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(57) ABSTRACT

An ultrasound transducer manufactured by using a microma-
chining process comprises: a first electrode into which a
control signal for transmitting ultrasound is input; a substrate
on which the first electrode is formed; a second electrode that
is a ground electrode facing the first electrode with a pre-
scribed space between the firstand second electrodes; a mem-
brane on which the second electrode is formed and which
vibrates and generates the ultrasound when a voltage is

(21) Appl.No.: 12/203,854 applied between the first and second electrodes; a piezoelec-
tric film contacting the membrane; and a third electrode elec-
(22) Filed: Sep. 3, 2008 trically continuous to the piezoelectric film.
6 10 8 2
9 !
! o e oy |
° ; EEv
4 LR )
: e 1
12
3
15 \ 3
AN
19




Patent Application Publication Jan. 1,2009 Sheet1 of 14 US 2009/0001853 A1

AT
B N N A N N OOLSNaONnN
T AL ' A PP T IS AT A LTS LIS

2 7
2 W |
]

4

7

F1G. 1



Patent Application Publication Jan. 1,2009 Sheet2 of 14 US 2009/0001853 A1

21

F1G., 2



Patent Application Publication

Jan.1,2009 Sheet 3 of 14

42
S, S
5\ }
o — L
44 38
NN "

US 2009/0001853 A1

485

- 37

FI1G. 3




Patent Application Publication Jan. 1,2009 Sheet4 of 14 US 2009/0001853 A1

gl
]
Eal
—
=

~

A

v
M

1
R

A o e o

| It
[ (o1
| [l
4 i Lo
H 50 o
/1FT\(\/ ; :
TRANSMITTED |/ plbdl
uLTRASOUND [ WO/ |
R % I
[ Il
b P
1 l i1
2| ! .
|
E o 52 Pl
b L
z
oo | ! (i, |
SIGNAL | a




Patent Application Publication Jan. 1,2009 Sheet5 of 14 US 2009/0001853 A1

2
6
s | 20
66 S
12
! - 19
AL 11T m
12 16 83 65 62 61
11

F1G. b



Patent Application Publication Jan. 1,2009 Sheet 6 of 14 US 2009/0001853 A1

45 24




Patent Application Publication Jan. 1,2009 Sheet7 of 14 US 2009/0001853 A1

H




Patent Application Publication Jan. 1,2009 Sheet 8 of 14 US 2009/0001853 A1

FI1G. 8



Patent Application Publication Jan. 1,2009 Sheet9 of 14 US 2009/0001853 A1

‘‘‘‘‘‘‘

FUNDAMENTAL THIRD ORDER
PI1EZOELECTRIC PIEZOELECTRIC
VIBRATION VIBRATION
( A /2 RESONANCE) (3 A /2 RESONANCE)

FI1G., 9A FI1G. 9B



Patent Application Publication Jan. 1,2009 Sheet10o0f14  US 2009/0001853 A1

60 6
91 5

P L) ==h 90

1

FIG. 10



Patent Application Publication Jan. 1,2009 Sheet11o0f14  US 2009/0001853 A1

T 2 3 N 3
s 3 e g D o
SR e ; e e
e A 3 F SR AR ¥
el S 1

FIG. 11B 101
102

T
R

S

e
=

R
iy

A S A

R A s e
i e S g
e i LR e

£ S
En

S

i

E

A AR L




Patent Application Publication Jan. 1,2009 Sheet12o0f14  US 2009/0001853 A1

90
f——%
901 902 )
6 10 8 i :/
Y [ N S N e R I
o e e - - - l

o i |5
z i 5 >
] HhE] TN
AAA UL LR AR L I&.\\\\\\\\-.\\“\\\\\\\\u\\\.\\\w‘\\\-; ALY A
1 T R
{4

FI1G., 12



Patent Application Publication Jan. 1,2009 Sheet13o0f14  US 2009/0001853 A1

24

41\f7"1]£': Py
s, —5{ 0! Myt
42" 54/39 24 121
43 S; S /“ 131 1129 126
q\w —> l*—‘ .":)"”/””"" / ng
S N PN
ke __\,,N;:lao
44 38 132 125
SN 4 A 1123
-\~ 37
) 3\23 f\zz

F1G., 13



Patent Application Publication Jan. 1,2009 Sheet14 of 14  US 2009/0001853 A1

R
]

o

B

oy
>
e —— — — —

TRANSMITTED |/
ULTRASOUND | \

A —

\
===

|

s [

(T I

[ b

I |[ (I

| P

o |t P

& |t o

=L | 142 b

pod o

| ol

ECHO | | b
STGNAL I I

141

FI1G., 14



US 2009/0001853 A1

ULTRASOUND TRANSDUCER
MANUFACTURED BY USING
MICROMACHINING PROCESS, ITS DEVICE,
ENDOSCOPIC ULTRASOUND DIAGNOSIS
SYSTEM THEREOF, AND METHOD FOR
CONTROLLING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is a Continuation Application of PCT Applica-
tion No. PCT/IP2007/052097, filed Feb. 7, 2007, which was
not published under PCT Article 21 (2) in English.

[0002] This application is based upon and claims the ben-
efitof priority from the prior Japanese Patent Application No.
2006-057122, filed Mar. 3, 2006, the entire contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] The present invention relates to a MUT (Microma-
chined Ultrasound Transducer).

[0005] 2. Description of the Related Art

[0006] An ultrasound diagnosis method is commonly
employed in which ultrasound 1s transmitted to walls of a
body cavity and the state of the body cavity is converted into
images on the basis of the echo signals thereof for the purpose
of making diagnoses. An ultrasound endoscope is one of the
devices used for this ultrasound diagnosis method.

[0007] The ultrasound endoscope has an ultrasound probe
at the distal end of an insertion tube to be inserted into body
cavities, and this ultrasound probe converts electric signals
into ultrasound in order to transmit the ultrasound to body
cavities and also receives ultrasound reflected in the body
cavities in order to convert the received ultrasound into elec-
tric signals.

[0008] Conventionally, ceramic piezoelectric material PZT
(lead zirconate titanate) has been used for piezoelectric ele-
ments that convert electric signals into ultrasound. However,
micromachined ultrasound transducers (hereinafter, referred
to as MUTs) have attracted attention. MUTs are among a
category of devices that are referred to as micro electro-
mechanical systems (MEMS).

[0009] Also, in recent years, capsule endoscopes have been
realized that are swallowed into body cavities in order to
obtain images of the body cavities (for example, Patent Docu-
ment §). By using this ultrasound diagnosis medical capsule
endoscope, itis possible to make ultrasound diagnoses at sites
at which it was previously difficult to make diagnoses.
[0010] Because the conventional MUTs have been config-
ured to have membranes of respective transducer cells that are
continuous along the plane direction, the continuous configu-
ration has interfered with the deformation of the membranes
of the respective transducer cells and the transverse waves
have leaked to the adjacent transducer cells, and thereby the
efficiency of the electromechanical conversion has been
reduced.

[0011] Also, the membranes have been supported by the
peripheral portions, and accordingly the bending vibrations
of the membranes have leaked to the supporting members as
longitudinal vibrations so that the mechanical quality factor
Q has been reduced and the amplitude of the membrane has
been small. Thereby, the S/N ratio has been reduced so that
ultrasound diagnosis images have been deteriorated. Also, the

Jan. 1, 2009

conventional MUTs, especially cMUTs (capacitive micro-
machined ultrasound transducers) have required DC bias for
both the reception and the transmission, and accordingly a
driving control method that uses as small an amount of DC
bias voltage as possible has been important. This DC bias has
had to be applied for far longer periods of time for the recep-
tion than for the transmission, and thus a configuration that
realizes reception without DC bias has been desired.

[0012] Also, the techniques relating to the present inven-
tion are disclosed in, for example, patent documents 1
through 8 below.

Patent Document 1:

[0013]
274287

Japanese Patent Application Publication No. HO7-

Patent Document 2:

[0014]
274573

Japanese Patent Application Publication No. HOg-

Patent Document 3:
Japanese Patent Application Publication No. 2004-274756
Patent Document 4:

[0015] U.S. Pat. No. 6,262,946

Patent Document 5:

[0016] U.S. Pat. No. 6,328,696

Patent Document 6:

[0017] U.S. Pat. No. 6,328,697

Patent Document 7:

[0018]
tional

Publication in Japan of translation of PCT Interna-

Patent Application No. 2004-503313 (WO 2001/097562)
Patent Document &:

Japanese Patent Application Publication No. 2004-350705
Non-Patent Document 1:

[0019] Pages 149 through 152 in the Twelfth version of
Volume 1 of “Onkyo Kogaku Genron” written by Tsuyoshi
Itoh and published by CORONA PUBLISHING CO.,LTD, in
Dec. 10, 1980

SUMMARY OF THE INVENTION

[0020] An ultrasound transducer manufactured by using a
micromachining process according to the present invention
comprises:

[0021] afirst electrode into which a control signal for trans-
mitting ultrasound is input;

[0022] a substrate on which the first electrode is formed;
[0023] asecond electrode that is a ground electrode facing
the first electrode with a prescribed space between the first
and second electrodes;

