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(57)  An ultrasonic probe including a cMUT chip that
has plural oscillation elements whose electromechanical
coupling coefficient or sensitivity varies in accordance
with a bias voltage and transmits/receives an ultrasonic
wave, an acoustic lens provided at an ultrasonic wave
transmission/reception side of the cMUT chip, a backing
layer provided to the opposite surface of the cMUT chip

ULTRASONIC PROBE, AND ULTRASONIC DIAGNOSIS DEVICE USING THE PROBE

to the acoustic lens, and a substrate provided between
the backing layer and the cMUT chip. The ultrasonic
probe further includes thermal stress suppressing means
for suppressing thermal stress occurring due to the dif-
ference in linear expansion coefficient caused by tem-
perature variation between the substrate and the backing
layer.
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Description
Technical Field

[0001] The present invention relates to an ultrasonic
probe using cMUT (Capacitive Micromachined Ultrason-
ic Transducer) chip, and particularly to a technique for
securing long-term reliability of an ultrasonic probe.

Background Art

[0002] An ultrasonic diagnostic apparatus is an appa-
ratus for picking up a diagnosis image on the basis of an
echo signal output from an ultrasonic probe and a reflec-
tion signal thereof. Plural ultrasonic oscillators are ar-
ranged in the ultrasonic probe. The ultrasonic oscillator
converts a driving signal to an ultrasonic wave and trans-
mits the ultrasonic wave to an examinee, and also it re-
ceives a reflection echo signal generated from the exam-
inee and converts the reflection echo signal into an elec-
trical signal.

[0003] Abroad-band ultrasonic probe using cMUT chip
has been recently developed. The cMUT chip is a hyper-
fine capacitance type ultrasonic oscillator manufactured
by a semiconductor microfabrication process (for exam-
ple, Patent Document 1).

[0004] Inanexample of the structure of a backing layer
of this type of ultrasonic probe, the acoustic impedances
of the backing layer and the cMUT chip are matched with
each other in order to suppress unnecessary vibration of
an electrode at the backing layer side in the cMUT chip
(for example, Patent Document 2).

[0005]

Patent Document 1: U.S. Patent No. 5,894,452
Patent Document 2: U.S. Patent No. 6,714,484

Disclosure of the Invention
Problem to be Solved by the Invention

[0006] However, with respect to the ultrasonic probe
using the cMUT chip, when there is some difference in
linear expansion coefficient between the cMUT chip
formed of silicon wafer and a backing material, thermal
stress is mutually applied to each other due to tempera-
ture variation, and thus exfoliation or the like occurs be-
tween the respective layers. Therefore, there has been
an unsolved problem that long-term reliability is lost.
[0007] An object of the present invention is to provide
an ultrasonic probe that can suppress an effect of thermal
stress, and an ultrasonic diagnostic apparatus using the
ultrasonic probe.

Means of solving the Problem

[0008] Anultrasonic probe of the presentinvention has
the following constituent elements.
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[0009]

(1) An ultrasonic probe including a cMUT chip that
has plural oscillation elements whose electrome-
chanical coupling coefficient or sensitivity varies in
accordance with a bias voltage and transmits/re-
ceives an ultrasonic wave, an acoustic lens provided
at an ultrasonic wave transmission/reception side of
the cMUT chip, a backing layer provided to the op-
posite surface of the cMUT chip to the acoustic lens,
and a substrate provided between the backing layer
and the cMUT chip is characterized by further com-
prising thermal stress suppressing means for sup-
pressing thermal stress occurring due to the differ-
ence in linear expansion coefficient caused by tem-
perature variation between the substrate and the
backing layer.

[0010]

(2) The thermal stress suppressing means may be
formed of a material which makes the backing layer
and the cMUT chip substantially coincident with each
other in linear expansion coefficient.

(3) The thermal stress suppressing means may be
formed of a third material having a linear expansion
coefficient different from those of metal and resin
constituting the backing layer.

(4) The third material maybe a material containing
silicon dioxide as a main component.

(5) The third material may be a fibrous material con-
taining silicon dioxide as a main component.

(6) The metal may be tungsten, and the fiber may
be polyamide resin.

(7) The linear expansion coefficient of the backing
layer may be 50 to 60 ppm/°C with respect to the
linear expansion coefficient of the semiconductor
substrate.

[0011]

(8) The thermal stress suppressing means may be
provided with an adjusting layer for adjusting the dif-
ference of the linear expansion coefficient between
the cMUT chip and the backing layer.

(9) The adjusting layer may be formed of a material
having a smaller modulus of elasticity than the cMUT
chip and/or the backing layer.

