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(57)  Anultrasound transducer array 40 according to
an embodiment includes a substrate 41, a plurality of
groove-like recesses 41A arranged at a predetermined
interval on one surface of the substrate 41, a cell region
31 arranged between the recesses 41A on the one sur-

face side of the substrate 41, a flexible film 42 configured
to cover the substrate 41 and the cell region 31 and hav-
ing fragility lower than fragility of the substrate 41, and a
dividing groove 28 having a width smaller than a width
of the recess 41A and reaching from the other surface
of the substrate 41 to the flexible film 42 in the recess 41A.
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Description
Technical Field

[0001] The present invention relates to an ultrasound
transducer array for forming an ultrasound transducer
section having a curved shape provided on a distal end
portion side of an ultrasound endoscope, a method of
manufacturing the ultrasound transducer array, and an
ultrasound endoscope.

Background Art

[0002] Inrecentyears, an ultrasound diagnostic meth-
od for irradiating ultrasound on an inside of a body, im-
aging a state of the inside of the body from an echo signal
of the ultrasound, and diagnosing the state of the inside
ofthe body has been widely spread. Examples of medical
apparatuses used in such an ultrasound diagnostic meth-
od include an ultrasound echo apparatus that can image
a state of an inside of a body from a body surface and
an ultrasound endoscope that includes an ultrasound
transducer section, which transmits and receives ultra-
sound, at a distal end portion and can be inserted into a
body and image a state in an inside of the body.

[0003] Among the medical apparatuses for ultrasound
diagnosis, in particular, the ultrasound endoscope has
been variously contrived to improve insertability into the
body and reduce a diameter to ease pains of patients.
Therefore, the ultrasound transducer section has been
reduced in size and has been variously contrived to re-
duce the size.

[0004] Inthe ultrasound transducer section thatis used
in such an ultrasound endoscope and can realize a re-
duction in size, for example, a c-MUT (capacitive mi-
cromachined ultrasonic transducer: capacitive microma-
chined ultrasound probe) is sometimes used.

[0005] The c-MUT is formed by patterning a plurality
of c-MUT cells on a substrate using a lithography tech-
nique. A flexible film is provided to cover the plurality of
c-MUT cells on the substrate, whereby a ¢c-MUT array,
which is an ultrasound transducer array, is formed.
[0006] In ultrasound endoscopes of a radial scanning
system and a convex scanning system, the ultrasound
transducer section needs to be formed in a curved shape.
[0007] Therefore, in a publicly-known conventional
method, a c-MUT array including transducer elements
configured by a plurality of c-MUT cells is subjected to
dicing using a dicing saw to form dividing grooves re-
spectively in the c-MUT cells to form the transducer ele-
ments. Thereafter, the c-MUT array is bent to the dividing
groove side to reduce width of the plurality of dividing
grooves, whereby an ultrasound transducer section hav-
ing a curved shape is formed.

[0008] Examples of such an ultrasound transducer
section having the curved shape include an ultrasound
transducer described in Japanese Patent Application
Laid-Open Publication No. 2008-110060.
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[0009] The ultrasound transducer described in Japa-
nese Patent Application Laid-Open Publication No.
2008-110060 includes a flexible sheet, a rigid body por-
tion made of a thin-film conductive material on a surface
on one side of the flexible sheet, dividing portions, which
are dividing grooves, for dividing the rigid body portion
into a plurality of pieces to be apart from one another,
and atransducer elementincluding c-MUT cells including
the rigid body portions divided by the dividing portions.
After the dividing portions are respectively formed to
reach the flexible sheet by dry etching from a surface
side on which the c-MUT cells of the transducer element
are arranged, the dividing portions are respectively ex-
tended to form, in a curved shape, the surface on which
the c-MUT cells of the divided respective transducer el-
ements are arranged.

[0010] However, in the ultrasound transducer de-
scribed in Japanese Patent Application Laid-Open Pub-
lication No. 2008-110060, since the c-MUT array is con-
figured such that the dividing grooves are formed from
the surface side on which the c-MUT cells are arranged
and the surface on the c-MUT cell side is formed into the
curved shape by expanding the dividing grooves, occur-
rence of cross talk between the transducer elements can
be prevented but pitches between the respective trans-
ducer elements become uneven to cause a fear of influ-
encing transmission/reception performance of the ultra-
sound.

[0011] Therefore, conventionally, as a method of mak-
ing the curved shape in the state where unevenness of
the pitches between the respective transducer elements
are eliminated and the pitches are secured, there is a
method in which a plurality of dividing grooves are formed
by dicing using a dicing saw from a surface of the sub-
strate of the c-MUT array on a side opposite to the side
on which the c-MUT cells are arranged and the curved
shape is made by contracting the dividing grooves.
[0012] However, in such a method, since the dividing
grooves are formed on the substrate by the dicing using
adicing saw, there is a case where chipping such as nick
or exfoliation occurs at a boundary region between the
substrate and the flexible film. Such chipping may reach
a vibration film of the c-MUT cell on the substrate or may
reach a back side of a cell region where the ultrasound
is transmitted or received, atleast one of the c-MUT cells,
to cause a fear of hindering acoustic characteristics.
[0013] Thus, the present invention is made in view of
the above circumstances and an object of the present
invention is to provide an ultrasound transducer array, a
method of manufacturing an ultrasound transducer array
and an ultrasound endoscope which are capable of, with
a simple configuration, making it hard to cause chipping
when forming dividing grooves for bending the ultrasound
transducer array having a plurality of cells.
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Disclosure of Invention
Means for Solving the Problem

[0014] An ultrasound transducer array according to an
aspect of the present invention for attaining the object
includes: a substrate; a plurality of linear groove-like re-
cesses arranged at a predetermined interval on one sur-
face of the substrate; a cell region arranged between the
recesses on the one surface of the substrate and formed
by at least one ultrasound transducer cell; a flexible film
configured to cover the substrate and the cell region on
the one surface side of the substrate and having fragility
lower than fragility of the substrate; and a dividing groove
having a width smaller than a width of the recess and
reaching from the other surface of the substrate to the
flexible film in the recess.

