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ULTRASOUND TRANSDUCER ELEMENT
AND ULTRASOUND ENDOSCOPE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
PCT/IP2013/078935 filed on Oct. 25, 2013 and claims ben-
efit of Japanese Application No. 2012-251444 filed in Japan
on Nov. 15, 2012, the entire contents of which are incorpo-
rated herein by this reference.

BACKGROUND OF INVENTION
[0002] 1. Field of the Invention
[0003] The present invention relates to an ultrasound trans-

ducer element (hereinafter also referred to an “element™)
provided with a cell group constituted by a plurality of capaci-
tive ultrasound transducer cells (hereinafter also referred to as
“cells”), and an ultrasound endoscope provided with an inser-
tion portion with the ultrasound transducer element arranged
at a distal end portion.

[0004] 2. Description of the Related Art

[0005] An ultrasound diagnostic method of radiating an
ultrasound to an inside of a body and performing imaging of
a state inside the body from an echo signal to make a diagno-
sis has been spreading. One of medical apparatuses used for
the ultrasound diagnostic method is an ultrasound endoscope.
In the ultrasound endoscope, an element is arranged at a
distal-end rigid portion of an insertion portion to be intro-
duced into an inside of a body. The element has a function of
converting an electrical signal to an ultrasound and transmit-
ting the ultrasound into the body, and a function of receiving
an ultrasound reflected inside the body and converting the
ultrasound to an electrical signal.

[0006] For a lotoftoday’s elements, ceramic piezoelectric
materials including lead, which is environmentally very haz-
ardous, for example, PZT (lead titanium zirconium oxide),
are mainly used. On the other hand, development of an ele-
ment manufactured with the use of MEMS (micro electro
mechanical systems) has been advanced, the element having
a plurality cells constituted by capacitive micro-machined
ultrasonic transducers (hereinafter referred to as “c-MUTSs”)
the material of which does not include lead.

[0007] For example, an element 120 shown in FIGS. 110 3
is disclosed in specification of U.S. Pat. No. 6,854,338. As
shown in FIG. 1, whichis a top view, the element 120 has cells
110 constituted by twenty-five c-MUTs, which are a base unit
of ultrasound transmission/reception.

[0008] FIG. 2 is a cross-sectional view of one of the cells
110 of the element 120. FIG. 3 is a partially exploded view of
four of the cells 110 of the element 120 shown in FIG. 1, and
a regular square indicated by broken lines shows an area
exclusive to one cell 110, in other words, a plane view shape
of the cell 110. Note that the plane view shape will be here-
inafter referred to simply as a shape below. The shape of the
cell 110 can be regarded as a regular square.

[0009] As shown in FIGS. 2 and 3, the cell 110 has a
conductive substrate 111, which is also a lower electrode 12,
and an upper electrode 116 arranged facing the substrate 111,
with a cavity 114H therebetween. An area of the upper elec-
trode 116 immediately above the cavity 114H constitutes a
membrane 118 which ultrasonically vibrates. The cavity
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114H is formed by a through hole formed in an insulating
layer 114. The cavity 114H is a sealed space isolated from an
outside.

[0010] When a drive signal is applied between the lower
electrodes 12 and the upper electrodes 116, the membranes
118 vibrate, and the cells 110 generate an ultrasound. When
an ultrasound comes in from the outside, the ultrasound is
converted to an electrical signal by utilizing a fact that the
membranes 118 are deformed, and capacitance between the
electrodes changes. The larger an aperture ratio indicated by
“(an area of the membranes 118)/(an area of the cells 110)”,
the higher a transmission/reception sensitivity of the element
120 is.

[0011] Inthe element 120 having the regularly square cells
110, areas other than areas of the membranes 118 immedi-
ately above the circular cavities 114H are non-sensitive areas
which do not contribute to transmission/reception of an ultra-
sound. For example, capacitance between the electrodes in
the non-sensitive areas is so-called parasitic capacitance
which does not change at a time of receiving an ultrasound.

