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Both controlling damage when assembling an ultrasonic
probe using a chip formed with a capacitive ultrasonic trans-
ducer and securing operational reliability are achieved. In a
semiconductor substrate on which the capacitive ultrasonic
transducer (CMUT) is formed on a first primary surface, a
protective film is formed on the surface of the ultrasonic
transducer which is formed on the first primary surface of the
semiconductor substrate which is then thinned by polishing a
second primary surface opposite to the first primary surface of
the semiconductor substrate, an ultrasonic transducer chip is
cutout of the semiconductor substrate, a sound absorbing
material is provided on the surface opposite to the surface
formed with the ultrasonic transducer, and the protective film
formed on the surface of the ultrasonic transducer is removed.
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(1) CMUT IS FORMED ON SILICON WAFER

WAFER STATE ,{ {2) THINNING (BACK GRINDING) OF SILICON WAFER

(3) CUTTING (DICING) INTO CHIPS

(4) BONDING OF BACKING MATERIAL TO CHIP
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CHIP STATE *{ (6) BONDING OF ACOUSTIC LENS TO CHIP

(7) SEALING CASE
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[Fig. 4B]
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[Fig. 5]
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[Fig. 6A]
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[Fig. 7]
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[Fig. 8]
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[Fig. 9A]
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[Fig. 9B]
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[Fig.
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[Fig. 11A]
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[Fig. 11D]
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[Fig. 12A]
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[Fig. 12B]
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[Fig. 13A]
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[Fig. 14]
1808~
1304 < | l
T 'il" KK K ,0 ey ‘;ﬁ"w * Y7
o SR e

—. 801

608 |

606 ,

507 7




Patent Application Publication

[Fig. 15A]

Nov. 12,2015 Sheet230f39  US 2015/0323657 Al

=
sus
-4+

T
2 3

a2

IE
35

1
» 3
’ &

401
a

AN

s

0 N
A R

[Fig. 15B]

NPRR SEAL N RS P
13

v 9 0
2

t
:

e

e

S -
A -
o



Patent Application Publication  Nov. 12,2015 Sheet 24 0f39  US 2015/0323657 A1

[Fig. 16]




Patent Application Publication  Nov. 12,2015 Sheet250f39  US 2015/0323657 A1

[Fig. 17A]

gog 608 607

| (— | | 104

602 101 102



Patent Application Publication  Nov. 12,2015 Sheet26 039  US 2015/0323657 A1

[Fig. 17B]
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[Fig. 17¢C]

sog  H08 51 104 603

l‘
..4":

@\\‘%\' N N
LI

BN e, s
Nl N
RN 533 &

DR \w\w‘«\z«\%m%\‘b\ \\\\“

1



Patent Application Publication  Nov. 12,2015 Sheet 28 0f39  US 2015/0323657 A1

1801

§
\
N\
.
\
\
§
N\
\

> A
405 -~
wd.j 401
501~ o |
— NN
xxxxxxxxxx g ™.,
\""‘m
N x § \
[ (
H \ A2
s 1801 a0
. A



Patent Application Publication  Nov. 12,2015 Sheet290f39  US 2015/0323657 A1

[Fig. 19B]
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[Fig. 20A]
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[Fig. 20B]
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[Fig. 21B]
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[Fig. 23]
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[Fig. 24C]
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[Fig. 24D]
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PRODUCTION METHOD FOR ULTRASONIC
PROBE, ULTRASONIC PROBE, AND
ULTRASONIC DIAGNOSIS DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic probe
used in an ultrasonic diagnosis device, and in particular, to an
optimal technique for producing an ultrasonic transducer
used therein.

BACKGROUND ART

[0002] An ultrasonic probe using an ultrasonic transducer
has been used for diagnosis of a tumor or the like in a human
body by transmitting and receiving an ultrasonic wave.
[0003] An ultrasonic transducer using vibration of a piezo-
electric body has been used. However, a capacitive microma-
chined ultrasonic transducer (CMUT) in which a vibration
unit is manufactured on a silicon wafer has been actively
developed for the purpose of practical use, as a result of
advances in manufacturing techniques using a recent micro
electro mechanical system (MEMS) technique. The CMUT
has advantages in terms of a wide frequency band of an
ultrasonic wave which can be used, and high sensitivity, com-
pared to the ultrasonic transducer using the piezoelectric
body in the related art. In addition, the CMUT is manufac-
tured using an LSI processing technique, and therefore, it is
possible to carry out microfabrication. As the related prior
arts, there is, for example, PTL 1 or PTL 2 which has been
previously filed by the inventor of this specification and
relates to a simple structure of an ultrasonic transducer that
improves the performance of ultrasonic wave transmission/
reception.

CITATION LIST

Patent Literature

[0004]
[0005]

PTL 1: JP-T-2001-502871
PTL 2: JP-A-2012-023735

SUMMARY OF INVENTION

Technical Problem

[0006] It is considered that the above-described CMUT is
essential when independently controlling ultrasonic elements
which are arranged in an array. This is because itis considered
that while the number of wiring lines in the array becomes
great since a wiring line is required for each element, mixed
mounting of wiring lines or mixed mounting of a circuit for
processing a signal from an ultrasonic transmission/reception
unit in one chip is possible in the CMUT.

[0007] As a basic structure of the CMUT, a hollow portion
which is enclosed by an insulation film is disposed on an
upper layer of a lower electrode, and an upper electrode is
disposed on the hollow portion via the insulation film. When
an AC voltage and a DC voltage are superimposed between
the upper electrode and the lower electrode, an ultrasonic
wave is transmitted due to vibration of a membrane, which is
constituted of the insulation film and the upper electrode on
the hollow portion, at an applied frequency of the AC voltage.
When the ultrasonic wave is received, the membrane vibrates
due to pressure of the ultrasonic wave which has reached the
surface of the membrane and the distance between the upper

Nov. 12,2015

electrode and the lower electrode changes, and thus, the ultra-
sonic wave is detected as a change in a capacitance.

[0008] In a general semiconductor chip, an organic poly-
mer film such as polyimide is formed on the surface of the
chip as a buffer layer for protecting the surface of the chip
during a dicing step in which the chip is cut out of a semicon-
ductor substrate on which a device is formed, or for suppress-
ing cracking or the like of the chip due to stress of a packaging
material when packaging the chip. The same principle also
applies to a chip formed with the CMUT.

[0009] However, formation of a protective film on the upper
layer of the membrane and use of the chip, which is formed
with the CMUT, as an ultrasonic probe as it is affect the
vibration of the membrane due to an increase in rigidity or
mass of the membrane owing to the protective film, or cause
plastic deformation of the protective film itself due to
repeated vibration of the membrane. Therefore, the acoustic
characteristics of the CMUT change from its desired acoustic
characteristics while driving the CMUT, and thus, it is impos-
sible to secure operational reliability.

[0010] An object of the present invention is to provide a
production method for an ultrasonic probe which can sup-
press damage to a membrane when assembling a chip formed
with a CMUT in the ultrasonic probe and can secure opera-
tional reliability while driving the CMUT; the ultrasonic
probe; and an ultrasonic diagnosis device.

Solution to Problem

[0011] In order to achieve the above-described object, the
present invention provides a production method for an ultra-
sonic probe which uses a capacitive ultrasonic transducer
formed on a first primary surface of a substrate, including: a
step of forming a protective film on the surface of the ultra-
sonic transducer which is formed on the first primary surface
of the substrate; a step of thinning a second primary surface
side opposite to the first primary surface of the substrate, after
the step of forming a protective film; a step of cutting an
ultrasonic transducer chip out of the substrate after the step of
thinning; a step of providing a sound absorbing material on
the surface of the ultrasonic transducer chip which is opposite
to the surface formed with the ultrasonic transducer, after the
cutting step; and a first removal step of removing the protec-
tive film which is formed on the surface of the ultrasonic
transducer, after the step of providing a sound absorbing
material.

[0012] In addition, in order to achieve the above-described
object, there is provided an ultrasonic probe produced
through the production method, in which the ultrasonic trans-
ducer includes a first electrode; a first insulation film which is
formed on the first electrode; a hollow portion which is
formed on the first insulation film so as to overlap the first
electrode when seen from above; a second insulation film
which is formed so as to cover the hollow portion; a second
electrode which is formed on the second insulation film so as
to overlap the hollow portion when seen from above; and a
third insulation film which is formed so as to cover the second
electrode. Furthermore, there is also provided an ultrasonic
diagnosis device which is provided with the ultrasonic probe
and a control unit that controls the ultrasonic probe.

