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(57) ABSTRACT

An ultrasound unit includes: ultrasound elements each
including a plurality of ultrasound cells formed on a substrate
including a semiconductor, the plurality of ultrasound cells
each including an upper electrode having a ground potential
and a lower electrode to which a drive signal is applied, the
upper electrode and the lower electrode being arranged facing
each other via a cavity and thereby forming a first capacitor;
a package member in which the plurality of ultrasound ele-
ments are disposed, the package member having a ground
potential; and an insulation member disposed between the
package member and each of the ultrasound elements. A
second capacitor is formed as a result of the insulation mem-
berserving as a gap, and a capacity of a third capacitor serially
connected to the second capacitor is smaller than a capacity of
the second capacitor.

fSO(SOA)

T
48
\&/

|
ULTRASOUND
OBSERVATION == MONITOR
APPARATUS




Patent Application Publication  Jun. 18,2015 Sheet 1 of 6 US 2015/0164470 A1

FIG.1

3 4
S |
ULTRASOUND
OBSERVATION MCNITOR

APPARATUS




Patent Application Publication  Jun. 18,2015 Sheet 2 of 6 US 2015/0164470 A1




Patent Application Publication  Jun. 18,2015 Sheet 3 of 6 US 2015/0164470 A1

FIG.5

30

N 10 10 10 10 16)
— —P— S "
14A 14A 14A 14A /14
VA ' ya ¥ /12 20

18 N IN NN TN N i NN N[ I\/
IIIIIIIIIIIIIIIII/IrfIIIIII\/15

620 LA AL 11

63 61\\
628\
N Svssssrssss




Patent Application Publication  Jun. 18,2015 Sheet 4 of 6 US 2015/0164470 A1
i 0
208 \
71 [MAf:» / \ —~ 1
12— V
22A ~/ l
111
12\ 63 ALLL L7/ 7 T
60 1
130
¢ 22B
O
l 72 71l l
-
L T C2 T C1 _‘, Co
Q




Patent Application Publication  Jun. 18,2015 Sheet 5 of 6 US 2015/0164470 A1

3
\
1
0 )
72 ]
721 6 AL S
L6O\/* \ ‘L

FIG.9

30
'2 22B
S

J 72 71
- L_\:: G2 L_\:: Cl1 == Co

73 Cc10

LE: C3

22A



Patent Application Publication  Jun. 18,2015 Sheet 6 of 6 US 2015/0164470 A1

30A
% 80 3
228 i \
16~ < 5 o |
714 14~ . 224 / \ L
= e
16—/, 74 L
FOC OB TOEBE -
18(11) OO FTOOFTODH QOD
te
11
124 63T S
60 J_

FIG.11
30A
¢ 22B
—0
l 72 71 |
L — o2 L\;: ¢l = Co
73
R:: c3 (C11
[l
— C4
Q

22A



US 2015/0164470 Al

ULTRASOUND UNIT AND ULTRASOUND
ENDOSCOPE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
PCT/IP2013/061387 filed on Apr. 17, 2013 and claims ben-
efit of Japanese Application No. 2012-197407 filed in Japan
on Sep. 7, 2012, the entire contents of which are incorporated
herein by this reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Thepresent invention relates to an ultrasound unitin
which ultrasound elements each including capacitive micro-
machined ultrasound cells formed on a semiconductor sub-
strate are disposed on a package member via an insulation
member, and an ultrasound endoscope including the ultra-
sound unit.

[0004] 2. Description of the Related Art

[0005] Ultrasound diagnosis in which a diagnosis is made
by applying ultrasound to an object to be examined to form an
image of a state of the inside of the body from echo signals is
widespread. An ultrasound endoscope system is one of diag-
nostic apparatuses used for ultrasound diagnosis. An ultra-
sound endoscope includes an ultrasound unit disposed at a
distal end portion of an insertion portion to be inserted into a
body. The ultrasound unit has a function that converts electric
signals to ultrasound and transmits the ultrasound to the
inside of the body and receives the ultrasound reflected by the
inside of the body and converts the ultrasound to electric
signals.

[0006] As an ultrasound cell for an ultrasound unit, Japa-
nese Patent Application Laid-Open Publication No. 2006-
50314 discloses a capacitive micro-machined ultrasonic
transducer (¢MUT) manufactured using an MEMS tech-
nique.