SUMMARY OF THE INVENTION

[0012] An ultrasound transducer element of an embodi-
ment of the present invention is an ultrasound transducer
element including a cell group constituted by a plurality of
ultrasound transducer cells, wherein each of the plurality of
ultrasound transducer cells includes a lower electrode
arranged on a substrate, a membrane including an upper
electrode arranged facing the lower electrode with a cavity
positioned therebetween, and a plurality of pillars forming the
cavity by supporting the membrane, and each cavity mutually
communicates with one another.

[0013] An ultrasound endoscope of another embodiment is
an ultrasound endoscope including: an insertion portion with
an ultrasound transducer element arranged at a distal end
portion thereof, the ultrasound transducer element including
a cell group constituted by a plurality of ultrasound trans-
ducer cells; an operation portion arranged on a proximal end
side of the insertion portion; and a universal cord extending
from the operation portion; wherein each of the plurality of
ultrasound transducer cells includes a lower electrode
arranged on a substrate, a membrane including an upper
electrode arranged facing the lower electrode with a cavity
positioned therebetween, and a plurality of pillars forming the
cavity by supporting the membrane, and each cavity mutually
communicates with one another.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1isatop view of a conventional element;
[0015] FIG. 2 is a cross-sectional view of an ultrasound
transducer cell of the conventional element;

[0016] FIG. 3 is an exploded view of the conventional ele-
ment;

[0017] FIG. 4 is a perspective view of an element of a first
embodiment;

[0018] FIG. 5 is a cross-sectional view of an ultrasound

transducer cell of the element of the first embodiment;

[0019] FIG. 6 is an exploded view of the element of the first
embodiment;
[0020] FIG. 7 is a schematic top view for illustrating the

cells of the element of the first embodiment;
[0021] FIG. 8A is a diagram showing a modification of a
pillar of the element of the first embodiment;
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[0022] FIG. 8B is a diagram showing a modification of the
pillar of the element of the first embodiment;
[0023] FIG. 8C is a diagram showing a modification of a
pillar of the element of the first embodiment;
[0024] FIG. 8D is a diagram showing a modification of a
pillar of the element of the first embodiment;

[0025] FIG.9isanexploded view ofan element of a second
embodiment;
[0026] FIG. 10 is a schematic top view for illustrating an

element of a third embodiment;

[0027] FIG. 11 is a schematic top view for illustrating an
element of a fourth embodiment;

[0028] FIG. 12 is a schematic top view for illustrating an
element of a fifth embodiment;

[0029] FIG. 13 is a schematic top view for illustrating an
element of a sixth embodiment;

[0030] FIG. 14 is a schematic top view for illustrating an
element of a seventh embodiment;

[0031] FIG. 15 is a schematic top view for illustrating an
element of an eighth embodiment;

[0032] FIG. 16 is a schematic top view for illustrating an
element of a ninth embodiment;

[0033] FIG. 17 is a schematic top view for illustrating an
element of a tenth embodiment;

[0034] FIG. 18 is an exploded view of an element of an
eleventh embodiment;

[0035] FIG.19is atop view of a sealing wall of the element
of the embodiments;

[0036] FIG. 20 is a perspective view of an array-type ultra-
sound transducer of an ultrasound endoscope of a twelfth
embodiment; and

[0037] FIG. 21 is an external view of the ultrasound endo-
scope of the twelfth embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

First Embodiment

[0038] As shown in FIG. 4, in an ultrasound transducer
element 20 of the present embodiment, a cell group 107
constituted by a plurality of ultrasound transducer cells 10 is
arranged on a substrate 11. When a drive signal is applied
between a lower electrode terminal 12T and an upper elec-
trode terminal 16T, the cell group 107 transmits an ultra-
sound, and the incident ultrasound is converted to an electri-
cal signal on the basis of change in capacitance between the
lower electrode terminal 12T and the upper electrode terminal
16T, and received.

[0039] AsshowninFIG. 5, the cell 10 has a lower electrode
12 connected to the lower electrode terminal 12T, a lower
insulating layer 13 covering the lower electrode 12, pillars 14
foiniing a cavity 14H, and a membrane 18 which is supported
by the pillars 14 and includes an upper electrode 16 connected
to the upper electrode terminal 16T. An area of the membrane
18 immediately above the cavity 14H includes an upper insu-
lating layer 15, the upper electrode 16, and a protective layer
17.