Advantageous Effects of Invention

[0013] According to the present invention, it is possible to
achieve both controlling the damage to the CMUT when
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assembling the ultrasonic probe using the chip formed with
the CMUT and securing the operational reliability during
driving of the CMUT.

BRIEF DESCRIPTION OF DRAWINGS

[0014] FIG. 1 is a cross-sectional view of an ultrasonic
transducer examined by the present inventors.

[0015] FIG. 2 is a view showing an assembly flow of an
ultrasonic probe examined by the present inventors.

[0016] FIG. 3isaview of an assembly flow of an ultrasonic
probe in Example 1.

[0017] FIG. 4Ais a top view showing the ultrasonic probe
produced through the assembly flow in Example 1.

[0018] FIG. 4B is a cross-sectional view taken along line
A-A' in FIG. 4A showing the ultrasonic probe produced
through the assembly flow in Example 1.

[0019] FIG. 5is atop view of a chip formed with an ultra-
sonic transducer in Example 1.

[0020] FIG. 6A is a cross-sectional view taken along line
A-A'of the chip formed with the ultrasonic transducer in FIG.
5.

[0021] FIG. 6B is a cross-sectional view taken along line
B-B' of the chip formed with the ultrasonic transducer in FIG.
5.

[0022] FIG. 6C is a cross-sectional view taken along line
C-C' of the chip formed with the ultrasonic transducer in FIG.
5.

[0023] FIG. 6D is a cross-sectional view taken along line
D-D' of the chip formed with the ultrasonic transducer in FIG.
5.

[0024] FIG. 7is atop view of a silicon wafer on which the
chip formed with the ultrasonic transducer shown in FIG. 5 1s
manufactured.

[0025] FIG. 8 is a top view in which a protective film is
formed on the surface of the silicon wafer in FIG. 7.

[0026] FIG. 9A is a cross-sectional view taken along line
A-A' of the ultrasonic transducer in the chip formed with the
ultrasonic transducer on the silicon wafer in FIG. 8.

[0027] FIG. 9B is a cross-sectional view taken along line
B-B' of the ultrasonic transducer in the chip formed with the
ultrasonic transducer on the silicon wafer in FIG. 8.

[0028] FIG. 9C is a cross-sectional view taken along line
C-C' of the ultrasonic transducer in the chip formed with the
ultrasonic transducer on the silicon wafer in FIG. 8.

[0029] FIG. 9D is a cross-sectional view taken along line
D-D' of the ultrasonic transducer in the chip formed with the
ultrasonic transducer on the silicon wafer in FIG. 8.

[0030] FIG. 10A is a top view of the rear surface of the
silicon wafer shown in FIG. 8 when performing thinning by
polishing the rear surface using a grinder.

[0031] FIG.10B is a cross-sectional view corresponding to
the cross section taken along line A-A' in FIG. 10A.

[0032] FIG. 11A is an enlarged cross-sectional view taken
along line A-A' onthe surface side of the silicon wafer formed
with the ultrasonic transducer during the thinning step shown
in FIG. 10. (b) corresponds to a cross section taken along line
B-B'inFIG. 5, (c) corresponds to a cross section taken along
line C-C' in FIG. 5, and (d) corresponds to a cross section
taken along line D-D' in FIG. 5.

[0033] FIG. 11B is an enlarged cross-sectional view taken
along line B-B' on the surface side of the silicon wafer formed
with the ultrasonic transducer during the thinning step shown
in FIG. 10.
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[0034] FIG. 11C is an enlarged cross-sectional view taken
along line C-C' on the surface side of the silicon wafer formed
with the ultrasonic transducer during the thinning step shown
in FIG. 10.

[0035] FIG. 11D is an enlarged cross-sectional view taken
along line D-D' on the surface side of the silicon wafer formed
with the ultrasonic transducer during the thinning step shown
in FIG. 10.

[0036] FIG. 12A is a view showing a state where back
grinding tape on the surface of the silicon wafer is being
peeled, in the cross section taken along line A-A'.

[0037] FIG. 12B is a view showing the state where the back
grinding tape on the surface of the silicon wafer is being
peeled, in the cross section corresponding to the cross section
in FIG. 11A.

[0038] FIG. 13A is a top view showing a dicing step in
which the chip, which is formed with the ultrasonic trans-
ducer, is cut out of the silicon wafer.

[0039] FIG. 13B is a view corresponding to the cross sec-
tion taken along line A-A' in FIG. 13A.

[0040] FIG. 14 is an enlarged cross-sectional view, which
corresponds to the cross section taken along line A-A'in FIG.
5, on the surface side of the silicon wafer formed with the
ultrasonic transducer in FIG. 13B.

[0041] FIG. 15A is atop view which shows a step of pasting
the chip formed with the ultrasonic transducer on a backing
material when seen from the surface side of the chip.

[0042] FIG. 15B is a cross-sectional view taken along line
A-A'in FIG. 15A.

[0043] FIG. 16 is an enlarged cross-sectional view, which
corresponds to the cross section taken along line A-A'in FIG.
5, on the surface side of the chip in FIG. 15B.

[0044] FIG. 17A is an enlarged cross-sectional view, taken
along line A-A' in FIG. 5, on the surface side of the chip
formed with the ultrasonic transducer.

[0045] FIG. 17B is an enlarged cross-sectional view, taken
along line B-B' in FIG. 5, on the surface side of the chip
formed with the ultrasonic transducer.

[0046] FIG. 17C is an enlarged cross-sectional view, taken
along line C-C' in FIG. 5, on the surface side of the chip
formed with the ultrasonic transducer.

[0047] FIG. 17D is an enlarged cross-sectional view, taken
along line D-D' in FIG. 5, on the surface side of the chip
formed with the ultrasonic transducer.

[0048] FIG. 18 is an enlarged cross-sectional view, which
corresponds to the cross section taken along line A-A'in FIG.
5, on the surface side of the chip formed with the ultrasonic
transducer on which residue of the protective film remains.
[0049] FIG. 19A is a top view when seen from the surface
side of a chip of which an electrode pad is subjected to wire
bonding.

[0050] FIG. 19B is a cross-sectional view, which corre-
sponds to the cross section taken along line A-A'in FIG. 19A,
of the chip of which the electrode pad is subjected to wire
bonding.

[0051] FIG. 20A is a cross-sectional view, which corre-
sponds to the cross section taken along line C-C' in FIG. 5, of
a pad opening of the chip shown in FIG. 19.

[0052] FIG. 20B is a cross-sectional view, which corre-
sponds to the cross section taken along line D-D' in FIG. 5, of
the pad opening of the chip shown in FIG. 19.

[0053] FIG. 21A is a top view in which an acoustic lens is
mounted on the surface of the chip formed with the ultrasonic
transducer.
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[0054] FIG. 21B is a cross-sectional view taken along line
A-A"in FIG. 21A.

[0055] FIG. 22 is an enlarged cross-sectional view, which
corresponds to the cross section taken along line A-A' in FIG.
5, on the surface side of the chip shown in FIG. 21B.

[0056] FIG. 23 is a view of an assembly flow of an ultra-
sonic probe in Example 2.

[0057] FIG. 24A is a view corresponding to the cross sec-
tion taken along line A-A' in FIG. 5, in a step of (11) in FIG.
23.

[0058] FIG. 24B is a view corresponding to the cross sec-
tion taken along line B-B' in FIG. 5, in a step of (11) in FIG.
23.

[0059] FIG. 24C is a view corresponding to the cross sec-
tion taken along line C-C'in FIG. 5, in a step of (11) in FIG.
23.

[0060] FIG. 24D is a view corresponding to the cross sec-
tion taken along line D-D' in FIG. 5, in a step of (11) in FIG.
23.

[0061] FIG. 25 is a view showing a configuration of an
ultrasonic diagnosis device using the ultrasonic probes in
Examples 1 and 2.

DESCRIPTION OF EMBODIMENTS

[0062] Hereinafter, Examples of the present invention will
be described in detail based on the drawings. Prior to this, a
cross-sectional view of an ultrasonic transducer and an
assembly flow of an ultrasonic probe which has been exam-
ined by the present inventor will be described using FIGS. 1
and 2.