[0007] An ultrasound cell for a cMUT transmits/receives
ultrasound by means of vibration of a membrane including an
upper electrode arranged facing a lower electrode via a cavity.
In transmission, upon application of a voltage between the
electrodes, the upperelectrode is pulled to the lower electrode
by an electrostatic force, whereby the membrane including
the upper electrode is deformed. When the voltage applica-
tion ceases, the membrane recovers to its original shape by
means of an elastic force. Ultrasound is generated by the
deformation/recovery of the membrane.

[0008] On the other hand, in reception, the membrane is
deformed by received ultrasound energy, whereby a distance
between the upper electrode and the lower electrode changes.
Using a change of a capacity C1 of a capacitor formed by the
upper electrode and the lower electrode by AC, the received
ultrasound energy is converted to an electric signal.

SUMMARY OF THE INVENTION

[0009] An ultrasound unit according to an embodiment of
the present invention includes: ultrasound elements each
including a plurality of ultrasound cells formed on a substrate
including a semiconductor, the plurality of ultrasound cells
each including an upper electrode having a ground potential
and a lower electrode to which a drive signal is applied, the
upper electrode and the lower electrode being arranged facing
each other via a cavity and thereby forming a first capacitor;
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a package member in which the plurality of the ultrasound
elements are disposed, the package member having a ground
potential; and an insulation member disposed between the
package member and each of the ultrasound elements. A
second capacitor is formed as a result of the insulation mem-
berserving as a gap, and a capacity of a third capacitor serially
connected to the second capacitor is smaller than a capacity of
the second capacitor.

[0010] Also, an ultrasound endoscope according to another
embodiment includes: an insertion portion including a distal
end portion in which an ultrasound unit is disposed, the ultra-
sound unit including vltrasound elements each including a
plurality of ultrasound cells formed on a substrate including a
semiconductor, the plurality of ultrasound cells each includ-
ing an upper electrode having a ground potential and a lower
electrode to which a drive signal is applied, the upper elec-
trode and the lower electrode being arranged facing each
other via a cavity and thereby forming a first capacitor, a
package member in which the plurality of the ultrasound
elements are disposed, the package member having a ground
potential, and an insulation member disposed between the
package member and each of the ultrasound elements, in
which a second capacitor is formed as a result of the insula-
tion member serving as a gap and a capacity of a third capaci-
tor serially connected to the second capacitor is smaller than
a capacity of the second capacitor; an operation portion dis-
posed on a proximal end portion side of the insertion portion;
and a universal cord provided so as to extend from the opera-
tion portion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a diagram of a configuration of an endo-
scope systemincluding an ultrasound endoscope according to
an embodiment;

[0012] FIG.2isaperspective view ofa distal end portion of
the ultrasound endoscope according to the embodiment;
[0013] FIG. 3 is a perspective view of an ultrasound unit
according to the embodiment;

[0014] FIG. 4 is an exploded view of the ultrasound unit
according to the embodiment;

[0015] FIG. 5 is a cross-sectional view of the ultrasound
unit according to the first embodiment along line V-V in FIG.
4,

[0016] FIG. 6 is a diagram illustrating a configuration of a
conventional ultrasound unit;

[0017] FIG. 7 is a diagram of an equivalent circuit in the
conventional ultrasound unit;

[0018] FIG. 8isadiagramillustrating a configurationofthe
ultrasound unit according to the first embodiment;

[0019] FIG. 9 is a diagram of an equivalent circuit in the
ultrasound unit according to the first embodiment;

[0020] FIG. 10 is a diagram of a configuration of an ultra-
sound unit according to a second embodiment; and

[0021] FIG. 11 is a diagram of an equivalent circuit in the
ultrasound unit according to the second embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

[0022] An ultrasound unit 30 and an ultrasound endoscope
2 including the ultrasound unit 30 (hereinafter referred to as
“ultrasound unit 30 and the like”) according to a first embodi-
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ment will be described with reference to the drawings. Note
that each of the drawings is a schematic diagram for descrip-
tion and, e.g., counts and sizes of components and ratios in
size among the components are different from those of actual
ones.