[0015] A method of manufacturing an ultrasound trans-
ducer array according to an aspect of the present inven-
tion includes: a step for arranging a cell region on one
surface of a substrate; a recess forming step for forming
a plurality of linear recesses, which are arranged at a
predetermined interval on the one surface of the sub-
strate, such that the cell region is located between the
recesses; a filling step for filling a low fragility material
having fragility lower than fragility of the substrate in the
recess to fill up the recess; a flexible film forming step for
covering the substrate and the cell region with a flexible
film having fragility lower than the fragility of the substrate
on the one surface side of the substrate; and a dividing
groove forming step for forming a dividing groove reach-
ing from the other surface of the substrate to the flexible
film in the recess and having a width smaller than a width
of the recess.

[0016] An ultrasound endoscope according to an as-
pect of the presentinvention is an ultrasound endoscope
in which the ultrasound transducer array according to the
aspect of the present invention is used.

Brief Description of the Drawings
[0017]

Fig. 1 is a configuration diagram for explaining a
schematic configuration of an ultrasound endoscope
according to a first embodiment of the presentinven-
tion;

Fig. 2 is a perspective view showing a schematic
configuration of a distal end portion of the ultrasound
endoscope shown in Fig. 1;

Fig. 3 is a perspective view for explaining a config-
uration of an ultrasound transducer section shown
in Fig. 2;

Fig. 4 is a bottom view of an ultrasound transducer
array for forming the ultrasound transducer section
shown in Fig. 3;

Fig. 5 is a sectional view for explaining a configura-
tion of the ultrasound transducer array viewed from
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a direction extending along an A-A line in Fig. 4 and
in a state before a dividing groove is formed;

Fig. 6 is a sectional view for explaining a configura-
tion of the ultrasound transducer array viewed from
the direction extending along the line A-A in Fig. 4
and in a state after the dividing groove is formed;
Fig. 7 is a sectional view for explaining a configura-
tion of the ultrasound transducer array viewed from
the direction extending along the line A-A in Fig. 4
and in the state after the dividing groove is formed;
Fig. 8 is an explanatory diagram for explaining an
overview of dicing for forming the dividing groove of
the ultrasound transducer array;

Fig. 9 is a diagram showing a state in which the ul-
trasound transducer array is formed in a curved
shape using the formed dividing groove;

Fig. 10 is a diagram showing a state of chipping that
occurs when the dividing groove is formed by the
dicing;

Fig. 11 is a diagram showing a state in which the
chipping reaches a cell region in the ultrasound
transducer array shown in Fig. 10;

Fig. 12 is a diagram showing a shape of a dicing
blade used for the dicing;

Fig. 13 is an explanatory diagram for explaining a
relation between arrangement positions of a bound-
ary portion of a flexible film and a substrate and the
dividing groove and an occurrence state of the chip-
ping;

Fig. 14 is a diagram for explaining action of the ul-
trasound transducer array in the embodiment and
showing the ultrasound transducer array in a state
in which the chipping is reduced;

Fig. 15 is a sectional view of an ultrasound transduc-
er array including a recess in a modification 1;

Fig. 16 is a sectional view of an ultrasound transduc-
er array including a recess in a modification 2;

Fig. 17 is a sectional view for explaining a configu-
ration of the ultrasound transducer array in the mod-
ification 1 in a state after a dividing groove is formed;
Fig. 18 is a sectional view for explaining a configu-
ration of the ultrasound transducer array in the mod-
ification 2 in a state after a dividing groove is formed;
Fig. 19 is a sectional view showing a second embod-
iment of an ultrasound transducer array of the
present invention and for explaining a configuration
of the ultrasound transducer array in a state before
a dividing groove is formed;

Fig. 20 is an explanatory diagram for explaining other
action and effects of the ultrasound transducer array
inthe second embodimentbefore the dividing groove
is formed;

Fig. 21 is an explanatory diagram for explaining other
action and effects of the ultrasound transducer array
inthe second embodimentbefore the dividing groove
is formed;

Fig. 22 is an explanatory diagram for explaining other
action and effects of the ultrasound transducer array



5 EP 2 671 515 A1 6

in the second embodiment after the dividing groove
is formed; and

Fig. 23 is an explanatory diagramfor explaining other
action and effects of the ultrasound transducer array
in the second embodiment after the dividing groove
is formed.

Best Mode for Carrying Out the Invention

[0018] Embodiments of the present invention are ex-
plained in detail below with reference to the drawings.

(First Embodiment)

[0019] Figs. 1to 14 relate to a first embodiment of the
present invention. Fig. 1 is a configuration diagram for
explaining a schematic configuration of an ultrasound en-
doscope according to the first embodiment. Fig. 2 is a
perspective view showing a schematic configuration of
a distal end portion of the ultrasound endoscope shown
in Fig. 1. Fig. 3 is a perspective view for explaining a
configuration of an ultrasound transducer section shown
in Fig. 2. Fig. 4 is a bottom view of a part of an ultrasound
transducer array for forming the ultrasound transducer
section shown in Fig. 3.

