.

Figs. 14 are diagrams showing the manufacturing
process indicated in Fig. 13.

Detailed Description of the Invention

[0018] The preferable embodiments of the ultrasonic
probe and the ultrasonic diagnostic apparatus using the
same related to the present invention will be described
in detail referring to the attached diagrams.

[0019] In the following description and the attached di-
agrams, the same function parts are represented by the
same reference numerals, and the duplicative descrip-
tion thereof is omitted.

(Configuration of Ultrasonic Diagnostic Apparatus 1)

[0020] First, the configuration of the ultrasonic diag-
nostic apparatus 1 will be described referring to Fig. 1.
[0021] The ultrasonic diagnostic apparatus 1 related
to the present invention is provided with the ultrasonic
probe 2, a transmission unit 3, a bias supply unit 4, a
reception unit 5, a phasing and adding unit 6, an image
processing unit 7, a display unit 8, a control unit 9 and
an operation unit 10.

[0022] The ultrasonic probe 2 transmits/receives ultra-
sonic waves to/from an object on which the probe is ap-
plied. The ultrasonic waves are transmitted from the ul-
trasonic probe 2 to the object. The reflected echo signals
from the object are received by the ultrasonic probe 2.
The transmission unit 3 applies the drive signals for trans-
mitting ultrasonic waves to the ultrasonic probe 2.

The bias supply unit 4 overlaps and applies the bias volt-
age and the drive signals to the electrode opposite the
vibratory elements in the ultrasonic probe 2.

The reception unit 5 also executes the signal processing
such as analogue-digital conversion with respect to the
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reflected signals received by the ultrasonic probe from
the object.

[0023] The phasing and adding unit 6 executes phas-
ing and adding of the received reflected echo signals.
The image processing unit 7 generates a diagnostic im-
age (for example, a tomographic image or a blood-flow
image) on the basis of the phased and added reflected
echo signals. The display unit 8 displays the diagnostic
image generated in the image processing unit 7.

The control unit 9 controls the above-described respec-
tive components.

The operation unit 10 is an input device such as a track-
ball, a keyboard or a mouse that gives commands, for
example to start diagnosis to the control unit 9.

(Configuration of Ultrasonic Probe 2)

[0024] Next, the configuration of the ultrasonic probe
2 will be described referring to Fig. 2 - Fig. 4. Fig. 2 is a
perspective view of the ultrasonic probe 2 of which a part
is cut out. The ultrasonic probe 2 comprises a CMUT 20.
The CMUT 20 is a group of one-dimensionally arrayed
transducers in which plural strip-shaped transducers
21-1, 21-2, ... are arrayed. In each of transducer 21-1,
transducer 21-2, ..., plural vibratory elements are dis-
posed. While a linear-type probe is exemplified in Fig. 2,
other types of transducer group may instead be used
such as 2-dimensionally-arrayed type or convex-type. Al-
so, 2-dimensional matrix type may be used instead of
one-dimensionally arrayed type transducers.

[0025] The backing layer 22 is provided on the
back-surface side (the opposite side of the ultrasonic
transmitting direction) of the CMUT 20. An acoustic lens
26 is provided in the ultrasonic transmitting direction of
the CMUT 20. The CMUT 20 and the backing layer 22
are stored in an ultrasonic probe cover 25.

The backing layer 22 absorbs the ultrasonic waves prop-
agated from the CMUT 20 to the back-surface side there-
of. The acoustic lens 26 converges the ultrasonic beams
transmitted from the CMUT 20 to the back surface side.
[0026] Fig. 3 is a configuration diagram of the trans-
ducers 21. Fig 3 is a planar view of a cutout section of
Fig. 2, and the positional relationship between Fig. 2 and
Fig. 3 is indicated using the ultrasonic transmitting direc-
tion, the major-axis direction X and the minor-axis direc-
tion Y. In the ultrasonic transmitting direction of plural
vibratory elements 28, upper electrodes 46-1, 46-2, ...
and lower-electrodes 48-1, 48-2, 48-3, 48-4, ... are dis-
posed so as to coincide with the transducers 21-1,
21-2, ...