[0024] a membrane on which the second electrode is
formed and which vibrates and generates the ultrasound when
voltage is applied between the first and second electrodes;
[0025] a piezoelectric film contacting the membrane; and
[0026] a third electrode jointed to the piezoelectric film.
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[0027] An ultrasound transducer device according to the
present invention is an ultrasound transducer device manu-
factured by using a micromachining process having an ultra-
sound transducer comprising:
[0028] afirst electrode into which a control signal for trans-
mitting ultrasound is input;
[0029] a substrate on which the first electrode is formed;
[0030] a second electrode that is a ground electrode facing
the first electrode with a prescribed space between the first
and second electrodes;
[0031] a membrane on which the second electrode is
formed and which vibrates and generates the ultrasound when
voltage is applied between the first and second electrodes;
[0032] a first piezoelectric film formed on the second elec-
trode formed on a surface of the membrane; and
[0033] a third electrode that is connected to the first piezo-
electric film and faces the second electrode via the piezoelec-
tric film, said ultrasound transducer device comprising:
[0034] a conversion unit boosting an alternating current
low-voltage signal conveyed from a conveying cable, and
converting it into a direct current voltage signal;
[0035] afirst switching unit switching an electrical connec-
tion between the conversion unit and the first electrode;
[0036] a self oscillating unit performing self-oscillation on
the basis of the direct current voltage signal input into the first
electrode in order to drive the ultrasound transducer to trans-
mit ultrasound;
[0037] areception signal processing unit performing a pre-
scribed signal process on a reception signal based on the
ultrasound received by the ultrasound transducer; and
[0038] asecond switching unit switching an electrical con-
nection between the conversion unit and the reception signal
processing unit.
[0039] A method of controlling an ultrasound transducer
according to the present invention is a method of controlling
an ultrasound transducer manufactured by using a microma-
chining process, comprising:
[0040] afirst electrode into which a control signal for trans-
mitting ultrasound is input;
[0041] a substrate on which the first electrode is formed;
[0042] a second electrode that is a ground electrode facing
the first electrode with a prescribed space between the first
and second electrodes;
[0043] a membrane on which the second electrode is
formed and which vibrates and generates the ultrasound when
voltage is applied between the first and second electrodes;
[0044] a first piezoelectric film formed on the second elec-
trode formed on a surface of the membrane; and
[0045] a third electrode contacting the first piezoelectric
film and facing the second electrode via the piezoelectric film,
wherein:
[0046] the piezoelectric film stacked and arranged on a
surface of the membrane detects deformation of the mem-
brane that deforms corresponding to the control signal input
into the first electrode.
[0047] A method of controlling an ultrasound transducer
device according to the present invention is a method of
controlling an ultrasound transducer device manufactured by
using a micromachining process, comprising:
[0048] an ultrasound transducer including:

[0049] a first electrode into which a control signal for

transmitting ultrasound is input;
[0050] asubstrate on which the first electrode is formed,
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[0051] asecond electrode that is a ground electrode fac-
ing the first electrode with a prescribed space between
the first and second electrodes;

[0052] a membrane on which the second electrode is
formed and which vibrates and generates ultrasound
when voltage is applied between the first and second
electrodes;

[0053] a first piezoelectric film formed on the second
electrode formed on a surface of the membrane; and

[0054] a third electrode connected to the first piezoelec-
tric film and facing the second electrode via the piezo-
electric film; and

[0055] a conversion unit boosting an alternating current
low voltage signal conveyed from a conveying cable, and
converting it into a direct current voltage signal;

[0056] afirst switching unit switching an electrical connec-
tion between the conversion unit and the bottom electrode;
[0057] aself oscillating unit performing self-oscillation on
the basis of the direct current voltage signal input into the first
electrode in order to drive the ultrasound transducer to trans-
mit ultrasound;

[0058] areception signal processing unit performing a pre-
scribed signal process on a reception signal created on the
basis of the ultrasound received by the ultrasound transducer;
and

[0059] asecond switching unit switching an electrical con-
nection between the conversion unit and the reception signal
processing unit, wherein:

[0060] when transmitting ultrasound, the first switching
unit is turned on and the second switching unit is turned off;
[0061] an alternating current voltage signal for controlling
vibration of the membrane is boosted by the conversion unit
in order to convert it into a direct current voltage signal;
[0062] the direct current voltage signal is supplied to the
self oscillating unit via the first switching unit; and

[0063] ultrasound is transmitted from the ultrasound vibra-
tion on the basis of the self oscillating unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0064] FIG. 1 is a cross-sectional view of a MUT element
according to the first embodiment;

[0065] FIG. 2 schematically shows a configuration of an
Endoscopic ultrasound diagnosis system that uses the MUT
according to the first embodiment;

[0066] FIG. 3 shows a circuit configuration of an ultra-
sound probe 24 according to the first embodiment;

[0067] FIG. 4 is a timing chart of the operations for switch
(SW) and of a driving voltage signal for transmitting an
ultrasound wave according to the first embodiment;

[0068] FIG. 5 shows a cross section of a MUT according to
the second embodiment;

[0069] FIG. 6 shows a circuit configuration of the ultra-
sound probe 24 according to the third embodiment;

[0070] FIG. 7 shows a cross section of a MUT according to
the fourth embodiment;

[0071] FIG. 8 isa top view of the MUT shown in FIG. 7,
[0072] FIG. 9A shows the fundamental piezoelectric vibra-
tion in order to explain the principle of the MUT according to
the fourth embodiment:

[0073] FIG. 9B shows the third order piezoelectric vibra-
tion in order to explain the principle of the MUT according to
the fourth embodiment;

[0074] FIG. 10 shows across section of the MUT according
to the fifth embodiment;
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[0075] FIG. 11A is the first operation principle view of the
MUT according to the fitth embodiment;

[0076] FIG. 11B is the second operation principle view of
the MUT according to the fifth embodiment;

[0077] FIG.11C is the third operation principle view of the
MUT according to the fifth embodiment;

[0078] FIG. 12 is a cross-sectional view of a MUT accord-
ing to the sixth embodiment;

[0079] FIG. 13 shows a circuit configuration of the ultra-
sound probe 24 according to the sixth embodiment; and
[0080] FIG. 14 is a timing chart of the switch (SW) opera-
tions and the ultrasound wave transmission driving voltage
signal according to the sixth embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0081] Conventionally, there has been no MUT having a
configuration in which a cMUT and a pMUT (piezoelectric
micromachined ultrasound transducer) are combined for one
and the same ultrasound transducer cell.

[0082] By combining the cMUT and pMUT, the synergistic
effects between the electrostatic forces of the cMUT and the
piezoelectric effect of the pMUT increase the output of the
ultrasound to be transmitted, and also increase the sensitivity
for receiving the ultrasound.

[0083] Ttis an object of the present invention to provide an
ultrasound transducer in which a cMUT and a pMUT are
combined.

[0084] The ultrasound transducer according to the present
invention is a device in which a substrate, a first electrode
(bottom electrode that will be described later) formed
thereon, a supporting member for supporting a membrane,
and a second electrode (common ground electrode that will
be described later) are stacked and arranged, and a lot of
ultrasound transducer cells, including a membrane that
vibrates with alternating current, are applied to both of the
electrodes and transmit ultrasound in a forward direction.
[0085] Also, this ultrasound transducer is a device in which
a piezoelectric film and electrodes (upper electrode that will
be described later) for controlling signals are stacked and
arranged on both of the surfaces of the piezoelectric film at a
position close to the membrane.

[0086] By this configuration, it is possible to increase the
output of the ultrasound to be transmitted and to increase the
sensitivity for receiving ultrasound by using the electromo-
tive force via the electrostatic force of the cMUT and the
piezoelectric effect of the pMUT. Also, because the pMUT is
used for the reception, there is the advantage that a DC bias
voltage is not necessary. Hereinafter, the respective embodi-
ments of the present invention will be explained.

First Embodiment

[0087] In the present embodiment, in an ultrasound trans-
ducer that is manufactured by using the micromachining pro-
cess, a MUT for transmitting ultrasound by using the electro-
static force caused between the electrodes and the
piezoelectric effect by the force activated in the piezoelectric
film will be explained.

[0088] FIG. 11is a cross-sectional view of a MUT element
according to the present embodiment. The MUT element
shown in FIG. 1is a transducer that is the minimum unit to be
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controlled with the same phase and the same driving voltage,
and is a micromachined ultrasound transducer consisting of a
plurality of MUT cells 1.

[0089] A MUT element 2 includes a semiconductor sub-
strate 3, supporting members 4, a membrane 5, cavities 6, a
bottom electrode 7, a common ground electrode 8, a piezo-
electric film 9, an upper electrode 10, an insulation film 11, a
diffusion layer 12, through holes 13 and 19, a through hole
wire 14 which is formed on the side wall of the through hole
13 and is electrically continuous to the bottom electrode 7, a
through hole wire 15 which is formed on the side wall of the
through hole 19 and electrically continuous to the upper elec-
trode 10 formed on the piezoelectric film 9, a ground elec-
trode pad 16, a bottom electrode pad 17 of the bottom elec-
trode 7, and a upper electrode pad 18 of the upper electrode 10
formed on the piezoelectric film 9.

[0090] Inthe MUT element 2, the surface of the substrate 3
(Si substrate) is covered by an oxide film (SiO,) (insulation
film 11). In each cell 1, the supporting members 4 disposed at
both ends of the cell 1 support the membrane 5. The support-
ing member 4 is formed of an insulation body made of SiN,
SiQ,, or the like. The membrane 5 is made of SiN.

[0091] The bottom electrode 7 is disposed on the upper
surface of the substrate 3 between the supporting members 4.
In FIG. 1, the cavities 6 are spaces enclosed by the supporting
members 4 and the bottom electrode 7. A dielectric film may
be formed on the bottom electrode 7, and in this case, the
cavities 6 are spaces enclosed by the membrane 5 and the
supporting members 4.

[0092] Thethrough hole 13 pierces the substrate 3. The side
wall of the through hole 13 has the insulation film 11 on its
surface, and the through hole wire 14 is formed on the insu-
lation film 11. The through hole wire 14 is electrically con-
tinuous to the bottom electrode 7 and the bottom electrode
pad 17 formed on the bottom surface of the bottom electrode
7. In other words, the bottom electrode pad 17 serves as a
terminal on the bottom surface side of the substrate 3 with
respect to the bottom electrode 7.