[0020] As shownin Fig. 1, an ultrasound endoscope 1
in the present embodiment is configured mainly by an
elongated insertion portion 2 inserted into a body, an op-
eration portion 3 located at a proximal end of the insertion
portion 2, and a universal cord 4 extended out from a
side portion of the operation portion 3.

[0021] Anendoscope connector4aconnected toa not-
shown light source device is provided at a proximal end
portion of the universal cord 4. From the endoscope con-
nector 4a, an electric cable 5 detachably connected to a
not-shown camera control unit via an electric connector
5a and an ultrasound cable 6 detachably connected to a
not-shown ultrasound observation device via an ultra-
sound connector 6a are extended out.

[0022] The insertion portion 2 is configured by consec-
utively providing, in order from a distal end side, a distal
end rigid portion 7 formed of arigid resin member, a bend-
able bending portion 8 located at a rear end of the distal
end rigid portion 7, and a flexible tube portion 9, which
is small in diameter and long and has flexibility, located
at a rear end of the bending portion 8 and reaching a
distal end portion of the operation portion 3. On a distal
end side of the distal end rigid portion 7, an ultrasound
transducer section 20 is provided, which is an ultrasound
transmitting and receiving section in which a plurality of
electronic-scanning ultrasound transducers for transmit-
ting and receiving ultrasound are arrayed.

[0023] A material of the distal end rigid portion 7 is not
specifically limited. However, the material preferably has
chemical resistance or biocompatibility. Examples of the
material include polysulfone. In the operation portion 3,
an angle knob 11 for performing bending control of the
bending portion 8 in adesired direction, an air/water feed-
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ing button 12 for performing air feeding and water feeding
operation, a suction button 13 for performing suction op-
eration, a treatmentinstrument insertion port 14 function-
ing as an inlet of a treatment instrument led into the body,
and the like are provided.

[0024] On a distal end face 7a of the distal end rigid
portion 7 in which the ultrasound transducer section 20
is provided, as shown in Fig. 2, a lens cover for lighting
21 configuring anillumination optical system, alens cover
for observation 22 configuring an observation optical sys-
tem, a forceps port 23 also functioning as a suction port,
and a not-shown air/water feeding nozzle are arranged.
[0025] The ultrasound transducer section 20is an elec-
tronic radial-type transducer distal end portion in which
a vibration film of a c-MUT (capacitive micromachined
ultrasound probe) configured by machining a substrate
using a silicon micromachining technique is formed to
face outward and, as shown in Fig. 3, a plurality of trans-
ducer elements (hereinafter simply referred to as ele-
ments) 25 having a rectangular surface are arrayed in a
cylindrical shape in a minimum driving unit configured by
a plurality of c-MUT cells.

[0026] As the substrate, a silicon substrate, a quartz
substrate, or the like can be used.

[0027] Inthe ultrasound transducer section 20, a cable
connection substrate portion 24 including an electrode
pad electrically connected to the respective elements 25
and a GND (ground) electrode pad is consecutively pro-
vided on a proximal end side. From the ultrasound trans-
ducer section 20, a coaxial cable bundle 26, respective
signal lines of which are electrically connected to the ca-
ble connection substrate portion 24, is extended. The
coaxial cable bundle 26 is inserted through the distal end
rigid portion 7, the bending portion 8, the flexible tube
portion 9, the operation portion 3, the universal cord 4,
and the ultrasound cable 6 and connected to the not-
shown ultrasound observation device via the ultrasound
connector 6a.

[0028] Note thatelectrodes on application (signal) side
among therespective elements 25 are respectively struc-
tured such that electric signals from the respective cables
of the coaxial cable bundle 26 are separately fed to the
electrodes and are configured to be electrically uncon-
nected.

[0029] Inthe respective elements 25, as shown in Fig.
4, at least one or more, here, a plurality of c-MUT cells
(hereinafter simply referred to as cells) 30 are arrayed at
substantially equal intervals to form a cell region. Among
the respective elements 25, the respective elements 25
have dividing grooves 28, which are linear cut grooves,
to separate a predetermined number of groups of cells
30. Portions separated and divided to be spaced apart
at a predetermined distance by the dividing grooves 28
are formed as the elements 25, which are minimum driv-
ing unit transducers.

[0030] The ultrasound transducer section 20 is formed
in a curved shape as shown in Fig. 3 by the dividing
grooves 28.
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[0031] In the ultrasound endoscope 1 in the present
embodiment, such an ultrasound transducer section 20
formed in the curved shape is configured using a c-MUT
array 40, which is an ultrasound transducer array includ-
ing the plurality of cells 30.

[0032] Next, a specific configuration of such a c-MUT
array 40 in the present embodiment is explained using
Figs. 5,6, and 7.

[0033] NotethatFig.5is asectional view for explaining
a configuration of the ultrasound transducer array viewed
from a direction extending along an A-A line in Fig. 4 and
in a state before the dividing groove is formed. Figs. 6
and 7 are sectional views for explaining a configuration
of the ultrasound transducer array viewed from the direc-
tion extending along the line A-A in Fig. 4 and in a state
after the dividing groove is formed.