[0027] Fig. 4 is a cross-sectional view of one vibratory
element 28 in Fig. 3. The vibratory element 28 is config-
ured by a basal plate 40, a membrane body 44, a mem-
brane body 45 and frame body 47. The vibratory element
28 is formed by microfabrication in semiconductor
processing. A vibratory element 28 is equivalent to one
element of CMUT. The basal plate 40 is a semiconductor
substrate such as silicon wafer, and is disposed on the
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lower-electrode 48 side. The membrane body 44 and the
frame body 47 are formed by semiconducting compound
such as silicon compound. The membrane body 44 is
provided on the side of the vibratory element which is the
nearest to the object (the ultrasonic-wave ejecting side),
and the frame body 47 is disposed on the back side of
the membrane body 44 (the opposite side of the ultra-
sonic-wave transmitting side). The upper electrode 46 is
provided between the membrane body 44 and the frame
body 47. The membrane body 45 is disposed between
the frame body 47 and the basal plate 40, and the lower
electrode 48 is disposed inside thereof. Aninternal space
50 which is enclosed by the frame body 47 and the mem-
brane body 45 is to be made as vacuum state or filled
with predetermined gas.

[0028] The upperelectrode 46 and the lower electrode
48 are connected to the bias supply unit 4 which is shown
in Fig. 1 configured to apply the direct-current voltage as
bias voltage, and also connected to the transmission unit
3 configured to provide the alternating high-frequency
voltage as a drive signal for transmitting ultrasonic
waves.

[0029] When ultrasonic waves are transmitted, a di-
rect-currentbias voltage (Va) is applied to the upper elec-
trodes 46 and the lower electrodes 48 of the vibratory
elements 28, and an electric field is generated by the
bias voltage (Va). The electric field causes the membrane
body 44 to generate tensile force, and electromechanical
coupling coefficient (Sa) of the membrane body 44 reach-
es a predetermined value. When a drive signal is provid-
ed from the transmission unit 3 to the upper electrode
46, a powerful ultrasonic wave based on the electrome-
chanical coupling coefficient (Sa) is transmitted from the
membrane body 44.

[0030] Also, when another direct-current bias voltage
(Vb) is applied to the upper electrode 48 and the lower
electrode 46 of the vibratory element 28 by the bias sup-
ply unit 4, an electrical field is generated by the bias volt-
age (Vb). The tensile force is generated in the membrane
body 44 by the electrical field, and the electromechanical
coupling coefficient (Sb) of the membrane body 44 reach-
es a predetermined value. When a drive signal is provid-
ed from the transmission unit 3 to the upper electrode
46, a powerful ultrasonic wave based on the electrome-
chanical coupling coefficient (Sb) is transmitted from the
membrane body 44.

[0031] Here, when the bias voltage is "Va<Vb", the
electromechanical coupling coefficient of the membrane
body 44 becomes "Sa<Sb".

[0032] On the other hand, in the case of receiving ul-
trasonicwaves, the volume of the internal space 50 varies
because the membrane body 44 is excited by the reflect-
ed echo signal generated from the object. The volume
variation of the internal space 50 is detected as an elec-
trical signal via the upper electrode 46.

[0033] The electromechanical coupling coefficient of
the vibratory element 28 is determined by the tensile force
added to the membrane body 44. Therefore, by control-
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ling the tensile force of the membrane body 44 by varying
the amount of the bias voltage to be applied to the vibra-
tory element 28, the intensity (or acoustic pressure, am-
plitude) of the ultrasonic wave to be transmitted from the
vibratory element can be varied, even when the drive
signal with the same amplitude is input.

[0034] Next, the principle of the "thermal-stress bal-
ancing member 24" which is the subject of the present
invention will be described.

Fig. 5 is a view for explaining the principle of offsetting
thermal stress, using the thermal-stress balancing mem-
ber 24.

[0035] In the ultrasonic probe 2, the acoustic lens 26,
the CMUT 20, an adhesion layer 23, the backing layer
22, the adhesion layer 23 and the thermal-stress balanc-
ing member 24 are disposed in that order, from the upper
part to the lower part of the diagram in Fig. 5. The adhe-
sion layer 23 is the layer formed by hardened adhesive
agent.

[0036] Generally, the CMUT 20 is formed using silicon
as a substrate for transducers. The linear expansion co-
efficient of the CMUT 20 is almost the same as the linear
expansion coefficient 3ppm/°C of silicon.