[0040] The pillars 14 form the cavity 14H by supporting the
membrane 18. As described later, the cavity 14H is a space in
avacuum or a space in which desired gas is sealed at a desired
gas pressure.

[0041] Note that, though an insulating film is formed on a
surface of the substrate 11 made of single crystal silicon or the
like, the film is not shown. The lower electrode 12 is a single-
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layer film or a multi-layer film made of conductive metal, for
example, Al, Mo, W, Ti or an alloy of the metals.

[0042] Note that graphene, silicene or the like may be used
for the upper electrode 16 in order to thin thickness of the
membrane 18. Graphene has a two-dimensional net structure
or a structure in which a plurality of two-dimensional net
structure layers are laminated, the structure being constituted
by carbon atoms. Silicene has a two-dimensional net structure
constituted by silicon atoms. Graphene and the like have
conductivity, high rigidity and high theitnal conductivity
equal to those of a metal though its thickness is very small.
[0043] The lower insulating layer 13, the upper insulating
layer 15 and the pillars 14 are made of silicon nitride, silicon
oxide, tantalum oxide, hafnium oxide or the like.

[0044] The lower insulating layer 13, the upper insulating
layer 15 and the pillars 14 may be made of different materials,
respectively. Note that at least either the lower insulating
layer 13 or the upper insulating layer 15 is not an indispens-
able component.

[0045] The lower insulating layer 13 protects the lower
electrode 12 during a process and guarantees electrical insu-
lation between the lower electrode 12 and the upper electrode
16. A surface of the lower insulating layer 13 formed as a film
such that it covers the lower electrode 12 is flattened by a
CMP method or the like as necessary after being formed as
the film.

[0046] The cavity 14H is formed by sacrificing layer etch-
ing. That is, the pillars 14 and a sacrificing layer are arranged
on the lower insulating layer 13 and covered with the upper
insulating layer 15 or the like.

[0047] Then, by forming a through hole (VIA hole) in the
upper insulating layer 15 or the like covering the sacrificing
layer, etchant is injected into the sacrificing layer. Then, by
selectively etching the sacrificing layer, the cavity 14H,
which is a cavity portion, is formed. Material of the sacrific-
ing layer is selected from among materials having a high
etching selectivity relative to surrounding material. For
example, when the lower insulating layer 13 and the like are
made of silicon nitride, phosphorus glass or the like is used for
the sacrificing layer. The VIA hole is plugged after etching of
the sacrificing layer. A hole plugging member may be used as
a part of the pillars 14.

[0048] The upper electrode 16 is made of material similar
to that of the lower electrode 12. The protective layer 17
covering the upper electrode 16 is constituted by an insulator
made of'silicon nitride, silicon oxide, polyimide, polyparaxy-
lylene or the like.

[0049] Note that materials of components of the element
20, a manufacture method of the element 20 and the like are
almost the same as those of the conventional element. That is,
the element 20 is different from the conventional element in
thatitis not the insulating layer 114 but the multiple pillars 14
that support the membrane. Therefore, the manufacture
method and the like of the element 20 are not limited to the
description above, and a well-known element manufacture
method and the like can be used.

[0050] The cell 10 shown in FIG. 5 appears to resemble the
cell 110 shown in FIG. 2. However, as shown in FIG. 3, each
cavity 114H is asealed space in the conventional element 120.
In other words, each cavity 114H is isolated. In comparison,
the cavity 14H is fanned by the plurality of pillars 14 in the
element 20 as shown in FIG. 6. Therefore, the plurality of
cavities 14H of the cell group 107 are so-called open cavities
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which communicate with one another. In other words, the
plurality of cavities 14H form one space.

[0051] Note that the lower insulating layer 13 and the pro-
tective layer 17 are not shown in the exploded view of FIG. 6.
Further, the top view of FIG. 7 shows only arrangement of the
pillars 14, the lower electrodes 12 and the upper electrodes
16. Each regular hexagon shown by a broken line in FIGS. 6
and 7 indicates an area exclusive to one cell 10, in other
words, a plane view shape of the cell 10. Actally, however,
borders are not clearly shown. For example, borderlines of the
cavities 14H of the plurality of cells 10 shown by broken lines
are virtual lines which do not actually exist.