[0034] AsshowninFig.5,the c-MUT array 40 includes
a substrate 41, a groove-like plurality of recesses 41 A
arranged at a predetermined interval on one surface of
the substrate 41, cell regions 31 each including at least
one cell 30 arranged among the recesses 41A on the
one surface of the substrate 41, and a flexible film 42
configured to cover the substrate 41 and the cell regions
31 and having fragility lower than fragility of the substrate
41. As the substrate, for example, a silicon substrate or
a quartz substrate can be used. The number of cells
formed in the cell region is not specifically limited. The
numbercan be set as appropriate according to a purpose.
[0035] The recesses 41A are linearly arranged. Con-
cerning "linearly" referred to here, a center axis only has
to be a straightline. For example, an outer circumference
of the recess may be wavy or a width of a line may be
changed halfway.

[0036] As a method of measuring fragility, a method
indicated by JIS R 1607 can be applied.

[0037] In the c-MUT array 40 having such a configu-
ration, the dividing groove 28 shown in Fig. 6 or 7 having
a width LL smaller than a width of the recess 41A and
reaching from the other surface of the silicon substrate
41 to the recess 41A in the recess 41 A is provided by
dicing using a dicing saw. The dividing groove 28 is pro-
vided to form the c-MUT array 40 in a curved shape as
explained below.

[0038] A bottom surface of the recess 41A configures
a street line 43 (see Fig. 5) including the width of the
dividing groove 28 and serving as a cutting margin. Width
L of the street line 43 is formed to be large compared
with depth L2 of the recess 41 A.

[0039] Note that specific numerical values of a shape
of the recess 41A are described as follows: the width L
of the street line 43 (width of the bottom surface of the
recess 41A) is desirably, for example, 30 um and the
depth L2 of the recess 41A is desirably, for example, 10
pm. Naturally, the numerical values of the shape of the
recess 41A are not limited to these numerical values and
can be changed as appropriate according to width of a
dicing blade 103 (see Fig. 8) used for the dicing explained
below.
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[0040] In particular, the width L of the street line 43 is
ideally set to be the same as the thickness of the dicing
blade 103 in order to manufacture the cell regions 31 in
a wide area such that a larger number of cells 30 can be
arranged. However, the width L only has to be set larger
than the dicing blade 103 by predetermined length.
[0041] As shown in Fig. 6 and 7, the dividing groove
28 has the width LL smaller than the width L (see Fig. 5)
of the recess 41A. The dividing groove 28 includes a
sidewall portion 28A, and a bottom surface portion 28B
formed by forming the groove. The bottom surface por-
tion 28B has a shape in which an interval of extended
portions of the sidewall portion 28A is narrowed toward
a depth direction of a groove of the dividing groove 28.
In Figs. 6 and 7, a sectional shape of the bottom surface
portion 28B is a semicircular or arcuate shape. That is,
the bottom surface portion 28B has a curved surface
shape.

[0042] Asexplained in detail below, chipping 106 tends
to occur in places where the dividing groove 28, the sub-
strate 41, and the flexible film 42 gather. Therefore, as
shown in Figs. 6 and 7, the recess 41A is provided to
space the places where the dividing groove 28, the sub-
strate 41, and the flexible film 42 gather and the cell re-
gions 31 apart from each other to thereby prevent the
chipping 106 from easily reaching the cell regions 31.
[0043] Further, in Fig. 7, the dividing groove 28 is
formed such that a boundary K between the sidewall por-
tion 28A and the bottom surface portion 28B is located
in the recess 41 A. In portions where the substrate 41
has acute angles as indicated by reference signs 101a
in Fig. 3, chipping is more easily caused. Therefore, as
shown in Fig. 7, the groove is formed deep with respect
to the recess. This makes it possible to prevent the acute
angles 101a, which easily cause chipping, from being
formed. As a result, it is possible to further suppress the
chipping from reaching the cell regions 31.

[0044] Note that, in the present embodiment, when
width of a bottom surface portion 43a of the recesses
41A formed by providing the dividing groove 28 and re-
spectively arranged on both sides of the sidewall portion
28A of the dividing groove 28 is represented as L1 and
depth of therecess 41Ais represented as L2, the dividing
groove 28 is desirably formed to satisfy a relation L1<L2.
[0045] For example, if the width of the dicing blade 103
is about 20 pm, the dividing groove 28 is formed such
that the width LL of the dividing groove is about 20 pm
or larger, the width L1 of the bottom surface portion 43
is about 5 wm, and the depth L2 of the recess 41A is 10
pm.

[0046] The flexible film 42 is formed of, for example,
polyimide (PI) having a thickness of 10 to 20 um or ex-
ceeding 20 pm. The silicon substrate 41 covered with
the flexible film 42 is formed of, for example, silicon (Si)
having a thickness of several tens to several hundreds
of micrometers.

[0047] Note that, in the recess 41A, polyimide (not
shown in the figure), which is a low fragility material hav-
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ing fragility lower than fragility of the silicon substrate 41,
is arranged. In the present embodiment, as shown in
Figs.5and 7, the same material is used for the low fragility
material and the flexible film 42.

[0048] Naturally, different materials may be provided
for the low fragility material and the flexible film 42 ar-
ranged in the recess 41A.

[0049] When the same material is used for the low fra-
gility material and the flexible film 42, after melted resin
is applied to surfaces of the silicon substrate 41 and the
cell regions 31 to fill up the recess 41A, the flexible film
42 is formed by hardening the melted resin.

[0050] Note that when the different materials are used
for the low fragility material and the flexible film 42 that
fill an inside of the recess 41 A, for example, the recess
41A may be filled with polyimide and coated with parax-
ylene polymer (Parylene), filled with polyimide and coat-
ed with epoxy resin, or filled with polyimide and coated
with silicone.