[0037] The material to be used for the backing layer
22 has the function capable of scattering ultrasonic
waves and attenuating sound. The material for the back-
ing layer 22 is generally a complex material formed by
fine particles such as tungsten or alumina or resin such
as polyvinylchloride plastic, epoxy or polyamide. The lin-
ear expansion coefficient of the backing layer 22 is almost
the same as the linear expansion coefficient 100ppm/°C
of the resin to be the base material of the complex ma-
terial.

[0038] Next, the mechanism that generates thermal
stress between the CMUT 20 and the backing layer 22
as well as the suppressing method thereof will be de-
scribed.

[0039] Generation of thermal stress between the
CMUT 20 and the backing layer 22 is caused by the dif-
ference between the respective linear expansion coeffi-
cients.

[0040] The solution for the above-described cause is
to make the linear expansion coefficients of the CMUT
20 and the backing layer 22 the same.

However, the CMUT 20 must be formed by semiconduct-
ing material, thus the selection of material for the CMUT
20 side is limited.

[0041] Meanwhile, even though the backing layer 22
side has more choices of material, up to about 50ppm/°C
with optimization of processing is the threshold limit of
the linear expansion coefficient. In other words, even if
the linear expansion coefficient of the backing layer 22
is made close to that of the CMUT 20 with optimization
of processing, a great difference still remains between
the CMUT 20 and the backing layer 22, which makes it
impossible to avoid generation of a first thermal-stress
f1 upon integrating both materials by adhesion.

[0042] Given this factor, the thermal-stress balancing
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member 24 is provided in the present invention to mini-
mize the generation of the first thermal-stress 1.

[0043] The ultrasonic probe 2 of the present invention
comprises the CMUT 20 provided with vibratory elements
of which the electromechanical coupling coefficient or
sensitivity varies in accordance with the applied bias volt-
age, the backing layer 22 which is adhered to the back
side of the ultrasonic transmitting/receiving surface of the
CMUT 20, and the thermal-stress balancing member 24
which is disposed facing the CMUT 20 and minimizes
the warpage of the CMUT 20 caused by thermal-stress
f1 generated between the backing layer 22 andthe CMUT
22 that is adhered to the backing layer 22.

[0044] For the thermal-stress balancing member 24,
the material approximated to the linear expansion coef-
ficient of the CMUT 20 or the material (linear expansion
coefficientis indicated in parentheses) having the smaller
linear expansion coefficient than that of the backing layer
22 is selected. The material of thermal-stress balancing
member 24 can be selected from among the metals such
as aluminum (about 23.6ppm/°C), tin (about 20ppm/°C),
iron (about 10ppm/°C), gold (about 14.2ppm/°C), silver
(about 18.9ppm/°C), copper (about 16.8ppm/°C) and
nickel (about 12.8ppm/°C), or aluminum base alloy such
as stainless steel (about 10.4ppm/°C) and duralumin
(about 23ppm/°C).

[0045] Also for suppressing warpage of the CMUT 20,
it is appropriate to select the material (linear expansion
coefficient is indicated in parentheses) of thermal-stress
balancing member 24 from among the nickel base alloys
such as silicon (about 3ppm/°C) which is the same ma-
terial for the CMUT 20, alloy 42 (about 5ppm/°C), invar
(about 1.2ppm/°C) and Kovar (about 5ppm) or inorganic
materials such as marble (about 4ppm), ceramic (about
7ppm/°C) and glass (about 9ppm/°C), that have linear
expansion coefficient of less than 10ppm which is close
to that of silicon.

[0046] The thermal-stress balancing member 24 is dis-
posed facing the CMUT 20 in such a manner that the
backing layer 22 is sandwiched therebetween. The
CMUT 20 and the thermal-stress balancing member 24
are adhered to the backing layer 22 by adhesive agent.
[0047] By placing the thermal-stress balancing mem-
ber 24 on the surface facing the CMUT 20 side of the
backing layer 22, the warpage by the first thermal-stress
f1 generated betweenthe CMUT 20 and the backing layer
22 and the warpage by a second thermal-stress f2 gen-
erated between the thermal-stress balancing member 24
and the backing layer 22 which works in the opposite
direction to the first thermal-stress f1 are caused at the
same time, so that the second thermal-stress 2 sets off
the first thermal-stress f1. As a result, the warpage
caused by the first thermal-stress f1 of the CMUT 20 with
respect to the backing layer 22 is minimized.

