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7) ABSTRACT

Performance of an ultrasonic examination device, which
includes an ultrasonic sensor of a capacitance detection type
including a cavity between electrodes and vibrating a mem-
brane, is enhanced. A cell which is a capacitive type device
provided with a lower electrode, a cavity, and an upper
electrode in a membrane, which are stacked in a longitudinal
direction, and a condenser provided with the lower electrode
and an upper electrode which are stacked in the longitudinal
direction, are formed in one semiconductor chip. The cell
and the condenser are connected to each other in parallel,
and, when ultrasonic waves are transmitted and received
using the cell, connection between a DC bias power source
and the semiconductor chip is blocked, and a direct current
voltage is applied to the cell from the condenser.
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ULTRASONIC EXAMINATION DEVICE AND
ULTRASONIC PROBE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic
examination device and an ultrasonic probe, and more
particularly, to effective technology applied to an ultrasonic
examination device and an ultrasonic probe which use a
capacitive ultrasonic transducer manufactured by micro
electro mechanical system (MEMS) technology.

BACKGROUND ART

[0002] Ultrasonic sensors are utilized in various ultrasonic
examination devices such as medical ultrasonic echo diag-
nostic devices, nondestructive ultrasonic flaw detection
devices, or the like, and for example, are used in blood
vessel catheters for examining vasoocclusion or vasodilation
of a living body.

[0003] Related-art ultrasonic sensors normally use oscil-
lation of a piezoelectric substance, but, with the recent
enhancement of MEMS technology, capacitive ultrasonic
transducers (capacitive micro-machined ultrasonic trans-
ducer (CMUT)) using MEMS technology are developing.
[0004] The capacitive ultrasonic transducer has an oscil-
lator formed on a semiconductor substrate and having a
cavity formed between electrodes facing each other. The
capacitive ultrasonic transducer generates ultrasonic waves
by overlappingly applying voltages of a direct current and an
alternating current to the respective electrodes, and vibrating
a membrane (flexible film) in the vicinity of a resonance
frequency.

[0005] Technology relating to the ultrasonic examination
device described above is disclosed, for example, in patent
literature (JP-A-2014-136002). In patent literature 1, there is
disclosed connecting a high-capacity capacitor which is
charged by receiving power supply from an ultrasonic
transducer to the ultrasonic transducer.

CITATION LIST

Patent Literature

[0006] PTL 1: JP-A-2014-136002
[0007] Summary of Invention
Technical Problem
[0008] In order to transmit and receive ultrasonic waves,

and to obtain an image by using an ultrasonic examination
device, a direct current voltage should be always applied to
an ultrasonic transducer. An ultrasonic examination device
using an ultrasonic transducer in a blood vessel catheter uses
the direct current voltage of 200 V, for example, but it is
apprehended that a current leaks into a blood vessel when a
short circuit breakdown occurs, and there is a need to take
secure measures against a direct current bias voltage.

[0009] To solve these problems, a method of mounting a
battery in an ultrasonic probe having an ultrasonic trans-
ducer mounted therein, and supplying a direct current bias
voltage to the ultrasonic transducer from the battery is
suggested. In addition, a method of using, as the battery, a
condenser (capacitor) formed in a semiconductor chip dif-
ferent from a semiconductor chip having an ultrasonic
transducer mounted therein, is suggested. However, in the
above-described structures, there is a great parasitic capaci-
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tance between the condenser and the ultrasonic transducer
which are mounted in the different semiconductor chips,
and, since an electric charge is easily discharged from the
condenser, there is a difficulty in operating the ultrasonic
transducer for a long time.

[0010] The above-described objects and novel features of
the present invention will be obvious based on the descrip-
tions and the accompanying drawings of the present speci-
fication.

Solution to Problem

[0011] A summary of a representative embodiment of the
embodiments disclosed in the present application is
described briefly as follows.

[0012] An ultrasonic examination device of an embodi-
ment includes a cell which is a capacitive type device, and
a charging condenser, the cell and the charging condenser
being mounted in one semiconductor chip and being con-
nected with each other in parallel, and further includes a
switch which switches ON/OFF of connection between the
cell and a DC bias power source.

[0013] An ultrasonic probe of another embodiment
includes a cell which is a capacitive type device, and a
charging condenser, the cell and the charging condenser
being mounted in one semiconductor chip and being con-
nected with each other in parallel, and further includes a
switch which switches ON/OFF of connection between the
cell and a DC bias power source.

Advantageous Effects of Invention

[0014] Effects achieved by representative embodiments of
the invention disclosed in the present application are briefly
described as follows.

[0015] According to the present invention, performance of
the ultrasonic examination device can be enhanced.

[0016] According to the present invention, performance of
the ultrasonic probe can be enhanced.

BRIEF DESCRIPTION OF DRAWINGS

[0017] FIG. 1 is a top view illustrating a semiconductor
chip forming an ultrasonic examination device according to
a first embodiment of the present invention.

[0018] FIG. 2 is a cross-sectional view taken on line A-A
of FIG. 1.
[0019] FIG. 3 is a block diagram illustrating a configura-

tion of the ultrasonic examination device according to the
first embodiment of the present invention.

[0020] FIG. 4 is a cross-sectional view of the semicon-
ductor chip forming the ultrasonic examination device in the
process of manufacturing according to the first embodiment
of the present invention.

[0021] FIG. 5 is a cross-sectional view of the semicon-
ductor chip in the process of manufacturing, continuing
from FIG. 4.

[0022] FIG. 6 is a cross-sectional view of the semicon-
ductor chip in the process of manufacturing, continuing
from FIG. 5.

[0023] FIG. 7 is a cross-sectional view of the semicon-
ductor chip in the process of manufacturing, continuing
from FIG. 6.

[0024] FIG. 8 is a block diagram illustrating a configura-
tion of the ultrasonic examination device according to a
variation of the first embodiment of the present invention.
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[0025] FIG. 9 is a timing chart illustrating an operation of
the ultrasonic examination device according to the variation
of the first embodiment of the present invention.

[0026] FIG. 10 is a cross-sectional view illustrating a
semiconductor chip forming an ultrasonic examination
device according to a second embodiment of the present
invention.

[0027] FIG. 11 is a cross-sectional view illustrating a
semiconductor chip forming an ultrasonic examination
device according to a third embodiment of the present
invention.

[0028] FIG. 12 is a block diagram illustrating a configu-
ration of the ultrasonic examination device according to the
third embodiment of the present invention.

[0029] FIG. 13 is a cross-sectional view illustrating the
semiconductor chip forming the ultrasonic examination
device according to a first variation of the third embodiment
of the present invention.

[0030] FIG. 14 is a cross-sectional view illustrating the
semiconductor chip forming the ultrasonic examination
device according to a second variation of the third embodi-
ment of the present invention.

[0031] FIG. 15 is a perspective view illustrating an ultra-
sonic examination device according to a fourth embodiment
of the present invention.

[0032] FIG. 16 is a cross-sectional view illustrating an
ultrasonic probe according to a fifth embodiment of the
present invention.

DESCRIPTION OF EMBODIMENTS

[0033] Hereinafter, embodiments of the present invention
will be described in detail with reference to the drawings.
Throughout the drawings for describing embodiments, the
same reference numerals are used for the elements having
the same functions, and a redundant explanation thereof will
be omitted. In the following embodiments, explanation of
the same or similar portions will not be repeated in principle
except for the special case.

First Embodiment

[0034] An ultrasonic examination device according to an
embodiment of the present invention is an ultrasonic wave
transmission and reception sensor of a capacitance detection
type, which is provided with a capacitive ultrasonic trans-
ducer manufactured by using micro electro mechanical
system (MEMS) technology, for example. Herein, mix-
mounting, in one semiconductor chip, a condenser forming
a capacitive type device cell, and a charging condenser for
supplying a direct current bias voltage to the capacitive type
device cell will be described.

[0035] <Structure of the Ultrasonic Examination Device
of the Present Embodiment>

[0036] Hereinafter, a configuration of the ultrasonic
examination device according to the present embodiment
will be described with reference to FIGS. 1 to 3. FIG. 1 is
a top view illustrating the semiconductor chip forming the
ultrasonic examination device according to the present
embodiment. FIG. 2 is a cross-sectional view illustrating the
semiconductor chip forming the ultrasonic examination
device according to the present embodiment. FIG. 2 is a
cross-sectional view taken on line A-A of FIG. 1. FIG. 3 is
a block diagram illustrating a configuration of the ultrasonic
examination device according to the present embodiment.
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[0037] FIG. 1 is a top view illustrating a portion of the
semiconductor chip 1 forming the ultrasonic examination
device according to the present embodiment. The semicon-
ductor chip 1 includes a main surface (an upper surface, a
surface) and a rear surface (a lower surface) which are
disposed at opposite sides along a thickness direction, and
FIG. 1 illustrates a top view (upper surface view) of the main
surface side of the semiconductor chip 1. FIG. 1 does not
illustrate insulation films such as interlayer films, etc., and
mainly illustrates a substrate, a lower electrode and an upper
electrode which are stacked on the substrate, a gap and a film
(sacrifice film) which is disposed between the upper elec-
trode and the lower electrode, and an electrode pad.
[0038] A planar shape of the semiconductor chip 1 is, for
example, an oblong, that is, a rectangle. The semiconductor
chip 1 includes a substrate 9, and a plurality of cells 2
arranged in an X direction and a Y direction, a plurality of
condensers 5, and bonding pads (hereinafter, referred to as
pads) 3 and 4 are arranged on the main surface of the
substrate 9. The X direction and the Y direction are direc-
tions which are orthogonal to each other in planar view, and
both directions are directions parallel to the main surface of
the semiconductor chip 1 and the main surface of the
substrate 9. That is, the plurality of cells 2 are arranged in the
form of a matrix. The pads 3 and 4 are terminals for
inputting to and outputting from the semiconductor chip 1,
and bonding wires, etc. are electrically connected to the pads
3 and 4.