[0052] As shown in FIGS. 6 and 7, the plurality of cells 10
each of which has a regularly hexagonal plane view shape are
closely arranged in the element 20. That is, each pillar 14
supports the membranes 18 of three adjoining cells 10, and
thereby the cavities 14H are formed. An area where the upper
insulating layer 15 is joined to the pillar 14 is a non-sensitive
area which does not vibrate and does not contribute to trans-
mission/reception. However, an aperture ratio of area of a
vibration area of the membrane 18 relative to area of the cell
in the element 20 is much higher than that of the conventional
element. That is, the shape and area of the cell 10 are almost
equal to the shape and area of the cavity 14H.

[0053] Note that, strictly, the shape of the cell 10 and the
shape of the cavity 14H excluding the areas of the pillars 14
are different from each other in the element 20 also, but the
shape of the cavity 14H may be hereinafter referred to as the
shape of the cell 10.

[0054] The lower electrodes 12 of the plurality of cells 10
are conrected with one another via lower electrode wiring
12S, and the upper electrodes 16 are connected with one
another via upper electrode wiring 16S. That is, the plurality
of cells 10 of the element 20 constitute the cell group 107 the
cells of which are simultaneously driven.

[0055] When electric potential that is not zero is applied
between the lower electrodes 12 and the upper electrodes 16
via the lower electrode terminal 12T and the upper electrode
terminal 16T, the membranes 18 are drawn to a direction of
the lower electrodes 12 by electrostatic attraction generated
by potential difference and displaced. Note that it is prefer-
able from a viewpoint of ensuring safety that potential of the
upper electrodes 16 be ground potential.

[0056] Displacement of the membrane 18 is maximized at
a central point of the cell 10, and, on borders with adjoining
cells, is the largest at a bisection point of each side of the
regular hexagon. Further, the displacement is in a line sym-
metry, with borderlines with the adjoining cells 10 indicated
by broken lines as axes. Further, since the cell 10 is a regular
hexagon, the displacement is in a six-fold symmetry in which
the displacement becomes equal when rotated by six degrees
relative to the central point of the cell 10.

[0057] When the applied potential is cut off in a state that
the membranes 18 are displaced, electrostatic attraction dis-
appears. The membranes 18 vibrate at a resonance frequency
determined by constituent material and a structure parameter,
and an ultrasound with a number of vibrations equal to the
resonance frequency is transmitted.

[0058] Note that it is preferable to, in a case of transmitting
an ultrasound like a pulse, control a waveform and the like of
adrive signal to be applied. For example, it is preferable to, in
order to enable displacement of the membranes 18 to follow
increase of the applied potential, increase the potential slowly
or apply a next pulse after a sufficient time period so that the
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membranes 18 completely stop vibration. Further, after trans-
mission of the ultrasound, the membranes 18 may be forcedly
caused to stop vibration by attraction by application of an
auxiliary pulse or by generation of counter vibration by appli-
cation of an auxiliary pulse with a phase opposite to that of a
main pulse.

[0059] On the other hand, in a case of successively trans-
mitting ultrasounds for Doppler measurement or the like, a
drive signal with a frequency equal to the resonance fre-
quency of the membranes 18, for example, a drive signal
constituted by a triangular wave pulse is applied.

[0060] A vibration frequency of the membranes 18 ata time
of occurrence of an ultrasound, that is, a frequency of the
generated ultrasound is slightly lower than a frequency of an
ultrasound generated by cells each of which has a circular
cavity inscribed in the regularly hexagonal cell 10. In order to
realize an ultrasound frequency equal to that of the cells
having the inscribed circular cavities, the cell 10 can be
reduced in a similar shape.

[0061] When an ultrasound enters the cells 10, the mem-
branes 18 vibrate at a frequency of the incident ultrasound by
sound pressure of the ultrasound. In response to the vibration,
thickness of the cavities 14H, that is, a distance between the
electrodes changes, and the capacitance between the elec-
trodes changes in response thereto. Therefore, by detecting
the capacitance between the electrodes, an intensity and fre-
quency of the incident ultrasound are detected.