[0048] In other words, the thermal-stress balancing
member 24 works to minimize the warpage caused by
the first thermal-stress f1 generated between the CMUT
20 and the backing layer 22. In this manner, the warpage
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of the CMUT 20 caused by the thermal stress generated
in the joint part of the backing layer 22 and the CMUT 20
can be minimized, whereby improving the durability in
adhesion of the CMUT 20 and the backing layer 22.
[0049] Also, suppressing warpage of the CMUT 20
means that the positional fluctuation of the vibratory el-
ements in the CMUT 20 caused by the warpage thereof
can also be reduced, thus the convergent accuracy of
the ultrasonic beams can be improved which leads to the
improvement of resolution in the ultrasonic images.
[0050] From a standpoint of the method for manufac-
turing ultrasonic probes, by having the step of adhering
the thermal-stress balancing member 24 to the backing
layer 22, the warpage between the CMUT 20 and the
backing layer 22 caused by the first thermal-stress f1
generated between the CMUT 20 and the backing layer
22 can be minimized, thus the positioning of parts such
as mounting of the acoustic lens 26 can be performed
easily which improves the assembling performance of
the products.

[0051] The concrete examples of the above-described
principle in the present invention will be described below
as embodiments.

Embodiment 1

[0052] The first embodiment is the case that the ther-
mal-stress balancing member 24 is formed as one struc-
ture and the material thereof is silicon, which will be de-
scribed referring to Figs. 5 and 6.

[0053] Fig. 5 shows the case that the material and the
size of the thermal-stress balancing member 24 is the
same as the CMUT 20.

First, the first thermal-stress f1 is generated between the
CMUT 20 and the backing layer 22, and the second ther-
mal-stress is generated between the thermal-stress bal-
ancing member and the backing layer. Since the CMUT
20 and the thermal-stress balancing member 24 are dis-
posed facing each other in such a manner that the baking
layer 22 is sandwiched therebetween, the second ther-
mal-stress f2 is generated in the opposite direction to the
first thermal-stress f1. This is because the CMUT 20, the
backing layer 22 and the thermal-stress balancing mem-
ber 24 are disposed adjacent to each other, and the tem-
perature condition is practically the same.

[0054] In other words, the first thermal-stress f1 and
the second thermal-stress f2 have approximately the
same values and works respectively in the opposite di-
rections, thus the first thermal-stress f1 is set off by the
second thermal-stress 2.

[0055] In this manner, the warpage of the CMUT 20
caused by the first thermal-stress f1 generated between
the CMUT 20 and the backing layer 22 is avoided, where-
by improving the durability regarding the thermal stress
generated in the joint between the backing layer 22 and
the CMUT 20.

[0056] Next, the result of measurement will be de-
scribed by setting the quality of material and the size of
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the CMUT 20, the backing layer 22 and the thermal-stress
balancing member 24.

[0057] The size of the CMUT 20 is set, for example as
a cuboid with 50 um of thickness, 40mm of major-axis
length and 10mm of minor-axis length. The backing layer
22 is formed by nylon, and adhered to the CMUT 20 with
adhesive agent. The adhesive agent is formed by glass
or epoxy resin of which the melting pointis a temperature
of 70°C. Also, the adhesive agent can be any of epoxy
adhesive, polyurethane adhesive or silicon adhesive that
have low elasticity. The thermal-stress balancing mem-
ber 24 is adhered to the surface of the backing layer 22
facing the CMUT 20. The thermal-stress balancing mem-
ber 24 is a silicon substrate with a thickness of 50 um.
The thermal-stress balancing member 24 and the back-
ing layer 22 are adhered using the adhesive agent of the
same material as the adhesive agent. The respective ad-
hesive agents 23 to be used for adhering the CMUT, the
thermal-stress balancing unit 24 and the backing layer
22 are applied with the same thickness and area.
[0058] Fig. 6 shows the result of measuring the warp-
age of the ultrasonic probe 2 in the major-axis direction
in the first embodiment.

[0059] In Fig. 6, the case without the thermal-stress
balancing member 24 is indicated by a dotted line, and
the case with the thermal-stress balancing member 24
isindicated by a solid line. In the case without the thermal-
stress balancing member 24, the central part of the
CMUT 20 is arched by about 50 um due to the warpage
caused by thermal stress. The warpage caused by ther-
mal stress is suppressed to less than 10 um in the case
with the thermal-stress balancing member 24.