[0039] The plurality of condensers 5 are arranged in the Y
direction in an area adjacent to a cell array having the cells
2 arranged in the form of a matrix in planar view. In the X
direction, the condensers 5 are arranged adjacent to the cells
2 of an edge of the cell array. The cell array is formed on a
center portion of the semiconductor chip 1 in planar view.
The plurality of condensers 5 are formed in the proximity of
an edge of the semiconductor chip 1 in planar view. Herein,
the case in which the condensers 5 are adjacent to the cell
array in the X direction will be described, but the condensers
5 are not necessarily adjacent to the cell array, and may be
arranged in any position as long as they are arranged in the
semiconductor chip 1.

[0040] The cell 2 is a capacitive type device cell formed by
a condenser which is a variable capacitance. In the present
application, the capacitive type device provided with the
plurality of cells 2 is referred to as a capacitive ultrasonic
transducer (capacitive micro-machines ultrasonic transducer
(CMUT)). In the present application, the capacitive ultra-
sonic transducer may be simply referred to as an ultrasonic
transducer. Each cell 2 includes one cavity (gap) 10. A shape
of the cavity 10 in planar view is, for example, an rectangle.
The cavities 10 forming the plurality of cells 2 are spaced
from one another. Each cell 2 includes a membrane (flexible
film) 12 (see FIG. 2) formed on the cavity 10 in an area
overlapping the cavity 10 in planar view. Each of the
plurality of cells 2 is an oscillator of a minimum unit which
is able to generate ultrasonic waves (vibrate) and to transmit
the ultrasonic waves, and also, is able to receive ultrasonic
waves. The oscillator forms, for example, an electrostatic
type variable capacitance (variable capacitance sensor).
[0041] The cell 2 includes a lower electrode 8, the cavity
10 on the lower electrode 8, and an upper electrode 6
forming a portion of the membrane 12 on the cavity 10. That
is, the lower electrode 8, the cavity 10, and the upper
electrode 6 overlap one another in planar view. The plurality
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of cells 2 share one lower electrode 8. The lower electrode
8 is widely formed to cover almost the whole semiconductor
chip 1, such that the lower electrode 8 overlaps the cell array
(cell area) having the plurality of cells 2 arranged therein,
and the condenser area having the plurality of condensers 5
arranged therein, respectively, in planar view.

[0042] In contrast, the condenser 5 is a capacitance ele-
ment which is not a variable capacitance. That is, a capaci-
tance of the condenser 5 is not changed and is always
constant. Each of the plurality of condensers 5 is a charging
condenser which is used to apply a direct current voltage to
the cell 2. The condenser 5 includes the lower electrode 8
and an upper electrode 7 on the lower electrode 8. That is,
the lower electrode 8 and the upper electrode 7 overlap each
other in planar view. The plurality of condensers 5 share one
lower electrode 8 with one another. In addition, the plurality
of cells 2 and the plurality of condensers 5 share one lower
electrode 8 with one another. A gap is not formed between
the lower electrode 8 and the upper electrode 7, and a
material film (a sacrifice film, an interelectrode film) 11 is
formed therebetween. In FIG. 1, hatching is applied to the
material film 11 for easy understanding of the drawing.
[0043] Among the plurality of upper electrodes 6 forming
the plurality of cells 2, the upper electrodes 6 adjacent to
each other in the X direction or the Y direction are connected
to each other by a metal wire which is integrally formed with
the upper electrode 6. In addition, the upper electrode 6
forming the cell 2, and the upper electrode 7 forming the
condenser 5 are connected to each other by a metal wire
formed of a metal film integrally formed with the upper
electrodes 6 and 7. That is, the condenser forming the cell 2,
and the condenser 5 have their respective upper electrodes 6
and 7 electrically connected to each other, and their respec-
tive lower electrodes 8 electrically connected. That is, the
condenser forming the cell 2, and the condenser 5 are
connected to each other in parallel. The planar shape of each
of the upper electrodes 6 and 7 is a rectangle, and a width
of the metal wire in a short side direction, connecting
between the plurality of upper electrodes 6 and 7, is smaller
than a length of the shortest side of each of the upper
electrodes 6 and 7 having a rectangular layout in planar
view.

[0044] A portion of the upper surface of the lower elec-
trode 8 on an outside of the cell array in planar view is
exposed through a bottom of an opening formed on an
insulation film (not shown) on the lower electrode 8. In FIG.
1, an upper surface of the lower electrode 8 in an area
surrounded by the opening is illustrated as the electrode pad
4. Although only one electrode pad 4 is illustrated in FIG. 1,
a plurality of electrode pads 4 may be formed. A portion of
an upper surface of an electrode which is drawn out from the
cell array in planar view, and is integrally formed with the
upper electrodes 6 and 7 is exposed through a bottom of an
opening formed on an insulation film (not shown) on the
upper electrodes 6 and 7. In FIG. 1, an upper surface of the
electrode in an area surrounded by the opening is illustrated
as the electrode pad 3. Although only one electrode pad 3
connected with the upper electrode 7 by a metal wire is
illustrated, a plurality of electrode pads 3 may be formed.
The electrode pad 3 may be connected with the upper
electrode 6 via the metal wire, rather than with the upper
electrode 7.

[0045] FIG. 2 illustrates a cell area 1A and a condenser
area 1B which are arranged in a direction parallel to the main
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surface of the substrate 9. That is, FIG. 2 is a cross-sectional
view including the cell 2 and the condenser 5 which are
adjacent to each other. FIG. 2 illustrates the cell area 1A on
the left side, and illustrates the condenser area 1B on the
right side. As shown in FIG. 2, the semiconductor chip 1 (see
FIG. 1) includes the substrate 9, and an insulation film 13,
the lower electrode 8, and insulation films 14, 15, 16, and 17
stacked on the substrate 9 in sequence. The substrate 9
includes the main surface on the upper side thereof, and a
rear surface opposite to the main surface. The substrate 9 is
made of silicon (Si) single crystal, for example. The sub-
strate 9 may be a glass substrate or a sapphire substrate. The
insulation films 13 to 17 are made of, for example, silicon
oxide (Si0,), silicon nitride (Si;N,), silicon carbide (SiC),
or silicon carbonitride (SiCN).

[0046] The lower electrode 8 is formed of a conductive
film such as a tungsten (W) film, a titanium, nitride (TiN)
film, or etc. The lower electrode 8 may have a stacking
structure formed of a plurality of conductive films including
a tungsten film or a titanium nitride film.

[0047] The cavity 10 is formed on the insulation film 14 in
an area directly over the lower electrode 8 of the cell area
2A. The cavity 10 is a space which is covered by the
insulation film 14, the insulation film 15, and the insulation
film 17 that is buried in a hole opened to the insulation film
15. The cavity 10 is formed in a vacuum, for example. The
cavity 10 has an upper portion and a side portion covered by
the insulation film 15, and has a bottom covered by the
insulation film 14. The membrane 12 which is a moving part
is formed directly above the cavity 10.

[0048] That is, the membrane 12 is formed of the insula-
tion film 15 directly over the cavity 10, the upper electrode
6, and the insulation films 16 and 17. Since the membrane
12 has spaces formed on an upper portion and a lower
portion thereof, the membrane 12 moves and oscillates
vertically when receiving a sound wave. The upper electrode
6 1s a conductive film which has a side surface and an upper
surface covered by the insulation film 16, and is formed of,
for example, a tungsten (W) film, a titanium nitride (TiN)
film, or etc. In addition, the upper electrode 6 may include
a stacking structure which is formed of a plurality of
conductive films including a tungsten film or a titanium
nitride film. An interval between the lower electrode 8 and
the upper electrode 6 is about 500 nm, for example. A hole
vertically penetrating through a stacking film formed of the
insulation films 15 and 16 is formed directly over the cavity
10, and a portion of the insulation film 17 formed on the
insulation film 16 is buried in the hole. The hole and the
upper electrode 6 are spaced from each other in planar view.
[0049] The material film 11 covered by the insulation film
14 and the insulation film 15 is formed on the insulation film
14 in an area directly over the lower electrode 8 of the
condenser area 1B. An upper surface and a side surface of
the material film 11 are covered by the insulation film 15,
and a bottom surface of the material film 11 is covered by the
insulation film 14. That is, the material film 11 is formed to
have the same height as that of the cavity 10, and the cavity
10 and the material film 11 are formed adjacent to each other.
The material film 11 is made of a material having a higher
dielectric constant than that of vacuum.

[0050] The cavity 10 is a part that is formed by removing
a sacrifice film made of the same material as the material
film 11, and the sacrifice film remaining without being
removed is the material film 11. That is, the insulation films
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14-17 need to be made of a material having a selectivity with
respect to an etching solution used to remove the sacrifice
film, in comparison to the material film 11. The material film
11 is formed of, for example, a tetra ethyl ortho silicate
(TEOS) (tetraethoxysilane) film (silicon oxide film), or a
tungsten (W) film, a titanium nitride (TiN) film or a molyb-
denum (Mo) film. As described above, the material film 11
may be an insulation film or a conductive film. The material
film 11 is formed to be spaced from both of the lower
electrode 8 and the upper electrode 7. In addition, when the
material film 11 is formed of a conductive film, the conduc-
tive film enters an electrically suspending state.