[0062] Note that, by continuously keeping the membranes
18 infinitesimally deformed using a DC offset/bias method in
which potential difference is continuously applied between
electrodes, the element 20 can transmit and receive an ultra-
sound with a higher frequency.

[0063] Note that the drive signal may be supplied from an
outside of the element 20, or a drive circuit constituted by an
IC or the like may be arranged on a back of the element 20.
[0064] Here,itis preferable that a diameter R of a section of
the pillar 14, which is a cylinder, be between Y20 and 5 of a
distance D between pillars 14, inclusive, as shown in FIG. 7.
If the diameter R is within the range or larger, it is possible to
stably support the membranes 18. If the diameter R is within
the range or smaller, the aperture ratio is large, for example,
95% or above, and, therefore, the transmission/reception sen-
sitivity is high.

[0065] Forexample, in a case where the distance D and the
diameter R are 100 um and 10 pm in the regularly hexagonal
cell 10, respectively, area of the cell 101s 26000 um2, and area
of the pillar 14 is 157 pm?2. Therefore, the aperture ratio is
(26000-157)/26000=99.4%.

[0066] Incomparison, in the conventional element in which
cells are arrayed in a square lattice, each of the cells having an
isolated circular cavity, the aperture ratio is “(area of circle)/
(area of square circumscribed in the circle)” and, therefore,
78.5% even in a case where the cavities are virtually adjoin
one another.

[0067] That is, though the aperture ratio is below 80 % in
the conventional element in which cells are arrayed in a
square lattice, each of the cells having an isolated circular
cavity, it is possible to easily realize a high aperture ratio
exceeding 95% in the element 20.

[0068] Improvement of the ultrasound transmission/recep-
tion sensitivity of the element 20 is achieved, and, further
expansion of application/development becomes possible.
That the aperture ratio is large means that efficient driving of
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the membranes is possible or that a parasitic capacitance ratio
decreases, and a signal-to-noise ratio (SN ratio) increases.

[0069] That is, the aperture ratio of the element 20 is large,
and its transmission/reception sensitive is high.

[0070] Furthermore, in the element 20, all areas where the
lower electrode 12 and the upper electrode 16 face each other
contribute to reception of an ultrasound, and the reception
sensitivity is high because of not being influenced by parasitic
capacitance by a non-sensitive area.

[0071] Note that a shape of the pillar 14 is not limited to a
cylinder. For example, a section of a pillar 14A shown in FIG.
8A is not circular but almost regularly triangular. A pillar 14B
shown in FIG. 8B is almost star-shaped, with its crosses
projecting in three directions. Further, a pillar 14C shown in
FIG. 8C is in an entasis shape with its central part expanded,
and a pillar 14D shown in FIG. 8D is in a decorated pillar
shape. with its upper part expanded.

[0072] The pillar 14 may be in a shape such as an elliptic
cylinder, a polygonal column, a star-shape column, a cone or
a polygonal pyramid. Further, the plurality of pillars 14 of the
element 20 may be constituted by a plurality of pillars in
different shapes. Note that it is preferable that the pillars 45 be
designed so that the aperture ratio of the cells is 90% or
higher, preferably 95% or higher even in a case of the pillars
14 in a shape other than a cylinder.

Second Embodiment

[0073] Since an element 20A of a second embodiment
shown in FIG. 9 resembles the element 20, same components
are given same reference numerals, and description thereof
will be omitted.

[0074] Inthe element 20A, lower electrodes 12A are lower
electrodes common to a plurality of transducers 10, which is
arranged on a whole surface of an area where a cell group
10ZA is formed. That is, though the lower electrodes 12A of
the respective transducers 10 are shown by broken lines in
FIG. 9, the border lines are virtual lines.

[0075] In the element 20A, the lower electrodes 12A are
arranged on the whole surface. However, since all areas where
the upper and lower electrodes face each other are included in
the membranes 18, it does not happen that a non-sensitive
area increases in comparison with the element 20 having the
patterned lower electrodes 12.

[0076] Since it is not necessary to perform patterning of the
lower electrodes 12A, the element 20A is easy to manufac-
ture. Further, as already described, since unevenness is
formed on the surface of the lower insulating layer 13 formed
on the patterned lower electrodes 12 as a film, it is preferable
to flatten the surface. In the element 20A, however, since the
lower electrodes 12 are arranged on the whole surface of the
area where the cell group 10ZA is formed, unevenness is not
formed on the surface of the lower insulating layer 13, and it
is unnecessary to perform flattening.