[0051] Therecess41A may befilled with polyimide and
spin-coated using amorphous fluorine resin. Examples
of the amorphous fluorine resin include Cytop (registered
trademark). Further, an elastomer material such as
polyamide or polyolefin, which is heat resistant resin, may
be filled in the recess 41A.

[0052] Next, a method of manufacturing the c-MUT ar-
ray 40 configured as explained above and action of the
¢c-MUT array 40 are explained using Figs. 5 to 14.
[0053] First, as shown in Fig. 5, an operator arranges
the cell regions 31 among the recesses 41A on one sur-
face of the silicon substrate 41.

[0054] Thereafter, according to a recess forming step,
the operator forms the groove-like plurality of recesses
41A arranged at a predetermined interval on the one sur-
face of the silicon substrate 41.

[0055] In this case, the operator forms the recess 41A
by, for example, applying dry etching between the cell
regions 31 of the c-MUT array 40.

[0056] Next, the operator fills a low fragility material
having fragility lower than the fragility of the silicon sub-
strate 41 in the recess 41A to fill up the recess 41A. The
low fragility material in this case is as explained above.
Note that, in the present embodiment, polyimide, which
is a material same as a material of the flexible film 42
explained below, is used as the low fragility material.
[0057] According to a flexible film forming step, the op-
erator covers the silicon substrate 41 and the cell regions
31 with the flexible film 42 having fragility lower than the
fragility of the silicon substrate 41. In this case, the op-
erator spin-coats and heats the polyimide on the silicon
substrate 41 and the cell regions 31 to form the flexible
film 42 having a thickness of about 10 to 20 pum.

[0058] Inthis way, the c-MUT array 40 having the con-
figuration shown in Fig. 5 and in a state before the dividing
groove 28 is formed is manufactured.

[0059] Next, according to a dividing groove forming
step, the operator forms the dividing groove 28 reaching
from the other surface of the silicon substrate 41 to the
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flexible film 42 in the recess 41A and having the width
LL smaller than the width L of the recess 41A in the c-
MUT array 40 shown in Fig. 5 (see Fig. 7).

[0060] As a method of forming the dividing groove 28
according to the dividing groove forming step, as ex-
plained above, the dicing performed using the dicing saw
is applied.

[0061] The dicing is schematically explained and a
principle of occurrence of chipping due to the dicing and
an influence on a cell are explained using Figs. 8 to 13.
[0062] Fig. 8 is an explanatory diagram for explaining
an overview of the dicing for forming the dividing grooves
of the ultrasound transducer array. Fig. 9 is a diagram
showing a state in which the ultrasound transducer array
is formed in a curved shape using the formed dividing
grooves. Fig. 10 is a diagram showing a state of chipping
that occurs when the dividing grooves are formed by the
dicing. Fig. 11 is a diagram showing a state in which the
chipping reaches the cell region in the ultrasound trans-
ducer array shown in Fig. 9. Fig. 12 is a diagram showing
a shape of a dicing blade used in the dicing. Fig. 13 is
an explanatory diagram for explaining a relation between
arrangement positions of the boundary portion of the flex-
ible film and the substrate and the dividing grooves and
an occurrence state of the chipping.

[0063] AsshowninFig. 8, whenthedicingisperformed
from a surface side of a silicon substrate 101 of a c-MUT
array 100 including the silicon substrate 101, the not-
shown cell region, and a flexible film 102 to form dividing
grooves 104, the dividing grooves 104 are formed using
the dicing blade 103 at every predetermined interval to
space a not-shown predetermined number of cell groups
apart from one another.

[0064] At this point, the dividing grooves 104 are
formed such that bottom surface portions 104a of the
dividing grooves 104 reach an inside of the flexible film
102. Openings 104b of the dividing grooves 104 are
formed on a surface of the silicon substrate 101 by form-
ing the dividing grooves 104.

[0065] As shown in Fig. 9, the c-MUT array 100 is bent
in a direction of the opening 104b side to contract the
openings 104b of the plurality of dividing grooves 104.
Consequently, itis possible to bend the c-MUT array 100
in an arbitrary shape and in a state in which width LO of
the bottom surface portions 104a of the dividing grooves
104, i.e., adistance LO between the elements is retained.
[0066] However, when the dividing grooves 28 are
formed in the conventional c-MUT array 100 by the dicing
as explained above, as shown in Figs. 10 and 11, chip-
ping 106 such as chips or peeling occurs in street lines
100a, which are cutting margins. The chipping 106 reach-
es the cell regions 31 as indicated by predetermined ar-
eas V, destroys vibrating films of c-MUT cells or reaches
rear surfaces of the cell regions 31 to hinder acoustic
characteristics.

[0067] The street lines 100a may be configured to be
expanded to prevent the chipping 106 from reaching the
cell regions 31. However, in this method, width of the cell
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regions 31 (see Fig. 10) that can be arranged in one c-
MUT array 100 is reduced and the acoustic characteristic
is deteriorated.

[0068] Therefore, itis necessary to reduce width of the
street lines 100a as much as possible and improve ac-
curacy of the dicing, for example, prevent spread of the
chipping.

[0069] However, to explain a specific principle of oc-
currence of the chipping, as shown in Figs. 12(a) and 12
(b), the dicing blade 103 used for the dicing is formed in
a disc shape. In particular, when a cross section of a
distal end side portion (a portion indicated by V1 in Fig.
12(b)) in a cutting-in direction is shown in enlargement,
as shown in Fig. 12(c), a cross section of a distal end
portion 103a is formed in an arcuate shape having a di-
ameter of 10 pm.