[0051] A film, which is a stacking film which is not
moved, and is formed of the insulation film 15, the upper
electrode 7, and the insulation films 16 and 17, is formed
directly over the material film 11. The upper electrode 7 is
formed to have the same height as that of the upper electrode
6, and the upper electrodes 6 and 7 are formed adjacent to
each other. In addition, the upper electrodes 6 and 7 are
integrally formed with one another, respectively. That is, the
upper electrodes 6 and 7 are formed of the same conductive
film, respectively. In addition, the upper electrodes 6 and 7
may be spaced from one other, respectively, but even in this
case, the upper electrodes 6 and 7 are formed to have the
same height and formed of the same material film, respec-
tively. When the upper electrodes 6 and 7 are spaced from
one another, respectively, the upper electrodes 6 and 7 are
electrically connected with one another, respectively, by
using a via and a wire, for example.

[0052] The semiconductor chip 1 (see FI1G. 1) forming the
ultrasonic examination device of the present embodiment
includes the plurality of oscillators (cells 2) forming the
capacitive ultrasonic transducer. In an operation (transmit-
ting operation) of generating ultrasonic waves by using the
capacitive ultrasonic transducer, an electrostatic force is
exerted between the lower electrode 8 and the upper elec-
trode 6 by overlappingly applying voltages of a direct
current and an alternating current to the lower electrode 8
and the upper electrode 6, and the membrane 12 of each
oscillator vibrates in the vertical direction in the vicinity of
a resonance frequency due to equilibrium with the force of
a spring of the membrane 12. Accordingly, an ultrasonic
wave (ultrasonic pulse) of a few MHz is generated from the
oscillator. The vertical direction and the longitudinal direc-
tion used in the present application is a perpendicular
direction to the main surface of the substrate 9.

[0053] In a receiving operation by the capacitive ultra-
sonic transducer, the membrane 12 vibrates by a pressure of
an ultrasonic wave reaching the membrane 12 of each
oscillator (cell 2), and a capacitance between the lower
electrode 8 and the upper electrode 6 changes, such that the
ultrasonic wave can be detected. That is, the ultrasonic wave
generated in the transmitting operation is focused onto an
examinee (living body) and is reflected therefrom, and a
displacement of an interval between the lower electrode 8
and the upper electrode 6, caused by the reflected wave, is
detected as a change in the capacitance (capacitance of each
oscillator). By transmitting and receiving ultrasonic waves
(transmission and reception waves) using the capacitive
ultrasonic transducer as described above, a tomographic
image of tissue of the living body can be photographed, for
example.

[0054] The semiconductor chip 1 illustrated in FIG. 1 has
a capacitive type device 100 and a charging condenser 101,
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surrounded by the dashed line in FIG. 3, mix-mounted
therein. In other words, the ultrasonic examination device of
the present embodiment has a configuration in which cir-
cuits, etc. outside the area surrounded by the dashed line are
connected to the semiconductor chip 1 including the capaci-
tive type device 100. The capacitive type device 100 illus-
trated in FIG. 3 is the condenser (capacitive transducer,
CUMT) formed of the cell 2 formed in the cell array
illustrated in FIG. 1, and the charging condenser 101 illus-
trated in FIG. 3 is the condenser 5 illustrated in FIG. 1. As
shown in FIG. 3, these condensers are connected to each
other in parallel. That is, the condenser (capacitive type
device 100) formed of the cell 2 includes a first terminal
(first electrode) and a second terminal (second electrode),
and the charging condenser 101 includes a third terminal
(third electrode) and a fourth terminal (fourth electrode) ,
and the first terminal and the third terminal are connected to
each other, and the second terminal and the fourth terminal
are conrected to each other.

[0055] In the block diagram illustrated in FIG. 3, the first
terminal at one side of the condenser which is the capacitive
type device 100, and the third terminal at one side of the
charging condenser 101 are connected to a direct current
(DC) bias power source (direct current power source) 103
via a switch (switch element) 102. The switch 102 may
control connection and disconnection (opening and closing)
by using a switch controller 105. That is, the switch 102 is
installed to switch on/off of the connection between the
capacitive type device 100 and the charging condenser 101,
and the DC bias power source 103. In other words, the
switch 102 has a role of blocking the connection between the
capacitive type device 100 and the charging condenser 101,
and the DC bias power source 103.

[0056] The switch 102 is electrically connected to any one
of the upper electrode 7 or the lower electrode 8 shown in
FIG. 2. That is, the switch 102 is electrically connected to
any one of the electrode pad 3 or 4 shown in FIG. 2.
[0057] The second terminal at the other side of the con-
denser which is the capacitive type device 100, and the
fourth terminal at the other side of the charging condenser
101 are connected to a transmission power source 104 which
is an AC power source (alternating current power source) for
transmitting (generating a vibration). Two diodes 106 con-
nected with each other in inverse parallel are interposed
between each of the second terminal of the capacitive type
device 100 and the fourth terminal of the charging condenser
101, and the transmission power source 104. The two diodes
106 are installed to prevent a signal received at the capaci-
tive type device 100 and power supplied from the DC bias
power source 103, from flowing into the transmission power
source 104.

[0058] The second terminal of the capacitive type device
100 and the fourth terminal of the charging condenser 101
are connected to a DC bias blocking circuit 107. The DC
bias blocking circuit 107 is connected to a transception
isolation circuit 108, the transception isolation circuit 108 is
connected to an amplifier circuit 109, and the amplifier
circuit 109 is connected to a filter 110. The filter 110 is
connected to an analogue-digital converter 111, and the
analogue-digital converter 111 is connected to an image
display device 112.

[0059] Hereinafter, an operation of the ultrasonic exami-
nation device will be described. When an ultrasonic wave is
not transmitted or received by using the capacitive type
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device 100 forming the ultrasonic examination device, that
is, when the capacitive type device 100 is not used, the
switch 102 is closed by the switch controller 105, and a
direct current voltage is applied to the charging condenser
101 from the DC bias power source 103, and accordingly, an
electric charge is accumulated in the charging condenser
101. In this case, the electric charge is also accumulated in
the condenser forming the capacitive type device 100. That
is, by turning on the switch 102, the electric charge is
accumulated in the plurality of cells 2 and the plurality of
condensers 5 shown in FIGS. 1 and 2. By doing so, the
charging condenser 101 which is used as a battery for
operating the capacitive type device 100 is charged.
[0060] In the transmitting operation of transmitting (gen-
erating a vibration) an ultrasonic wave from the capacitive
type device 100, the switch 102 is opened by the switch
controller 105, and enters an OFF state. A direct current
voltage is applied to the capacitive type device 100 from the
charging condenser 101, and an alternating current voltage
is applied to the capacitive type device 100 from the
transmission power source (alternate current (AC)). Accord-
ingly, the membrane 12 (see FIG. 2) of the condenser which
is the capacitive type device 100 vibrates, such that an
ultrasonic wave (ultrasonic pulse) is generated from the
capacitive type device 100.

[0061] In the receiving operation of receiving an ultra-
sonic wave in the capacitive type device 100, the switch 102
is opened by the switch controller 105 and enters an OFF
state. A direct current voltage is applied to the capacitive
type device 100 from the charging condenser 101. In this
state, the membrane 12 vibrates by a pressure of the ultra-
sonic wave reaching the membrane 12 (see FIG. 2) of the
condenser which is the capacitive type device 100, and a
capacitance of the condenser changes, such that the ultra-
sonic wave can be detected.

[0062] A detected reception signal is transmitted to the
amplifier circuit 109 via the DC bias blocking circuit 107
and the transception isolation circuit 108. The DC bias
blocking circuit 107 includes, for example, a condenser, and
has a role of preventing the direct current voltage of the DC
bias power source 103 or the charging condenser 101 from
being applied to the amplifier circuit 109. The transception
isolation circuit 108 has a function of isolating a transmis-
sion signal and a reception signal. The amplifier circuit 109
has a role of amplifying the reception signal. The reception
signal amplified by the amplifier circuit 109 is transmitted to
the image display device 112 via the filter 110 and the
analogue-digital converter 111. The filter 110 has a function
of separating a signal of a high frequency and a signal of a
low frequency from the transmitted signals, and a function
of removing a noise. The analogue-digital converter 111 has
a function of converting a transmitted analogue signal into
a digital signal. The digitalized reception signal is displayed
on the image display device 112, and is visualized.

[0063] By transmitting and receiving ultrasonic waves by
using the capacitive type device 100 as described above, a
tomographic image of tissue of a living body may be
photographed. The present embodiment is characterized in
that, in the operation of transmitting and receiving by using
the capacitive type device 100, a direct current voltage is not
supplied to the semiconductor chip 1 from the DC bias
power source 103, and a direct current voltage is supplied to
the cell 2 from the condenser 5 (see FIGS. 1 and 2), which
is mix-mounted in the semiconductor chip 1 along with the
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cell 2 (see FIGS. 1 and 2) which is the capacitive type device
100. In other words, when ultrasonic waves are transmitted
and received by using the capacitive type device 100,
connection between the DC bias power source 103 and the
semiconductor chip 1 is blocked, and a direct current voltage
is applied to the capacitive type device 100 from the
charging condenser 101. That is, the condenser 5 is used as
a rechargeable secondary battery.

[0064] Since the condenser 5 illustrated in FIG. 2 is
different from the cell 2, and is not an oscillator which
transmits and receives ultrasonic waves, it is desirable that
a capacitance of the condenser 5 does not change. Therefore,
an insulation film or a stacking film formed of an insulation
film and a conductive film is filled between the lower
electrode 8 and the upper electrode 7 forming the condenser
5, and a cavity is not formed between the lower electrode 8
and the upper electrode 7. That is, the condenser formed of
the cell 2 is a variable capacitance element, whereas the
condenser 5 is a fixed capacitance element. The fixed
capacitance element is a capacitance element which has a
capacitance always fixed without being changed, even when
ultrasonic waves are transmitted and received.