(10) The adjusting layer may be an adhesive layer
for fixing the cMUT chip to the backing layer, and
formed of a material having a smaller modulus of
elasticity than the cMUT chip and/or the backing lay-
er.

(11) The adhesive layer may be formed of adhesive
agent of epoxy type adhesive agent, polyurethane
type adhesive agent or silicon type adhesive agent.
(12) The adjusting layer may be formed of a material
that has rubber elasticity when hardened and has
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adhesiveness to materials at the interface.

[0012] An ultrasonic diagnostic apparatus according
to the present invention comprises: an ultrasonic probe
for transmitting/receiving an ultrasonic wave to an exam-
inee; an image processor for constituting an ultrasonic
image on the basis of an ultrasonic reception signal out-
put from the ultrasonic probe; and a display unit for dis-
playing the ultrasonic image, wherein the ultrasonic
probe is an ultrasonic probe described in any one of the
foregoing (1) to (12).

Effect of the Invention

[0013] According to the present invention, there can
be provided the ultrasonic probe which can suppress the
effect of the thermal stress, and the ultrasonic diagnostic
apparatus using the ultrasonic probe.

Brief Description of the Drawings
[0014]

[Fig. 1] Fig. 1 is a diagram showing an example of
the construction of an ultrasonic diagnostic appara-
tus according to an embodiment of the present in-
vention.

[Fig. 2] Fig. 2 is a perspective view of an ultrasonic
probe adopted in Fig. 1.

[Fig. 3] Fig. 3 is a diagram showing an example of
the construction of an oscillator of Fig. 2.

[Fig. 4] Fig. 4 is a cross-sectional view taken when
one of oscillating elements of Fig. 3 is viewed from
the side surface.

[Fig. 5] Fig. 5 is a diagram showing an ultrasonic
probe according to an example 1.

[Fig. 6] Fig. 6 is a diagram showing wires of the ul-
trasonic probe 2.

Description of Reference Numerals

[0015] 20 cMUT chip, 22 backing layer, 25 ultrasonic
probe cover, 26 acoustic lens, 70, 71 adhesive layer, 72
flexible substrate, 86 wire, 87 wire sealing resin, 90 ad-
hesive layer

Best Mode for Carrying Out Invention

[0016] A preferred embodiment of an ultrasonic diag-
nosis probe according to the present invention and an
ultrasonic diagnostic apparatus using the ultrasonic
probe will be described in detail with reference to the
accompanying drawings. In the following description and
the accompanying drawings, the constituent elements
having substantially the same function are represented
by the same reference numerals, and the duplicative de-
scription thereof is omitted.

[0017] First, the construction of the ultrasonic diagnos-
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tic apparatus 1 will be described with reference to Fig. 1.
[0018] Fig. 1is a diagram showing the construction of
the ultrasonic diagnostic apparatus 1.

The ultrasonic diagnostic apparatus 1 according to the
present invention includes an ultrasonic probe 2, trans-
mitting means 3, bias means 4, receiving means 5, phas-
ing adding means 6, image processing means 7, display
means 8, control means 9 and operating means 10.
[0019] The ultrasonic probe 2 is brought into contact
with an examinee to transmit/receive an ultrasonic wave
to/from the examinee. An ultrasonic wave is emitted from
the ultrasonic probe 2 to the examinee, and a reflection
echo signal generated from the examinee is received by
the ultrasonic probe 2.

[0020] The transmitting means 3 and the bias means
4 apply a bias voltage to electrodes which are disposed
in the ultrasonic probe 2 so as to confront each other,
and also apply a driving signal while superposed on the
bias voltage, thereby emitting an ultrasonic wave.
[0021] The receiving means 5 receives a reflection
echo signal to the ultrasonic probe 2.

The receiving means 5 further performs processing such
as analog-digital conversion, etc. on the received reflec-
tion echo signal.

[0022] The phasing adding means 6 is a device for
phasing and adding the received reflection echo signal.
[0023] The image processing means 7 is a device for
generating a diagnosis image (for example. tomogram
or blood flow image) on the basis of the phased and add-
ed reflection echo signal.

[0024] The display means 8 is a display device for dis-
playing the diagnosis image generated by the image
processing means 7.

[0025] The control means 9 is a device for controlling
the respective constituent elements described above.
[0026] The operatingmeans 10 is a device for supply-
ing the control means 9 with an instruction such as a sign
for starting diagnosis or the like, for example. The oper-
ating means 10 is input equipment such as a track ball,
a keyboard, a mouse or the like.

[0027] Next, the ultrasonic probe 2 will be described
with reference to Figs. 2 to 4.