[0077] The element 20A has effects of the element 20.
Further, the element 20A is easy to manufacture.

[0078] Note that it goes without saying that, even if at least
either the lower electrodes 12 or the upper electrodes 16 are
arranged on the whole surface of the area of the substrate 11
where the cell group 107 is faulted, effects similar of those of
the element 20A are provided.
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Third Embodiment

[0079] Since an element 20B of a third embodiment shown
in FIG. 10 resembles the element 20 and the like, the same
components are given the same reference numerals, and
description thereof will be omitted.

[0080] Inthe element 20B, each cell 10 exclusively has six
pillars 14. Therefore, useless areas which do not contribute to
transmission/reception are fowled among the cells 10.
[0081] In the element 20 and the like in which adjoining
cells 10 share a pillar 14, when one pillar is faulty, three cells
10 sharing the pillar become faulty. In comparison, in the
element 20B, even if a pillar is in a bad condition, only one
cell 10 becomes faulty. Therefore, a probability that the ele-
ment 20B can be used as a product is high. That is, in the
element 20, there are a lot of cases where all the cells 10 are
not necessarily required to be good items.

[0082] The element 20B has the effects of the element 20
and the like. Further, manufacturing yield of the element 20B
is higher than that of the element 20 and the like.

[0083] Note that it is preferable that the aperture ratio be
90% or above in the element 20B also. Especially preferably,
the element 20B may be designed so that the aperture ratio
becomes 95%. Further, a part of the pillars may be shared by
adjoining cells, with remaining pillars being exclusively pos-
sessed.

Fourth Embodiment

[0084] Since an element 20C of a third embodiment shown
in FIG. 11 resembles the element 20 and the like, the same
components are given the same reference numerals, and
description thereof will be omitted. Note that, in the figure
below, the pillars 14 are indicated by black circles indicating
centers of the pillars 14.

[0085] Inthe element 20C, pillars 14 are arranged not only
at six apexes of each regularly hexagonal cell 10C. Three
pillars 14 are also arranged on each of two sides, which are
borderlines with adjoining cells. That is, the membrane of the
cell 10C is supported by twelve pillars 14.

[0086] Displacement ofthe membrane ofthe cell 10C isnot
in a six-fold symmetry relative to a center of the cell but in a
two-fold symmetry, and the membrane is displaced in a com-
plicated shape. Therefore, in the cell 10C, a width of a reso-
nance frequency is wide.

[0087] The element 20C has the effects of the element 20.
Further, an ultrasound generated by the membranes 18 is a
wide-band ultrasound, and, similarly, transmission/reception
of a wide-band ultrasound is possible.

Fifth Embodiment

[0088] Since an element 20D of a fifth embodiment shown
in FIG. 12 resembles the element 20 and the like, the same
components are given the same reference numerals, and
description thereof will be omitted.

[0089] Intheelement 20D, the pillars 14 are arranged not at
apexes of regularly hexagonal cells 10D but at positions
slightly deviated from the apexes. Though an amount of
deviation d is set at random, the pillars 14 are set inside a
circle with a diameter RD. It is preferable that the diameter
RD be between Y100 and Yo of the distance D, inclusive.
Effects are remarkable within the above range. The amount of
deviation d is set, for example, on the basis of a random
number.
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[0090] 1In acell 10 in which the distances D among pillars
14 are the same, there is a possibility that unnecessary reso-
narce Occurs, Or an unnecessary transverse wave occurs. In
comparison, in the element 20D, since pillars 14 of each cell
10D are arranged at random with a slight planar displacement
from apexes of a regular hexagon, the possibility that unnec-
essary resonance occurs does not exist.

[0091] That is, the element 20D has the effects of the ele-
ment 20. Further, the possibility that unnecessary resonance
occurs does 1ot exist.