[0063] As a basic structure of the CMUT shown in FIG. 1,
a hollow portion 102 which is enclosed by an insulation film
103 is disposed on an upper layer of a lower electrode 101,
and an upper electrode 104 is disposed on the hollow portion
102 via the insulation film 103. When an AC voltageand a DC
voltage are superimposed between the upper electrode 104
and the lower electrode 101, an electrostatic force is exerted
between the upper electrode 104 and the lower electrode 101,
and an ultrasonic wave is transmitted due to vibration of a
membrane 105, which is constituted of the insulation film 103
and the upper electrode 104 on the hollow portion 102, at an
applied frequency of the AC voltage. In contrast, when the
ultrasonic wave is received, the membrane 105 vibrates due to
pressure of the ultrasonic wave which has reached the surface
of the membrane 105. Then, the distance between the upper
electrode 104 and the lower electrode 101 changes, and thus,
the ultrasonic wave is detected as a change in a capacitance. In
this operation principle, the transmission/reception of the
ultrasonic wave is performed by deformation of the mem-
brane 105 due to the electrostatic force applied between the
upper electrode 104 and the lower electrode 101 and the
pressure of the ultrasonic wave which has reached the mem-
brane.

[0064] FIG. 2 shows a flow of a step of assembling an
ultrasonic probe when using a silicon wafer as a semiconduc-
tor substrate forming a CMUT which has been examined by
the present inventors. A back grinding step ((2) in FIG. 2) of
polishing a rear surface side of the silicon wafer is required in
order to realize a chip of which the thickness of the substrate
is made thin. Moreover, a dicing step ((3) in FIG. 2) when
cutting the chip out of the silicon wafer formed with the
CMUT and a mounting step ((4) in FIG. 2) of a backing
material on the chip for disposing the backing material on the
rear surface of the chip formed with the CMUT, are essential.
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[0065] 1Intheback grinding step of (2) in FIG. 2, tape called
back grinding tape is pasted on a surface side of the silicon
wafer; polishing of the rear surface side of the wafer using a
grinder, or etching of the rear surface side thereof using gas or
liquid is performed, by having the tape as a protective film of
the surface of the silicon wafer or a base in the back grinding
step. Thereafter, a step of peeling the back grinding tape
pasted on the surface of the wafer is required.

[0066] At this time, bonding or peeling processing of the
back grinding tape on the surface side of the wafer formed
with the CMUT is required. However, in a device such as
CMUT which has a thin membrane in an upper portion of a
hollow structure, a force is exerted on the membrane during
the bonding or peeling of the back grinding tape, which
causes damage such as cracking or peeling of the membrane.
[0067] The dicing step of (3) in FIG. 2 is carried out while
spraying water on the surface side of the wafer at a high water
pressure in order to remove the scraps during dicing. There-
fore, damage to the membrane is inevitable even in the dicing
step thereof due to a pressure applied to the membrane on the
surface side of the wafer.

[0068] In the step of bonding the backing material to the
chip, which is formed with the CMUT and is cut through the
dicing in (4) in FIG. 2, it is necessary to press the backing
material and the chip in order to secure adhesiveness while
performing processing of pasting the chip on the backing
material through an adhesive agent. At this time, damage to
the membrane on the surface side of the chip is inevitable due
to pressure applied to the surface side of the chip.

[0069] In the embodiment of the present invention
described below, the purpose of achieving both controlling
the damage to the CMUT caused when assembling the ultra-
sonic probe and securing the operational reliability during
driving of the CMUT is realized by forming a protective film
on the surface of the chip formed with the CMUT in the
assembly step of the ultrasonic probe, before the step in which
damage may occur to the CMUT, and then, by removing the
protective film after the step in which damage may occur to
the CMUT is finished, during the assembly step of the ultra-
sonic probe.

[0070] In all of the drawings for describing the following
Examples, the same members are basically given the same
reference numerals, and the description thereof will not be
repeated. In addition, in the following Examples, description
will be made by being divided into a plurality of sections or
Examples when necessary for convenience. However, unless
otherwise specified, the divided descriptions are correlated to
each other, that is, one is related to a part of or the entirety of
the other modification examples, details, supplementary
explanation, or the like.

[0071] In addition, when the number of elements (includ-
ing the number, the numerical value, the amount, the range, or
the like) is mentioned in the following Examples, the present
invention is not limited to the specific number thereof unless
otherwise specified or when being obviously limited to the
specific number in principle, and the present invention may
also include a range greater than or equal to the specified
number, or a range less than or equal to the specified number.
Furthermore, needless to say, the constituents (including
steps of the constituents) in the following Example are not
always essential unless otherwise specified or when it is con-
sidered as being obviously essential in principle.

[0072] Similarly, in the following Example, when the
shapes of the constituents or the positional relationships are
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mentioned, the present invention substantially includes
approximate or similar shapes unless otherwise specified or
when it is not obviously considered so in principle. The same
principle applies to the above-described numerical value or
range. Even in a case of a plan view, in some cases, the view
is hatched for easy understanding.

EXAMPLE 1

[0073] In a production method for an ultrasonic probe, a
produced ultrasonic probe, and an ultrasonic diagnosis device
using the same, of a first example relate to an example, both
controlling damage to a CMUT caused when assembling a
chip formed with the CMUT in an ultrasonic probe and secut-
ing operational reliability during driving of the CMUT are
realized by forming a protective film on a substrate formed
with the CMUT before a step of assembling the ultrasonic
probe, and then, by removing the protective film after the step
in which damage may occur to the membrane of the CMUT is
finished, during the step of assembling the ultrasonic probe.
[0074] That is, the first example is an example of a produc-
tion method for an ultrasonic probe which uses a capacitive
ultrasonic transducer formed on a first primary surface of a
substrate, including: a step of forming a protective film on the
surface of the vltrasonic transducer which is formed on the
first primary surface of the substrate; a step of thinning a
second primary surface side opposite to the first primary
surface of the substrate, after the step of forming a protective
film; a step of cutting an ultrasonic transducer chip out of the
substrate after the step of thinning; a step of providing a sound
absorbing material on the surface of the ultrasonic transducer
chip which is opposite to the surface formed with the ultra-
sonic transducer, after the cutting step; and a first removal step
of removing the protective film which is formed on the sur-
face of the ultrasonic transducer, after the step of providing a
sound absorbing material.

[0075] In addition, the first example is an example of an
ultrasonic probe produced through the above-described pro-
duction method for an ultrasonic probe, in which the ultra-
sonic transducer includes a first electrode; a first insulation
film which is formed on the first electrode; a hollow portion
which is formed on the first insulation film so as to overlap the
first electrode when seen from above; a second insulation film
which is formed so as to cover the hollow portion; a second
electrode which is formed on the second insulation film so as
to overlap the hollow portion when seen from above; and a
third insulation film which is formed so as to cover the second
electrode. Furthermore, the first example is an example of an
ultrasonic diagnosis device which is provided with the ultra-
sonic probe and a control unit that controls the ultrasonic
probe.

[0076] FIG.3isanassembly flow of the ultrasonic probe in
the present example when using a silicon wafer as a substrate
forming a CMUT. FIG. 4A is a top view showing the ultra-
sonic probe which is produced through the assembly flow in
FIG. 3 and is completed in (10) of FIG. 3. FIG. 4B is a
cross-sectional view showing a cut section along line A-A'in
FIG. 4A.

[0077] InFIGS. 4A and 4B, 401 is a CMUT chip which is
formed with a CMUT; 402 is a backing material; 403 is a
flexible wiring substrate for electrical connection with the
chip formed with the CMUT,; 405 is a wire for electrical
connection between the flexible wiring substrate 403 and the
chip 401 formed with the CMUT; 407 is an acoustic lens; and
408 is a case of the ultrasonic probe. 404 is an adhesive layer
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that bonds the chip 401 formed with the CMUT, the flexible
wiring substrate, and the backing material to each other; and
406 is an adhesive layer that bonds the chip 401 formed with
the CMUT and the acoustic lens 407 to each other.