Fig. 2 is a diagram showing the construction of the ultra-
sonicprobe 2. Fig. 2 is a perspective view of the ultrasonic
probe 2, and is a partially fractured view. The upper side
of Fig. 2 is brought into contact with the examinee, and
an ultrasonic wave is transmitted from the upper side.
[0028] The ultrasonic probe 2 has a cMUT chip 20.
The cMUT chip 20 is a one-dimensional array type os-
cillator group in which plural oscillators 21-1, 21-2, ... are
arranged in a strip-shape. Plural oscillating elements 28
are arranged in the oscillators 21-1, 21-2, ... The ultra-
sonic probe 2 shown in Fig. 2 is a linear type probe, how-
ever, another type oscillator group such as a two-dimen-
sional array type, a convex type or the like may be used.
[0029] A backing layer 22 is provided at the back sur-
face side (the lower side in Fig. 2) of the cMUT chip 20.
An acoustic lens 26 is provided at the ultrasonic wave
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emission side of the cMUT chip 20. The cMUT chip 20,
the backinglayer 22, etc. are stored in an ultrasonic probe
cover 25.

[0030] Inthe cMUT chip 20, on the basis of application
of a bias voltage of the bias means 4, a driving signal
from the transmitting means 3 is converted to an ultra-
sonic wave, and the thus-converted ultrasonic wave is
transmitted to an examinee.

[0031] The receiving means 5 converts an ultrasonic
wave generated from the examinee to an electrical sig-
nal, and receives the ultrasonic wave as a reflection echo
signal.

[0032] The backing layer 22 is a layer for absorbing
propagation of an ultrasonic wave emitted from the cMUT
chip 20 to the back surface side thereof to suppress sur-
plus oscillation.

[0033] The acoustic lens 26 is a lens for converging
an ultrasonic beam transmitted from the cMUT chip 20.
The curvature of the acoustic lens 26 is determined on
the basis of a desired focal length.

[0034] A matching layer may be provided between the
acoustic lens 26 and the cMUT chip 20. The matching
layer is a layer for matching the acoustic impedances of
the cMUT chip 20 and the examinee to enhance the trans-
mission efficiency of ultrasonic waves.

[0035] Fig. 3 is a diagram showing the construction of
the oscillators 21 of Fig. 2.

Upper electrodes 46-1, 46-2, ... are arranged at the ex-
aminee side of the plural oscillating elements 28 consti-
tuting the oscillators 21-1, 21-2, ..., and the upper elec-
trodes are divided into plural parts in the longitudinal axis
direction X and connected to one another every oscillator
21.Thatis, the upper electrode 46-1, the upper electrode
46-2, ... are arranged in juxtaposition with one another
in the longitudinal axis direction X.

[0036] Lower electrodes (48-1 to 48-4) are arranged
at the opposite side of the plural oscillating elements 28
constituting the oscillators 21 to the examinee, and they
are divided into plural parts (four lines in Fig. 3) in the
short axis direction Y and connected to one another. That
is, the lower electrode 48-1, the lower electrode 48-2, the
lower electrode 48-3, ... are arranged in juxtaposition with
one another in the short axis direction Y.

[0037] Fig. 4 is a side view (cross-sectional view)
showing the construction of one of the oscillating ele-
ments 28 of Fig. 3.

[0038] The oscillating element 28 comprises a sub-
strate 40, a film body 44, a film body 45, an upper elec-
trode 46, a frame body 47 and a lower electrode 48. The
oscillating element 28 is formed by microfabrication
based on a semiconductor process. The oscillating ele-
ment 28 corresponds to one element of cMUT.

[0039] The substrate 40 is a semiconductor substrate
such as silicon wafer or the like, and disposed at the
lower electrode side.

[0040] The film body 44 and the frame body 47 are
formed of a semiconductor compound such as silicon
compound or the like. The film body 44 is provided so as
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to be nearestto the examinee side (ultrasonic wave emis-
sion side) in the oscillating element 28, and the frame
body 47 is disposed on the back surface (the opposite
side to the examinee side) of the film body 44. The upper
electrode 46 is provided between the film body 44 and
the frame body 47. The film body 45 is provided between
the frame body 47 and the substrate 40, and the lower
electrode 48 is provided in the film body 45. The internal
space 50 compartmented by the frame body 47 and the
film body 45 is set to a vacuum-state or filled with prede-
termined gas.

[0041] The upper electrode 46 and the lower electrode
48 are connected to the transmitting means 3 for supply-
ing a AC high-frequency voltage as a driving signal and
the bias means 4 for applying a DC voltage as a bias
voltage.