[0060] Also inthe case that the center frequency of the
ultrasonic probe 2 is set as 10MHz, the wavelength A of
the ultrasonic wave in a human body is about 150 um.
Thus by providing the thermal-stress balancing member
24, the displacement of the phase of about A/3 can be
compensated.

[0061] In accordance with the above-described first
embodiment, the warpage of the CMUT 20 caused by
the thermal stress generated in the joint between the
CMUT 20 and the backing layer 22 can be minimized,
whereby improving the durability of the adhesion of the
CMUT 20 and the backing layer 22.

[0062] Also, the first embodiment is created in the con-
dition that the thermal-stress balancing member 24 is
made of the same material and the shape as those of
the CMUT 20, as well as the adhesive agent used for
respectively adhering the CMUT 20, the backing layer
22 and the thermal-stress balancing member 24 is also
applied with the same glass or epoxy resin of which the
melting point is 70-degrees temperature, in the same
thickness and area.

[0063] Therefore, the thermal stress of the CMUT 20
and the backing layer 22 can be easily minimized without
calculating each of the thermal stress generated respec-
tively between the CMUT 20 and the backing layer 22 or
between the thermal-stress balancing member 24 and
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the backing layer 22.
Embodiment 2

[0064] The second embodiment is the case that the
thermal-stress balancing member 24 is formed as one
structure using silicon as its material, and the size thereof
is different from the first embodiment, which will be de-
scribed referring to Figs. 7 ~ 9.

[0065] First, the material and the size are set for the
CMUT 20, the backing layer 22 and the thermal-stress
balancing member 24.

[0066] The CMUT 20 is set as having the thickness of
100 um, the major-axis length of 40mm and the minor-ax-
is length of 10mm, and is adhered to the backing layer
22. The substrate of the backing layer 22 is epoxy resin.
The thermal-stress balancing member 24 is formed by
silicon and the thickness thereof is 100 m. Also, the
thermal-stress balancing member 24 is placed at a part
to be the surface of the backing layer 22 facing the CMUT
20.

[0067] Next, the warpage of the CMUT 20 will be com-
pared between the cases with and without the ther-
mal-stress balancing member 24 in the above-described
condition of the set material and size of the CMUT 20,
the backing layer 22 and the thermal-stress balancing
member 24.

[0068] The comparison is analyzed by the ther-
mal-stress deformation analysis using the finite element
method. The thermal-stress analysis is performed by ver-
ifying the thermal-stress deformation amount in the case
that 100°C is set as the glass-transition temperature in
the adhesive portion, i.e. the thermal-stress zero-point
upon adhering the CMUT 20 to the backing layer 22, and
the temperature is cooled down to 20°C which is room
temperature.

[0069] Fig. 7 shows an finite element model of the case
in the second embodiment of only the CMUT 20 and the
backing layer 22 without the thermal-stress balancing
unit 24, and Fig. 8 shows an finite element model of the
CMUT 20, the backing layer 22 and the thermal-stress
balancing member 24. The condition prior to the temper-
ature change is indicated in (A) of Figs. 7 and 8, and the
condition after the temperature change is indicated in (B)
of Figs. 7 and 8.

[0070] In Fig. 7 (B), the warpage is generated in the
manner that the model is arched in the central part of
CMUT 20 due to the difference of the linear expansion
coefficients and rigidity compared to Fig. 7(A).

[0071] On the other hand, in Fig. 8 (B), the arch in the
central part of the CMUT 20 is suppressed compared to
Fig. 7 (B) by having the thermal-stress balancing member
24.

[0072] Fig. 9 shows the result of measuring the warp-
age of the CMUT 20 in the major-axis direction of the
ultrasonic probe 2 in the second embodiment.

[0073] Inthediagram,the dotted line indicates the case
without thermal-stress balancing member 24, and the
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solid line indicates the case with the thermal-stress bal-
ancing member 24.

[0074] While the warpage is about 70 um in the case
without the thermal-stress balancing member 24, the
warpage can be suppressed down to about 10 umin the
case with the thermal-stress balancing member 24.
[0075] Particularly, the warpage is less than 3um in
the central partofthe CMUT 20in the major-axis direction
(the part where the position in the major-axis direction of
the CMUT 20 is 5 ~ 35mm).