[0078] In the assembly flow in FIG. 3, a protective film is
formed ((2) in FIG. 3) on the surface of the silicon wafer
formed with the CMUT including the hollow portion. Then,
in a back grinding step, thinning of the silicon wafer is per-
formed ((3) in FIG. 3) by grinding the rear surface opposite to
the surface of the silicon wafer formed with the protective
film. The thinned silicon wafer is cut ((4) in FIG. 3) into chips,
each of which is formed with the CMUT through the dicing
step. Afterastep ((5)in FI1G. 3) of bonding the cut chip and the
backing material, the protective film formed in (2) in FIG. 3 is
removed ((6) in FIG. 3). Then, an electrode pad is subjected to
wire bonding ((7) in FIG. 3), and the surface of the chip of the
CMUT and the acoustic lens are bonded to each other ((8) in
FIG. 3), and are then sealed in the case 408 ((9) in FIG. 3) to
complete the ultrasonic probe shown in F1G. 4 ((10) in FIG.
3).

[0079] FIG. 5is a top view of the chip 401 formed with the
CMUT by the present example and shows a stage of (1) in
FIG. 3 in which the CMUT is formed on the silicon wafer.
Lower electrodes 101 of two channels and upper electrodes
104 of four channels are orthogonal to each other, and they are
in an array structure, in which rectangular hollow portions
102 are arranged at respective intersections, with 100 pm in
an arrangement direction of the lower electrode and 40 um in
an arrangement direction of the upper electrode. 501 is a pad
opening for electrical connection to the upper electrode and
502 is a pad opening for electrical connection to the lower
electrode. The upper electrode 104 and the lower electrode
101 respectively corresponding to the pad openings 501 and
502 become electrode pads. Insulation films are disposed in
an upper layer or a lower layer of the lower electrode 101 and
an upper layer or a lower layer ofthe upper electrode 104, but
are not shown in FIG. 5.

[0080] FIGS. 6A to 6D show cross-sectional structures of
the CMUT formed in the chip 401 formed with the CMUT
shown in FIG. 5. FIG. 6A corresponds to a cut section along
line A-A'in FIG. 5, FIG. 6B corresponds to a cut section along
line B-B'in FIG. 5, FIG. 6C corresponds to a cutsection along
line C-C'in FIG. 5, and FIG. 6D corresponds to a cut section
along line D-D' in FIG. 5. In FIGS. 6A to 6D, 601 is a
semiconductor substrate and shows a case where the chip is
manufactured using an 8-inch silicon wafer in the present
example. The thickness of the 8-inch silicon wafer is 725 pum.
However, only the vicinity of the CMUT device is shown in
FIGS. 6A to 6D.

[0081] 602,603,604, 605, 606, and 608 are insulation films
which are formed of, for example, silicon oxide films. As the
thicknesses of the insulation films, for example, 602 is 500
nm, 603 is 800 nm, 604 and 605 are 200 nm, 606 is 500 nm,
and 608 is 800 nm. 101 is a lower electrode which is formed
of, for example, 100 nm of a titanium nitride film, 600 nm of
an aluminum alloy film, and 100 nm of a titanium nitride film.
102 is a hollow portion of which the thickness is, for example,
100 nm. 104 is an upper electrode which is formed of, for
example, 100 nm of a titanium nitride film, 300 nm of an
aluminum alloy film, and 100 nm of a titanium nitride film.
[0082] Although not shown in FIG. 5, 607 is an opening for
forming the hollow portion 102. The hollow portion 102 is
formed through removal of a material which serves as a mold
for the hollow portion 102, through the opening 607. Afterthe
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formation of the hollow portion 102, the opening 607 is
embedded with the insulation film 608 to seal the hollow
portion 102. 105 is a membrane on the hollow portion. In the
present example, the thickness of the membrane is about 2 pm
including the thickness of the upper electrode. The above-
described thickness, the dimension of the hollow portion, or
the material forming the CMUT is merely an example, and is
determined in accordance with a desired frequency of an
ultrasonic wave or the like which can be transmitted and
received. Accordingly, needless to say, in some cases, the
membrane on the hollow portion 102 is also made thinner
than the above-described example.

[0083] FIG. 7 shows a silicon wafer 701 in which a total of
16 chips 401 formed with CMUTs of the present example
shown in FIG. 5§ are manufactured in an arrangement of 2x8
chips, and corresponds to a state after the step of (1) in FIG. 3.
Hereinafter, (2) to (10) of the assembly flow of the ultrasonic
probe shown in FIG. 3 will be described using the drawings.

[0084] FIGS. 8 and 9 show the step of forming a protective
film on the silicon wafer in (2) in FIG. 3. FIG. 8 is a view in
which a protective film 801 is formed on the surface of the
silicon wafer formed with the chips in FIG. 7, and is an
example in which coating type polyimide is used as the pro-
tective film. After the surface of the silicon wafer is coated
with the protective film 801 formed of polyimide, the coated
protective film 801 formed of polyimide is cured through heat
treatment performed for 1 hour at 350° C. As the material of
the protective film 801, an organic polymer material is pref-
erable, and may also be polybenzoxazole or photoresist or the
like which is used in photolithography in a semiconductor
process, in addition to polyimide. That is, in the production
method for an ultrasonic probe of the present example, a film
formed of an organic polymer material is used as the protec-
tive film. The organic polymer material has low elasticity, and
therefore, has a buffer effect with respect to external force. In
addition, the material constituting the CMUT is an inorganic
material, and therefore, the protective film is selectively
removed during removal of the protective film. Parylene
which can be formed through a chemical vapor deposition
method may be used for the film in addition to the coating
type film.

[0085] Each of FIGS. 9A to 9D is a cross-sectional view of
the CMUT which is formed on the chip 401 formed with the
CMUT on the silicon wafer 701 in FIG. 8. FIG. 9A corre-
sponds to a cut section along line A-A' in FIG. 5, FIG. 9B
corresponds to acut section along line B-B'in F1G. 5, F1G.9C
corresponds to a cut section along line C-C' in FIG. 5, and
FIG. 9D corresponds to a cut section along line D-D' in FIG.
5. In FIGS. 9A and 9B, a protective film 801, which is formed
of polyimide, is formed with a thickness of 5 pm on an upper
layer of the insulation film 608 as an uppermost surface of the
CMUT. In FIGS. 9C and 9D, the protective film formed of
polyimide is embedded in the upper layer of the insulation
film 608 and the pad openings 501 and 502 since the type of
the protective film is the coating type.

[0086] In this manner, it is possible to suppress damage to
the membrane in the back grinding step of (3) for thinning the
silicon wafer, in the dicing step of (4) for cutting the chip
formed with the CMUT, out of the substrate, and in the step of
bonding and pasting the chip formed with the CMUT to the
backing material in (5), by performing the step of forming the
protective film in (2) between (1) and (3) of FIG. 3. In addi-
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tion, a usual semiconductor manufacturing apparatus can be
used to form the protective film in the state of the silicon
wafer, which is beneficial.

[0087] Successively to the protective film forming step of
(2) in FIG. 3, the step of thinning a silicon waferin (3) in FIG.
3isperformed. FIGS. 10A and 10B are views in which a back
grinding tape 1002 is pasted on the surface of the silicon
wafer 701, that is, the surface formed with the CMUT, and
thinning is performed by polishing a rear surface 1001 of the
silicon wafer, that is, a surface opposite to the surface formed
with the CMUT, using a grinder 1003. FIG. 10A is a view of
the rear surface 1001 of the silicon wafer when seen from
above. The grinder 1003 for polishing is not shown in the
drawing in order to show the silicon wafer 701. FIG. 10B is a
cut section along line A-A' in FIG. 10A. The silicon wafer
with a thickness of 725 um is thinned up to 200 um which is
a thickness shown by the dotted line in the drawing, using the
grinder 1003.

[0088] FIGS. 11A to 11D are enlarged cross-sectional
views on the surface side of the silicon wafer 701 formed with
the CMUT during the thinning step shown in FIGS. 10A and
10B. FIG. 11A corresponds to a cut section along line A-A' in
FIG. §, FIG. 11B corresponds to a cut section along line B-B'
in FIG. 5, FIG. 11C corresponds to a cut section along line
C-C'in FIG. 5, and FIG. 11D corresponds to a cut section
along line D-D'in FIG. 5. In the drawings, the protective film
801 formed of polyimide and the back grinding tape 1002 are
closely adhered to each other.