[0042] When an ultrasonic wave is transmitted, a DC
bias voltage (Va) is applied to the upper electrode 46 and
the lower electrode 48 of the oscillating element 28, and
electric field is generated by the bias voltage (Va). Ten-
sion occurs in the film body 44 due to the generated elec-
tric field, and it has a predetermined electromechanical
coupling coefficient (Sa). When a driving signal is sup-
plied from the transmitting means 3 to the upper electrode
46, an ultrasonic wave whose intensity is based on the
electromechanical coupling coefficient (Sa) is emitted
from the film body 44.

[0043] Furthermore, when another DC bias voltage
(Vb) is applied to the upper electrode 46 and the lower
electrode 48 of the oscillating element 28, electric field
is generated by the bias voltage (Vb). Tension occurs in
the film body 44 due to the generated electric field, and
it has a predetermined electromechanical coupling coef-
ficient (Sb). When a driving signal is supplied from the
transmitting means 3 to the upper electrode 46, an ultra-
sonic wave whose intensity is based on the electrome-
chanical coupling coefficient (Sb) is emitted from the film
body 44.

[0044] Here, when the bias voltage satisfies "Va<Vb",
the electromechanical coupling coefficient satisfies
"Sa<Sb".

[0045] On the other hand, when an ultrasonic wave is
received, the filmbody 44 is excited by a reflection echo
signal generated from the examinee, and the capaci-
tance of the internal space 50 varies. The variation
amount of the internal space 50 is detected as an elec-
trical signal through the upper electrode 46.

[0046] The electromechanical coupling coefficient of
the oscillating element 28 is determined by tension load-
ed on the film body 44. Accordingly, the tension of the
film body 44 is controlled by changing the magnitude of
the bias voltage applied to the oscillating element 28,
whereby the intensity (or sound pressure, amplitude) of
the ultrasonic wave emitted from the oscillating element
28 can be varied even when a driving signal having the
same amplitude is input.

[0047] Next, an example 1 of the present invention will
be described with reference to Figs. 5 and 6.
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Fig. 5 is a diagram showing an ultrasonic probe 2 accord-
ing to an example 1. Fig. 5 is a cross-sectional view of a
plan A of the ultrasonic probe of Fig. 2.

According to Fig. 5, the back surface of the acoustic lens
26 (the opposite side to the examinee disposing side, the
backing layer side) has a recess portion so that the cMUT
chip 20 is disposed in the recess portion. The connection
portion

(wire preventing resin 88) between the cMUT chip 20 and
a flexible substrate 72 is fitted in the recess portion.
[0048] The cMUT chip 20 is mounted on the upper sur-
face of the backing layer 22 through an adhesive layer
70. The flexible substrate 72 (Flexible Printed Circuits:
FPC)is provided so as to extend from the peripheral edge
of the upper surface of the backing layer 22 to the four
side surfaces. The flexible substrate 72 is mounted on
the peripheral edge of the upper surface of the backing
layer 22 through an adhesive layer 71.

[0049] The adhesive layer 70 and the adhesive layer
71 are adhesive agent formed of epoxy resin, for exam-
ple. The position in the height direction of the cMUT chip
20 and the flexible substrate 72 can be adjusted by ar-
bitrarily adjusting the layer thickness of the adhesive lay-
er 70 and the adhesive layer 71.

[0050] The flexible substrate 72 and the cMUT chip 20
are electrically connected to each other through a wire
86. The wire 86 is connected by a wire bonding method.
An Au wire or the like may be used as the wire 86. Wire
sealing resin 88 is filled around the wire 86.

[0051] The acoustic lens 26 is mounted on the upper
surface of the cMUT chip 20 through an adhesive layer
90. Silicon rubber is used as a material of the acoustic
lens 26, for example. With respect to the material of the
adhesive layer 90, the same material as the acoustic lens
26 (for example, silicon) is desired.

[0052] The upper surface of the acoustic lens 26 is
designed in a convex shape within at least an area 23
which corresponds to an area where an ultrasonic wave
is emitted. The oscillating element 28 is disposed within
the range corresponding to at least the area 23. An ul-
trasonic wave is emitted from the convex portion at the
ultrasonic wave emission side (the examinee side) of the
acoustic lens 26.

[0053] The ultrasonic probe cover 25 is provided to the
four side surfaces of the ultrasonic probe 2. The ultra-
sonic probe cover 25 is fixed to the four side surfaces of
the acoustic lens 26. An examiner manipulates the ultra-
sonic probe 2 while gripping the ultrasonic probe cover
25 by his/her hand.