[0070] Therefore, when the width of the dicing blade
103is setto 20 um, an actual shape of the formed dividing
groove 104 is as shown in Fig. 12(c). However, if a cut-
in amountinto the flexible film 102 is small, chipping tends
to occur.

[0071] Thatis, when the cut-in amount into the flexible
film 102 is small near a bottom surface portion of the
dividing groove 104 shown in Fig. 13 (a portion indicated
by V2 in Fig. 13), as shown in an enlarged view on a right
side in the figure, since the bottom surface portion 104a
of the dividing groove 104 is formed in an arcuate shape,
acute angle portions 101a having an acute angle shape
are formed in the silicon substrate 101 in portions where
the dividing groove 104, the flexible film 102, and the
silicon substrate 101 gather (portions indicated by V3 in
Fig. 13). Therefore, strength of the silicon substrate 101
is reduced. Consequently, chipping tends to occur be-
cause of the acute angle portions 101.

[0072] Therefore, in order to reduce the occurrence of
such chipping, it is necessary to eliminate the formation
of the acute angle portions 101a by increasing the cut-
in amount to allow the arcuate shape portions of the bot-
tom surface portion 104a of the dividing groove 104 to
reach the flexible film 102. However, since the thickness
of the flexible film 102 is limited, this is impossible in the
conventional c-MUT array.

[0073] However, in the c-MUT array 40 in the present
embodiment, since the plurality of recesses 41A are pro-
vided on the silicon substrate 41 as explained above, as
shown in Fig. 14, the cut-in amount is increased to allow
the arcuate shape portion of the distal end portion 103a
of the dicing blade 103 to reach the inside of the recess
41A filled with the flexible film 42. Note that Fig. 14 is a
diagram for explaining action of the ultrasound transduc-
er array in the present embodiment and showing the ul-
trasound transducer array in a state in which chipping is
reduced.

[0074] That is, the dividing groove 28 formed by the
dicing blade 103 is formed such that the boundary K be-
tween the sidewall portion 28A and the bottom surface
portion 28B is located in the recess 41A. In other words,
the dividing groove 28 is formed such that an arcuate
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shape portion of the bottom surface portion 28B to be set
as a radius R is located in the flexible film 42.

[0075] Therefore, in the c-MUT array 40 in the present
embodiment, as shown in Fig. 14, the acute angle por-
tions 101a explained above are not formed in the silicon
substrate 41 in the portions where the dividing groove
28, the flexible film 42, and the silicon substrate 41 gather.
Therefore, the strength of the silicon substrate 41 is in-
creased. Consequently, it is possible to reduce the oc-
currence of the chipping 106.

[0076] Even if the chipping 106 occurs, since the re-
cess 41 A is formed with the depth L2, portions where
the chipping 106 occurs are located far from the cell re-
gions 31. The chipping 106 neither reaches the cell re-
gions 31 nor affects the cell regions 31. Therefore, it is
possible to obtain a stable acoustic effect.

[0077] The c-MUT array 40 in the present embodiment
is configured to set the width L of the street line 43, which
is the cutting margin, as small as possible within a range
for allowing the dicing blade 103 to cut in. Therefore, it
is possible to manufacture the cell regions 31 in a wide
area. Consequently, since a large number of cells 30 can
be arranged in the cell regions 31, it is possible to obtain
a stable acoustic characteristic.

[0078] Therefore, according to the present embodi-
ment, it is possible to realize the ultrasound transducer
array 40, the method of manufacturing the ultrasound
transducer array 40, and the ultrasound endoscope 1
that can reduce, with a simple configuration, without af-
fecting the cell regions 31, which are ultrasound trans-
ducer sections, the chipping 106 that occurs when the
dividing groove 28 for bending the surfaces on the cell
region 31 side is formed in the silicon substrate 41.
[0079] Notethat,inthe presentembodiment, the shape
of the recess 41A is formed to be simply a square shape
in the cross section orthogonal to the surface of the c-
MUT array 40. However, the shape is not limited to this
shape. For example, the recess 41A may be formed in
a shape in a modification 1 shown in Fig. 15 or a modi-
fication 2 shown in Fig. 16.

[0080] Fig.15isasectionalview of an ultrasound trans-
ducer array including a recess in a modification 1. Fig.
16 is a sectional view of an ultrasound transducer array
including a recess in a modification 2. Fig. 17 is a sec-
tional view for explaining a configuration of the ultrasound
transducer array in the modification 1 in a state after a
dividing groove is formed. Fig. 18 is a sectional view for
explaining a configuration of the ultrasound transducer
array in a modification 2 in a state after a dividing groove
is formed.

[0081] In the modification 1, as shown in Fig. 15, the
¢-MUT array 40 includes arecess 41B, a sectional shape
of which is formed in a taper shape rather than a square
shape. The recess 41B includes the street line 43 having
the dimension width L same as the dimension width L in
the embodiment. The sectional shape is formed in the
taper shape increasing in width from the street line 43,
which is abottom surface of the recess 41B, to an opening
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of the recess 41B.

[0082] When the dividing groove 28 is formed as in the
embodiment, the ¢c-MUT array 40 has a configuration
shown in Fig. 17. Thatis, the dividing groove 28 is formed
such that the boundary K between the sidewall portion
28A and the bottom surface portion 28B of the dividing
groove 28 is located in the recess 41B.