[0076] While some amount of warpage is generated
due to temperature change in the end portions of the
major axis of the CMUT 20, itis the part which is generally
not in use.

[0077] In this manner, the central part of in the major
axis of a commonly used CMUT 20 is the part where no
or little warpage is generated in actual use, thus the in-
fluence of warpage can be minimized by disposing the
vibratory elements 28 in the central part in the major axis
of the CMUT 20.

[0078] In accordance with the above-described sec-
ond embodiment, the warpage caused by the thermal
stress generated in the joint between the backing layer
22 and the CMUT 20 can be minimized, thereby improv-
ing the durability of the adhesion of the CMUT 20 and
the backing layer 22.

[0079] Also, since the second embodiment verified by
the finite element method that the warpage is unevenly
distributed at the positions in the major-axis direction of
the CMUT 20, the influence of warpage can be minimized
by disposing the vibratory elements 28 in the portion
where little warpage is generated, which makes it possi-
ble to obtain highly accurate images.

Embodiment 3

[0080] The third embodiment describes the case that
the thermal-stress balancing member 24 is formed by
one structure and the material of the thermal-stress bal-
ancing member 24 is alloy 42, referring to Figs. 5 and 10.
[0081] First, the material and the size are set for the
CMUT 20, the backing layer 22 and the thermal-stress
balancing member 24. The CMUT 20 is set as having
the thickness of 100 um, the major-axis length of 40mm
and the minor-axis length of 10mm, and is adhered to
the backing layer 22.

The thermal-stress balancing member 24 formed by alloy
42 with a thickness of 100 um is provided to the backing
layer 22.

[0082] Fig. 10 shows theresultin the third embodiment
of measuring the warpage of the ultrasonic probe 2 in
the long-axis direction.

In the diagram, the dotted line indicates the case without
the thermal-stress balancing member 24, and the solid
line indicates the case with the thermal-stress balancing
member 24.

[0083] The warpage of about 70 um is indicated in the
case without the thermal-stress balancing member 24.
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Onthe other hand, the warpage can be suppressed down
to about 15 um in the case with the thermal-stress bal-
ancing member 24. Particularly, the warpage is less than
5 um in the central part (5 ~ 35mm) in the major-axis
direction (X) of the CMUT 20 shown in Fig. 2.

[0084] Inthe above-described third embodiment, since
the warpage of the CMUT 20 caused by the thermal
stress generated in the joint between the backing layer
22 and the CMUT 20 can be minimized, it is possible to
improve the durability of adhesion of the CMUT 20 and
the backing layer 22.

[0085] Also, the above-described improvement of du-
rability in the third embodiment can be verified even the
material of the thermal-stress balancing member 24 is
different from silicon.

Embodiment 4

[0086] The fourth embodiment describes the case that
the thermal-stress balancing member 24 is formed by
plural structures and the material thereof is silicon, refer-
ring to Fig. 11.

[0087] Fig.11isa cross-sectional view of the ultrasonic
probe 2 in the fourth embodiment.

[0088] The CMUT 20 is, for example a cuboid with the
thickness of 50 um, the major-axis length of 40mm and
the minor-axis length of 10mm. The backing layer is
formed by nylon, and the CMUT 20 is adhered thereto
by an adhesive agent. The adhesive agent is formed by
glass or epoxy resin of which the melting point is 70°C.
The thermal-stress balancing member 24 is formed by
plural structures 24-1, 24-2, 24-3, 24-4 and 24-5, and are
adhered respectively to the surface of the backing layer
facing the CMUT 20. The respective thermal-stress bal-
ancing members 24-1, 24-2, 24-3, 24-4 and 24-5 are
formed by the silicon substrate with a thickness of 50 um,
and are adhered to the surface facing the CMUT 20 using
the adhesive agent of the same material as the adhesive
agent. While the thermal-stress balancing members 24
are formed by being divided into five pieces compared
to the one-structured arrangement thereof in the firstem-
bodiment, the number of divisions can be any plural
number without being limited to five.

[0089] With respect to the warpage generated by the
thermal stress of the CMUT 20 and the backing layer 22,
the rigidity of the thermal-stress balancing members
24-1, 24-2, 24-3, 24-4 and 24-5 works like a splint.