[0054] Fig. 6 is a diagram showing the wires of the
ultrasonic probe 2.

The substrate 40 of the cMUT chip 20 is fixed to the upper
surface of the backing layer 22. The flexible substrate 72
is fixed to the peripheral edge of the upper surface of the
backing layer 22.

[0055] On the flexible substrate 72 are disposed signal
patterns 38-1 to signal patterns 38-n which are respec-
tively paired at the upper and lower sides on the paper
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surface , and signal patterns 41-1 to signal patterns 41-4
which are respectively paired at the right and left sides
on the paper surface.

[0056] The upperelectrode 46-1to the upper electrode
46-n are connected to the signal pattern 38-1 to the signal
pattern 38-n. The lower electrode 48-1 to the lower elec-
trode 48-4 are connected to the signal pattern 41-1 to
the signal pattern 41-4. The adjacent lower electrodes
48-1to 48-4 are respectively insulated from one another.
[0057] The upper electrodes 46 and the lower elec-
trodes 48 are respectively connected to the flexible sub-
strate 72 through wires 86 by the wire bonding method.
[0058] The shape of the lower electrodes 48-1 to 48-4
is desirably set to the shape (for example, wave form)
corresponding to the shape of the oscillating element 28
(for example, hexagonal shape), whereby each oscillat-
ing element 28 can be disposed so as to correspond to
only one of the lower common electrodes 48-1 to 48-4.
[0059] Furthermore, the four lower electrodes 48-1 to
48-4 are disposed, however, the number of the lower
electrodes is not limited to this value.

[0060] The signal patterns 38-1 to 38-n are provided
so as to be paired at both the upper and lower sides on
the paper surface, and the signal patterns 48-1 to 48-4
are provided so as to be paired at both the right and left
sides on the paper surface. However, the present inven-
tion is not limited to this arrangement, and they may be
provided at only one side without being paired.

[0061] The signal pattern and the upper electrode or
the lower electrode are connected to each other by the
wire bonding method. However, the present invention is
not limited to this method, and a flip chip bonding method
for connecting them through pads may be used.

Example 1

[0062] First, an example 1 of the present invention will
be described.

In this example, the backing layer 22 which absorbs prop-
agation of ultrasonic waves emitted from the cMUT chip
20tothe back surface side to suppress surplus oscillation
has the following feature.

[0063] First, with respect to the backing layer accord-
ing to this example, the linear expansion coefficient there-
of is set to a low value so that it approaches to that of the
substrate 40 (silicon wafer) of the cMUT chip 20.
[0064] When there is some difference in linear expan-
sion coefficient between the substrate 40 (for example,
silicon wafer) of the cMUT chip 20 and the backing layer,
there has been hitherto a problem in long-term reliability
of the probe because unnecessary friction or force is ap-
plied to the contact surface every time temperature rises
and thus the contact surface is worn. For example, silicon
wafer has a linear expansion coefficient of about 3 ppm/
°C, and the conventional backing layer is formed of ma-
terials such as metal and resin and thus has a linear
expansion coefficient of 100 ppm/°C order. However,
with respect to the backing layer according to this exam-
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ple, the linear expansion coefficient thereof is set to 50
ppm/°C, for example. Therefore, the long-term reliability
problem of the probe which is caused by the application
of unnecessary friction or force to the contact surface
every increase of temperature and thus wearing of the
contact surface can be solved.

[0065] More specifically, a new material for reducing
the linear expansion coefficient of the backing layer is
mixed in the backing layer as thermal effect reducing
means for reducing a thermal effect caused by the dif-
ference in linear expansion coefficient between the back-
ing layer an the substrate of the cMUT chip. The new
material is a third material different from the metal (for
example, tungsten, ferrite, Pt, ceramic fine particle, etc.)
and the resin (for example, polyamide resin, epoxy resin,
copolymer of vinyl chloride and vinyl acetate, rubber, etc.)
which constitute the backing layer. The third material is
formed of glass-like material containing silica (SiO,) as
a main component, and it may be glass fiber or the like,
for example. The new material has a linear expansion
coefficient of about 0.5 ppm/°C (in the case of quartz
glass) or about 9 ppm/°C (in the case of general glass),
and thus the linear expansion coefficient of the backing
layer can be reduced as a whole. The linear expansion
coefficient of the backing layer is near to 50 to 60 ppm/
°C as a whole with respect to the linear expansion coef-
ficient (3 ppm/°C) of the substrate (for example, silicon
wafer) of the cMUT chip 20. The difference in linear ex-
pansion coefficient between the backing layer and the
substrate of the cMUT chip may be set within the differ-
ence range of 50 to 60 ppm/°C, and more preferably the
linear expansion coefficient is coincident therebetween.
[0066] The backing material according to this example
contains tungsten particles (W particle), polyamide resin
and glass fiber.