[0083] In the modification 2, as shown in Fig. 16, the
¢c-MUT array 40 includes a recess 41C, a sectional shape
of which is not a square shape and both side surfaces of
a groove of which is formed in an arcuate shape. The
recess 41C includes the street line 43 having the dimen-
sion width L same as the dimension width L in the em-
bodiment. The sectional shape is formed in the arcuate
shape on both the side surfaces extending from the street
line 43, which is a bottom surface of the recess 4 1 B, to
an opening of the recess 41B.

[0084] When the dividing groove 28 is formed as in the
embodiment, the ¢c-MUT array 40 has a configuration
shown in Fig. 18. Thatis, the dividing groove 28 is formed
such that the boundary K between the sidewall portion
28A and the bottom surface portion 28B of the dividing
groove 28 is located in the recess 41B.

[0085] Therefore, according to the modification 1 and
the modification 2, effects same as the effects in the em-
bodiment can be obtained.

[0086] Note that, the shape of the recess 41A is not
limited to the shapes in the modifications 2 and 3. The
recess 41 A may be formed in any shape as long as the
shape can reduce the occurrence of the chipping 106.
[0087] When the thickness of a thinnest portion of the
flexible film 42 in a portion where a groove is formed is
represented as T1 and the thickness of the flexible film
in portions where the cell regions 31 are formed is rep-
resented as T2, T1 and T2 may be the same thickness,
T1 may be larger than T2 as illustrated in Fig. 6, or T1
may be smaller than T2 as illustrated in Fig. 7.

[0088] When T1isthe same as or larger than T2, there
is an advantage that electric equipment safety is im-
proved.

(Second Embodiment)

[0089] Fig. 19 is a sectional view showing a second
embodiment of an ultrasound transducer array of the
present invention and for explaining a configuration of
the ultrasound transducer array in a state before a divid-
ing groove is formed. Note that, in Fig. 19, components
same as the components of the ultrasound transducer
array in the first embodiment are denoted by the same
reference numerals and signs and explanation of the
components is omitted. Only differences from the first
embodiment are explained.

[0090] A c-MUT array 40A in the present embodiment
includes, instead of the recess 41 A, arecess group 41D
including atleasttwo recesses 41d in the silicon substrate
41.

[0091] In Fig. 19, the recess group 41D includes four
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recesses 41d. The recesses 41d are arranged at a pre-
determined distance Lm, which is a first interval, from
one another. A plurality of the recess groups 41D having
such a configuration are arranged at a predetermined
distance Ln, which is a second interval longer than the
predetermined distance Lm.

[0092] Note that the recess group 41D includes the
street line 43 having the same width L as in the first em-
bodiment.

[0093] Although not shown in the figure, in the c-MUT
array 40A inthe presentembodiment, the dividing groove
28 same as the dividing groove 28 in the first embodiment
is also formed.

[0094] The other components are the same as the
components in the first embodiment.

[0095] Next, a method of manufacturing ac-MUT array
in the present embodiment is explained.

[0096] First, as shown in Fig. 19, an operator arranges
the cell regions 31 among the recess groups 41D on one
surface of the silicon substrate 41.

[0097] Thereafter, according to arecess group forming
step, the operator forms the plurality of recess groups
41D eachincluding atleast two groove-like recesses 41d,
which are arranged at a first interval (the predetermined
distance Lm) from each other, on the one surface of the
silicon substrate 41 to be arranged at a second interval
(the predetermined distance Ln) larger than the first in-
terval.

[0098] In this case, the recess groups 41D and the re-
cesses 41d are formed by applying, for example, dry
etching between the cell regions 31 of the c-MUT array
40.

[0099] Next, according to a forming step, the operator
fills up the recesses 41d using a nonconductive material
and applies treatment to cover the silicon substrate 41
and the cell regions 31.

[0100] According to a flexible film forming step, the op-
erator solidifies the nonconductive member to form the
flexible film 42.

[0101] Naturally, the operator may fill a low fragility ma-
terial (polyimide (PI)) having fragility lower than the fra-
gility of the silicon substrate 41 in the recesses 41d as
the nonconductive material as in the first embodiment,
and spin-coat and heat the polyimide on the silicon sub-
strate 41 and the cell regions 31 to form the flexible film
42 having a thickness of about 10 to 20 pum.

[0102] In this way, the c-MUT array 40A in the state
before the dividing groove 28 is formed having the con-
figuration shown in Fig. 19 is manufactured.

[0103] Next, according to a dividing groove forming
step, the operator forms the dividing groove 28 having a
width larger than the firstinterval (the predetermined dis-
tance Lm) from the other surface of the silicon substrate
41 and smaller than the width of the recess group 41D
(the width L of the street line 43) in the c-MUT array 40A
shown in Fig. 19 and reaching from the other surface of
the silicon substrate 41 to the flexible film 42 in the re-
cesses 41d. Inthis case, although notshowninthe figure,
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the c-MUT 40A in which the dividing groove 28 is formed
has a configuration same as the configuration in the first
embodiment (see Fig. 6).

[0104] Note that, as a method of forming the dividing
groove 28 according to the dividing groove forming step,
as in the first embodiment, the dicing performed using
the dicing saw is applied.

[0105] Therefore, the c-MUT array 40A in the present
embodiment can obtain action and effects same as the
action and the effects in the first embodiment even when
the recess group 41D including the plurality of recesses
41d is provided.

[0106] Further, the c-MUT 40A in the second embod-
iment can obtain action and effects explained below.
Such characteristic action and effects are explained us-
ing Figs. 20 to 23.