[0065] Accordingly, a response characteristic of the con-
denser forming the cell 2 when an ultrasonic wave is
received, and a response characteristic of the condenser 5
when an ultrasonic wave is received are different from each
other. That is, the response characteristic of the condenser 5
is lower than the response characteristic of the cell 2. In
other words, when a predetermined ultrasonic wave is
received by the semiconductor chip 1 (see FIG. 1), a
sensitivity (receive sensitivity) of one condenser 5 is lower
than a sensitivity (receive sensitivity) of one cell 2.

[0066] Accordingly, an extra reception signal (noise) is
prevented from being generated in the condenser 5 in the
receiving operation. That is, an unnecessary response can be
prevented from being generated by installation of the con-
denser 5.

[0067] It is desirable to enhance charging performance in
the condenser 5 used as a secondary battery. Therefore, it is
desirable that the material film 11 illustrated in FIG. 2 is a
conductive film from the perspective of increasing the
capacity of the condenser 5. In this case, a sum distance of
a distance between the upper electrode 7 of the condenser 5
and the conductive film, and a distance between the lower
electrode 8 of the condenser 5 and the conductive film may
be made small, in comparison to a distance between the
upper electrode 6 and the lower electrode 8 of the cell 2.
Therefore, the capacitance of the condenser 5 can be
increased. The capacitance of the condenser 5 can be further
increased by forming the material film 11 by a material
having a higher dielectric constant than that of vacuum. In
the present embodiment, the capacitance of one condenser 5
is greater than the capacitance of the condenser forming one
cell 2. Therefore, when the switch 102 shown in FIG. 3 is
closed and the cell 2 and the condenser 5 are charged by the
DC bias power source 103, respectively, an electric charge
accumulated in one condenser 5 is greater than an electric
charge accumulated in one cell 2.

[0068] The condenser 5 may be formed in the same
configuration as that of the cell 2 such that the material film
11 may be removed and a cavity may be formed between the
upper electrode 7 and the lower electrode 8. However, in this
case, there is a need to prevent the stacking film, including
the upper electrode 7 on the cavity, from operating like the



US 2019/0321000 A1

membrane 12, in order to prevent an unnecessary response
from being generated in the condenser 5 during the receiving
operation. To achieve this, for example, a whole width of the
condenser 5 may be made smaller than a whole width of the
cell 2, and an area of the condenser 5 in planar view may be
made small. Accordingly, a vibration of the stacking film
including the upper electrode 7 can be prevented, and thus
a noise can be prevented from being generated in the
condenser 5. Even when the condenser 5 includes a cavity
between upper and lower electrodes as described above,
responding performance of the condenser 5 having a smaller
width in the transverse direction than that of the cell 2 is
lower than the response characteristic of the cell 2. The
transverse direction in the present application is a horizontal
direction parallel to the upper surface of the substrate 9.
<Manufacturing Method of the Ultrasonic Examination
Device of the Present Embodiment>

[0069] Hereinafter, a method for manufacturing the semi-
conductor chip forming the ultrasonic examination device of
the present embodiment will be described with reference to
FIGS. 4 to 7. FIGS. 4 to 7 are cross-sectional views of the
semiconductor chip forming the ultrasonic examination
device in the process of manufacturing according to the
present embodiment.

[0070] As shown in FIG. 4, the substrate 9 1s prepared. The
substrate 9 is a semiconductor substrate (semiconductor
wafer) formed of, for example, single crystal silicon (Si).
The insulation film 13, the lower electrode 8, the insulation
film 14, and the material film 11 are formed (stacked) on the
substrate 9 in sequence. The insulation films 13, 14 are made
of, for example, silicon oxide (Si0,), silicon nitride (Si;N,),
silicon carbide (SiC), or silicon carbonitride (SiCN). The
lower electrode 8 is formed of a conductive film such as a
tungsten (W) film, a titanium nitride (TiN) film, or etc. The
lower electrode 8 may include a stacking structure formed of
a plurality of conductive films including a tungsten film or
a titanium nitride film. The material film 11 may be formed
of, for example, a TEOS film (silicon oxide film), a tungsten
(W) film, a titanium nitride (TiN), or a molybdenum (Mo)
film.

[0071] The insulation film 14 is made of a material having
a selectivity with respect to an etching solution used to
remove the material film 11 in an etching process, which will
be described below with reference to FIG. 6. The insulation
films 13, 14 may be formed by chemical vapor deposition
(CVD), for example. The lower electrode 8 may be formed
by sputtering, for example. When the material film 11 is
formed of a TEOS film, the material film 11 may be formed
by CVD, for example, and, when the material film 11 is
formed of a metal film, the material film 11 may be formed
by sputtering, for example.

[0072] Subsequently, the material film 11 is processed
(sputtering) by photolithography technology and etching,
and accordingly, a portion of the upper surface of the
insulation film 14 is exposed. Herein, in the area including
the cell area 1A and the condenser area 1B, the material film
11 remains as a plurality of patterns arranged in the form of
a matrix. The plurality of patterns are spaced from one
another , and a planar shape of each of the plurality of
patterns is a rectangle. Accordingly, in the cell area 1A, a
plurality of sacrifice films 18 formed of the material film 11
are arranged in the form of matrix in planar view. In the
condenser area 1B, the plurality of patterns of the material
film 11 remain adjacent to the plurality of sacrifice films 18
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arranged on an edge of the cell area 1A. The sacrifice films
18 are sacrifice patterns which are removed in the next
process which will be described with reference to FIG. 6,
and do not remain in the ultrasonic examination device after
completion.

[0073] Next, as shown in FIG. 5, the insulation film 15 is
formed on the insulation film 14 to cover the sacrifice films
18 and the material films 11, and then, an upper surface of
the insulation film 15 is smoothed by polishing by chemical
mechanical polishing (CMP), for example. The insulation
film 15 is made of, for example, silicon oxide (Si0,), silicon
nitride (Si,N,), silicon carbide (SiC), silicon carbonitride
(SiCN), or etc. The insulation film 15 may be formed by
CVD, for example.

[0074] Subsequently. a conductive film is formed on the
insulation film 15 by sputtering, for example. The conduc-
tive film may be formed of, for example, a tungsten (W)
film, a titanium nitride (TiN) film, or etc. In addition, the
conductive film may have a stacking structure formed of a
plurality of conductive films including a tungsten film or a
titanium nitride (TiN) film. Subsequently, the conductive
film is processed (patterning) by photolithography technol-
ogy and etching, and accordingly, a portion of the upper
surface of the insulation film 15 is exposed.

[0075] Herein, the upper electrode 6 formed of the con-
ductive film are arranged in the cell area 1A in the form of
a matrix, and the plurality of upper electrodes 7 formed of
the conductive film are formed in the condenser area 1B
alongside of the upper electrodes 6. In addition, a metal wire
which is a wire formed of the conductive film is formed to
connect the upper electrodes 6 which are spaced from each
other and are adjacent to each other, the upper electrode 6
and the upper electrode 7 which are spaced from each other
and are adjacent to each other, and the upper electrodes 7
which are spaced from each other and are adjacent to each
other, respectively. That is, by patterning one the conductive
film, the upper electrodes 6, the upper electrodes 7. and the
metal wire, which are integrally formed with one another,
are formed. Herein, an extraction electrode (not shown)
formed of the conductive film is formed on an outside of the
area in which the upper electrodes 6 and are arranged in the
form of an array. The extraction electrode is a portion where
the electrode pad 3 (see FIG. 1) is formed afterward.
[0076] The planar shape of each of the upper electrodes 6
and 7 is a rectangle. In addition, one upper electrode 6 is
formed directly over each of the plurality of sacrifice films
18 in the cell area 1A, and one upper electrode 7 is formed
directly over each of the plurality of material films 11 in the
condenser area 1B.

[0077] Subsequently. the insulation film 16 is formed on
the insulation film 15 to cover the upper electrodes 6 and 7,
the metal wire, and the extraction electrode, and then, an
upper surface of the insulation film 16 is smoothed by
polishing by CMP, for example. The insulation film 16 is
made of, for example, silicon oxide (Si0,), silicon nitride
(Si5N,), silicon carbide (SiC), silicon carbonitride (SiCN),
or etc. The insulation film 16 may be formed by CVD, for
example.

[0078] Subsequently. a hole penetrating through the stack-
ing film formed of the insulation films 15 and 16, formed
directly over each of the plurality of sacrifice films 18 in the
cell area 1A, is formed by photolithography technology and
dry etching. Herein, the hole is formed adjacent to the upper
electrode 6. The upper surface of the sacrifice film 18 is
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exposed to a bottom surface of the hole. One of the features
of the present embodiment is that the hole is not formed
directly over the material film 11. Accordingly, after the
etching process is performed, the sacrifice film 18 has a
portion thereof exposed, but the material film 11 is not
exposed.

[0079] Next, as shown in FIG. 6, the sacrifice film 18 is
removed by wet etching, for example. Accordingly, the
cavity 10 is formed in the area from which the sacrifice film
18 is removed. Herein, wet-etching is performed under the
condition that there is a selectivity with respect to the
insulation films 14-16, and the sacrifice film 18 is selectively
removed. In this case, since the whole material film 11 is
covered by the insulation films 14-16, the material film 11 is
not removed by etching and remains.

[0080] Next, as shown in FIG. 7, the insulation film 17 is
formed on the insulation film 16 including the inside of the
hole. The insulation film 17 is made of, for example, silicon
oxide (810,), silicon nitride (Si;N,), silicon carbide (SiC),
silicon carbonitride (SiCN), or etc. The insulation film 17
may be formed by CVD, for example. Accordingly, the
inside of the hole directly over the cavity 10 is buried by a
portion of the insulation film 17, but the cavity 10 is not
buried and remains. For example, the cavity 10 is in a
vacuum state, for example, and is sealed.