In accordance with the above-described fourth embodi-
ment, the warpage of the CMUT 20 caused by the thermal
stress generated in the joint between the CMUT 20 and
the backing layer 22 can be minimized, whereby improv-
ing the durability of the adhesion of the CMUT 20 and
the backing layer 22.

[0090] Also, in the fourth embodiment, the weight of
the thermal-stress balancing members 24-1 - 24-5 is re-
duced compared to the thermal-stress balancing mem-
ber 24 in the first embodiment which is formed by one
structure, due to the spaces between the adjacent ther-
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mal-stress balancing members.

[0091] Accordingly, the fourth embodiment canreduce
weight of ultrasonic probes compared to the first embod-
iment.

Embodiment 5

[0092] The fifth embodiment describes the case, refer-
ring to Fig. 12, that the thermal-stress balancing member
is formed by plural kinds of material, for example a central
part 24b thereof is formed by silicon and the peripheral
part 24a is formed by alloy 42.

[0093] Fig. 12is across-sectional view of the ultrasonic
probe 2 in the fifth embodiment.

As in the fourth embodiment, the CMUT 20 is set, for
example as a cuboid with the thickness of 50 um, the
major-axis length of 40mm and the minor-axis length of
10mm. The backing layer 22 is formed by nylon, and the
CMUT 20 unit is adhered thereto by adhesive agent. The
adhesive agentis formed by glass or epoxy resin of which
the melting pointis 70°C. In the thermal-stress balancing
member, the linear expansion coefficient of the part fac-
ing the central part of the CMUT 20 (a group of vibratory
elements) in the major-axis direction is made smaller
than that of the part facing the peripheral part thereof. In
concrete terms, the central part 24b of the thermal-stress
balancing member is formed by silicon and a peripheral
part 24a is formed by alloy 42. The thermal-stress bal-
ancing member is adhered to the surface of the backing
layer 22 facing the CMUT 20. The thermal-stress balanc-
ing member 24 is silicon substrate with the thickness of
50 um. The thermal-stress balancing member 24 and
the backing layer 22 are adhered to each other using the
adhesive agent of the same material.

[0094] In thermal-stress balancing members, it is sig-
nificant to effectively minimize the warpage in the ma-
jor-axis direction of the CMUT 20 where the warpage
caused by thermal stress generated in the CMUT 20 and
the backing layer 22 is maximized. The position where
the warpage is maximized is the vicinity of the central
part of the CMUT 20 in the major-axis direction, thus it
is appropriate to dispose the material of which the linear
expansion coefficient is approximated to that of the
CMUT 20 in the central part.

[0095] In accordance with the above-described em-
bodiment 5, the warpage caused by the thermal stress
generated in the joint between the backing layer 22 and
the CMUT 20 can be minimized, whereby improving the
durability in adhesion of the CMUT 20 and the backing
layer 22.

[0096] Also, the fifth embodiment is capable of mini-
mizing the thermal stress in the vicinity of the central part
of the CMUT 20 in the major-axis direction, by using sil-
icon (linear expansion coefficient: 3ppm/°C) of which the
linear expansion coefficient is approximated to 3ppm/°C
of the CMUT 20 in the central part 24b of the thermal-
stress balancing member, and by using alloy 42 (linear
expansion coefficient: 5ppm/°C) in the periphery part of
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the thermal-stress balancing member.
Embodiment 6

[0097] Anexample of the method for manufacturing an
ultrasonic probe related to the present invention will be
described referring to Fig. 13 and Fig. 14.

Fig. 13 is a flowchart of the process in the method of
manufacturing an ultrasonic probe, and Fig. 14 is a view
showing the manufacturing process indicated in Fig. 13.
Fig. 14(A) shows the state that a first process (P1) is
completed, and Fig. 14 (B) shows the state that a second
process (P2) is completed.

[0098] The method of manufacturing an ultrasonic
probe related to the present invention will be described
by each following process.

[0099] The first process (P1): As shown in Fig. 14 (A),
adhesive agent will be applied on the surface in the upper
part in the diagram of the backing layer 22. The back side
of the ultrasonic-wave transmitting/receiving surface of
the CMUT 20 is placed on the part wherein the adhesive
agent is applied and pushed down. In this manner, the
back side of the ultrasonic-wave transmitting/receiving
surface of the CMUT 20 and the backing layer 22 are
adhered to each other by the adhesive agent, so as to
form an adhesive layer 23a.