In the above example, the difference in linear expansion
coefficient between the substrate of the cMUT chip 20,
for example, silicon wafer and the backing layer is re-
duced, and the situation that unnecessary friction or force
is applied to the contact surface every increase of tem-
perature and thus the contact surface is worn is sup-
pressed, and thus the long-term reliability of the probe
can be secured.

[0067] By forming the backing layer of the material as
described above, the acoustic impedance of the backing
material itself is equal to 7 to 20 MRayl, and it is not
necessarily coincident with the impedance of the sub-
strate of the cMUT chip (for example, 20 MRayl), how-
ever, this does not greatly affect the acoustic character-
istic from an experiment result obtained by the inventor.
According to the structure of this example, it is not nec-
essarily required that a material having an intermediate
linear expansion coefficient is installed between the
cMUT chip and the backing material, and thus there is
an advantage that the manufacturing can be easily per-
formed.

Furthermore, in the backing layer disclosed in this inven-
tion, the thermal deformation temperature is equal to
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about 210°C under 0.45 MPa, and thus thermal defor-
mation hardly occurs even when thermal temperature
increase occurs.

Example 2

[0068] Next, an example 2 of the present invention will
be described.

Absorbing means for absorbing the difference in linear
expansion coefficient between the cMUT chip and the
backing layer is provided between the cMUT chip and
the backing layer of this example as thermal effect re-
ducing means for reducing a thermal effect caused by
the difference in linear expansion coefficient between the
backing layer and the cMUT chip substrate. The absorb-
ing means is formed of a material having a small elasticity
modulus.

[0069] In this example, the adhesive agent for bonding
the cMUT chip and the backing layer is formed of a ma-
terial having small elasticity modulus. Since the adhesive
agent having a small elasticity modulus is used, the dif-
ference in linear expansion coefficientbetween the cMUT
chip and the backing layer can be absorbed. Therefore,
the situation that unnecessary friction or force is applied
to the contact surface every increase of temperature and
thus the contact surface is worn is suppressed, and thus
an ultrasonic probe having long-term reliability can be
provided.

[0070] More specifically, the absorbing means accord-
ing to this example has a smaller elasticity modulus as
compared with any one or both of the substrate consti-
tuting the cMUT chip and the backing layer. For example,
a material which has rubber elasticity (for example, elon-
gation percentage of 100% or more) when it is hardened
and has adhesiveness to materials at the interface may
be considered as the material constituting the absorbing
means. When the material constituting the absorbing
means is adhesive agent, epoxy resin type adhesive
agent, polyurethane type adhesive agent, silicon type ad-
hesive agent or the like which has low elasticity is con-
sidered.

[0071] According to the above example, with respect
to the ultrasonic probe using the cMUT chip and the ul-
trasonic diagnostic apparatus using the ultrasonic probe,
the structure of the backing layer for absorbing the prop-
agation of ultrasonic waves emitted from the back surface
side of the cMUT chip can suppress the effect of the
thermal stress.

[0072] The preferred embodiment of the medical im-
age display device according to the present invention
has been described, however, the present invention is
not limited to the above embodiment. It is apparent that
persons skilled in the art can make various modifications
or alterations within the scope of the technical idea dis-
closed in this application, and itis necessarily understood
that these modifications and alterations belong to the
technical compass of this invention.
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Claims

1.

An ultrasonic probe including:

a cMUT chip that has plural oscillation elements
whose electromechanical coupling coefficient or
sensitivity varies in accordance with a bias volt-
age and transmits/receives an ultrasonic wave;
an acoustic lens provided at an ultrasonic wave
transmission/reception side of the cMUT chip;
a backing layer provided to the opposite surface
of the cMUT chip to the acoustic lens; and

a substrate provided between the backing layer
and the cMUT chip, characterized by further
comprising thermal stress suppressing means
for suppressing thermal stress occurring due to
the difference in linear expansion coefficient
caused by temperature variation between the
substrate and the backing layer.

The ultrasonic probe according to claim 1, wherein
the thermal stress suppressing means is formed of
a material which makes the backing layer and the
cMUT chip substantially coincident with each other
in linear expansion coefficient.

The ultrasonic probe according to claim 1, wherein
the thermal stress suppressing means is formed of
a third material having a linear expansion coefficient
different from those of metal and resin constituting
the backing layer.

The ultrasonic probe according to claim 3, wherein
the third material is a material containing silicon di-
oxide as a main component.