[0081] Subsequently, an opening (not shown) is formed to
penetrate through the insulation films 16, 17 positioned
outside the cell area 1A and the condenser area 1B in planar
view, and to expose the upper surface of the extraction
electrode, such that the electrode pad 3 (see FIG. 1) is
formed on the upper surface of the extraction electrode on
the bottom of the opening. An opening (not shown) is
formed to penetrate through the insulation films 14-17
positioned outside the cell area 1A and the condenser area
1B in planar view, and to expose the upper surface of the
lower electrode 8, such that the electrode pad 4 (see FIG. 1)
is formed on the bottom of the opening.

[0082] Through the above-described process, the lower
electrode 8, the cavity 10 on the lower electrode 8, and the
membrane 12 including the insulation films 15-17 and the
upper electrode 6 on the cavity 10 are formed in the cell area
1A. The lower electrode 8 and the upper electrode 6 stacked
in the cell area 1A in the longitudinal direction, and the
cavity 10 between the lower electrode 8 and the upper
electrode 6 form the cell 2 which is the condenser. In
addition, the condenser 5 formed of the lower electrode 8
and the upper electrode 7 on the lower electrode 8 is formed
in the condenser area 1B. A cavity is not formed between the
lower electrode 8 and the upper electrode 7 forming the
condenser 5, and the stacking film formed of the insulation
films 14 and 15 and the material film 11 is formed from the
upper surface of the lower electrode 8 to the lower surface
of the upper electrode 7.

[0083] Subsequently, the semiconductor wafer including
the substrate 9 is divided by cutting by a dicing process, and
the plurality of semiconductor chips 1 (see FIG. 1) are
obtained. Accordingly, the semiconductor chip 1 forming the
ultrasonic examination device of the present embodiment is
formed. Thereafter, the ultrasonic examination device of the
present embodiment is completed by connecting a bonding
wire to the electrode pads 3 and 4 on the main surface of the
semiconductor chip 1, and electrically connecting the semi-
conductor chip 1 the power sources and the circuits shown
in FIG. 3 via the bonding wire.
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Effects of the Present Embodiment

[0084] Hereinafter, effects of the ultrasonic examination
device and the manufacturing method thereof of the present
embodiment will be described.

[0085] When ultrasonic waves are transmitted and
received by using the ultrasonic examination device, and an
image is obtained, there is a need to always apply a direct
current voltage to the ultrasonic transducer. In an ultrasonic
examination device which uses an ultrasonic transducer in a
blood vessel catheter, the direct current voltage of 200 V is
used, but it is apprehended that a current leaks into a blood
vessel when a short circuit breakdown occurs, and there is
a need to take secure measures against a direct current bias
voltage. The above-described problem of the current leakage
is not limited to the case where the ultrasonic examination
device is used in the blood vessel catheter, and is easy to
arise in the case where the probe of the ultrasonic exami-
nation device is used in a wearable sensor worn on a living
body, and the case where the probe of the ultrasonic exami-
nation device is used as an ultrasonic probe of an ultrasonic
echo diagnostic device that is brought into contact with
epidermis from the outside of a living body, and examines
the internal structure of the living body.

[0086] Herein, it may be considered that, in an ultrasonic
probe having a first semiconductor chip mounted therein and
including an ultrasonic transducer, another second semicon-
ductor chip having a charging condenser mounted therein is
mounted, and in a transmitting and receiving operation of
the ultrasonic transducer, a direct current voltage is not
applied to the first semiconductor chip from a DC bias power
source, and a direct current voltage is applied to the first
semiconductor chip from the charging condenser. In this
case, when a short circuit breakdown occurs in the ultrasonic
probe, it may be possible to prevent a current from continu-
ously leaking into a living body.

[0087] However, when the second semiconductor chip
having the charging condenser formed therein is mounted in
the ultrasonic probe, separately from the first semiconductor
chip, a parasitic capacitance in a voltage applying path from
the charging condenser in the second semiconductor chip to
a cell array of the first semiconductor chip becomes greater.
To this end, an electric charge is easily discharged from the
charging condenser, and it is difficult to perform the trans-
mitting and receiving operation using the ultrasonic trans-
ducer for a long time.

[0088] When the second semiconductor chip having the
charging condenser formed therein is mounted in the ultra-
sonic probe, there is a problem that the ultrasonic probe is
large. In particular, when a probe for examination is required
to be miniaturized like a blood vessel catheter, this problem
is noticeable.

[0089] In contrast, in the present embodiment, the cell
(oscillator) 2 of the ultrasonic transducer (CMUT), and the
condenser 5 for charging the cell 2 are formed in one
semiconductor chip 1 as shown in FIGS. 1 and 2. As
described with reference to FIG. 3, when ultrasonic waves
are transmitted and received by using the capacitive type
device 100, a direct current voltage can be applied to the
capacitive type device 100 from the charging condenser 101,
which is charged in advance by using the DC bias power
source 103, and the transmitting and receiving operation can
be performed, although a direct current voltage is not
applied to the semiconductor chip 1 from the DC bias power
source 103. That is, when a short circuit breakdown occurs
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in the ultrasonic probe, it is possible to prevent a current
from continuously leaking into a living body from the
semiconductor chip 1.

[0090] Since the cell 2 and the condenser 5 are mix-
mounted in one semiconductor chip 1 as shown in FIGS. 1
and 2. a voltage applying path from the condenser 5 to the
cell 2 can be shortened. That is, a parasitic capacitance
generated in the voltage applying path from the charging
condenser to the capacitive type device can be greatly
reduced, in comparison to the case where the first semicon-
ductor chip including the ultrasonic transducer, and the
second semiconductor chip including the charging con-
denser are mounted in the ultrasonic probe as described
above. Accordingly, electric discharge from the charging
condenser can be suppressed, and a continuous operation
time of the ultrasonic probe can be extended. Accordingly,
performance of the ultrasonic examination device can be
enhanced.

[0091] Since the cell 2 and the condenser 5 are mix-
mounted in one semiconductor chip 1, the ultrasonic probe
can be miniaturized. Accordingly, performance of the ultra-
sonic examination device can be enhanced.

[0092] In addition, in the present embodiment. the cell 2
and the condenser 5 illustrated in FIGS. 1 and 2 have almost
the same structures and are arranged, and a difference in the
structures therebetween is only the presence/absence of the
material film 11. That is, the cell 2 has the cavity 10 formed
therein by removing the sacrifice film 18 (see FIG. 5)
between the upper and lower electrodes, whereas, in the
condenser area 1B, the material film 11 is not removed and
remains. As described above, the cell 2 and the condenser 5
can be separately manufactured simply by leaving the mate-
rial film 11 in a certain area (condenser area 1B) without
removing the same. Accordingly, the condenser 5 can be
additionally formed in the semiconductor chip 1 without
increasing the number of processes, in comparison to the
case where the cell 2 is formed in the semiconductor chip 1
and the condenser 5 is not formed. That is, a manufacturing
cost of the ultrasonic examination device including the
semiconductor chip 1 can be reduced.

[0093] <Variation>

[0094] FIG. 8 illustrates a variation of the ultrasonic
examination device of the present embodiment. FIG. 8 is a
block diagram illustrating a configuration of the ultrasonic
examination device according to a variation of the present
embodiment. FIG. 9 illustrates a timing chart illustrating an
operation of the ultrasonic examination device of the present
variation. In FIG. 9, the chart A illustrates ON-OFF states of
the switch 102 (see FIG. 8) , the chart B illustrates a DC bias
voltage applied to the capacitive type device, and the chart
C illustrates a gain of a reception signal by a variable
amplifier circuit.

[0095] The present variation differs from the configuration
of FIG. 3 in that a mechanism for measuring a DC bias
voltage of the capacitive type device 100 is provided, and a
mechanism for adjusting a signal gain according to the
measured DC bias voltage is provided.

[0096] That is, as shown in FIG. 8, the first terminal of the
capacitive type device 100 and the third terminal of the
charging condenser 101, connected to the DC bias power
source 103 via the switch 102, are connected to a DC bias
measurement unit 113, and the DC bias measurement unit
113 is comnected to a variable amplifier circuit 114. The
variable amplifier circuit 114 1s inserted between the ampli-
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fier circuit 109 and the filter 110. That is, the amplifier circuit
109 is connected to the transception isolation circuit 108 and
the variable amplifier circuit 114, and the filter 110 is
connected to the variable amplifier circuit 114 and the
analog-digital converter 111. The amplifier circuit 109 and
the filter 110 are connected to each other via the variable
amplifier circuit 114.

[0097] The DC bias measurement unit 113 is a unit for
measuring a direct current voltage (DC bias voltage) applied
to the capacitive type device 100, and in particular, is a unit
for measuring the direct current voltage when the switch 102
enters an OFF state. The chart B of FIG. 9 illustrates a
change in the direct current voltage over time. In the
ultrasonic examination device of the present variation, the
electric charge accumulated in the charging condenser 101
is reduced by operating the capacitive type device 100 after
the switch 102 shown in FIG. 8 is turned off (see charts A,
B of FIG. 9). As a result, as shown in the chart B of FIG. 9,
the DC bias voltage applied to the capacitive type device 100
is gradually reduced. The DC bias measurement unit 113
shown in FIG. 8 detects the reduction of the DC bias voltage,
and transmits the result thereof to the variable amplifier
circuit 114.