[0100] The second process (P2): As shown in Fig.
14(B), the adhesive agent is applied on the surface in
the lower part of the backing layer 22. The thermal-stress
balancing member is pressed on the part where the ad-
hesive agent is applied. In this manner, the thermal-
stress balancing member 24 is adhered to the backing
layer22, so as toform an adhesive layer23b. The backing
layer 22 is placed between the thermal-stress balancing
member 24 and the backing layer 22. In other words,
thermal-stress balancing member 24 is disposed facing
the CMUT 20 in such a manner that the backing layer 22
is sandwiched therebetween.

[0101] Itis preferable that the adhesive agent and the
adhesive agent are of the same material, and are applied
with the same thickness and area.

[0102] In accordance with the above-described em-
bodiment 6, the warpage of the CMUT 20 caused by the
thermal stress generated in the joint between the backing
layer 22 and the CMUT 20 can be minimized by the sec-
ond process (P2), whereby making it possible to provide
the method of manufacturing an ultrasonic probe capable
of improving the durability of the adhesion between the
CMUT 20 and the backing layer 22.

[0103] The preferable embodiments of the ultrasonic
probe, the manufacturing method therefor and the ultra-
sonic diagnostic apparatus according to the present in-
vention have been described referring to the attached
drawings. However, the present invention is not limited
to these embodiments. It is obvious that persons skilled
in the art can make various kinds of alterations or mod-
ifications within the scope of the technical idea disclosed
in this application, and it is understandable that they be-
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long to the technical scope of the present invention.
Description of Reference Numerals
[0104]

20: CMUT
22:  backing layer
24:  thermal-stress balancing member

Claims
1. An ultrasonic probe comprising:

a CMUT provided with vibrant elements that
change the electromechanical coupling coeffi-
cient or sensitivity according to the applied bias
voltage;

a backing layer to be adhered to the back side
of the ultrasonic transmitting/receiving surface
of the CMUT; and

a thermal-stress balancing member to be ad-
hered to the backing layer while being disposed
facing the CMUT in such a manner that the back-
ing layer is sandwiched therebetween, config-
ured to suppress the warpage of the CMUT from
the backing layer caused by the thermal stress
generated between the CMUT and the backing
layer.

2. The ultrasonic probe according to claim 1, wherein
the thermal-stress balancing member is formed by
the material having the linear expansion coefficient
smaller than that of the backing layer.

3. The ultrasonic probe according to claim 1, wherein
the thermal-stress balancing member is formed by
the material of which the linear expansion coefficient
is less than 10ppm/°C.

4. The ultrasonic probe according to claim 3, wherein

the thermal-stress balancing member is formed by
any material of silicon, alloy 42, ceramic, glass, alu-
minum, aluminum compound, stainless steel, nickel
compound, marble or ceramic.

5. The ultrasonic probe according to claim 1, wherein
the thermal-stress balancing member has the same
size as the CMUT.

6. The ultrasonic probe according to claim 1, wherein
the adhesive agent to adhere the thermal-stress bal-
ancing member and the backing layer is formed by
the same material of the adhesive agent to adhere
the CMUT and the backing layer.

7. The ultrasonic probe according to claim 1, wherein
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the thermal-stress balancing member is divided into
plural pieces.

8. An ultrasonic probe according to claim 1, wherein
the thermal-stress balancing member is configured
such that the linear expansion coefficient of the part
facing the central portion of the group of vibrant el-
ements in the major-axis direction is smaller than
that of the part facing the peripheral portion thereof.

9. A method of manufacturing an ultrasonic probe in-
cluding:

a first process of adhering the back side of the
ultrasonic transmitting/receiving surface of a
CMUT and a backing layer; and

a second process of disposing a thermal-stress
balancing member facing the CMUT in such a
manner that the backing layer is sandwiched
therebetween, and adhering the thermal-stress
balancing member to the backing layer.

10. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe configured to transmit/re-
ceive ultrasonic waves to an object to be exam-
ined;

a transmission unit configured to activate the ul-
trasonic probe;

an image creation unit configured to create an
ultrasonic image using the reflected signals re-
ceived from the object by the ultrasonic probe;
adisplay unit configured to display the ultrasonic
image, and

a control unit configured to control the transmis-
sion unit, the image creation unit and the display
unit,

wherein the ultrasonic probe is in accordance
with one of the claim 1 to claim 8.
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