<Configuration of Ultrasound Endoscope>

[0023] As illustrated in FIG. 1, the ultrasound endoscope 2
provides an ultrasound endoscope system 1 jointly with an
ultrasound observation apparatus 3 and a monitor 4. The
ultrasound endoscope 2 includes an elongated insertion por-
tion 41 to be inserted into a body, an operation portion 42
disposed at a proximal end of the insertion portion 41, and a
universal cord 43 extending from the operation portion 42.
[0024] A connector 44A to be connected to a light source
apparatus (not illustrated) is disposed at a proximal end por-
tion of the universal cord 43. A cable 45 to be connected to a
camera control unit (not illustrated) via a connector 45A, and
a cable 46 to be connected to the ultrasound observation
apparatus 3 via a connector 46 A extend from the connector
44A. The monitor 4 is connected to the ultrasound observa-
tion apparatus 3.

[0025] The insertion portion 41 is provided by providing a
distal end rigid portion (hereinafter referred to as “distal end
portion”) 47, a bending portion 48 positioned at a rear end of
the distal end portion 47 and a flexible tube portion 49 posi-
tioned at a rear end of the bending portion 48, the flexible tube
portion 49 having a small diameter, a long length and flex-
ibility and leading to the operation portion 42, consecutively
in this order from the distal end side.

[0026] As illustrated in FIG. 2, in the distal end portion 47
of the insertion portion 41, the ultrasound unit 30 in which a
plurality of ultrasound elements 20 are radially arranged is
disposed. Note that the ultrasound unit may be of a convex
scanning type in which a plurality of ultrasound elements 20
are arranged in a convex shape or of a linear scanning type in
which a plurality of ultrasound elements 20 are arranged on a
planar surface.

<Configuration of Ultrasound Unit>

[0027] Next, a configuration of the ultrasound unit 30 will
be described with reference to FIGS. 3, 4 and 5. Note that in
FIG. 4, etc., a package member 60 is illustrated in a flat plate
shape.

[0028] As illustrated in FIG. 3, the ultrasound unit 30 is a
radial transducer in which a plurality of ultrasound elements
20 each having a rectangular shape in plan view are cylindri-
cally arranged at regular intervals on an outer circumferential
face of the package member 60 having a cylindrical shape in
such a manner that long sides of the ultrasound elements 20
are parallel to one another.

[0029] As illustrated in FIG. 4, an insulation member 63
including a backing material 61 and joining layers 62A and
62B are disposed between each ultrasound element 20 and the
package member 60. Each ultrasound element 20, which is a
basic unit that transmits/receives ultrasound, includes a sili-
con substrate (substrate) 11 as a base, the silicon substrate 11
including a first principal surface 20SA and a second princi-
pal surface 20SB facing the first principal surface 20SA. In a
roughly center portion of the first principal surface 20SA of
the ultrasound element 20, a transmission/reception section
21 that transmits/receives ultrasound is formed, and in oppo-
site end portions of the first principal surface 20SA, respec-
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tive external electrodes 22A and 22B are disposed. As illus-
trated in FIG. 3, the external electrodes 22A and 22B are
connected to respective lead wires 81A and 81B of cables 80.
The lead wires 81B are ground potential wires and may be a
common wiring for the plurality of ultrasound elements 20.
For example, shield wires of the cable 80 can be used as the
lead wires 81B.

[0030] The cable 80 is inserted through the distal end por-
tion 47, the bending portion 48, the flexible tube portion 49,
the operation portion 42, the universal cord 43 and the cable
46, and is connected to the ultrasound observation apparatus
3 via the connector 46A.

[0031] Inthe transmission/reception section 21, a plurality
of capacitive micro-machined ultrasound cells 10 are
arranged in a matrix. Note that FIG. 4 schematically illus-
trates only a part of the ultrasound cells 10. Also, the ultra-
sound cells 10 may be arranged in such a manner that the
ultrasound cells 10 are fitted in a recess portion formed in the
package member 60.

[0032] As illustrated in FIG. 5, in each of the ultrasound
cells 10 formed on the silicon substrate 11, an upper electrode
16, which is included in a membrane, is arranged facing a
lower electrode 12 via a cavity (void portion) 14A. The cavity
(void portion) 14A is formed by etching of an interelectrode
insulation layer 14. Note that an upper insulation layer and a
protection film, which are not illustrated, are formed on the
upper electrode 16.