[0098] The variable amplifier circuit 114 amplifies a
reception signal received from the amplifier circuit 109
according to the result measured at the DC bias measure-
ment unit 113, and accordingly, performs calibration (adjust-
ment) to make a receive sensitivity constant. The variable
amplifier circuit 114 gradually increases the gain of the
reception signal (magnification ratio) according the DC bias
voltage gradually reduced (see the chart C of FIG. 9).
However, when the DC bias voltage is lower than a prede-
termined threshold value as shown in the chart B of FIG. 9,
the switch 102 shown in FIG. 8 is turned on, and the DC bias
voltage is applied to the capacitive type device 100 from the
DC bias power source 103.

[0099] In the present embodiment, since the capacitive
type device 100 is disconnected from the DC device power
source 103 during the operation of the capacitive type device
100, the DC bias voltage applied to the capacitive type
device 100 cannot be always maintained at a constant level.
However, by controlling the gain of the reception signal by
using the DC bias measurement unit 113 and the variable
amplifier circuit 114, the receive sensitivity can be prevented
from being changed.

[0100] Although it is illustrated that the variable amplifier
circuit 114 is inserted between the amplifier circuit 109 and
the filter 110, the variable amplifier circuit 114 may be
inserted into other positions as long as the variable amplifier
circuit 114 is between the second terminal of the capacitive
type device 100 and the analogue-digital converter 111.

Second Embodiment

[0101] Although it is illustrated in the first embodiment
that the charging condenser is mix-mounted in the same
semiconductor chip alongside of the cell of the CMUT, the
charging condenser mix-mounted in the semiconductor chip
along with the cell of the CMUT may be installed under the
cell in the semiconductor chip. In the present embodiment,
a cell of a CMUT and a charging condenser which are
stacked one on another in the same semiconductor chip will
be described with reference to FIG. 10. FIG. 10 is a
cross-sectional view illustrating a semiconductor chip form-
ing an ultrasonic examination device of the present embodi-
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ment. In FIG. 10, two cells forming a cell array of a CMUT
are arranged unlike in FIG. 2. That is, only the cell area 1A
is illustrated in FIG. 10.

[0102] As shown in FIG. 10, the structure of the cell 2 is
the same as in the first embodiment. That is, an insulation
film 13, a lower electrode 8, an insulation film 14, an
insulation film 15, an insulation film 16, and an insulation
film 17, which are stacked on an upper portion of a substrate
9 in sequence, are formed, and the cell 2 is formed of the
lower electrode 8, a cavity 10 formed between the insulation
film 14 and the insulation film 15, and an upper electrode 6
formed between the insulation film 15 and the insulation
film 16.

[0103] However, a condenser 35 is formed directly under
the cell 2 between the substrate 9 and the insulation film 13.
That is, an insulation film 23, a lower electrode 28, an
insulation film 24, an insulation film 25, an upper electrode
27, and an insulation film 26 are stacked on the substrate 9
in sequence. The lower electrode 28 and the upper electrode
27 form the condenser 35, that is, the charging condenser
101 shown in FIG. 3. An upper surface of the insulation film
26 is smoothed, and the insulation film 13 is formed on the
insulation film 26.

[0104] The lower electrode 28 of the condenser 35 and the
lower electrode 8 of the cell 2 are electrically connected with
each other, and the upper electrode 27 of the condenser 35
and the upper electrode 6 of the cell 2 are electrically
connected with each other. That is, the condenser forming
the cell 2, and the condenser 35 are connected to each other
in parallel. Each of the upper electrode 27 and the lower
electrode 28 is widely formed to cover almost the whole
semiconductor chip, such that each of the upper electrode 27
and the lower electrode 28 overlaps the cell array (cell area
1A) having the plurality of cells 2 arranged therein in planar
view. That is, a capacity of the condenser 35 is greatly larger
than a capacity of each cell 2.

[0105] The upper electrode 27 and the lower electrode 28
are designed to have a short distance therebetween from the
perspective of increasing the capacity of the condenser 35.
That is, the distance between the upper electrode 27 and the
lower electrode 28 is smaller than a distance between the
upper electrode 6 and the lower electrode 8. In other words,
a film thickness of the insulation film (herein, a stacking film
of the insulation films 24, 25) between the upper electrode
27 and the lower electrode 28 is smaller than the distance
between the upper electrode 6 and the lower electrode 8.
Accordingly, since the distance between the upper and lower
electrodes of the condenser 35 can be reduced, in compari-
son to the condenser 5 (see FIG. 2) of the first embodiment,
the capacity of the condenser 35 can be increased. As a
result, an operation time of the capacitive type device
disconnected from the DC bias power source can be
extended.

[0106] In the present embodiment, a material and a film
forming method of each of the lower electrode 28 and the
upper electrode 27 are the same as the material and the film
forming method of the lower electrode 8. In addition, the
insulation films 23-26 may be formed in the same method as
the insulation films 13-16.

[0107] In the present embodiment, it is not necessary to
form the charging condenser 35 in the same manufacturing
process as the cell 2. Accordingly, the distance between the
upper and lower electrodes of the condenser 35 can be
reduced. In addition, the condenser 35 can be formed in a
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wide area overlapping the cell array in planar view, rather
than on the periphery of the cell area. Accordingly, it is easy
to increase the capacity of the condenser 35 in comparison
to the first embodiment.

[0108] Since it is not necessary to install the charging
condenser on the periphery of the cell array. the area of the
semiconductor chip can be reduced in comparison to the first
embodiment.

[0109] As a variation of the present embodiment, a cavity
(gap) maybe formed between the insulation film 24 and the
insulation film 25 in the same way as the cavity 10. In this
case, a plurality of cavities may be arranged in the same way
as the cavity 10, or the cavity may be formed to be large so
as to overlap the whole cell array in planar view. When one
cavity having an enough size to overlap the whole cell array
is formed, a plurality of supports for supporting between the
insulation film 24 and the insulation film 25 maybe arranged
in the cavity to prevent the insulation film on the upper
portion of the cavity from moving and to prevent the cavity
from being worn out.

[0110] In a combination of the first embodiment and the
present embodiment, the condenser 35 directly under the
cell 2. and the condenser 5 (see FIGS. 1 and 2) adjacent to
the cell 2 may be formed, and the condensers 5, 35 are
connected with each other in parallel. In this case, there is a
possibility that the effect of reducing the area of the semi-
conductor chip 1 is not obtained, in comparison to the first
embodiment, but the capacity of the charging condenser can
be further increased.

Third Embodiment

[0111] In the present embodiment, the switch 102 shown
in FIG. 3 being mounted in the semiconductor chip 1 will be
described with reference to FIGS. 11 and 12. Herein, a case
where the switch 102 is formed as a semiconductor element
on a semiconductor substrate will be described. FIG. 11 is a
cross-sectional view illustrating a semiconductor chip form-
ing an ultrasonic examination device of the present embodi-
ment. FIG. 12 is a block diagram illustrating a configuration
of the ultrasonic examination device of the present embodi-
ment.

[0112] As shown in FIG. 12, a semiconductor chip 1 of the
present embodiment has a capacitive type device 100 and a
charging condenser 101 mounted therein in the same way as
in the first embodiment, and furthermore, has a switch 102
mounted therein and connected to the capacitive type device
100 and the charging condenser 101. As shown in FIG. 11,
the switch 102 is configured by a transistor which is a
semiconductor element. In FIG. 11, a cell area 1A and a
condenser area 1B of the semiconductor chip are illustrated
on the left side, and a switch area 1C of the semiconductor
chip is illustrated on the right side.

[0113] The structures of the cell area 1A and the condenser
area 1B illustrated in FIG. 11 are the same as in the first
embodiment. In contrast, in the switch area 1C shown in
FIG. 11, a transistor which is a metal insulator semiconduc-
tor field effect transistor (MISFET) is formed. That is, a gate
electrode 38 is formed on the substrate 9 of the switch area
1C via a gate insulation film 37, and a pair of source-drain
areas 39 are formed on an upper surface of the substrate 9
which is the semiconductor substrate at sides of the gate
electrode 38. The source-drain areas 39 and the gate elec-
trode 38 form the transistor. The gate insulation film 37 is
formed of, for example, a silicon oxide film, and the gate
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electrode 38 is formed of, for example, a polysilicon film.
The source-drain areas 39 are semiconductor areas which
are formed by introducing an n-type impurity or a p-type
impurity into the upper surface of the substrate 9.

[0114] An insulation film 13 is formed to cover the source-
drain areas 39 and the gate electrode 38, plugs 40 which are
conductive connection portions penetrating through the
insulation film 13 are electrically connected to upper sur-
faces of the source-drain areas 39 and the gate electrode 38,
respectively. The plug 40 on the gate electrode 38 is formed
in an area which is not illustrated. A silicide layer (not
shown) is formed between the plug 40 and the source-drain
area 39 and between the plug 40 and the gate electrode 38.
The plug 40 is formed of, for example, a tungsten (W) film.
[0115] Upper surfaces of the plugs 40 are smoothed to be
within the same surface as the upper surface of the insulation
film 13, and the upper surfaces of the plugs 40 are connected
to lower surfaces of wires 41 formed on the insulation film
13 and covered by an insulation film 14. The wires 41 are
made of the same material as that of the lower electrode 8,
for example. Vias 42 which are conductive connection
portions penetrating through the insulation film 14 are
connected to the upper surfaces of the wires 41. The via 42
is formed of, for example, a tungsten (W) film. Upper
surfaces of the vias 42 are smoothed to be within the same
surface as the upper surface of the insulation film 14, and the
upper surfaces of the vias 42 are connected to lower surfaces
of wires 43 which are formed on the insulation film 14 and
are covered by an insulation film 15. The wire 43 is formed
of, for example, the same conductive film as the material
film 11. In the switch area 1C, wires 44 which are covered
by an insulation film 16 are formed on the insulation film 15.
The wires 44 and the wires 43 are connected with each other
by vias (not shown) penetrating through the insulation film
15. The wires 44 are made of the same material as the upper
electrodes 6 and 7.