The ultrasonic probe according to claim 3, wherein
the third material is a fibrous material containing sil-
icon dioxide as a main component.

The ultrasonic probe according to claim 3, wherein
the metal is tungsten, and the fiber is polyamide res-
in.

The ultrasonic probe according to claim 2, wherein
the linear expansion coefficient of the backing layer
is equal to 50 to 60 ppm/°C with respect to the linear
expansion coefficient of the semiconductor sub-
strate.

The ultrasonic probe according to claim 1, wherein
the thermal stress suppressing means is provided
with an adjusting layer for adjusting the difference of
the linear expansion coefficient between the cMUT
chip and the backing layer.

The ultrasonic probe according to claim 8, wherein
the adjusting layer is formed of a material having a
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10.

1.

12,

13.

smaller modulus of elasticity than the cMUT chip
and/or the backing layer.

The ultrasonic probe according to claim 8, wherein
the adjusting layer is an adhesive layer for fixing the
cMUT chip to the backing layer, and formed of a ma-
terial having a smaller modulus of elasticity than the
cMUT chip and/or the backing layer.

The ultrasonic probe according to claim 10, wherein
the adhesive layer is formed of adhesive agent of
epoxy type adhesive agent, polyurethane type ad-
hesive agent or silicon type adhesive agent.

The ultrasonic probe according to claim 8, wherein
the adjusting layer is formed of a material that has
rubber elasticity when hardened and has adhesive-
ness to materials at the interface.

An ultrasonic diagnostic apparatus comprising an ul-
trasonic probe for transmitting/receiving an ultrason-
icwave to an examinee, an image processor for con-
stituting an ultrasonic image on the basis of an ultra-
sonic reception signal output from the ultrasonic
probe, and a display unit for displaying the ultrasonic
image, characterized in that the ultrasonic probe
is an ultrasonic probe described in any one of claims
1to 12.



EP 2 227 037 A1

L 9 g
SNYIN SNYIW ONIdaY
SNVIN A¥1dSIa ONISSIOONd OV ONY ONISYHd SNVIWONINZOIY 1«
8
390%d
14 ¢ 724 oNosvELIN
f x
SNV SVIg
SNV NOILYHIdO |—»  SNYIW TO4INOD
w ® SNYIN
& . ONILLINSNYL

:

1" OId




EP 2 227 037 A1

»t
~ i .
T { oz
") 7 .\
H
\_ _
1
;
P i
H i~1¢
“ /
:
]
__ “
H
- i
a\ ”
$
i
1
% ! :
) ” \.M O
-7 X
@N m - ¢O/¢\OWO¢//?
re woF
q X NOILOFMIA

4 | SIXV-dOrvi

¢ 9ld



EP 2 227 037 A1

FIG.3

28

T T A A A SN
AT A NA SN NN

AT T A A A AR

| @@@@@@@@@@@@@@ ,

X

MAJOR-AXIS
DIRECTION

»-
NOILO3HIA

> SIXV-HONIN

]

48""‘3 S

T




FIG.4

28

EP 2 227 037 A1




FIG.5

23

86

26

e

EP 2 227 037 A1

12

o
4 B RN
» ey
8 R
iy 224 RN
] '

= R
fes v aray

2 R
e o

5
T
AR

=4 R

B s e e

L3 AP
Heorrsesia
e e

13
R

Zi

e
T
ﬁé»p"r&,}

Y KRR AR RN

[REES

v

Tt
f

25

71

12

22



EP 2 227 037 A1

s/

LILT

mmnmmm]nn--l»--——---_-—-- - -

N

M ....".-i "
F:Slwﬁan.n‘;.
1 ]
% i ! P’&‘L’L’L‘&.‘.*.*.‘
o o) ‘;‘ .;,.4,.;. CH :
s ihr A AT AYAY AT v
’ ' HHHAH HOH L HH
: ! n 1 e P
M . v Y] T '
) § [} 14 X 3] 1.
p t (I8 b | tE t
: ‘ t » | N ¥t ‘. 'y . 1
t ‘ ' » [ ] . it . 1] " t
' ¢ B
t'eNd fH 't ‘e i 1
© o Do o H o h
. t '
S, IR 'oteTeleleloleleleN |
oL . ‘;‘ .,g.;,. .‘.’,‘ He
LL S EPRAY A A AT AT AYAY !
— 1 oo ‘......O. v
é : : . “,“‘;‘4‘;‘
o4 .'. ‘;“J‘*. ;.
' AghyLleXydy “
: 3 9“..."
l’“- N I 3
a - 4 [
:é " u ' Kux-x r)Luxx I
x Nw x
22
i
<5 e
=0 <
NOILOZMI T
SIXV-HONIW

13



EP 2 227

INTERNATIONAL SEARCH REPORT

037 A1

International application No.