[0033] Also, ona surface of the silicon substrate 11 includ-
ing a semiconductor, an insulation layer 15 including silicon
oxide is formed; however, the insulation layer 15 includes
through holes and thus the lower electrode 12 and the silicon
substrate are electrically connected. In other words, the insu-
lation layer 15 can be regarded as being virtually not formed.
[0034] Note that the external electrode 22A of the ultra-
sound element 20 is a common electrode for the lower elec-
trode 12 of the plurality of ultrasound cells 10, and the exter-
nal electrode 22B is a common electrode for the upper
electrode 16 of the plurality of ultrasound cells 10. Thus, the
plurality of ultrasound cells 10 included in one ultrasound
element 20 is simultaneously driven.

[0035] The package member 60 is a conductive member
including a conductive material such as stainless steel. The
package member 60 may be a conductive member including
a conductive layer formed on at least one surface of a non-
conductive base material such as a resin. For safety, a con-
ductive member to be inserted into a living body is maintained
at the ground potential. In other words, the package member
60 is maintained at the ground potential, as with the upper
electrodes 16, via a non-illustrated lead wire. The package
member 60 may be connected to the lead wires 81B that
maintain the upper electrodes 16 at the ground potential.
[0036] Theplurality of ultrasound elements 20 are disposed
on the outer circumferential face of the package member 60
by the respective joining layers 62 (62A and 62B) via the
respective backing materials 61.

[0037] For the backing materials 61 that absorb unneces-
sary ultrasound, any of various materials can be used and
either an inorganic material or an organic material can be
employed. In particular, a material obtained by mixing a filler
into an epoxy-based resin or a rubber-based material having a
large attenuation rate is preferable because such material can
effectively absorb unnecessary vibration. For the filler, it is
preferable to use a material having a density that is higher
than that of the epoxy resin or the rubber-based material,
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which is a matrix material, because such material can further
effectively attenuate unnecessary vibration. Also, for the join-
ing layers 62 (62A and 62B), it is preferable to use, e.g., an
epoxy-based adhesive containing 0.5 to 2% of a silane cou-
pling agent.

[0038] The backing material 61 and the joining layers 62A
and 62B, which each include an elastic member, are all insu-
lating materials, and can be regarded as one insulation mem-
ber 63 as a whole. The insulation member 63 may arbitrarily
be set according to the materials, sizes and the like of the
respective components, for example, in such a manner that a
thickness of the backing material 61 is set to 50 to 200 um and
respective thicknesses of the joining layers 62A and 62B are
set to 0.5 to 2.0 pm. Also, a structure that does not have three
joining layers, that is, uses no backing material 61 may be
employed, and in this case, an unitary insulation member 63
is made to have a thickness that is equal to or exceeds a
thickness enough to ensure insulation required for driving the
ultrasound element 20 for transmission/reception.

[0039] Then, at the surface of the silicon substrate 11, a
diffusion layer 18 having a polarity that is different from that
of a parent material of the substrate and having a resistance
that is lower than that of the parent material is formed. For
example, if the parent material of the silicon substrate 11 is a
p-type semiconductor (p-semiconductor) containing a triad
such as boron, a pentad such as phosphorus is doped from the
first principal surface 20SA and an n-type diffusion layer (n+
semiconductor) 18 is formed on the surface. The diffusion
layer 18 has an impurity density that is higher than that of the
parent material of the silicon substrate 11. In other words, the
parent material of the silicon substrate 11 has an electric
resistance that is higher than that of the diffusion layer 18.

<Operation of Ultrasound Unit>

[0040] In ultrasound transmission, a drive signal (voltage)
is applied to the lower electrodes 12 via the lead wires 81B
and the external electrodes 22A by the control performed by
the ultrasound observation apparatus 3. For example, in the
case of an n+ diffusion layer and a p-substrate, a positive drive
voltage that is higher than the ground potential is applied. On
the other hand, in the case of a p+ diffusion layer and an
n-substrate, a negative drive voltage that is lower than the
ground potential is applied. The upper electrode 16 and the
package member 60 are maintained at the ground potential.
Note that, in the ultrasound endoscope 2, the upper electrode
16, which is close to the outside, has the ground potential, and
thus, the ultrasound endoscope 2 is safer than endoscopes that
allow a voltage to be applied to upper electrodes 16.