[0116] The transducer is a switch element which can
switch between an ON state and an OFF state by the switch
controller 105 shown in FIG. 12, and one of the source-drain
areas 39 is electrically connected to the first electrode (for
example, the lower electrode 8) of the cell 2 and the third
electrode (for example, the lower electrode 8) of the con-
denser 5, and the other one of the source-drain areas 39 is
electrically connected to the DC bias power source 103. The
gate electrode 38 is electrically connected to the switch
controller 105.

[0117] In the present embodiment, the switch 102 is
mounted in the semiconductor chip 1 along with the capaci-
tive type device 100 and the charging condenser 101, such
that a voltage applying path between the switch 102 and
these condensers can be shortened. Accordingly, a parasitic
capacitance between the switch 102 and these condensers
can be reduced, and a leak path can be reduced. That is, since
electric discharge from the charging condenser 101 can be
prevented, it is possible to operate the capacitive type device
100 for a longer time.

[0118] <Variation 1>

[0119] In the present variation, a switch which is mounted
in a semiconductor chip and is configured by a mechanical
switch formed by MEMS technology, rather than by a
semiconductor element, will be described with reference to
FIG. 13. FIG. 13 is a cross-sectional view illustrating a
semiconductor chip forming an ultrasonic examination
device of the present embodiment.
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[0120] As shown in FIG. 13, a structure of a switch area
1C of the present variation is different from the structure of
the switch area 1C illustrated in FIG. 11. Specifically, in the
switch area 1C of the present variation, a switch which is a
semiconductor element isnot formed, and insulation films
13-17 are stacked on a substrate 9 in sequence. A contact
switching switch (MEMS switch element) is formed on the
insulation film 17.

[0121] The contact switching switch are formed of three
terminals, and these terminals may be regarded as a gate, a
source, and a drain. In the switch area 1C of FIG. 13, the
contact switching switch in an OFF state is illustrated. For
example, a metal plate (electrode) 50 functioning as a source
has one end fixed to an upper surface of the insulation film
17, and the other end upwardly spaced from the upper
surface of the insulation film 17 and floating. That is, a lower
surface of the metal plate 50 faces the upper surface of the
insulation film 17, and one end of the metal plate 50 in the
transverse direction is fixed to the upper surface of the
insulation film 17, whereas the other portions of the metal
plate 50 are not fixed to any position. An electrode 51
functioning as agate and an electrode 52 functioning as a
drain are arranged on an upper surface of the insulation film
17 alongside each other directly under the metal plate 50.
The electrodes 51 and 52 are spaced from each other, and an
upper surface of each of the electrodes 51 and 52, and the
lower surface of the metal plate 50 are spaced from each
other. The electrode 51 is arranged on a position close to the
fixing portion between the metal plate 50 and the insulation
film 17, in comparison to the electrode 52.

[0122] Herein, when a direct current voltage is applied to
the electrode 51, an electrostatic force pulling down the
metal plate 50 is generated. Accordingly, the end of the
metal plate 50 that is not fixed moves downward, and comes
into contact with the electrode 52, such that the metal plate
50 and the electrode 52 are electrically connected to each
other, and the contact switching switch enters an ON state.
When the voltage applied to the electrode 51 which is a gate
1s OV, the attractive force between the electrode 51 and the
metal plate 50 disappears, and thus the metal plate 50 is
separated from the electrode 52 and the contact switching
switch returns to the OFF state.

[0123] In the present variation, the contact switching
switch is a switch which is used as the switch 102 mounted
in the semiconductor chip 1 shown in FIG. 12. As described
above, the switch 102 connected between the capacitive type
device 100 and the charging condenser 101, and the DC bias
power source 103, is formed in the semiconductor chip 1.
Accordingly, as described above with reference to FIGS. 11
and 12, the voltage applying path between the switch 102
and the capacitive type device 100 and the charging con-
denser 101 can be shortened. Accordingly, a parasitic
capacitance between the switch 102 and the capacitive type
device 100 and the charging condenser 101 can be reduced,
and a leak path can be reduced.

[0124] Since the contact switching switch mechanically
spaces a source terminal and a drain terminal from each
other in an OFF state, a leak current is rarely generated.
Accordingly, since the occurrence of a leak current can be
suppressed in the OFF state, in comparison to the case where
the switch 102 is formed by a semiconductor element (see
FIG. 11), power saving of the semiconductor chip can be
achieved. That is, it is possible to extend an operation time
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of the capacitive type device 100 using the charging con-
denser 101 as a power source.

[0125] <Variation 2>

[0126] In the first variation, a switch of a cantilever type
having one end of a terminal (metal plate) fixed has been
described. In the present variation, a switch which is
mounted in the semiconductor chip, and is a mechanical
switch (MEMS switch element) formed by using MEMS
technology, and has both ends of a movable terminal fixed
will be described with reference to FIG. 14. FIG. 14 is a
cross-sectional view illustrating a semiconductor chip form-
ing an ultrasonic examination device of the present embodi-
ment. In FIG. 14, an MEMS switch in an OFF state is
illustrated.

[0127] As shown in FIG. 14, a structure of a switch area
1C of the present variation is different from the structure of
the switch area 1C shown in FIGS. 11 and 13. Specifically,
a switch which is a semiconductor element is not formed in
the switch area 1C of the present variation, and insulation
films 13-17 are stacked on a substrate 9. Herein, a cavity 55
is formed on the insulation film 14 in the same way as the
cavity 10 of the cell area 1A. An electrode 56 and a pair of
electrodes 53 having the electrode 56 disposed therebetween
are formed on a lower surface of the inside of the cavity 55,
that is, in contact with an upper surface of the insulation film
14. In addition, an electrode 57 and a pair of electrodes 54
having the electrode 57 disposed therebetween are formed
on an upper surface of the inside of the cavity 55, that is, in
contact with a lower surface of the insulation film 15.
[0128] The electrode 56 and the electrode 57 are arranged
to overlap each other in planar view, and are spaced from
each other. The electrodes 53 and the electrodes 54 are
arranged to overlap each other in planar view, and are spaced
from each other. An stacking film formed of the insulation
films 15 to 17, directly over the cavity 55, is a membrane
(flexible film). The MEMS switch of the present variation
applies a direct current voltage to one of the electrodes 53 or
54, and applies, for example, OV to the other one, thereby
generating an electrostatic force pulling each other between
the electrodes 53 and the electrodes 54. Accordingly, a
center of the membrane is bent downward and the electrodes
56, 57 come into contact with each other and are electrically
connected with each other, such that the MEMS switch
enters an ON state. When the voltage applied to the elec-
trodes 53 or 54 is 0V, the electrodes 56, 57 are spaced from
each other again, and the MEMS switch enters an OFF state.
[0129] In the present variation, the same effect as in the
first variation of the present embodiment can be obtained by
mounting the mechanical MEMS switch element including
the electrodes 56 and 57 spaced from each other during the
OFF state in the semiconductor chip.

Fourth Embodiment

[0130] Hereinafter, the whole structure of the ultrasonic
examination device of anyone of the first to third embodi-
ments will be described with reference to FIG. 15. FIG. 15
is a perspective view illustrating the ultrasonic examination
device of the present embodiment.

[0131] The ultrasonic examination device of the present
embodiment is a medical diagnostic device which uses
permeability of sound waves, and can visualize an inner
portion of a living body which cannot be seen from the
outside, by imaging in real time by using ultrasonic waves
exceeding an audible range. As shown in FIG. 15, the
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ultrasonic examination device (ultrasonic imaging device)
130 includes a main body 132, a display 133 disposed on an
upper portion of the main body 132, an operation unit 136
installed on a front portion of the main body, and an
ultrasonic probe 135 including a semiconductor chip 1. A
cable (cord) 138 extends from the ultrasonic probe 135, and
the cord is connected to the main body 132 at a connection
portion 137. The operation unit 136 is an input device such
as a track ball, a keyboard, or a mouse, or a combination
thereof. The display 133 is a display device which displays
an image-processed diagnostic image.

[0132] The semiconductor chip 1 corresponds to, for
example, the semiconductor chip 1 shown in FIG. 1. That is,
the capacitive type device 100 and the charging condenser
101 shown in FIG. 3 are mounted in the ultrasonic probe
135. In addition, the switch 102, the DC bias blocking circuit
107, the transception isolation circuit 108, and the amplifier
circuit 109 shown in FIG. 3 are mounted in the ultrasonic
probe 135, for example. The switch controller 105, the filter
110, and the analogue-digital converter 111 shown in FIG. 3
are mounted in the main body 132, for example. In addition,
the image display device 112 shown in FIG. 3 corresponds
to the display 133. As in the third embodiment, the switch
102 may be mounted in the semiconductor chip 1.

[0133] An alternating current voltage and a direct current
voltage are applied to the semiconductor chip 1 from the
transmission power source 104 and the DC bias power
source 103 of the main body 132 via the cable 138. The
ultrasonic probe 135 is a transmission and reception unit of
ultrasonic waves. The semiconductor chip 1 is installed on
a leading end surface of a probe case forming the ultrasonic
probe 135 to have its main surface (a surface on which the
plurality of oscillators are formed) face the outside.