[0093] The common ground electrode 8 is formed on the
upper surface of the membrane 5, and the piezoelectric film 9
is formed thereon. The common ground electrode 8 is con-
nected with the diffusion layer 12 formed on the upper surface
ofthe substrate 3. Also, the diffusion layer 12 is formed on the
bottom surface of the substrate 3 in order to realize the ohmic
contact.

[0094] By providing the diffusion layer 12, it is possible to
reduce, to an extreme level, the direct current resistance
between the upper surface of the low-resistive semiconductor
substrate 3 and the diffusion layer 12 of the bottom surface
side. The diffusion layer 12 on the bottom surface side of the
substrate 3 is electrically continuous to the ground electrode
pad 16. Accordingly, the ground electrode pad 16 serves as a
terminal on the bottom surface side of the substrate 3 with
respect to the common ground electrode 8.

[0095] The material of the piezoelectric film 9 desirably
does not contain lead. The piezoelectric film 9 is made of, for
example, aluminum nitride, zinc oxide, barium titanate,
barium strontium titanate, or the like. The piezoelectric char-
acteristic that is required for the piezoelectric film used in the
present embodiment is g5 in terms of the voltage output
coefficient, and any material can be used for the piezoelectric
film as long as that material does not contain lead and yields
relatively high gs;.
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[0096] On the upper surface of the piezoelectric film 9, the
upper electrode 10 is formed. The through hole 19 pierces the
substrate 3. The insulation film 11 is formed on the side wall
of the through hole 19, and the through hole wire 15 is formed
thereon. The through hole wire 15 is electrically continuous
to the upper electrode pad 18 provided on the bottom surface
of the substrate 3. The upper electrode 10 is electrically con-
tinuous to the through hole wire 15. In other words, the upper
electrode pad 18 serves as a terminal corresponding to the
upper electrode 10 on the bottom surface side of the substrate
3.

[0097] The MUT shown in FIG. 1 has a configuration in
which the common ground electrode 8, one of the electrodes
formed on both sides of the piezoelectric film 9 for controlling
signals, shares it with the upper of the membrane as an elec-
trode. In other words, the MUT shown in FIG. 1 has a ¢on-
figuration in which the cMUT and the pMUT (piezoelectric
element formed on the membrane) are combined.

[0098] Next, the operations of the MUT shown in FIG. 1
will be explained by referring to FIGS. 2 and 3.

[0099] FIG. 2 schematically shows the configuration of an
Endoscopic ultrasound diagnosis system that uses the MUT
according to the present embodiment. An Endoscopic ultra-
sound diagnosis system 21 includes the insertion tube 23 and
an observation device 22.

[0100] The insertion tube 23 is in the shape of a long and
narrow tube in order to be inserted into body cavities. The
insertion tube 23 includes, from the distal end, an ultrasound
probe 24, a bending section, and a flexible tube section 25.
The ultrasound probe 24 includes the MUT shown in FIG. 1,
and transmits and receives ultrasound signals. The bending
section is a section that is disposed at the distal end of the
ultrasound probe 24 and that can bend arbitrarily. The flexible
tube section is disposed at the distal end of the bending
section, is narrow, long, and flexible. In the bending section
and the flexible tube section 25, there are coaxial cables.
[0101] The observation device 22 generates control signals
for turning on and off a switch (SW) in the ultrasound probe
24, outputs a low-voltage AC, and performs a signal process
onthe signals from the ultrasound probe 24 inorder to convert
the signals into image signals.

[0102] FIG. 3 shows a circuit configuration of the ultra-
sound probe 24 according to the present embodiment. The
ultrasound probe 24 includes a MUT 31, FETs (field effect
transistors) 38 and 43, resistors 39, 42, and 44, switches
(SWs) 40 and 41, and an AC-DC converter 45.

[0103] The MUT 31 corresponds to the MUT shown in
FIG. 1, and its configuration corresponds to the combination
of the cMUT 32 and the pMUT 33. The ¢cMUT 32 and the
pMUT 33 have a common ground electrode 35.

[0104] The cMUT 32 includes a bottom electrode 34 and
the common ground electrode 35. The cMUT 32 corresponds
to aportion including the bottom electrode 7, the cavity 6, and
the common ground electrode 8 shown in FIG. 1.

[0105] The pMUT 33 includes the upper electrode 36, the
piezoelectric film 46, and the common ground electrode 35.
The pMUT 33 corresponds to a portion including the upper
electrode 10, the piezoelectric film 9, and the common ground
electrode 8 shown in FIG. 1.

[0106] A switch control signal generator (not shown) gen-
erates control signals for turning on/off the SWs40 and 41. In
other words, the switch control signal generator generates
signals for determining timings at which the SWs 40 and 41
are turned on and off, and time periods during which they are
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in the on or off states. The SWs 40 and 41 are a pair of
electronic switches that are in a reverse relationship to each
other with respect to time.

[0107] Also, a self oscillating circuit is made of the MUT
31, the FET 38, and a transmission line 37 for returning a
signal (signal feedback) from the MUT 31 to FET 38.
[0108] Next, the transmission and the reception of ultra-
sound beams of the cell 1 according to the present embodi-
ment will be explained.

[0109] When transmitting ultrasound beams, the switch
control signal generator (not shown) that has received a con-
trol signal from the observation device 22 performs controls
so that the switch SW40 is turned on on the basis of the SW
control signal S, and that the switch SW41 is turned off on the
basis of the SW control signal S,.

[0110] AnAC signal (alternating voltage signal) S, is trans-
mitted from the control signal 22 via coaxial cables in the
insertion tube 23, and is input into the AC-DC converter 45.
The AC-DC converter 45 boosts the AC signal by using a
micromachined voltage trans or the like, converts that
boosted AC signal into a DC signal, and further boosts it in
order to output a DC voltage signal (direct current high-
voltage signal) S,.

[0111] TheDCvoltageS, is applied tothe bottom electrode
34 of the cMUT 32 via the SW40 and the resistor 39. Thereby,
the electrostatic force that is excessively caused between the
bottom electrode 34 and the common ground electrode 35
excessively deforms the membrane 5.

[0112] Accompanying the excessive deformation of the
membrane 5, the piezoelectric film 46 provided on the upper
surface of the membrane 5 excessively deforms, too. Thereby,
the deformation of the piezoelectric film 46 is converted into
voltage signals by the piezoelectric effect. The voltage signal
obtained by the conversion is input into a gate (G) ofthe FET
38 as the feedback signal S, through the transmission line 37.
This voltage signal is of a very low voltage compared with the
driving signal so that this signal will not cause any problem
with respect to security even when this signal is caused on the
side of the electrode contacting the living body.

[0113] When the feedback signal Sy is input into the gate
(G) of the FET 38, the resistance between the drain (D) and
the source (S) of the FET 38 decreases so that the voltage
applied to the bottom electrode 34 of the cMUT 321s lowered.
Thereby, the voltage applied to the membrane 5 of the cMUT
32 is also lowered and the force applied to the piezoelectric
film 46 of the pMUT 33 side is removed, and accordingly the
piezoelectric signal based on the piezoelectric voltage of the
pMUT 33 is not caused, and thereby the feedback signal S, is
not output from the upper electrode 36. Accordingly, the gate
voltage of the FET 38 becomes zero, and the resistance
between the drain and the source increases so that a high
voltage close to the DC voltage signal S, is again applied to
the bottom electrode 34 of the cMUT 32. This phenomenon is
repeated during the transmission of ultrasound. This repeat-
ing frequency is equal to the resonance frequency of the
membrane, and this self-oscillation continues as long as the
DC voltage S, is supplied to the FET 38.

[0114] As described above, the piezoelectric film 9 that is
stacked and arranged on the membrane 5 causes a voltage
based on the piezoelectric effect in accordance with the defor-
mation of the membrane 5. In other words, the piezoelectric
film 9 is used to detect the deformation of the membrane 5.
[0115] Thereby, the self oscillating circuit can obtain the
resonance frequency by causing positive feeding back of the
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feedback signal during the transmission of ultrasound.
Accordingly, the vibration of the MUT becomes stabilized at
the resonance frequency. As a result of the vibration of the
membrane caused by this vibration operation, ultrasound is
generated and transmitted toward the upper direction of the
upper electrode 36.

[0116] Next, when receiving ultrasound, the switch control
signal generator (not shown) that has received a control signal
from the observation device 22 performs control so that the
switch SW40 is turned off on the basis of the SW control
signal endoscopic ultrasound diagnosis system and the switch
SW41 is turned on on the basis of the SW control signal S,,.
[0117] Whenthe MUT 31 has received an ultrasound beam,
the piezoelectric film 46 of the pMUT 33, converts ultrasound
beams into electric signals (pulse echo signals S;) by the
piezoelectric effect. The pulse echo signal S is input into the
gate () of the FET 43. Thereby, the pulse echo signal S, is
amplified, is output from the source (S) side of the FET 43,
and is output as a pulse echo signal S, to the observation
device 22 via the coaxial cable.

[0118] TheFET 43 has a function of amplifying pulse echo
signals, a function of performing the impedance conversion
(converting high impedance into low impedance), and a func-
tion of detecting charges on the surfaces of the electrodes of
the MUT 31. The function of detecting charges is a function
of detecting the charges that are changed by the piezoelectric
effect of the pMUT 33 caused by the vibration of the mem-
brane in accordance with the reception strength of the wave
received by the MUT 31, said wave being ultrasound trans-
mitted from the membrane surface of the MUT 31 and being
reflected in the body cavities.