[0041] On the other hand, in ultrasound reception, the
capacities C1 between the lower electrodes 12 and the upper
electrodes 16 are measured via the respective external elec-
trodes 22A and 22B by the control performed by the ultra-
sound observation apparatus 3. In other words, a capacity
change AC of each first capacitor 71 formed by the relevant
lower electrode 12 and the relevant upper electrode 16 with
the relevant cavity 14A serving as a gap. In this case, it is
preferable that a bias voltage be applied to the lower elec-
trodes 12. The bias voltage has a polarity that is the same as
that of the drive voltage.

[0042] As illustrated in FIGS. 6 and 7, in a conventional
ultrasound unit 130, a second capacitor 72 having a capacity
C2, which is formed between a silicon substrate 111 (lower
electrode 12) and a package member 60 with an insulation
member 63 serving as a gap, is connected in parallel to a first
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capacitor 71. Furthermore, an overlap region in which an
interelectrode insulation layer 14 is interposed between the
lower electrode 12 and an upper electrode 16 provides a
parasitic capacity whose capacity value does not change, and
a sum of a capacity Co of the overlap region and C2 is a total
parasitic capacity Cp.

[0043] As a result, as already described, if the capacity of
the first capacitor 71 changes by AC, the capacity change rate
D (%) measured via external electrodes 22A and 22B
decreases from AC/C1 to AC/(C1+Cp) because of the total
parasitic capacity Cp. Note that for the below numeric value
calculation (estimation), Co is regarded as sufficiently small
compared to the other capacities. In other words, it is regarded
that Cp=C2; however, even if Cp>C2, the embodiment exerts
sufficient effects.

[0044] For example, where C1=13 pF, C2=5.3 pF and
AC=1.3 pF, the capacity change rate D decreases from 10.0%
to 7.1%.

[0045] On the other hand, as illustrated in FIGS. 8 and 9, in
the ultrasound unit 30, upon application of a positive voltage
to the lower electrode 12, a potential of the diffusion layer 18
becomes a positive potential, whereby electrons move to the
diffusion layer side of the silicon substrate 11. As a result, a
depletion layer 19 is formed inside the silicon substrate 11.
Since the depletion layer 19 has no conductivity, a third
capacitor 73 in which the depletion layer 19 serves as a gap is
formed.

[0046] Here, a thickness of the depletion layer 19, that is, a
gap length of the third capacitor 73 is nearly 500 pum where the
silicon substrate 11, which is a p-semiconductor, has an
acceptor density of 5x10'" cm™, the diffusion layer 18,
which is an n+semiconductor, has a donor density of 5x10"°
em~>, and an applied voltage is 100V. Thus, where the deple-
tion layer 19 has a permittivity of 11.9, a capacity C3 of the
third capacitor 73 is 1.2 pF.

[0047] As illustrated in FIG. 9, the third capacitor 73 is
serially connected to a second capacitor 72 having a capacity
C2, which is formed as a result of the insulation member 63
serving as a gap, and a sum of the capacities C2 and C3 and a
capacity Co of an overlap region is a total parasitic capacity
Cp. A combined capacity C10 of the second capacitor 72 and
the third capacitor 73 serially connected can be obtained by
C10=(C2xC3)/(C2+C3). In other words, C2>C10. Here,
also, Co is regarded as sufficiently small compared to the
other capacities, and it is regarded as Cp=C10; however,
implementation of the present invention is not limited to such
calculation method as above.

[0048] In other words, where the second capacitor 72 and
the third capacitor 73 are serially connected, the combined
capacity C10 becomes smaller than each of the capacity C2 of
the second capacitor 72 and the capacity C3 of the third
capacitor 73, and the capacity of the capacitor having a
smaller capacity becomes dominant. Here, the capacity C3 of
the third capacitor 73 is smaller than the capacity C2 of the
second capacitor 72. Thus, C2>C10.

[0049] Since the parasitic capacity Cp decreases from C2 to
C10, if the capacity of the first capacitor 71 changes by AC,
the capacity change rate D (%) measured via the external
electrodes 22A and 22B increases from AC/(C1+C2) to AC/
(C1+C10) compared to cases where no third capacitor 73 is
formed.