[0089] FIGS. 12A and 12B are views in which the thinning
is completed through the polishing of the silicon wafer 701
and processing of peeling the back grinding tape 1002 from
the surface (surface formed with the CMUT) of the silicon
wafer 701 is performed. FIG. 12A corresponds to the cross
section in FIG. 10B and FIG. 12B corresponds to the cross
section in FIG. 11A. A general method of peeling the back
grinding tape is to peel the back grinding tape from the sub-
strate as it is or to peel the back grinding tape while reducing
the bonding force of the back grinding tape by irradiating the
back grinding tape with ultraviolet rays.

[0090] Ascanbeseen from FIG. 10B, the grinder is brought
into contact with the rear surface of the silicon wafer 701
during the polishing of the silicon wafer 701 and the grinder
is rotated or laterally moved to perform the polishing. That is,
a pressure in a thickness direction of the substrate or a fric-
tional force ina horizontal direction of the substrate is applied
to the silicon wafer 701. Similarly, equivalent forces are
applied between the back grinding tape 1002 and the surface
of the silicon wafer 701 which is formed with the CMUT as
shown in FIGS. 11A to 11D. Even with a force which does not
cause any problems in a usual semiconductor device that does
not have the membrane, because the CMUT has the thin
membrane, there is a possibility that the membrane may be
cracked or peeled off due to the force applied to the surface of
the silicon wafer 701. Particularly, there is a concern that
when a foreign substance is caught between the back grinding
tape 1002 and the silicon wafer 701, a hollow space or a
scratch may be generated on the surface of the device due to
the foreign substance, which causes cracking or peeling of the
membrane.

[0091] Similarly, even in processing of peeling the back
grinding tape 1002 as shown in FIGS. 12A and 12B, force
when peeling the back grinding tape 1002 is applied to the
membrane of the CMUT. Even if reducing of a bonding force
of the back grinding tape using ultraviolet rays does not cause
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any problems in a usual semiconductor device that does not
have the membrane, because the CMUT has the thin mem-
brane 1053, there is a possibility that the membrane 105 may
be peeled off or cracked when peeling the back grinding tape
1002.

[0092] Even ifthe generated peeling or cracking is minute,
the cracking or peeling becomes significant due to distortion
of the membrane caused by vibration of the membrane when
the CMUT is actually driven after assembly of the completed
chip, which is formed with the CMUT, in an ultrasonic probe.
Accordingly, the minute peeling or cracking becomes a fatal
defect for the CMUT and degrades the reliability of the ultra-
sonic probe.

[0093] However, in the present example, the protective film
801 is formed on the surface of the silicon wafer 701 which is
formed with the CMUT in the stage of (2) in FIG. 3, and
therefore, the protective film 801 serves as a buffer layer
against the force applied to the surface of the CMUT. For
example, although there is a case where the protective film is
scratched by a foreign substance, there is no case where the
CMUT device is scratched by the foreign substance. As will
be described later, the protective film 801 is removed in the
middle of the assembly step of the ultrasonic probe. There-
fore, even if the protective film 801 is scratched, this does not
affect the reliability of the ultrasonic probe using the CMUT,
and therefore, it is possible to secure operational reliability
during driving of the CMUT.

[0094] Next, successively to the step of (3) in FIG. 3, the
step of cutting a chip, which is formed with a CMUT, out of
the silicon wafer in (4) in FIG. 3 is performed.

[0095] FIGS. 13A and 13B are views in which the step of
thinning of the silicon wafer 701 in (3) in FIG. 3 is finished, a
dicing tape 1301 is pasted on the rear surface of the silicon
watfer 701, that is, a surface opposite to the surface formed
with the CMUT, and a chip 401 formed with the CMUT is cut
out of the silicon wafer 701.

[0096] FIG. 13A is a view of the surface of the silicon
wafer, that 1s, the surface formed with the CMUT, when seen
from the above. A dicing blade for dicing, a water irradiation
nozzle for removing scraps, or the like is not shown in the
drawing. FIG. 13B is a cut section along line A-A' in FIG.
13A, in which cutting of the silicon wafer 701 is performed
along the outer shape of the chip 401 formed with the CMUT,
using the dicing blade 1302. 1303 indicates a high-pressure
water ejection nozzle which removes scraps, which are gen-
erated through the dicing, by ejecting water 1304 onto the
surface of the silicon wafer 701 during the dicing.

[0097] FIG. 14 is an enlarged cross-sectional view on the
surface side of the silicon wafer 701, which is formed with the
CMUT, during the dicing step shown in FIG. 13B and corre-
sponds to the cut section along line A-A'in FIG. 5. InF1G. 14,
high pressure water is sprayed onto the surface of the silicon
wafer from the nozzle. Even if the pressure of the sprayed
water is a pressure which does not cause any problems in a
usual semiconductor device that does not have the membrane,
because the CMUT has the thin membrane, there is a possi-
bility that the membrane may be cracked or peeled off due to
distortion of the membrane caused by the pressure of water
sprayed onto the surface of the silicon wafer 701. However, if
the pressure of sprayed water is reduced in order to control the
problems, it is impossible to remove scraps during the dicing.
The scraps remaining on the surface of the CMUT cause
scratches or cracking on the chip formed with the CMUT
during the step of bonding the chip formed with the CMUT to
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the backing material in (5) in FIG. 3 which will be described
later, and therefore, reliability of the ultrasonic probe which is
assembled using the completed CMUT is degraded.

[0098] Even ifthe generated peeling or cracking is minute,
the cracking or peeling becomes significant due to distortion
of the membrane caused by vibration of the membrane when
the CMUT is actually driven after assembly of the completed
chip, which is formed with the CMUT, in an ultrasonic probe.
Accordingly, the minute peeling or cracking becomes a fatal
defect for the CMUT and degrades the reliability of the ultra-
sonic probe. In addition, the scraps on the surface of the chip
formed with the CMUT deteriorate adhesiveness with an
acoustic lens which is formed on the surface of the chip
formed with the CMUT, and thus, affect an ultrasonic wave
which is transmitted to or received from the CMUT.

[0099] However, in the present example, the protective film
801 is formed on the surface of the silicon wafer 701 which is
formed with the CMUT in the stage of (2) in FIG. 3 and the
protective film 801 serves as a buffer layer against the force
applied to the surface of the CMUT. Therefore, the pressure of
water is not transmitted to the membrane as it is, and it is
possible to remove scraps by ejecting water under a pressure
which is usually applied to a semiconductor device, and to
suppress the generation of cracking or peeling of the mem-
brane to thereby suppress degradation of reliability of the
ultrasonic probe using the CMUT.

[0100] Next, successively to the cutting step of a chip
formed with a CMUT through dicing in (4) in FI1G. 3, the step
of bonding the backing material to the cut chip which is
formed with the CMUT, in (5) in FIG. 3 is performed.
[0101] FIGS. 15A and 15B are views showing the step of
pasting the cut chip 401, which is formed with the CMUT, on
a backing material 402.

[0102] FIG. 15A is a view of the surface side of a chip
formed with a CMUT when seen from the above, and FIG.
15B is a cut section along line A-A'in FIG. 15A. A backing
material is bonded to the rear surface of the chip formed with
the CMUT, that 1s, a surface opposite to the surface formed
with the CMUT, through an adhesive layer 404. As an adhe-
sive agent, epoxy resin, a silicon adhesive agent, a die attach
film, or the like may be used. 1501 shows a pressure applied
to the surface of the chip in order to bond the chip formed with
the CMUT and the backing material to each other. For
example, when a die attach film is used as the adhesive layer,
it is possible to bond the chip to the backing material by
adding heat at 150° C. to 180° C. while applying a pressure
under about 1 kg/cm 2. The chip formed with a CMUT is
closely adhered to the backing material through the pressure.
If the adhesiveness is low, a gap is made between the chip
formed with the CMUT and the backing material. A compo-
nent which is released to the rear surface of the chip while an
ultrasonic wave is transmitted from the CMUT, or a compo-
nent which is transmitted through the rear surface of the chip
while an ultrasonic wave is received is re-reflected from the
gap instead of being transmitted to the backing material, and
therefore, acoustic characteristics are remarkably degraded.
[0103] FIG. 16 is an enlarged cross-sectional view on the
surface side of the chip 401 formed with a CMUT, in the step
of pasting the chip formed with a CMUT to the backing
material as shown in FIGS. 15A and 15B, and corresponds to
the cut section along line A-A'in FIG. 5. InF1G. 16, a pressure
1501 for bonding the chip and the backing material is applied
to the surface of the protective film 801, which is formed of
polyimide, on the membrane 105 of the CMUT.
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[0104] Inacasewhere the protective film 801 is not formed,
there is a possibility that cracking or peeling of the membrane
may be caused due to distortion of the thin membrane which
is caused by the applied pressure. Particularly, when there is
a foreign substance on the surface of the membrane of the
CMUT, the foreign substance is directly pressed to the mem-
brane of the CMUT, which causes peeling or cracking of the
membrane. Even if the generated peeling or cracking is
minute, the cracking or peeling becomes significant due to
distortion of the membrane caused by vibration of the mem-
brane when the CMUT is actually driven after assembly of the
completed chip, which is formed with the CMUT, in an ultra-
sonic probe. Accordingly, the minute peeling or cracking
becomes a fatal defect for the CMUT and degrades the reli-
ability of the ultrasonic probe.