[0119] In the above explanation, the voltage signal
obtained by the piezoelectric effect of the piezoelectric film at
the time of receiving ultrasound is a pulse echo signal; how-
ever, by obtaining the charges that can be obtained in the
upper electrode (the common ground electrode 35 in FIG. 3)
of the cMUT and detecting them together with the voltage
that can be obtained by the piezoelectric film similarly as in
the conventional techniques, it is possible to increase the
reception sensitivity.

[0120] Also, the phases are shifted respectively by z (total
2m) in the FET 38 and the MUT 31 in the positive feedback
loop including the MUT 31, the transmission line 37 and the
FET 38. At that time, the phases are not shifted by 2m pre-
cisely, depending upon the circumstances; in other words,
errors may be caused. In this case, in order to correct the
errors, it is possible to adjust the phase by adding a phase
adjustment element such as a resistor or the like on the trans-
mission line 37. Also, the MUT 31 can be produced by using
the micromachining process on Si substrates, and accord-
ingly it is possible to form the FETs 38 and 43, the resistors
39, 42, and 44, the SWs 40 and 41, and the AC-DC convertor
45 on or in the Si substrates on which the MUT is formed.
Thereby, it can be compact.

[0121] FIG. 4 is a timing chart of the operations for switch
(SW) and of a driving voltage signal for transmitting the
ultrasound wave according to the present embodiment. F1G. 4
will be explained by referring to FIG. 3. As shown in FIG. 4,
accompanying the switching between the SW40 and SW41,
the ultrasound wave transmission time periods (T;, T, .. .)
and the echo signal reception time periods (T, T,, . .. ) are
repeated.

[0122] Atthetiming T, the SW40 is turned on on the basis
of the SW control signal S; (S;=ON), and the SW41 1s turned
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off on the basis of the SW control signal S, (S,=OFF). As
explained in FIG. 3, ultrasound signals are output from the
MUT 31. A waveform 50 represents a signal waveform of the
ultrasound transmitted from the MUT 31. The lower figure of
FIG. 4 is an enlarged view of the waveform 50. The waveform
denoted by numeral 51 represents an envelope waveform that
is tied the peak values of the amplitude waveform of the
transmitted ultrasound.

[0123] Next, at the timing T,, the SW40 is turned off on the
basis of the SW control signal S; (S;=OFF), and the SW41 is
turned on on the basis of the SW control signal S, (S,=ON).
Asexplainedin FIG. 3, the ultrasound is received by the MUT
31, and the ultrasound signal is converted into electric signals
by the piezoelectric film 46. Numeral 52 denotes the wave-
form of the received echo signal.

[0124] Also, in FIG. 4, the scale of the amplitudes of the
waveform 50 and the echo signal waveform 52 are expressed
to the same extent for simplicity of explanation. However, the
scale of the amplitude of the echo signal waveform 52 is
actually rather small compared to the waveform 50.

[0125] According to the present embodiment, the ultra-
sound transducer manufactured by using the micromachining
process has a first period (ultrasound transmission period)
during which ultrasound is transmitted by applying an alter-
nating current to a first electrode (bottom electrode 34) and a
second electrode (common ground electrode 35), and a sec-
ond period (echo signal reception period) during which volt-
age generated by the ultrasound reception between a third
electrode (upper electrode 36) and the second electrode (com-
mon ground electrode 35) is conveyed to a reception signal
processing circuit.

[0126] Also, the switching between the first and second
periods is controlled by a pair of electronic switches SW40
and SW41 that are in a reverse relationship to each other with
respect to time. This pair of the electronic switches can be
integrated into the surface or inner of substrate 3 or be inte-
grated in the substrate 3 by using the CMOS process.

[0127] Also, according to the present embodiment, the
reception signal processing circuit includes a charge ampli-
fier function, a voltage amplification function, and an imped-
ance conversion function.

[0128] Also, the piezoelectric film stacked on the mem-
brane can detect the deformation of the membrane.

[0129] Also, according to the present embodiment, the out-
put of the ultrasound increases due to self-oscillation. The
self-oscillation is autonomously set to be at a frequency at
which the vibration system vibrates most efficiently by the
feedback signals and the phase reverse amplification element
(FET 38).

[0130] Also, according to the present embodiment, it is
possible to perform control so that an excessive signal is
applied to the first and second electrodes in order to activate
the membrane; the activation signal is detected by the piezo-
electric film; the detection signal is conveyed to the amplifi-
cation element as the feedback signal; the amplification ele-
ment, the piezoelectric element, and the phase adjustment
element form a positive feedback loop; the membrane is
caused to generate a self vibrated ultrasound; and the first
period, during which the ultrasound is transmitted, and the
second period, during which the voltage generated between
the third and second electrodes by the ultrasound reception is
conveyed to the reception signal processing circuit, are
included.
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[0131] Also, according to the present embodiment, it is
possible to employ a configuration in which an amplification
element (FET), a phase adjustment element, a reception sig-
nal processing circuit (FET or the like), and a pair of elec-
tronic switches are integrated on a silicon substrate.

Second Embodiment

[0132] Inthe present embodiment, a MUT that is obtained
by adding, to the MUT according to the first embodiment,
means for reducing a vibration loss will be explained. Also, in
the explanation below, the same constituent elements as in the
above embodiment are denoted by the same numerals;
accordingly, for the detailed explanation thereof, to be
referred to the above embodiment.

[0133] FIG. 5 shows a cross section of a MUT according to
the present embodiment. The MUT shown in FIG. 5 is an
ultrasound transducer that is manufactured by using the
micromachining process. In the MUT shown in FIG. 5, the
membranes between the cells are divided. The spaces
between the adjacent cells are referred to as interstices 60.
[0134] Further, a bridge wire 65 between upper electrodes
10 of adjacent cells is provided on a bottom 61 of each
interstice 60 so that the upper electrodes 10 of the adjacent
cells are electrically continuous to each other through a via
wire 64. Also, the respective bottom electrodes 7 of the
respective cells are electrically continuous to each other by a
bridge wire 62 between bottom electrodes of adjacent-cells
through a via wire 63. Also, the wire 64 from the upper
electrode 10 and the common ground electrode 8 are electri-
cally insulated from each other by using the piezoelectric film
9 at the point at which they cross each other.

[0135] Also, in FIG. 5, the diffusion layer 12 is formed on
the surface of the substrate 3. Also, from the electrode 8, a via
hole piercing the membrane, the supporting member, and the
insulation film 11 are formed, and a via wire 66 is formed
along this via hole. The common ground electrode 8 is con-
nected to the diffusion layer 12 through this via wire 66. Also,
in the present example, the cells are divided accordingly, and
the ground electrodes are also divided. Accordingly, the via
wires have to be formed for each cell in FIG. 5; however, in
order to simplify the illustration, they are not shown.

[0136] Inthe MUT according to the present embodiment,
the supporting members 4 are formed along the nodes of the
fundamental vibration obtained when the membrane 5
vibrates freely. For example, when the shape of the membrane
5 is a circle when viewed from above, the supporting mem-
bers 4 are provided along a position 0.678a from the center of
the circle of the membrane 5 if the radius of the circle of the
membrane 5 is a (a is an integer that can be selected arbi-
trarily). (non-Patent Document 1)

[0137] According to non-Patent Document 1, a circular
plate whose periphery is free causes a diameter node line that
is arranged at intervals equal to those of the node line of the
concentric circle when vibrating. Especially when the shape
is symmetric, which POISSON solved in 1829, and the mini-
mum vibration thereof causes the node line at 0.678a (a is the
radius of the circular plate), and the next behavior is caused at
0.392a and 0.842a.

[0138] As described above, because the membrane of each
cell 1s not connected with the membrane of the next cell, the
dissipation of the vibration toward the planar direction (adja-
cent membrane direction) is avoided. Also, the membrane is
supported at the positions at which deformation due to the
fundamental vibration is not caused, and accordingly it is

Jan. 1, 2009

possible to prevent the vibration from leaking to the semicon-
ductor substrate as the longitudinal wave.

[0139] Also, this MUT can apply the circuit shown in FIG.
3 similarly to the first embodiment. Accordingly, itis possible
to detect the deformation of the membrane 5, and to cause the
self-oscillation in the positive feedback loop by using the
detected signal as the feedback signal and also by using the
piezoelectric film 9.

[0140] According to the present embodiment, the mem-
brane of each cell is independent from the membranes of the
adjacent cells so that it is possible to avoid the dissipation of
the vibration toward the planar direction.

[0141] Also, according to the present invention, the mem-
brane is supported at the parts of the nodes of the membrane
that do not vibrate inherently so that the dissipation of the
vibration of the membrane through the supporting members
is reduced (in other words, the vibration loss of the membrane
is reduced), and accordingly a high mechanical quality factor
Q. i.e., ahigh vibration efficiency of the membrane (High Q),
is obtained. As a result of this, the ultrasound transmission
efficiency increases.

[0142] Also, according to the present embodiment, the
vibration of the membrane does not leak via the supporting
members so that it is possible to remedy the crosstalk phe-
nomenon in which the vibrations that leaked through the
supporting members become longitudinal waves and are
reflected by the back plane of the silicon substrate, and the
reflected waves are converted into the membrane vibration of
the adjacent cell via the supporting members.

[0143] According to the present embodiment, by using the
self oscillating circuit, it is possible to stabilize the vibration
ofthe MUT at the resonance frequency. Also, the MUT can be
manufactured on a Si substrate by using a micromachining
process; accordingly it is possible to form the FETs 38 and 43,
the resistors 39, 42, and 44, SWs 40 and 41, and the AC-DC
convertor 45 on or in the Si substrate in which the MUT is
formed. Accordingly, it can be made to be further more com-
pact.

Third Embodiment

[0144] In the present embodiment, a MUT having a filter-
ing function by which high-frequency components can be
removed is explained. In the explanations below, the same
constituent elements as in the above explanations are denoted
by the same numerals; accordingly, refer to the above expla-
nations for the detailed explanation thereof.