[0050] For example, where C1=13 pF, C2=5.3 pF, C3=1.2
pF and AC=1.3 pF, the capacity change rate D increases from
7.1% 10 9.3%.
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[0051] As described above, the ultrasound unit 30 includes
ultrasound elements 20 in which the diffusion layer 18 having
a polarity that is different from that of the parent material of a
silicon substrate 11 and having a resistance that is lower than
that of the parent material is formed at the surface of the
substrate 11 and the third capacitor 73 is fotined, with the
depletion layer 19 serving as a gap, the depletion layer 19
being formed inside the substrate 11 by the diffusion layer 18.
The ultrasound 30 thus configured has high receiving sensi-
tivity.

[0052] Note that if a negative voltage is applied to the lower
electrode 12, effects that are the same as those of the ultra-
sound unit 30 can be provided by making the silicon substrate
be an n-semiconductor and making the diffusion layer be a p+
semiconductor.

[0053] Although the capacity C3 of the third capacitor is
selected in connection with the capacity C2 of the second
capacitor, for further sensitivity enhancement, preferably
(C3<0.5xC2, more preferably, C3<0.1xC2.

[0054] As described above, for reduction of the parasitic
capacity Cp, it is only necessary that the third capacitor be
serially connected to the second capacitor formed as a result
of the insulation member 63 serving as a gap. Thus, not only
a method in which a diffusion layer 18 is formed in advance
so as to form a third capacitor inside the silicon substrate 11,
but also, for example, a third capacitor may be formed by
disposing a capacitor component having a small capacity at a
position halfway through the ground potential wire to which
the package member 60 is connected may be employed.
[0055] However, the method in which the diffusion layer 18
is formed in advance according to the embodiment largely
facilitates a manufacturing step for disposing a small-capac-
ity capacitor component, and thus, is suitable for mass pro-
duction. In other words, ultrasound elements 20 are obtained
by manufacturing the ultrasound elements 20 in one silicon
wafer and cutting the silicon wafer into pieces. Thus, it is only
necessary to faun a diffusion layer on a silicon wafer firstina
manufacturing process. Also, the method is particularly pref-
erable because the number of components in the ultrasound
unit 30 does not increase.

Second Embodiment

[0056] An ultrasound unit 30A and an ultrasound endo-
scope 2A including the ultrasound unit 30A (hereinafter
referred to as “ultrasound unit 30 A and the like”) according to
a second embodiment will be described below. Since the
ultrasound unit 30A and the like are similar to the ultrasound
unit 30 and the like, components having same functions as
those of'the ultrasound unit 30 and the like are provided with
same reference numerals as those of the ultrasound unit 30
and the like and description thereof will be omitted.

[0057] Since the ultrasound unit 30A includes no through
holes in an insulation layer 15 of each ultrasound element 20,
a lower electrode 12 and a silicon substrate 11 are insulated
from each other. Thus, as illustrated in FIGS. 10 and 11, a
fourth capacitor 74 (capacity C4) in which an insulation layer
15 serves as a gap is provided.

[0058] In the ultrasound unit 30A, upon application of a
positive voltage to the lower electrode 12, the insulation layer
15 side of a diffusion layer 18 becomes a negative potential
layer, and the opposite side (package member side) becomes
a positive potential layer. Thus, as in the ultrasound unit 30, a
depletion layer 19 is formed inside the silicon substrate 11.
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Since the depletion layer 19 has no conductivity, a third
capacitor 73 in which the depletion layer 19 serves as a gap is
formed.

[0059] As illustrated in FIG. 11, the third capacitor 73 and
the fourth capacitor 74 are serially connected to a second
capacitor 72 having a capacity C2, which is formed as a result
of an insulation member 63 serving as a gap, a sum of an
overlap capacity Co and the capacities C2, C3 and C4 is a total
parasitic capacity Cp. A combined capacity C11 of the second
capacitor 72, the third capacitor 73 and the fourth capacitor 74
serially connected can be obtained by C11=(C2xC3xC4)/
(C2xC3+C2xC4+C3xC4). If the insulation layer 15 is thin,
the capacity C4 of the fourth capacitor 74 is relatively large;
however, C2>C11. Here, also, Co is regarded as sufficiently
small compared to the other capacities, and it is regarded that
Cp=C11; however, implementation of the present invention is
not limited to such calculation method as above.

[0060] Since the parasitic capacity decreases from C2 to
C11, a capacity change rate D (%) measured via external
electrodes 22A and 22B when the capacity of the first capaci-
tor 71 changes by AC increases from AC/(C1+C2) to AC/
(C1+C11) compared to cases where no third capacitor 73 is
formed.