PCT/JP2008/071239

A. CLASSIFICATION OF SUBJECT MATTER
H04R19/00(2006.01) 1,

According to International Patent Classification (IPC) or to both nation:

A61B8/00(2006.01)1,

GO0IN29/24(2006.01) 1

al classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by ¢
H04R19/00, A61B8/00, GO1N29/24

lassification symbols)

Jitsuyo Shinan Kocho
Kokai Jitsuyo Shinan Koho

1922-1996
1971-2009

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2009
1994-2009

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

26 May, 1987 (26.05.87),
Page 2, upper right column,
upper right column, line 9
(Family: none)

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y JP 2007-201753 A (Hitachi, Ltd. (et al.)), 1,2,7,13
09 August, 2007 (09.08.07),
Par. Nos. [0009] to [0027]; Figs. 1 to 5
& WO 2007/086180 Al
Y JP 62-115197 A (Fujitsu Ltd.), 1,2,7,13

line 18 to page 3,

|:| Further documents are listed in the continuation of Box C.

\:l See patent family annex.

Special categories of cited documents:

‘A  document defining the general state of the art which is not considered to
be of particular relevance

“E”  earlier application or patent but published on or after the international filing
date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the

priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is

combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search
17 February, 2009 (17.02.09)

Date of mailing of the international search report
03 March, 2009 (03.03.09)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (April 2007)

14




EP 2 227 037 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2008/071239
Box No. IT Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L. l:l Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. ‘:l Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. l:l Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

For the following reasonsg, this international patent application contains
the three inventions which do not comply with the requirement of unity of
invention.

Main invention: c¢laimg 1, 2, 7 and 13

Second invention: claims 3 - 6

Third invention: claimg 8 - 12
Document 1: JP2007-201753 A (Hitachi, Ltd. (etal.)), 9August, 2007 (09.08.07),
[0009] - [0027], and Figs. 1 - 5

(continued to extra sheet)

L. l:l As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. ‘:l As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. l:l As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims, it is covered by claims Nos.:
Claims 1, 2, 7 and 13.

Remark on Protest |:| The additional search fees were accompanied by the applicant’s protest and, where applicable,
the payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2007)

15



EP 2 227 037 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2008/071239

Continuation of Box No.III of continuation of first sheet (2)

Document 2: JP 62-115197 A (Fujitsu Ltd.), 26 May, 1987 (26.05.87),
line 18, upper right column, page 2 - line 9, upper right column, page
3.

Searches have been performed by assuming that claims 1, 2 and 7 are
“the firstly described invention (i.e., the "main invention")". As
aresult, it is clarified by Documents 1 and 2 that the technical feature
of claim 1 and 2 does not involve any inventive step. The "cMUT chip™"
in claim 1 is disclosed as the "ultrasonic transmit-receive element"
of Document 1. The "acousticlens"inclaimlisdisclosedasthe "acoustic
lens" of Document 1. The "backing layer" in claim 1 is disclosed as
the "backinglayer" inDocument 1. The "substrate" inclaimlisdisclosed
as the "second substrate" of Document 1.

Document 1 does not describe the matter of having "thermal-stress
suppressing means" of materials in which "the linear expansion
coefficient of said backing layer and the linear expansgion coefficient
of said ¢MUT chip are substantially identical" as in claim 2. However,
it is the well-known technical matter, as described in Document 2, that
the thermal stress is suppressed by making the linear expansion
coefficient of the backing layer closer to that of the ultrasonic
transmit-receive element. Therefore, the concept that the thermal
stress is suppressed by making the linear expansion coefficient of the
backing layer cloger to that of the ultrasonic transmit-receive element
as in Document 1 is what a person skilled in the art could have easily
assumed. Here, setting the substantially identical linear expansion
coefficient is only a design matter.

Hence, the technical feature of claims 1 and 2 is not considered
as the "gspecial technical feature" within the meaning of PCT Rule 13.2,
second sentence.
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invention regides in that "the linear expansion coefficient of said
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said backing layer".

So long as claim 8 (the third invention) and the aforementioned prior
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of the third invention resides in that "said thermal-stress suppressing
means includes an adjusting layer between said ¢cMUT chip and said backing
layer for adjusting the difference in said linear expansion
coefficients".

Hence, the main, second and third inventions are not so technically
related as to involve one or two or more of the same or corresponding
special technical features.
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claim 1.
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