[0145] FIG. 6 shows a circuit configuration of the ultra-
sound probe 24 according to the present embodiment. FIG. 6
is obtained by adding a capacitor 70 to the circuit shown FIG.
3. One of the terminals of the capacitor 70 is connected to the
transmission line 37, and the other terminal is grounded. By
the capacitor 70, high-frequency components of the feedback
signal S, can be removed.

[0146] The high-frequency components to be removed are
the high frequency waves corresponding to the high-order
vibration mode. This type of high frequency wave can be
removed by adjusting the capacitance of the capacitor 70. As
a result of the removal of the high-frequency waves, it is
possible to generate the fundamental vibration only of the
fundamental frequency mode.

[0147] The increase of the driving voltage at the moment
when the SW 40 is first turned on is a step signal having a time
constant that is determined by the resistor 39 and the capaci-
tance of the cMUT 32, and is a wide band signal. Accordingly
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the high-order wave vibrations tend to be caused together
with the fundamental vibration on the membrane. Accord-
ingly, it is necessary to increase the efficiency of the desired
fundamental wave vibrations by removing the waves that are
not necessarily fundamental waves.

[0148] According to the present embodiment, it is possible
to generate only the fundamental vibration by removing the
high-frequency wave components that causes high-order
vibrations. Thereby, extra vibrations are not generated and
thus the vibration efficiency increases. Also, the present
embodiments can be applied to both the first and second
embodiments.

Fourth Embodiment

[0149] In the present embodiment, a MUT that vibrates
only at the fundamental vibration mode among a plurality of
vibration modes will be explained. Specifically, in the present
embodiment, a MUT that generates only the fundamental
vibrations and does not generate a high-order vibration mode
itself will be explained. In the explanation below, the same
constituent elements as in the above embodiments are
denoted by the same numerals; accordingly, refer to the above
embodiments for the detailed explanation thereof.

[0150] FIG. 7 shows a cross section of the MUT according
to the present embodiment. The MUT shown in FIG. 7 is an
ultrasound transducer that is manufactured by using a micro-
machining process. In FIG. 7, the MUT includes the semi-
conductor substrates 3, the supporting members 4, the mem-
branes 5, the cavities 6, the bottom electrode 7, the common
ground electrode 8, the piezoelectric films 9, the upper elec-
trodes 10, the insulation films 11, the diffusion layers 12, the
throughholes 13 and 19, the through hole wire 14, the through
hole wire 15, the ground electrode pad 16, the bottom elec-
trode pad 17, the upper electrode pad 18, the via wires 64 and
66, the bridge wire 65, and an insulation film 82.

[0151] In the MUT element 2, the surface of the substrate
(Si substrate) 3 is covered with an oxide film (SiO,) (insula-
tion film 11). In each cell 1, the membrane 5 is supported by
the supporting members 4 disposed at both ends of each cell
1. The supporting members 4 are made of SiN or SiO,. The
membrane 5 is made of SiN.

[0152] On the surface of the substrate 3 between the sup-
porting members 4, the bottom electrode 7 is formed. On the
bottom electrode 7, the insulation film 82 is formed. The
cavity 6 is enclosed by the membrane 5, the supporting mem-
ber 4, and the insulation film 82.

[0153] The through hole 13 pierces the substrate 3. On the
side wall of the through hole 13, the through hole wire 14 is
formed. The through hole wire 14 electrically connects the
bottom electrode 7 and the bottom electrode pad 17 provided
on the bottom surface of the substrate 3. In other words, the
bottom electrode pad 17 serves as a terminal of the bottom of
the substrate 3 with respect to the bottom electrode 7.
[0154] The common ground electrode 8 is formed on the
upper surface of the membrane 5. The piezoelectric film 9 is
formed thereon. The common ground electrode 8 is electri-
cally continuous to the diffusion layer 12 provided on the
upper surface side of the substrate 3 through the via wire 66.
Also, the diffusion layer 12 is provided on the bottom surface
side of the substrate 3. The upper surface side and the bottom
surface side of the substrate 3 are electrically continuous to
each other through the diffusion layer 12. The diffusion layer
12 on the bottom surface side of the substrate 3 is electrically
continuous to the ground electrode pad 16. Accordingly, the
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ground electrode pad 16 serves as a terminal of the bottom
surface side of the substrate 3 with respect to the common
ground electrode 8.

[0155] The material of the piezoelectric film 9 does not
contain lead. The piezoelectric film 9 is made of, for example,
aluminum nitride, zinc oxide, barium titanate, barium stron-
tium titanate, or the like.

[0156] On the upper surface of the piezoelectric film 9, the
upper electrode 10 is formed. The via wire 64 is provided to
the upper electrode 10 of each cell, and they are electrically
continuous through the bridge wire 65.

[0157] The through hole 19 pierces the substrate 3. On the
side wall of the through hole 19, the through hole wire 15 is
formed. The through hole wire 15 is electrically continuous to
the upper electrode pad 18 provided on the bottom surface of
the substrate 3. The upper electrode 10 s electrically continu-
ous to the through hole wire 15. In other words, the upper
electrode pad 18 serves as a terminal of the bottom surface
side of the substrate 3 with respect to the upper electrode 10.
[0158] The membrane 5 of each cell according to the
present embodiment is separated from the membranes of the
adjacent cells by the interstices 60, and is independent. Also,
the MUT according to the present embodiment has the sup-
porting members 4 along the nodes of the fundamental vibra-
tions obtained when the membranes 5 vibrate freely.

[0159] For the insulation film 82, materials having a high
dielectric constant such as SrTiQ;, barium titanate BaTiO;,
barium strontium titanate, tantalum pentoxide, niobium
oxide stabilized tantalum pentoxide, oxidized aluminum,
oxidized titanium TiO, or the like are used.

[0160] FIG. 8is atop view of the MUT showninFIG. 7. As
shown in FIG. §, the MUT according to the present embodi-
ment does not form the upper electrode 10 entirely over the
membrane 5, but forms it on parts (parts indicated by cross
shapes in FIG. 8) thereof.

[0161] Thehigh-frequency waves to be removed according
to the present embodiment are only of the frequency that is
obtained by multiplying the fundamental frequency with odd
numbers (three times, five times . . . ). The vibration of the
circular plate resonates with not only the fundamental waves
but also with the frequency obtained by multiplying the odd
numbers. The nodes of the vibrations are different from those
of the fundamental waves. When the piezoelectric film causes
the bending vibrations, it becomes convex or concave in the
same direction over its entirety in the case of the fundamental
waves, and accordingly the polarity of the voltage charge
generated in the electrode is the same (see FIG. 9A). How-
ever, in the piezoelectric high-order vibration, the directions
of the convexities are opposed to each other between the
inside and the outside of the node when it is the third order.
Accordingly, the generated charges are also opposed (see
FIG. 9B).

[0162] When one electrode receives these charges of both
polarities, the charges are cancelled in the electrode, and at
the same time this piezoelectric high-order vibration is
damped. Ifa feedback signal including the piezoelectric high-
order vibration is used, a frequency-changing phenomenon
(in which the fundamental vibration changes into the high-
order piezoelectric vibrations depending upon the circum-
stances) s caused, and the vibration becomes unstabilized so
that the vibration efficiency is reduced and a malfunction
occurs. Above phenomena sametimes called as resonant fre-
quency jump phenomena. For example, the node of the fun-
damental wave having a A/2 resonance and the node of the
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high-order vibration having a 3A/2 resonance are close to
each other, and accordingly 3A/2 resonances tend to be gen-
erated, and the charges of the opposed polarity generated by
this 32./2 resonance are short-circuited in the electrode so that
only the charges generated by the fundamental vibrations
remaining as a result are used as the feedback signals.
[0163] Also, in FIG. 8, one end of the upper electrode 10 is
not extended to the end of the membrane 5; however, the
scope of the present invention is not limited to this example,
and it may be extended to the outer periphery of the mem-
brane 5. Also, the length of the upper electrode 10 may be
equal to the radius in an extreme case (one end of the upper
electrode 10 has to be extended to the periphery of the mem-
brane, and the other end has to pass through the center of the
membrane).

[0164] Also, the scope of the present invention is not lim-
ited to the cross shape composed of two lines in FIG. 8, and
one or three or more lines can be used. Also, the shape is not
limited to being linear, and circles or the like can be used.
[0165] Also, the MUT shown in FIG. 8 can be used for the
circuit shownin FIG. 3. However, in this case, it is not suitable
for the left portion of the circuit (mechanical portion for the
echo signal reception). When it is to be applied to the left
portion in FIG. 3, the upper electrode 10 of the piezoelectric
film 9 would more suitably be circular rather than being the
cross shape electrode so that it can be closer to the diameter of
the piezoelectric film because piezoelectric conversion sig-
nals (charge signals) from the ultrasound echo signals can be
obtained in greater number, and this is advantageous.

[0166] In the third embodiment, the high-frequency wave
components are removed by the control of the circuit. How-
ever, in the present embodiment, only the fundamental vibra-
tions are generated and high-order vibrations are not gener-
ated so that the high-frequency wave components themselves
are not caused.

Fifth Embodiment

[0167] In the present embodiment, a MUT that uses the
piezoelectric elements for the supporting members is
explained. Also, in the explanation below, the same constitu-
ent elements as in the above embodiments are denoted by the
same numerals, and for the detailed explanation thereof, refer
to the above embodiments.

[0168] FIG.10shows across section of the MUT according
to the present embodiment. The MUT shown in FIG. 10 is a
micromachined ultrasound transducer. The MUT includes
the semiconductor substrate 3, piezoelectric supporting
members 91, the membranes 5, the cavities 6, the bottom
electrodes 7, the upper electrodes 10, the insulation film 11,
the insulation film 82, and drive electrodes 90 for driving a
piezoelectric supporting member 91. Also, in FIG. 10, the
diffusion layer, the substrate through hole, the through hole
wire which is formed on the side wall of the through hole and
is electrically continuous to the bottom electrode, and the like
are not shown.