[0061] In other words, the ultrasound unit 30A and the like
enable provision of effects that are the same as those of the
ultrasound unit 30 and the like.

[0062] Note that, for example, where the insulation layer 15
is formed so as to be thick to make a capacity between the
lower electrode 12 and the substrate 11 be lower than the
depletion layer capacity, or where a capacitor having a small
capacity that is lower than the depletion layer capacity is
disposed at a position partway through a ground potential
wire to which a package member 60 is connected, in the
embodiments, the diffusion layer 18 having a polarity that is
different from that of the substrate 11 is formed so as to form
a depletion layer capacity; however, it is possible that such
combination is not employed and a diffusion layer having a
polarity that is the same as that of the substrate 11 is formed
in the substrate.

[0063] The present invention is not limited to the above-
described embodiments and the like, and various modifica-
tion and alterations are possible without departing from the
spirit of the present invention. Also, the configuration of any
of the embodiments and modifications described above may
be combined with that of the other embodiments and the like.

What is claimed is:
1. An ultrasound unit comprising:

ultrasound elements each including a plurality of ultra-
sound cells formed on a substrate including a semicon-
ductor, the plurality of ultrasound cells each including
an upper electrode having a ground potential and a lower
electrode to which a drive signal is applied, the upper
electrode and the lower electrode being arranged facing
each other via a cavity and thereby forming a first
capacitor;

a package member in which the plurality of the ultrasound
elements are disposed, the package member having a
ground potential;, and

an insulation member disposed between the package mem-
ber and each of the ultrasound elements,

asecond capacitor being formed as a result of the insulation
member serving as a gap,
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wherein a capacity of a third capacitor serially connected to
the second capacitor is smaller than a capacity of the
second capacitor.

2. The ultrasound unit according to claim 1, wherein:

the substrate includes, on a surface of the substrate, a

diffusion layer having a polarity that is different from a
polarity of a parent material of the substrate and having
a resistance that is lower than a resistance of the parent
matetial; and

the third capacitor is formed as a result of a depletion layer

serving as a gap, the depletion layer being formed inside
the substrate by the diffusion layer.

3. The ultrasound unit according to claim 1, wherein the
insulation member includes a backing material that includes
an elastic member.

4. The ultrasound unit according to claim 1, wherein (a
capacity C3 of the third capacitor) (a capacity C2 of the
second capacitorx0.5).

5. The ultrasound unit according to claim 1, wherein each
of the ultrasound elements includes an insulation layer insu-
lating the substrate and the lower electrode from each other.

6. An ultrasound endoscope comprising:

an insertion portion provided with an ultrasound unit in a

distal end portion of the insertion portion, the ultrasound
unit including

ultrasound elements each including a plurality of ultra-

sound cells formed on a substrate including a semicon-
ductor, the plurality of ultrasound cells each including
anupper electrode having a ground potential and a lower
electrode to which a drive signal is applied, the upper
electrode and the lower electrode being arranged facing
each other via a cavity and thereby forming a first
capacitor,

Jun. 18,2015

a package member in which the plurality of the ultrasound
elements are disposed, the package member having a
ground potential, and

an insulation member disposed between the package mem-
ber and each of the ultrasound elements, wherein

a second capacitor is formed as a result of the insulation
member serving as a gap, and

a capacity of a third capacitor serially connected to the
second capacitor is smaller than a capacity of the second
capacitor;

an operation portion disposed on a proximal end portion
side of the insertion portion; and

auniversal cord provided so as to extend from the operation
portion.

7. The ultrasound endoscope according to claim 6,

wherein:

the substrate includes, on a surface of the substrate, a
diffusion layer having a polarity that is different from a
polarity of a parent material of the substrate and having
a resistance that is lower than a resistance of the parent
material; and

the third capacitor is formed as a result of a depletion layer
serving as a gap, the depletion layer being formed inside
the substrate by the diffusion layer.

8. The ultrasound endoscope according to claim 7, wherein
the insulation member includes a backing material that
includes an elastic member.

9. The ultrasound endoscope according to claim 7, wherein
(a capacity C3 of the third capacitor)=(a capacity C2 of the
second capacitorx0.5).

10. The ultrasound endoscope according to claim 7,
wherein each of the ultrasound elements includes an insula-
tion layer insulating the substrate and the lower electrode
from each other.
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