[0105] However, in the present example, the protective film
801 is formed on the surface of the chip which is formed with
a CMUT in the stage of (2) in FIG. 3, and therefore, the
protective film 801 serves as a buffer layer against the force
applied to the surface of the CMUT. For example, although
there is a case where the protective film is scratched by a
foreign substance, there is no case where the CMUT device is
scratched by the foreign substance. As will be described later,
the protective film 801 is removed in the middle of the assem-
bly step of the ultrasonic probe. Therefore, even if the pro-
tective film 801 is scratched, this does not affect the reliability
of the ultrasonic probe using the CMUT, and therefore, it is
possible to secure the operational reliability during driving of
the CMUT.

[0106] Next, in the present example, successively to the
step of pasting the chip formed with a CMUT to the backing
material in (8) in FIG. 3, the first removal step of removing the
protective film on the surface of the chip formed with the
CMUT including a hollow portion, in (6) in FIG. 3 is pet-
formed. In the first removal step, it is necessary to remove the
protective film overlapping the hollow portion when seen
from above, in the protective film on the surface formed with
the CMUT.

[0107] FIGS. 17A to 17C are enlarged cross-sectional
views on the surface side of the chip 401 formed with a
CMUT in which a protective film formed of polyimide is
removed after the backing material is bonded to the rear
surface of the chip formed with the CMUT. FIG. 17A corre-
sponds to a cut section along line A-A' in FIG. 5, FIG. 17B
corresponds to a cut section along line B-B' in FIG. 5, FIG.
17C corresponds to a cut section along line C-C'in FIG. 5, and
FIG. 17D corresponds to a cut section along line D-D' in FIG.
5. The configuration of FIG. 17 is the same as that of FIG. 6
in that the protective film is removed, but in FIG. 17, the
backing material is mounted on the rear surface of the chip
formed with the CMUT through an adhesive agent.

[0108] Inthe presentexample, thereis no step of exerting a
direct force on the surface of the chip formed with a CMUT
and causing damage to the membrane of the CMUT, after the
step of (5) in the assembly flow of an ultrasonic probe using
the CMUT as shown in FIG. 3, and therefore, the protective
film is removed in this stage. Characteristic variation during
driving of the CMUT which is caused by an influence of an
increase in rigidity or mass of the membrane on vibration of
the membrane, or by plastic deformation of the protective film
itself due to repeated vibration ofthe membrane is suppressed
through the steps, and thus, it is possible to secure operational
reliability of the device during the driving of the CMUT.
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[0109] Inaddition, as shown in FIGS. 17C and 7D, protec-
tive films on the pad opening 501 for electrical connection to
the upper electrode and on the pad opening 502 for electrical
connection to the lower electrode are removed, and therefore,
electrode pads can be subjected to wire bonding as in (7) in
FIG. 3. The protective films can be removed by performing
dry etching processing using oxygen plasma when polyimide
or other organic polymer materials are used as the protective
films. In a case of etching processing using oxygen plasma in
which the material constituting the CMUT is an inorganic
material, the membrane of the CMUT or other portions are
not ground and the protective films can be selectively
removed, and therefore, the processing does not affect the
characteristics of the CMUT.

[0110] As another method of removing a protective film,
when polyimide or other organic polymer materials are used,
it is possible to remove the protective film by performing wet
etching using a removing liquid such as hydrazine. In addi-
tion, in some cases, a silane coupling agent is mixed with
polyimide-based resin which is used as a protective film of a
usual semiconductor chip. Therefore, in some cases, in the
processing using oxygen plasma, residue 1801 of the protec-
tive film remains as shown in FIG. 18. However, if the pro-
tective film is divided and the divided protective film is com-
pletely removed up to the surface of the insulation film 608,
an influence on the vibration of the membrane due to an
increase in rigidity or mass of the membrane, or an influence
on plastic deformation of the protective film itself due to
repeated vibration of the membrane is small, and the same
effect can be obtained.

[0111] Next, successively to the first removal step of
removing a protective film on the surface of a chip formed
witha CMUT in (6) in FIG. 3, the wire bonding step of (7) in
FIG. 3 is performed on the electrode pad.

[0112] FIGS.19A and 19B are views in which the electrode
pad of the chip formed with a CMUT has been subjected to
wire bonding. FIG. 19A is a top view when seen from the
surface side of a chip 401 formed with a CMUT. FIG. 19B
shows a cut section along line A-A' in FIG. 19A. Similarly to
the method of pasting the chip formed with the CMUT on the
backing material, the flexible wiring substrate 403 is pasted
on the backing material 402 through an adhesive agent, and
pad openings 501 and 502 which become electrode pads of
the CMUT are connected to an electrode pad 1901 of the
flexible wiring substrate 403 through a wire.

[0113] FIGS. 20A and 20B are cross-sectional views of the
pad openings of the electrode pads of the chip formed with a
CMUT. FIG. 20A is a cross-sectional view corresponding to
across section taken along line C-C'in FIG. 5 and FIG. 20B is
a cross-sectional view corresponding to a cross section taken
along line D-D'in FIG. 5. Since the removal of the protective
film is performed before the wire bonding step, the protective
film on the pad openings 501 and 502 is removed, and there-
fore, wire bonding is made possible.

[0114] Next, the process of pasting an acoustic lens on a
chip in (8) in FIG. 3 is performed.

[0115] FIG. 21A is a top view in which an acoustic lens is
mounted on the surface of the chip 401 formed witha CMUT.
FIG. 21B is a cross-sectional view taken along line A-A' in
FIG. 21A. An acoustic lens 407 is bonded to the chip 401
formed with a CMUT through an adhesive layer 406. F1G. 22
is an enlarged cross-sectional view on the surface side of the
chip 401 formed with a CMUT and corresponds to the cross
section taken along line A-A' in FI1G. 5. As the material ofthe
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adhesive layer, a material similar to the acoustic lens is desir-
able, and for example, when silicon rubber is used as the
acoustic lens, it is desirable that the adhesive layer is also a
silicon adhesive agent.

[0116] Finally, a case408 of which the cross-sectional view
is shown in FIG. 4B is mounted to complete an ultrasonic
probe.

[0117] In this manner, according to the present example,

the number of steps of directly applying force on the surface
of the chip formed with a CMUT is up to (5) in FIG. 3.
Therefore, it is possible to remove the protective film before
wire bonding. In addition, the protective film on the electrode
pad of the chip is also removed together, and therefore, the
step is simplified. Furthermore, it is possible to eliminate
damage, such as a flexible substrate being ground and wiring
lines on the substrate being melted, which the flexible sub-
strate or the like connected to the electrode pad of the chip
through wire bonding receives, through oxygen plasma pro-
cessing, wet etching processing, or the like which is a process
of removing the protective film.

[0118] As described above, in the production method for an
ultrasonic probe of the present example, with the formation of
the protective film before performing thinning processing of
the silicon wafer formed with a CMUT, it is possible to
suppress damage to the membrane of the CMUT, in particu-
lar, cracking or peeling of the membrane of the CMUT, which
is caused in the successive steps of thinning of the silicon
wafer, cutting of a chip, which is formed with the CMUT, out
of the silicon wafer, and pasting the chip formed with the
CMUT ona backing material. In addition, with theremoval of
the protective film before the wire bonding step performed on
the chip formed with the CMUT, it is possible to easily
perform the wire bonding, and in the assembled ultrasonic
probe, it is possible to suppress an influence on the vibration
of the membrane due to an increase in rigidity or mass of the
membrane of the CMUT, or an influence on plastic deforma-
tion of the protective film itself due to repeated vibration of
the membrane, and to achieve both controlling damage to the
CMUT and securing operational reliability during driving of
the CMUT.