[0134] During ultrasonic diagnosis, a leading end of the
ultrasonic probe 135 is placed on a surface of an examinee
(living body) , and then moves for scanning while shifting
from the position of the surface of the examinee where the
leading end of the ultrasonic probe 135 is placed. When the
ultrasonic probe 135 is a blood vessel catheter, the ultrasonic
probe 135 is inserted into a blood vessel and scans therein.
In this case, an ultrasonic pulse of a few MHz is transmitted
to the inside of the examinee from the ultrasonic probe 135
which is made to approach a body surface or an inner wall
of the blood vessel, and a reflected wave (echo) is received
from a tissue boundary in which an acoustic impedance is
different. Accordingly, a tomographic image of tissue of the
living body displayed on the display 133 can be obtained,
and information regarding an object to be diagnosed can be
known. Distance information of a reflector can be obtained
based on a time interval from the time that the ultrasonic
wave is transmitted until the time that the ultrasonic wave is
received. In addition, information on the presence or quality
of the reflector can be obtained based on a level or an
external form of the reflected wave.

[0135] In the present embodiment, the cell 2 of the ultra-
sonic transducer and the charging condenser 5 are formed in
one semiconductor chip 1 as described in the first embodi-
ment with reference to FIGS. 1 to 3. Accordingly, when
ultrasonic waves are transmitted and received by using the
capacitive type device 100 shown in FIG. 3, a direct current
voltage can be applied to the capacitive type device 100
from the charging condenser 101, which is charged in
advance by using the DC bias power source 103, and the
transmitting and receiving operation can be performed,
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although a direct current voltage is not applied to the
semiconductor chip 1 from the DC bias power source 103.
Accordingly, even when a short circuit breakdown occurs in
the ultrasonic probe 135 shown in FIG. 15, and a current
leaks into the living body from the semiconductor chip 1, a
current can be prevented from directly flowing into the
living body from the DC bias power source 103 shown in
FIG. 3. That is, safety of the ultrasonic examination device
can be enhanced.

[0136] In addition, a parasitic capacity generated in the
voltage applying path can be greatly reduced by mix-
mounting the cell 2 and the condenser 5 in one semicon-
ductor chip 1, and accordingly, the cell 2 can be operated for
a long time. Since the cell 2 and the condenser 5 are
mix-mounted in one semiconductor chip 1, the ultrasonic
probe 135 can be miniaturized. Therefore, performance of
the ultrasonic examination device can be enhanced.

Fifth Embodiment

[0137] Hereinafter, a structure of a probe which is an
ultrasonic probe provided with the semiconductor chip of
any one of the first to third embodiments, and is used in a
blood vessel catheter will be described with reference to
FIG. 16. FIG. 16 is a cross-sectional view illustrating the
ultrasonic probe of the present embodiment. In FIG. 16,
illustration of detailed cross-sectional structures of a probe
assembly 203 and a wire 202 is omitted.

[0138] As shown in FIG. 16, the ultrasonic probe 200 of
the present embodiment includes a catheter tube 201 which
is a container insertable into a blood vessel of a living body.
The wire 202 and the probe assembly 203 connected to a
leading end of the wire 202 are arranged in the catheter tube
201. The semiconductor chip 1 described in anyone of the
first to third embodiments is fixed to a surface of the probe
assembly 203 facing an inner wall of the catheter tube 201,
which is a portion of the surface of the probe assembly 203.
[0139] That is, the semiconductor chip 1 includes the
capacitive type device 100 and the charging condenser 101
shown in FIG. 3. The first electrode of the capacitive type
device 100 and the third electrode of the charging condenser
101 are connected to the DC bias power source 103 via the
switch 102, and the second electrode of the capacitive type
device 100 and the fourth electrode of the charging con-
denser 101 are connected to the transmission power source
104, and furthermore, are connected to the image display
device 112 via the amplifier 109, etc.

[0140] The wire 202 and the probe assembly 203 shown in
FIG. 16 are not fixed to the catheter tube 201, and are
movable in the catheter tube 201 in an extension direction of
the catheter tube 201.

[0141] The ultrasonic probe 200 of the catheter type
described above may be inserted into a blood vessel, for
example, and can obtain an ultrasonic tomographic image by
performing linear scanning or radial scanning. When linear
scanning is performed by using the ultrasonic probe 200, the
probe assembly 203 scans the extension direction in the
catheter tube 201. In addition, when radial scanning is
performed by using the ultrasonic probe 200, the probe
assembly 203 is rotated about an axis of the extension
direction in the catheter tube 201.

[0142] Since the probe assembly 203 and the semiconduc-
tor chip are protected by the catheter tube 201, there is no
possibility that the semiconductor chip 1 comes into contact
with an examinee and a current leakage occurs. However,
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when the catheter tube 201 is damaged, a current may leak
into the examinee from the semiconductor chip 1 through a
blood vessel.

[0143] Herein, when the switch 102 and the charging
condenser 101 shown in FIG. 3 are not installed, and
ultrasonic waves are transmitted and received by using the
capacitive type device 100, there is a need to always supply
adirect current bias voltage to the capacitive type device 100
from the DC bias power source 103. In this case, when the
current leakage occurs, there is a high possibility that a
current directly and continuously flows into the examinee
from the DC bias power source 103 via the semiconductor
chip 1, and thus it is difficult to guarantee safety of the
ultrasonic probe.

[0144] Incontrast, in the present embodiment, the cell 2 of
the ultrasonic transducer and the charging condenser 5 are
formed in one semiconductor chip 1 as described in the first
embodiment with reference to FIGS. 1 to 3. Therefore, when
ultrasonic waves are transmitted and received, a direct
current voltage can be applied to the capacitive type device
100 from the charging condenser 101, which is charged in
advance by using the DC bias power source 103, and the
transmitting and receiving operation can be performed,
although a direct current voltage is not applied to the
semiconductor chip 1 from the DC bias power source 103.
Accordingly, even when a short circuit breakdown occurs in
the ultrasonic probe 200, and a current leaks into the
examinee from the semiconductor chip 1, a current can be
prevented from directly flowing into the living body from
the DC bias power source 103 shown in FIG. 3. That is,
safety of the ultrasonic probe can be enhanced.

[0145] In addition, a parasitic capacitance generated in the
voltage applying path can be greatly reduced by mix-
mounting the cell 2 and the condenser 5 in one semicon-
ductor chip 1, and accordingly, the cell 2 can be operated for
a long time. In addition, since the cell 2 and the condenser
5 are mix-mounted in one semiconductor chip 1, the ultra-
sonic probe 200 can be miniaturized. Therefore, perfor-
mance of the ultrasonic probe can be enhanced.

[0146] While the invention achieved by the present inven-
tor(s) has been described in detail based on the embodi-
ments, the present invention is not limited to the above-
described embodiments, and various changes can be made
without departing from the spirit of the present invention.

REFERENCE SIGNS LIST

[0147] 1A: cell area

[0148] 1B: condenser area
[0149] 2: cell

[0150] 5: condenser

[0151] 6. 7, 27: upper electrode
[0152] 8, 28: lower electrode
[0153] 9: substrate

[0154] 10, 55: cavity

[0155] 11: material film

[0156] 12: membrane

1. An ultrasonic examination device comprising:

a capacitive ultrasonic transducer which is formed of a
first condenser which comprises a first electrode, a
cavity on the first electrode, and a second electrode
formed on the cavity;

a second condenser which comprises a third electrode and
a fourth electrode on the third electrode, and is con-
nected to the first condenser in parallel; and
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a switch element which is connected between any one of
the third electrode or the fourth electrode, and a direct
current power source,

wherein the first condenser and the second condenser are
formed in a same semiconductor chip.

2. The ultrasonic examination device of claim 1, wherein
the first condenser and the second condenser are arranged on
a substrate in a direction parallel to a main surface of the
substrate.

3. The ultrasonic examination device of claim 2, wherein
the first electrode and the third electrode are integrated into
each other, and the second electrode and the fourth electrode
are integrated into each other.

4. The ultrasonic examination device of claim 1, wherein
the second condenser has a low receive sensitivity of a sound
wave, in comparison to the first condenser.

5. The ultrasonic examination device of claim 2, wherein
a conductive film which is spaced from both of the third
electrode and the fourth electrode is formed on a position
adjacent to the cavity between the third electrode and the
fourth electrode.

6. The ultrasonic examination device of claim 1, wherein
the switch element is formed in the semiconductor chip.

7. The ultrasonic examination device of claim 1, wherein
the first condenser is a variable capacitance element, and the
second condenser is a fixed capacitance element.

8. The ultrasonic examination device of claim 1, wherein,
when the switch element is turned off, ultrasonic waves are
transmitted and received using the capacitive ultrasonic
transducer.

9. The ultrasonic examination device of claim 1, wherein
the second condenser is formed under the first condenser.
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10. The ultrasonic examination device of claim 9, wherein
a distance between the third electrode and the fourth elec-
trode is smaller than a distance between the first electrode
and the second electrode.

11. An ultrasonic probe comprising a semiconductor chip,

the semiconductor chip including:

a capacitive ultrasonic transducer which is formed of a
first condenser which comprises a first electrode, a
cavity on the first electrode, and a second electrode
formed on the cavity; and

a second condenser which comprises a third electrode and
a fourth electrode on the third electrode, and is con-
nected to the first condenser in parallel,

the ultrasonic probe further comprising a switch element
which is connected between any one of the third
electrode and the fourth electrode, and a direct current
power source.

12. The ultrasonic probe of claim 11, wherein the first
condenser and the second condenser are arranged on a
substrate forming the semiconductor chip in a direction
parallel to a main surface of the substrate.

13. The ultrasonic probe of claim 11, wherein the switch
element is formed in the semiconductor chip.

14. The ultrasonic probe of claim 11, wherein the first
condenser is a variable capacitance element, and the second
condenser is a fixed capacitance element.

15. The ultrasonic probe of claim 11, wherein, when the
switch element is turned off, ultrasonic waves are transmit-
ted and received using the capacitive ultrasonic transducer.
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