[0107] Note that Figs. 20 and 21 are explanatory dia-
grams for explaining the other action and effects of the
ultrasound transducer array in the second embodiment
before the dividing groove is formed. Fig. 20 shows a
configuration in which one recess is provided. Fig. 21
shows a configuration in which two recesses are provid-
ed. Figs. 22 and 23 are explanatory diagrams for explain-
ing the other action and effects of the ultrasound trans-
ducer array in the second embodiment after the dividing
groove is formed. Fig. 22 shows a configuration in which
the dividing groove is provided in the ultrasound trans-
ducer array shown in Fig. 20. Fig. 23 shows a configu-
ration in which the dividing groove is provided in the ul-
trasound transducer array shown in Fig. 21.

[0108] Inthe c-MUT array 40A in the second embodi-
ment, since the plurality of recesses 41d are provided, it
is possible to reduce, on a surface of the flexible film 12,
a cave-in amount of a cave-in portion 50 where a part of
the surface caves in.

[0109] Naturally, even when the dividing groove 28 is
formed, as it is seen from Figs. 22 and 23, it is possible
to reduce the cave-in amount of the cave-in portion 50.
Consequently, unevenness of a surface on a curved side
of the c-MUT array 40A can be reduced. Therefore, it is
possible to obtain a stable acoustic effect.

[0110] The present invention is not limited to the em-
bodiments and the modifications explained above. Var-
ious changes, alternations, and the like are possible in a
range in which the spirit of the present invention is not
changed.

[0111] Asexplained above, according to the respective
embodiments explained above, it is possible to realize
an ultrasound transducer array that can prevent, with a
simple configuration, chipping from easily occurring
when dividing grooves for bending an ultrasound trans-
ducer array including a plurality of cells are formed on a
silicon substrate.

[0112] The present application is filed claiming the pri-
ority of Japanese Patent Application No. 2012-017220
filed in Japan on January 30, 2012, and the above de-
scribed disclosure is incorporated by reference in the
present description and claims.
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Claims

1.

An ultrasound transducer array comprising:

a substrate;

a plurality of linear groove-like recesses ar-
ranged at a predetermined interval on one sur-
face of the substrate;

a cell region arranged between the recesses on
the one surface of the substrate and formed by
at least one ultrasound transducer cell;

a flexible film configured to cover the substrate
and the cell region on the one surface side of
the substrate and having fragility lower than fra-
gility of the substrate; and

a dividing groove having a width smaller than a
width of the recess and reaching from the other
surface of the substrate to the flexible film in the
recess.

The ultrasound transducer array according to claim
1, wherein

the dividing groove has the width smaller than the
width of the recess and has a sidewall portion, and
a bottom surface portion formed by forming a groove,
the bottom surface portion has a shape in which an
interval of extended portions of the sidewall portion
decreases to be smaller than the width toward a
depth direction of the groove, and

aboundary between the sidewall portion and the bot-
tom surface portion is located in the recess.

The ultrasound transducer array according to claim
1 or 2, wherein a low fragility material having fragility
lower than fragility of the substrate is arranged in the
recess.

The ultrasound transducer array according to claim
3, wherein the low fragility material and the flexible
film are formed of a same material.

The ultrasound transducer array according to claim
1 or 2, wherein a thickness of the flexible film adja-
cent to a deepest portion of the dividing groove is
the same as or larger than a thickness of the flexible
film adjacent to the cell region.

An ultrasound endoscope, wherein the ultrasound
transducer array according to claim 1 or 2 is used.

A method of manufacturing an ultrasound transducer
array comprising:

a step for arranging a cell region on one surface
of a substrate;

a recess forming step for forming a plurality of
linear recesses, which are arranged at a prede-
termined interval on the one surface of the sub-
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strate, such that the cell region is located be-
tween the recesses;

afilling step for filling a low fragility material hav-
ing fragility lower than fragility of the substrate
in the recess to fill up the recess;

a flexible film forming step for covering the sub-
strate and the cell region with a flexible film hav-
ing fragility lower than the fragility of the sub-
strate on the one surface side of the substrate;
and

a dividing groove forming step for forming a di-
viding groove reaching from the other surface
of the substrate to the flexible film in the recess
and having a width smaller than a width of the
recess.

The method of manufacturing the ultrasound trans-
ducer array according to claim 7, wherein

the dividing groove formed by the dividing groove
forming step has a width smaller than the width of
the recess and has a sidewall portion, and a bottom
surface portion formed by forming a groove,

the bottom surface portion has a shape in which an
interval of extended portions of the sidewall portion
decreases to be smaller than the width toward a
depth direction of the groove, and

aboundary between the sidewall portion and the bot-
tom surface portion is located in the recess.

The method of manufacturing the ultrasound trans-
ducer array according to claim 7, wherein

the low fragility material and the flexible film are
formed of a same material, and

in the filling step and the flexible film forming step,
after melted resin is applied to the surface of the
substrate and the cell region to fill up the recess, the
melted resin is hardened.

Amethod of manufacturing an ultrasound transducer
array comprising:

a step for arranging a cell region on one surface
of a substrate;

a recess group forming step for arranging and
forming a plurality of recess groups each includ-
ing at least two groove-like recesses, which are
arranged at a first interval on the one surface of
the substrate, such that the cell region is located
between the recess groups and at a second in-
terval larger than the first interval;

a forming step for filling up the recess using a
nonconductive material and covering the sub-
strate and the cell region;

a flexible film forming step for solidifying the non-
conductive member and forming a flexible film
on the one surface side of the substrate; and

a dividing groove forming step for forming a di-
viding groove having a width larger than the first
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interval and smaller than a width of the recess
group and reaching from the other surface of the
substrate to the flexible film in the recess.
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