[0119] The planar shape of a CMUT cell is a rectangular
shape in FIG. 5, but the shape is not limited thereto. For
example, the shape may be a polygonal shape or a circular
shape as disclosed in PTL 2. In addition, the material consti-
tuting the CMUT or the ultrasonic probe, or the thickness of
each of the members shown in the present example indicates
one of the combinations thereof. For example, in regard to the
lower electrode and the semiconductor substrate, as shown in
FIG. 5, a conductive film on an insulation film formed on a
semiconductor substrate, or a conductive film on a semicon-
ductor substrate which is formed with a signal processing
circuit may be favorable. Furthermore, an array configuration
with two channels for the lower electrode and four channels
for the upper electrode is shown in FIG. 5. However, needless
to say, the configuration may not be the array configuration, or
may be an array configuration with a larger number of chan-
nels.

EXAMPLE 2

[0120] Next, a production method for an ultrasonic probe of
asecond example will be described using FIGS. 23t024D. In
the above-described Example 1, the step of forming a protec-
tive film in (2) in FIG. 3 is performed between the step of
forming a CMUT on a silicon wafer in (1) and the step of

Nov. 12,2015

thinning the silicon wafer in (3), and the first removal step of
removing the protective film in (6) is performed between the
step of bonding a chip formed with the CMUT to a backing
material in (5) and the wire bonding step which is performed
on an electrode pad in (7). However, Example 2 is a produc-
tion method for an ultrasonic probe in which a second
removal step of removing the protective film on the electrode
pad of the CMUT as (11) is performed between the formation
of the protective film (2) and the thinning of the silicon wafer
in (3), as shown in FIG. 23.

[0121] That is, the second example relates to a production
method for an ultrasonic probe which uses a capacitive ultra-
sonic transducer formed on a first primary surface of a sub-
strate, including: a step of forming a protective film on the
surface of the ultrasonic transducer which is formed on the
first primary surface of the substrate; a step of thinning a
second primary surface side opposite to the first primary
surface of the substrate, after the step of forming a protective
film; a step of cutting an ultrasonic transducer chip out of the
substrate after the step of thinning; a step of providing a sound
absorbing material on the surface of the ultrasonic transducer
chip which is opposite to the surface formed with the ultra-
sonic transducer, after the cutting step; and a first removal step
of removing the protective film which is formed on the sur-
face of the ultrasonic transducer, after the step of providing a
sound absorbing material. Furthermore, the above-described
ultrasonic transducer includes a first electrode; a first insula-
tion film which is formed on the first electrode; a hollow
portion which is formed on the first insulation film so as to
overlap the first electrode when seen from above; a second
insulation film which is formed so as to cover the hollow
portion; a second electrode which is formed on the second
insulation film so as to overlap the hollow portion when seen
from above; and a third insulation film which is formed so as
to cover the second electrode. The second example further
includes a second removal step of removing the protective
film on electrode pads of the first electrode and the second
electrode when seen from above, in the protective film on the
surface formed with the ultrasonic transducer before the thin-
ning step. Accordingly, it is possible to perform the first
removal step of removing the protective film on the surface of
the chip in (6) in FIG. 3 after the wire bonding step which is
performed on the electrode pad in (7) and to protect the
surface of the chip formed with the CMUT immediately
before the step of coating the surface of the chip, which is
formed with the CMUT, with an acoustic lens through pasting
in (8).

[0122] FIGS. 24A to 24D show cross-sectional views in the
step of (11) in FIG. 23. F1G. 24 A corresponds to a cut section
along line A-A' in FIG. 5, FIG. 24B corresponds to a cut
section along line B-B' in FIG. 5, FIG. 24C corresponds to a
cut section along line C-C' in FIG. 5, and FIG. 24D corre-
sponds to a cut section along line D-D' in FIG. 5. As can be
seen from FIGS. 24C and 24D, openings 2401 and 2402 of a
protective film 801 are formed on pad openings 501 and 502
of a CMUT. In the openings of the protective film, for
example, when a photosensitive organic polymer material is
used as the protective film, it is possible to form the openings
2501 and 2502 of the protective film on the pad openings 501
and 502 through usual photolithography performed on a sili-
con wafer. That is, in the production method for an ultrasonic
probe of the present example, the organic polymer material
which is the protective film as a favorable mode is a film
having photosensitivity. In this case, even with the polyimide
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which is mixed with the silane coupling agent as shown in
FIG. 18, the residue shown in FIG. 18 does not remain on the
pad openings, and therefore, it is possible to improve the
reliability of wire bonding.

[0123] In addition, even with a case where the protective
film is not photosensitive, it is possible to process the protec-
tive film by having a mask material, which is formed in order
to process the openings 2501 and 2502 of the protective film
on the protective film, as a mask. For example when polyim-
ide is used as the protective film, a silicon oxide film is formed
on polyimide and patterns of the openings 2501 and 2502 of
the protective film are transferred to the silicon oxide film
through lithography and etching. Next, it is possible to
remove only polyimide on the pad openings 501 and 502
through performing oxygen etching of polyimide by having
the silicon oxide film on polyimide as a mask. Next, the
silicon oxide film on polyimide can be removed using a
buffered hydrofluoric acid without affecting polyimide or the
electrode material of the CMUT. In addition, even in a case
where residue remains in the pad openings during removal of
polyimide, it is possible to remove the residue through pro-
cessing with the above-described buffered hydrofluoric acid.
[0124] Other steps in FIG. 23 are the same as those of the
production method shown in Example 1. According to the
present example, the protective film on the electrode pad of
the chip formed with the CMUT is removed before the wire
bonding and the remaining protective film is removed after
the wire bonding performed on the electrode pad, and there-
fore, the protective film is removed immediately before the
step of coating the surface of the chip, which is formed with
the CMUT, with an acoustic lens. Thus, it is possible to reduce
the possibility that the surface of the chip is damaged, com-
pared to the case where the protective film is removed before
the wire bonding. This is because there is a possibility that
attachment of a foreign substance or the like can occur during
chip bonding while no direct force is applied to the surface of
the chip in the wire bonding step.

[0125] As described above, the characteristic of Example 2
is to insert the step of removing only the protective film on the
electrode pad of the CMUT between the step of forming the
protective film on the surface of the silicon wafer and the
thinning step of the silicon wafer. Accordingly, it is unneces-
sary to perform the step of removing the protective film before
the step of performing the wire bonding on the chip formed
with the CMUT and it is possible to protect the chip formed
with the CMUT using the protective film immediately before
the step of coating the surface of the chip, which is formed
with the CMUT, with the acoustic lens. Therefore, it is pos-
sible to achieve both controlling damage to one layer of the
CMUT and securing operational reliability during driving of
the CMUT.

[0126] Inaddition, inthe step of (7) in FIG. 23, as described
in FIGS. 19A and 19B, it is necessary to bond the flexible
wiring substrate to the backing material. For this reason, an
electrode pad wiring step of performing wiring on the elec-
trode pad is further provided after the step of providing a
sound absorbing material, and the first removal step is set to
be performed after the electrode pad wiring step. However,
there is also a possibility that the flexible wiring substrate may
be etched using oxygen plasma if oxygen plasma processing
is performed for removing the protective film in (6). In this
case, the order of the processing of the step of (7) in FIG. 23
and the processing of the step of (6) in FIG. 23 maybe
changed. Even with polyimide which is mixed with a silane
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coupling agent, the residue shown in FIG. 18 does not remain
on the pad openings, and therefore, it is possible to improve
the reliability of wire bonding, which becomes characteristics
of this example.

[0127] Finally, a configuration example and the role of an
ultrasonic diagnosis device which is provided with the ultra-
sonic probe formed of the ultrasonic transducer of each of the
above-described Examples in the ultrasonic diagnosis device
will be described with reference to FIG. 25.