[0169] The surface of the substrate (Si substrate) 3 which
comprises the MUT element is covered with an oxide film
(S10,) (insulation film 11). In each cell, the membranes 5
having the upper electrode 10 are supported by the piezoelec-
tric supporting members 91 disposed at both ends of the cell.
The membranes 5 are made of SiN.

[0170] Thebottom electrode7 is arranged so that it does not
face the drive electrode 90 on the surface of the substrate 3
between the piezoelectric supporting members 91, and the
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insulation film 82 is formed thereon. The drive electrode 90 is
formed on the insulation film 82.

[0171] On the upper surface of the drive electrode 90, the
piezoelectric supporting members 91 are formed. The piezo-
electric supporting member 91 contacts the upper electrode
10. The cavities 6 are the spaces enclosed by the upper elec-

trode 10, the piezoelectric supporting member 91, and the
insulation film 82 in FIG. 10.

[0172] The membrane 5 of each cell according to the
present embodiment is separated from the membranes of the
adjacent cells by the interstices 60, and is independent. Also,
the MUT according to the present embodiment has the piezo-
electric supporting members 91 along the nodes of the fun-
damental vibrations obtained when the membranes 5 vibrate
freely as well as the second embodiment. The piezoelectric
supporting member 91 is made of a single layered or stacked
layered structure of, for example, aluminum nitride, zinc
oxide, barium titanate, barium strontium titanate, or the like.

[0173] For the insulation film 82, materials having a high
dielectric constant such as SrTiO;, barium titanate (BaTiO;),
barium strontium titanate, tantalum pentoxide, niobium
oxide stabilized tantalum pentoxide, oxidized aluminum,
oxidized titanium (TiO,), or the like are used.

[0174] FIGS. 11A, 11B, and 11C show the operation prin-
ciples of the MUT according to the present embodiment.
FIGS. 11A through 11C schematically show the MUT shown
in FIG. 10. FIGS. 11A through 11C show the operation of
obtaining greater sound pressure of transmission ultrasound
with the piezoelectric supporting members 91 expanding and
shrinking together with the vibrations of the membranes 5 in
order to accelerate the pressure waves by the membrane
vibrations.

[0175] InFIG. 11A, the voltage applied to the bottom elec-
trode 7 for the electrostatic driving (electrostatic driving
application voltage) is zero and the voltage applied to the
drive electrode 90 (piezoelectric driving application voltage)
for the piezoelectric driving is zero. Accordingly, deforma-
tion of neither the membrane 5 nor the piezoelectric support-
ing member 91 has occurred.

[0176] In FIG. 11B, the piezoelectric driving application
voltage is zero, and the electrostatic actuation is caused by
applying voltage only to the bottom electrode 7. In this case,
only the deformation of the membrane 5 has occurred.
Numeral 5-1 denotes the maximum bending deformation
state of membrane. The deformation amount is denoted by
numeral 103. By this bending deformation of the membrane
5, the ultrasound is transmitted toward the direction repre-
sented by an arrow 101. Numeral 102 denotes the ultrasound
compression wave. The piezoelectric supporting member 91
does not deform. Numeral 105 denotes the height of the
piezoelectric supporting member 91 when it is not deformed.

[0177] FIG. 11C shows a state in which the maximum
voltage has been applied to the bottom electrode 7 and the
drive electrode 90. Then, the electrostatic driving and the
piezoelectric driving become the maximum. In other words,
the deformation of the membrane 5 becomes the maximum,
and also the deformation of the piezoelectric supporting
member 91 becomes the maximum. Numeral 107 denotes the
height of the piezoelectric supporting member in the maxi-
mum deformation state. Also, the ultrasound compression
wave denoted by numeral 106 is compressed more than the
ultrasound compression wave 102 because the bending defor-
mation (5-1) of the membrane and the expansion deformation



US 2009/0001853 A1

(107) of the piezoelectric elements are superposed. In other
words, further greater sound pressure of sound source can be
caused.

[0178] Also, when receiving ultrasound, the entirety of the
membrane is used for receiving the ultrasound so that the
pressure is applied also to the piezoelectric supporting mem-
bers 91 that are supporting the membrane. Thereby, voltage is
obtained by the piezoelectric effect in the supporting mem-
bers. Accordingly, the piezoelectric supporting member 91
can also be used for the detection of the reception ultrasound.
[0179] However, when transmitting ultrasound, vibrations
are not applied to the piezoelectric supporting member 91,
and accordingly a detection signal based on the deformation
of the membrane is not generated. Accordingly, because a
feedback signal is not obtained, the self oscillating circuit
does not cause the self-oscillation, and thus the circuit shown
in FIG. 3 cannot be applied. However, when the positions of
the piezoelectric supporting members 91 are set at the ends of
the membrane, it is possible to convert the waves into short
pulse waves by utilizing the feedback signals by using the
circuit shown in FIG. 3 or by applying a vibration waveform
that cancels the tailing portion of the pulse signal upon receiv-
ing it in order to perform the dumping on the tailing portions.
[0180] According to the present embodiment, it is possible
to increase the level of the output of the output ultrasound by
using piezoelectric elements for the supporting members in
order to cause the vertical deformation of the membrane itself
based on the elevation of the piezoelectric elements in addi-
tion to the deformation by the vibration of the membrane.

Sixth Embodiment

[0181] In the present embodiment, a MUT that uses piezo-
electric elements as the members for supporting the mem-
branes of the MUT consisting of the cMUT and the pMUT
will be explained. This MUT corresponds to the MUT
obtained by combining the first and fifth embodiments. Also,
in the explanation below, the same constituent elements as in
the above embodiments are denoted by the same numerals,
and for the detailed explanation thereof, refer to the above
embodiments.

[0182] FIG. 12 is a cross-sectional view of the MUT
according to the present embodiment. The MUT shown in
FIG. 12 is a micromachined ultrasound transducer. The MUT
shown in FIG. 12 is a device in which piezoelectric elements
(piezoelectric supporting members 91) are used as the sup-
porting members 4 in the MUT in FIG. 1. In order to cause
these piezoelectric supporting members 91 to function, a
through hole 112 is made on the substrate 3, and a through
hole wire 114 is formed on the side wall thereof. The piezo-
electric supporting member 91 and a drive electrode pad 113
for driving the supporting member 91 are electrically con-
tinuous to each other via the through hole wire 114.

[0183] The drive electrode 90 includes an electrode 901
serving as an electrode of the upper surface side of the piezo-
electric supporting member 91 and a wire 902 arranged so
that it does not face the bottom electrode 7. In other words, in
order to avoid the interference of the electric field caused by
the bottom electrode 7, the wires 902 are not arranged above
the cavity or the electrode 7.

[0184] On the upper surface side of the piezoelectric sup-
porting member 91, the electrode 901 is formed, and on the
bottom surface side thereof, a ground electrode (ground elec-
trode for piezoelectric supporting member) that is not shown
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in the figure is formed. On the upper surface of the drive
electrode 90, the membrane 5 is formed.

[0185] The drive electrode 90 is electrically continuous to
the drive electrode pad 113 on the back surface side of the
substrate 3 via the through hole wire 114 arranged in the
through hole 112, and accordingly the driving voltage can be
applied to the drive electrode 90 independently from the
application of voltage to the bottom electrode 7. Also, the
scope of the present invention is not limited to this, and it is
possible to employ a configuration in which the drive elec-
trode 90 is connected so that it has the same potential as the
common ground electrode 8, and in which the bending vibra-
tions of the membrane 5 and the thickness vibration of the
piezoelectric supporting member 91 synchronize each other.
[0186] Also, in FIG. 12, the drive electrode 90 and the
through hole wire 15 are arranged so that they do not is cross
each other. Also, an insulation film (not shown) is formed on
both or one of the surfaces of the cavity side of the bottom
electrode 7 and the drive electrode 90 in order to avoid a short
circuit between the electrodes. Also, although it is not shown
for the sake of keeping the figure simple, insulation materials
are arranged between the wires from the piezoelectric film 9,
the common ground electrode 8, and the electrode 901 for the
piezoelectric supporting member 91 so that these wires are
not continuous to each other or with the respective electrodes.
[0187] FIG. 13 shows a circuit configuration of the ultra-
sound probe 24 according to the present embodiment. The
circuit shown in FIG. 13 is obtained by replacing the MUT 31
shown in FIG. 3 with the MUT shown in FIG. 12.

[0188] A MUT 121 schematically shows the MUT shown
in FIG. 12. The MUT 121 includes a cMUT 122, a pMUT
123, and a thin film piezoelectric transducer 128. A common
ground electrode 125 is a common ground electrode for the
c¢MUT 122 and the pMUT 123.

[0189] ThecMUT 122 includes a bottom electrode 124 and
the common ground electrode 125. The ¢cMUT 122 corre-
sponds to a portion consisting of the bottom electrode 7, the
cavity 6, and the common ground electrode 8 in FIG. 12.
[0190] The pMUT 123 includes an upper electrode 126, a
piezoelectric film 130, and the common ground electrode
125. The pMUT 123 corresponds to a portion consisting of
the upper electrode 10, the piezoelectric film 9, and the com-
mon ground electrode 8 in FIG. 12.

[0191] Thethinfilm piezoelectric transducer 128 includes a
drive electrode 129 for driving a piezoelectric supporting
member, a piezoelectric film 131, and a ground electrode 132
for a piezoelectric supporting member. The thin film piezo-
electric transducer 128 corresponds to a portion consisting of
the drive electrode 90, the piezoelectric supporting member
91, and the ground electrode for piezoelectric supporting
electrode (not shown) in FIG. 12.

[0192] Also, in FIG. 12, a self oscillating circuit includes
the MUT 121, the FET 38, and the transmission line 37.
[0193] The operations of transmission and reception of the
ultrasound beams of the Endoscopic ultrasound diagnosis
system 1 according to the present embodiment will be
explained.

[0194] When receiving the ultrasound beams, a switch con-
trol signal generator (not shown) performs control so that the
switch SW40 is turned on on the basis of the SW control
signal S; and the switch SW41 is turned off on the basis of the
SW control signal S,.

[0195] The AC signal (alternating voltage signal) S, is
transmitted from the observation device 22 via the coaxial
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cable in the insertion tube 23, and is input into the AC-DC
convertor 45. The AC-DC convertor 45 converts low-voltage
AC signals into high-voltage AC signals, and outputs the DC
high voltage signal 52 by using a high-voltage diode or the
like.

[0196] TheDC voltage S, is applied to the bottom electrode
124 of the cMUT 122 and the drive electrode 129 of the thin
film piezoelectric transducer 128 through the SW 40 and
resistor 39. Then, the membrane 5 is deformed by the elec-
trostatic force generated between the bottom electrode 124
and the common ground electrode 125 (see FIG. 11B). Also,
the piezoelectric film 131 is deformed by the piezoelectric
effect of the piezoelectric film 131 caused by the voltage
applied between the drive electrode 129 and the ground elec-
trode 132 (see FIG. 11C). In other words, similarly to the fifth
embodiment, the bending deformation of the membrane 5 and
the expansion deformation of the piezoelectric film are super-
posed.

[0197] Accompanying the deformation of the membrane 5,
the piezoelectric film 130 provided on the upper surface of the
membrane 5 is also deformed. Then, the voltage signal S, is
generated by the piezoelectric effect based on the deforma-
tion of the piezoelectric film 130. The voltage signal S, is
input, via the feedback signal transmission line 37, into the
gate (G) of the FET 38 as the feedback signal S..

[0198] When the feedback signal S, is input into the gate
(G)of the FET 38, the drain (D) and the source (S) of the FET
38 become electrically continuous to each other, and accord-
ingly the voltage that has been applied to the bottom electrode
124 of the cMUT 122 becomes zero. Then, the force that was
applied to the membrane 5 of the cMUT 122 also becomes
zero. Then, the load on the piezoelectric film 46 of the pMUT
123 side also becomes zero, and accordingly the voltage
signal based on the piezoelectric effect of the pMUT 123 is
not generated and thus the feedback signal S is not output
from the upper electrode 126. Then, the gate voltage of the
FET 38 becomes zero, and the electrical continuity between
the drain and the source is cancelled, and the DC voltage
signal S, 1s again applied to the bottom electrode 124 of the
c¢MUT 122. During the ultrasound transmission, this phe-
nomenon is repeated.

[0199] By causing the positive feedback of the feedback
signal, the self oscillating circuit can obtain the oscillation
frequency of the self oscillating circuit during the ultrasound
transmission. Accordingly, the vibration of the MUT is sta-
bilized at the resonance frequency. As a result of that vibration
of the membrane caused by the vibration operation, ultra-
sound is generated, and ultrasound is transmitted toward the
upward direction of the upper electrode 36.

[0200] Next, when receiving ultrasound, the switch control
signal generator (not shown) that has received the control
signal from the observation device 22 petforms control so that
the switch SW40 is turned off on the basis of the SW control
signal S; and the switch SW41 is turned on on the basis of the
SW control signal S,.

[0201] When the MUT 121 has received ultrasound, the
vibration of the ultrasound beam is propagated to the piezo-
electric film 130 of the pMUT 123, and is converted into
electric signals (pulse echo signal S;) by the piezoelectric
effect. The pulse echo signal S, is input into the gate (G) of the
FET 43. Thereby, the pulse echo signal S, is amplified, is
output from the source (S) side ofthe FET 43, and 1s output as
a pulse echo signal S, to the observation device 22 via the
coaxial cable.
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[0202] In the above explanation, the voltage signal
obtained by the piezoelectric effect of the piezoelectric film at
the time of receiving ultrasound is a pulse echo signal; how-
ever, by obtaining the charges that can be obtained in the
upper electrode (the common ground electrode 35 in FIG. 3)
of the cMUT and detecting them together with a voltage that
can be obtained by the piezoelectric film similarly as in the
conventional techniques, it is possible to increase the recep-
tion sensitivity.

[0203] FIG. 14 is a timing chart of the switch (SW) opera-
tions and the ultrasound wave transmission driving voltage
signal according to the present embodiment. By referring to
FIG. 13, FIG. 14 will be explained. As shown in F1G. 14, the
ultrasound wave transmission time periods (T, T, ... ) and
the echo signal reception time periods (T,, T,, . . . ) are
repeated.

[0204] At the timing T, the SW40 is turned on by the SW
control signal S, (8,=ON), and the SW41 is turned off by the
SW control signal S, (S,=OFF). As explained in FIG. 13,
ultrasound signals are output from the MUT 121. A waveform
140 represents a signal waveform of the ultrasound transmit-
ted from the MUT 121. The lower figure of FIG. 14 is an
enlarged view of the waveform 140. The waveform denoted
by numeral 141 represents an envelope waveform formed on
the basis of the peak values of the amplitude waveform of the
transmitted waveform.

[0205] Next, at the timing 12, the SW40 is turned off by the
SW control signal S (S;=OFF), and the SW41 is turned on by
the SW control signal S, (S,=ON). As explained in FIG. 13,
the ultrasound is received by the MUT 121, and the ultra-
sound signal is converted into electric signals by the piezo-
electric film. Numeral 142 denotes the waveform of the
received echo signal.

[0206] Also, in FIG. 14, the scale of the amplitudes of the
waveform 140 and the waveform 142 are expressed to the
same extent for the purpose of explanation. However, the
scale of the amplitude of the waveform 142 is actually con-
siderably small compared to the waveform 140.

[0207] According to the present embodiment, the effect of
the combination of the first and the fifth embodiments can be
obtained. In other words, during the transmission of ultra-
sound, the self oscillating circuit causes the positive feedback
of the feedback signals, and can obtain the resonance fre-
quency of the self oscillating circuit. Accordingly, the vibra-
tion of the MUT becomes stabilized at the resonance fre-
quency. Further, the output level of the output ultrasound can
be increased by the vertical deformation of the membrane
itself caused by the elevation of the piezoelectric elements in
addition to the deformation caused by the vibrations of the
membrane.

[0208] Also, in the present embodiment, the voltage
applied to the bottom electrode of the cMUT is equal to the
voltage applied to the driving electrode; however, they may be
different from each other.

[0209] As described above, according to the present inven-
tion, when transmitting ultrasound, the output level of the
ultrasound is increased by the synergistic effect between the
electrostatic effect of the cMUT and the piezoelectric effect
of the pMUT. Also, when receiving ultrasound, the reception
sensitivity can be increased by the piezoelectric effect of the
pMUT or by the piezoelectric effect of the pMUT and the
electrostatic effect of the cMUT. Further, when receiving
ultrasound, piezoelectric charges generated in the pMUT are
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utilized so that there is an effect such that a high DC bias
voltage does not have to be applied continuously.

[0210] The MUT according to the present invention can be
produced on a Si substrate by using the micromachining
process, and accordingly it is possible to form the FETs 38
and 43, the resistors 39, 42, and 44, the SWs 40 and 41, and
the AC-DC convertor 45 on or in the Si substrates on which
the MUT is formed. Thereby, it can be made to be further
compact.

[0211] Further, the ultrasound transducer according to the
present invention can be included in Endoscopic ultrasound
diagnosis systems such as an ultrasound endoscope, a minia-
ture ultrasound probe, an intravascular ultrasound probe, or
an ultrasound capsule endoscope. Also, in contrast to the
conventional techniques, a high-voltage DC bias does not
have to be applied, and accordingly it is advantageous in view
of the safety of the Endoscopic ultrasound diagnosis system.
[0212] Also, the scope of the present invention is not lim-
ited to the above embodiments, and various configurations
and shapes can be employed without departing from the spirit
of the present invention.

What is claimed is:

1. An ultrasound transducer manufactured by using a

micromachining process, comprising:

afirst electrode into which a control signal for transmitting
ultrasound is input;

a substrate on which the first electrode is formed;

asecond electrode that is a ground electrode facing the first
electrode with a prescribed space between the first and
second electrodes;

a membrane on which the second electrode is formed and
which vibrates and generates the ultrasound when volt-
age is applied between the first and second electrodes;

a piezoelectric film contacting the membrane; and

a third electrode jointed to the piezoelectric film.

2. The ultrasound transducer according to claim 1,

wherein:

the piezoelectric film is stacked and arranged on a surface
of the membrane.

3. The ultrasound transducer according to claim 1,

wherein:

the piezoelectric film is a supporting member for support-
ing the membrane.

4. The ultrasound transducer according to claim 2,

wherein:

the third electrode is formed on one surface of the piezo-
electric film, and the second electrode is formed on the
other surface of the piezoelectric film.

5. The ultrasound transducer according to claim 1,

wherein:

the piezoelectric film is a piezoelectric material that does
not contain lead.

6. The ultrasound transducer according to claim 5,

wherein:

the piezoelectric material is one of aluminum nitride, zinc
oxide, barium titanate, and barium strontium titanate.

7. The ultrasound transducer according to claim 3, further

comprises:

a supporting member for supporting the membrane, said
supporting member being arranged along a node of fun-
damental vibration obtained when the membrane
vibrates freely.