[0128] In FIG. 25, the ultrasonic diagnosis device is con-
stituted of an ultrasonic diagnosis device main body 2501 and
an ultrasonic probe 2502. The ultrasonic diagnosis device
main body 2501 is constituted of a transmission/reception
separation unit 2503, a transmission unit 2504, a bias unit
2505, a reception unit 2506, a phasing addition unit 2507, an
image processing unit 2508, a display unit 2509, a control unit
2510, and an operation unit 2511.

[0129] Theultrasonic probe 2502 is a device that transmits
and receives an ultrasonic wave with respect to a test object by
bringing the ultrasonic wave into contact with the test object,
and is produced using an ultrasonic transducer which is pro-
duced through the above-described production methods of
Examples. An ultrasonic wave is transmitted to a test object
from the ultrasonic probe 2502 and a reflected echo signal
from the test object is received by the ultrasonic probe 2502.
The ultrasonic probe inany of Examples 1 and 2 is electrically
connected to the transmission/reception separation unit 2503
to be described later. The transmission unit 2504 and the bias
unit 2505 are devices that supply a driving signal to the
ultrasonic probe 2502. The reception unit 2506 is a device that
receives a reflected echo signal which is output from the
ultrasonic probe 2502. The reception unit 2506 further per-
forms processing such as analog/digital conversion with
respect to the reflected echo signal which has been received.
The transmission/reception separation unit 2503 switches
transmission and reception and separates them from each
other such that a driving signal is transferred to the ultrasonic
probe 2502 from the transmission unit 2504 during transmis-
sion, and a reception signal is transferred to the reception unit
2506 from the ultrasonic probe 2502 during reception. The
phasing addition unit 2507 is a device that phases and adds the
reflected echo signal which has been received. The image
processing unit 2508 is a device that constitutes a diagnostic
image (for example, tomographic image or blood flow image)
based on the reflected echo signal which has been phased and
added. The display unit 2509 is a display device that displays
the diagnostic image which has been subjected to image
processing. The control unit 2510 is a device that controls
each of the above-described constituents, and controls trans-
mission/reception of an ultrasonic wave of the ultrasonic
probe 2502. The operation unit 2511 is a device that gives an
instruction to the control unit 2510. For example, the opera-
tion unit 2511 is an input device, such as a track ball, a
keyboard, and a mouse.

[0130] The present invention is not limited to the above-
described Examples and includes various modification
examples. For example, the above-described Examples are
described in detail for better understanding of the present
invention, and are not limited to always having all of the
configurations in the description. In addition, a part of the
configuration of one Example can be substituted with the
configuration of the other Example. In addition, it is possible
to add the configuration of the other Example to the one
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Example. In addition, the other configuration can be added to,
deleted from, and substituted with a part of the configuration
of each Example.

REFERENCE SIGNS LIST

[0131] 101: lower electrode
[0132] 102: hollow portion
[0133] 103, 602, 603, 604, 605, 606, 608: insulation film
[0134] 104: upper electrode
[0135] 105: membrane
[0136] 401: chip formed with CMUT
[0137] 402: backing material
[0138] 403: flexible wiring substrate
[0139] 404, 406: adhesive layer
[0140] 405: wire
[0141] 407: acoustic lens
[0142] 408: case
[0143] 501, 502: pad opening
[0144] 601: semiconductor substrate
[0145] 607: opening
[0146] 701: silicon wafer
[0147] 801: protective film
[0148] 1001: rear surface of silicon wafer
[0149] 1002: back grinding tape
[0150] 1003: grinder
[0151] 1301: dicing tape
[0152] 1302: dicing blade
[0153] 1303: high-pressure water ejection nozzle
[0154] 1304: high pressure water
[0155] 1501: pressure applied to surface of chip formed
with CMUT
[0156] 1801: residue
[0157] 1901: electrode pad of flexible wiring substrate
[0158] 2401, 2402: opening of protective film
[0159] 2501: ultrasonic diagnosis device main body
[0160] 2502: ultrasonic probe
[0161] 2503: transmission/reception separation unit
[0162] 2504: transmission unit
[0163] 2505: bias unit
[0164] 2506: reception unit
[0165] 2507: phasing addition unit
[0166] 2508: image processing unit
[0167] 2509: display unit
[0168] 2510: control unit
[0169] 2511: operation unit
1. A production method for an ultrasonic probe which uses
a capacitive ultrasonic transducer formed on a first primary
surface of a substrate, comprising:

a step of forming a protective film on the surface of the
ultrasonic transducer which is formed on the first pri-
mary surface of the substrate;

astep ofthinning a second primary surface side opposite to
the first primary surface of the substrate, after the step of
forming a protective film;

a step of cutting an ultrasonic transducer chip out of the
substrate after the step of thinning;

a step of providing a sound absorbing material on the
surface of the ultrasonic transducer chip which is oppo-
site to the surface formed with the ultrasonic transducer,
after the cutting step; and

afirst removal step of removing the protective film which is
formed on the surface of the ultrasonic transducer, after
the step of providing a sound absorbing material.
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2. The production method for an ultrasonic probe accord-

ing to claim 1,

wherein the ultrasonic transducer includes a first electrode;
a first insulation film which is formed on the first elec-
trode; a hollow portion which is formed on the first
insulation film so as to overlap the first electrode when
seen from above; a second insulation film which is
formed so as to cover the hollow portion; a second elec-
trode which is formed on the second insulation film so as
to overlap the hollow portion when seen from above; and
a third insulation film which is formed so as to cover the
second electrode, and

wherein in the first removal step, the protective film over-
lapping the hollow portion when seen from above, in the
protective film on the surface formed with the ultrasonic
transducer, is removed.

3. The production method for an ultrasonic probe accord-

ing to claim 1,

wherein the ultrasonic transducer includes a first electrode;
a first insulation film which is formed on the first elec-
trode; a hollow portion which is formed on the first
insulation film so as to overlap the first electrode when
seen from above; a second insulation film which is
formed so as to cover the hollow portion; a second elec-
trode which is formed on the second insulation film so as
to overlap the hollow portion when seen from above; and
a third insulation film which is formed so as to cover the
second electrode, and

wherein before the thinning step, the method further
includes a second removal step of removing the protec-
tive film on electrode pads of the first electrode and the
second electrode when seen from above, in the protec-
tive film on the surface formed with the ultrasonic trans-
ducer.

4. The production method for an ultrasonic probe accord-

ing to claim 2,

wherein the ultrasonic transducet includes a first electrode;
a first insulation film which is formed on the first elec-
trode; a hollow portion which is formed on the first
insulation film so as to overlap the first electrode when
seen from above; a second insulation film which is
formed so as to cover the hollow portion; a second elec-
trode which is formed on the second insulation film so as
to overlap the hollow portion when seen from above; and
a third insulation film which is formed so as to cover the
second electrode, and

wherein before the thinning step, the method further
includes a second removal step of removing the protec-
tive film on electrode pads of the first electrode and the
second electrode when seen from above, in the protec-
tive film on the surface formed with the ultrasonic trans-
ducer.

5. The production method for an ultrasonic probe accord-

ing to claim 2, further comprising:

an electrode pad wiring step of performing wiring on the
electrode pad after the step of providing a sound absorb-
ing material,

wherein the first removal step is performed after the elec-
trode pad wiring step.

6. The production method for an ultrasonic probe accord-

ing to claim 1,

wherein the protective film is a film formed of an organic
polymer material.
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7. The production method for an ultrasonic probe accord-
ing to claim 6,

wherein the organic polymer material is a film with pho-

tosensitivity.

8. An ultrasonic probe which is produced through the pro-
duction method for an ultrasonic probe according to claim 1,

wherein the transducer of the ultrasonic probe includes a

first electrode; a first insulation film which is formed on
the first electrode; a hollow portion which is formed on
the first insulation film so as to overlap the first electrode
when seen from above; a second insulation film which is
formed so as to cover the hollow portion; a second elec-
trode which is formed on the second insulation film so as
to overlap the hollow portion when seen from above; and
athird insulation film which is formed so as to cover the
second electrode,

9. The ultrasonic probe which is produced through the
production method for an ultrasonic probe according to claim
4,

wherein the protective film is a film formed of an organic

polymer material.

10. An ultrasonic diagnosis device comprising:

the ultrasonic probe according to claim 8; and

a control unit which controls the ultrasonic probe.

11. An ultrasonic diagnosis device comprising:

the ultrasonic probe according to claim 9; and

a control unit which controls the ultrasonic probe.
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