8. The ultrasound transducer according to claim 2,

wherein:
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one end of the third electrode is provided so that said one
end reaches a periphery of the membrane, and the other
end of the third electrode extends at least to a center of
the membrane.

9. The ultrasound transducer according to claim 1,

wherein:

the piezoelectric film is a first piezoelectric film stacked
and arranged on a surface of the membrane and a second
piezoelectric film formed as a supporting member for
supporting the membrane;

the third electrode is formed on one surface of the first
piezoelectric film, and the second electrode is formed on
the other surface of the first piezoelectric film; and

the ultrasound transducer further comprises:

a fourth electrode which is connected to the second
piezoelectric film and into which the control signal is
input.

10. The ultrasound transducer according to claim 9,
wherein:

the second piezoelectric film as the supporting member
supports an end of the membrane; and

when ultrasound that has been received by the membrane is
converted into a pulse signal by the first piezoelectric
film, damping is performed on a tailing portion of the
pulse signal by applying to the fourth electrode the con-
trol signal for cancelling the tailing portion of the pulse
signal.

11. An ultrasound transducer device manufactured by
using a micromachining process having an ultrasound trans-
ducer comprising:

a first electrode into which a control signal for transmitting

ultrasound is input;

a substrate on which the first electrode is formed;

asecond electrode that is a ground electrode facing the first
electrode with a prescribed space between the first and
second electrodes;

a membrane on which the second electrode is formed and
which vibrates and generates the ultrasound when volt-
age is applied between the first and second electrodes;

a first piezoelectric film formed on the second electrode
formed on a surface of the membrane; and

a third electrode that is connected to the first piezoelectric
film and faces the second electrode via the piezoelectric
film, said ultrasound transducer device comprising:

a conversion unit boosting an alternating current low volt-
age signal conveyed from a conveying cable, and con-
verting it into a direct current voltage signal;

a first switching unit switching an electrical connection
between the conversion unit and the first electrode;

a self oscillating unit performing self-oscillation on the
basis of the direct current voltage signal input into the
first electrode in order to drive the ultrasound transducer
to transmit ultrasound;

a reception signal processing unit performing a prescribed
signal process on a reception signal created on the basis
of the ultrasound received by the ultrasound transducer;
and

a second switching unit switching an electrical connection
between the conversion unit and the reception signal
processing unit.

12. The ultrasound transducer device according to claim

11, wherein:
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the first switching unit and the second switching unit are
respectively turned on and turned oft when transmitting
ultrasound, and are respectively turned off and turned on
when receiving ultrasound.
13. The ultrasound transducer device according to claim
12, wherein:
the first switching unit and the second switching unit are a
pair of electronic switches.
14. The ultrasound transducer device according to claim
13, wherein:
the first switching unit and the second switching unit are
integrated on a surface of the substrate or in the sub-
strate.
15. The ultrasound transducer device according to claim
11, wherein:
the ultrasound transducer further comprises:

a piezoelectric supporting member for supporting the
membrane formed of a second piezoelectric film; and

a fourth electrode into which the direct current voltage
signal for driving the piezoelectric supporting mem-
ber is input.

16. The ultrasound transducer device according to claim
11, wherein:
the self oscillating unit:

is a positive feedback circuit including at least an ampli-
fication element for amplifying the feedback signal
and the ultrasound transducer; and

inputs, into the amplification element as a feedback signal,
a voltage signal generated from the first piezoelectric
film corresponding to deformation of the membrane
activated by applying the direct current voltage signal
between the first electrode and the second electrode.
17. The ultrasound transducer device according to claim
16, wherein:
the self oscillating unit further comprises:

a phase adjustment element for adjusting phases of the
feedback signal in a stage earlier than the amplifica-
tion element.

18. The ultrasound transducer device according to claim
16, wherein:
the self oscillating unit further comprises:

a high-frequency wave removal unit removing a high-
frequency wave corresponding to a high-order vibra-
tion mode.

19. The ultrasound transducer device according to claim
11, wherein:
the reception signal processing unit includes:

acharge amplification unit detecting the reception signal
that is a charge signal;

an impedance conversion unit converting the reception
signal having a high impedance into a reception signal
having a low impedance; and

avoltage amplification unit amplifying the voltage of the
reception signal.

20. The ultrasound transducer device according to claim
11, wherein:
the ultrasound transducer, the self oscillating unit, the
reception signal processing unit, the first switching unit,
and the second switching unit are integrated on the sub-
strate.
21. An Endoscopic ultrasound diagnosis system compris-
ing the ultrasound transducer according to claim 1.
22. The Endoscopic ultrasound diagnosis system accord-
ing to claim 21, wherein:
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the Endoscopic ultrasound diagnosis system is an ultra-
sound endoscope.

23. The Endoscopic ultrasound diagnosis system accord-

ing to claim 21, wherein:

the ultrasound transducer is used as a miniature ultrasound
probe inserted into a forceps opening of an endoscope.

24. The Endoscopic ultrasound diagnosis system accord-
ing to claim 21, wherein:

the ultrasound transducer is used as an intravascular ultra-
sound probe.

25. The Endoscopic ultrasound diagnosis system accord-

ing to claim 21, wherein:

the ultrasound transducer is used as an ultrasound capsule
endoscope.

26. An Endoscopic ultrasound diagnosis system including

the ultrasound transducer device according to claim 11.

27. The Endoscopic ultrasound diagnosis system accord-
ing to claim 26, wherein:

the Endoscopic ultrasound diagnosis system is an ultra-
sound endoscope.

28. The Endoscopic ultrasound diagnosis system accord-

ing to claim 26, wherein:

the ultrasound transducer device is used as a miniature
ultrasound probe inserted into a forceps opening of an
endoscope.

29. The Endoscopic ultrasound diagnosis system accord-

ing to claim 26, wherein:

the ultrasound transducer device is used as an intravascular
ultrasound probe.

30. The Endoscopic ultrasound diagnosis system accord-

ing to claim 26, wherein:

the ultrasound transducer device is used as an ultrasound
capsule endoscope.

31. A method of controlling an ultrasound transducer
manufactured by using a micromachining process, compris-
ing:

a first electrode into which a control signal for transmitting

ultrasound is input;

a substrate on which the first electrode is formed;

asecond electrode that is a ground electrode facing the first
electrode with a prescribed space between the first and
second electrodes;

a membrane on which the second electrode is formed and
which vibrates and generates the ultrasound when volt-
age is applied between the first and second electrodes;

a first piezoelectric film formed on the second electrode
formed on a surface of the membrane; and

a third electrode contacting the first piezoelectric film and
facing the second electrode via the piezoelectric film,
wherein:

the piezoelectric film stacked and arranged on a surface of
the membrane detects deformation of the membrane that
deforms corresponding to the control signal input into
the first electrode.

32. The method of controlling an ultrasound transducer

according to claim 31, wherein:

the ultrasound transducer further comprises:

a piezoelectric supporting member for supporting the
membrane formed of a second piezoelectric film; and

a fourth electrode into which the control signal for driv-
ing the piezoelectric supporting member is input,
wherein:

ultrasound is transmitted by deformation of the membrane
vibrating on the basis of voltage applied between the first
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and second electrodes and by deformation of the piezo-

electric supporting member by voltage applied to the

fourth electrode.

33. A method of controlling an ultrasound transducer
device manufactured by using a micromachining process,
comprising:

an ultrasound transducer including:

a first electrode into which a control signal for transmit-
ting ultrasound is input;

a substrate on which the first electrode is formed;

a second electrode that is a ground electrode facing the
first electrode with a prescribed space between the
first and second electrodes;

a membrane on which the second electrode is formed
and which vibrates and generates ultrasound when
voltage is applied between the first and second elec-
trodes;

a first piezoelectric film formed on the second electrode
formed on a surface of the membrane; and

athird electrode connected to the first piezoelectric film
and facing the second electrode via the piezoelectric
film; and

a conversion unit boosting an alternating current low-volt-
age signal conveyed from a conveying cable, and con-
verting it into a direct current voltage signal;

a first switching unit switching an electrical connection
between the conversion unit and the first electrode;

a self oscillating unit performing self-oscillation on the
basis of the direct current voltage signal input into the
first electrode in order to drive the ultrasound transducer
to transmit ultrasound;

areception signal processing unit performing a prescribed
signal process on a reception signal created on the basis
of the ultrasound received by the ultrasound transducer;
and
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a second switching unit switching an electrical connection
between the conversion unit and the reception signal
processing unit, wherein:

when transmitting ultrasound, the first switching unit is
turned on and the second switching unit is turned off;

an alternating current voltage signal for controlling vibra-
tion of the membrane is boosted by the conversion unit in
order to convert it into a direct current voltage signal;

the direct current voltage signal is supplied to the self
oscillating unit via the first switching unit; and

ultrasound is transmitted from the ultrasound vibration on
the basis of the self oscillating unit.

34. The method of controlling an ultrasound transducer

device according to claim 33, further comprising:

turning off the first switching unit and turning on the sec-
ond switching unit when receiving ultrasound,

receiving ultrasound by the ultrasound transducer and con-
verting the received ultrasound into an electric signal,

conveying the reception signal converted into the electric
signal to the reception signal processing unit; and

amplifying the voltage of the reception signal by the recep-
tion signal processing unit, and performing impedance
conversion.

35. The method of controlling an ultrasound transducer

device according to claim 33, wherein:

the ultrasound transducer further comprises:

a piezoelectric supporting member for supporting the
membrane formed of a second piezoelectric film; and
a fourth electrode into which the control signal for driv-
ing the piezoelectric supporting member is input; and
deformation of the membrane vibrating on the basis of
voltage applied between the first and second electrodes
and deformation of the piezoelectric supporting member
by voltage applied to the fourth electrode are superposed
so that the deformations are in phase so that ultrasound

is transmitted.
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