Sixth and Seventh Embodiments

[0092] Since an element 20F of a sixth embodiment and an
element 20F of a seventh embodiment resemble the element
20 and the like, the same components are given the same
reference numerals, and description thereof will be omitted.
[0093] As shown in FIG. 13, regularly triangular cells 10E
are closely arranged in the element 20E. That is, the mem-
brane 18 of each cell 10E is supported by three common
pillars 14. Further, as shown in FIG. 14, each cell 10F is
regularly octagonal in the element 20F. The membrane 18 of
each cell 10F is supported by twelve pillars 14, and eight
among the twelve pillars are arranged at apexes of the regu-
larly octagonal cell 10F.

[0094] The element 20E and the element 20F have the
same effects as the element 20. That is, if such transducer cells
are provided that the cavities 14H are formed by the pillars 14
supporting the membranes 18, a number of the pillars sup-
porting each transducer cell is not limited to six as long as it
is three or larger. Note that it is preferable that the number of
the pillars supporting each transducer cell be sixteen or fewer,
and it is easy to increase the aperture ratio if the number is
within the range or fewer.

[0095] A plane view shape of the membrane (cell) is not
limited to a particular shape. For example, the plane view
shape may be a parallelogram, a rectangle, a diamond shape
or atrapezoid. Especially, a shape which enables a plurality of
cells to be planarly filled, that is, which enables a plurality of
cells to be closely arranged is favorable because it is easy to
increase the aperture ratio.

Eighth to Eleventh Embodiments

[0096] Since an element 20G of an eighth embodiment to
an element 20J of a tenth embodiment resemble the element
20 and the like, the same components are given the same
reference numerals, and description thereof will be omitted.
[0097] As shown in FIG. 15, a cell group 10ZG of the
element 20G of the eighth embodiment is provided with three
kinds of cells 10G1 to 10G3 having cavities in the same
regularly square shape but having different sizes (plane view
dimensions of the cells 10G).

[0098] As shown in FIG. 16, a cell group 10ZH of the
element 20H of the ninth embodiment is provided with four
kinds of cells 10H1 to 10H4 having cavities in the same shape
and with the same size but being different in a number of
pillars 14 supporting each cavity.

[0099] As shown in FIG. 17, a cell group 1071 of the ele-
ment 201 of the tenth embodiment is provided with two kinds
of cells 1011 and 1012 which are different in the shape of the
cavities (cells).

[0100] As shown in FIG. 18, a cell group 10Z] of the
element 20J of the eleventh embodiment is provided with two
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kinds of cells 10J1 and 10J2 having the same cavity shape and
the like but being different in thickness of the membranes 18.
[0101] In a cell group, a plurality of kinds of cells that are
different in at least any that is selected from among the plane
view shape of the cavities, the size of the cavities (plane view
dimension), the number of pillars, and the thickness of the
membranes are different in the resonance frequency.

[0102] Therefore, a frequency band of an ultrasound which
can be transmitted or received by the elements 20G to 20] is
wide. For example, in the element 20G shown in FIG. 15, the
largest cell 10G1 is arranged in a central part of the element
20G, and the smallest cell 10G3 is arranged on an outermost
periphery. Since the frequency of an ultrasound generated by
the large cell 10G1 is low, a beam easily spreads. Since the
frequency of an ultrasound generated by the small cell 10G3
is high, a beam does not easily spread. In the element 20G,
since the low-frequency cells are arranged in the central part,
convergence of an ultrasound beam in the whole element is
good.

[0103] Ontheother hand, in the element 20H shown in FIG.
16, since the membrane 18 of the cell 10H1 arranged in a
central part is supported by sixteen pillars 14, a resonance
frequency is high. In comparison, since the membrane 18 of
the cell 10H4 arranged in a surrounding area is supported by
five pillars 14, a resonance frequency is low. The membrane
18 of the cell 10H2 arranged between the cell 10H1 and the
cell 10H3 is supported by ten pillars 14, and the membrane 18
of the cell 10H3 is supported by eight pillars 14. Therefore,
resonance frequencies of the cell 10H2 and the cell 10H3 are
between the resonance frequency of the cell 10H1 and the
resonance frequency of the cell 10H4.

[0104] In the element 20H, observation with high resolu-
tion is possible on a near-point side of an observation target.
That is, high resolution is possible on the near-point side
because an image is formed by a high-frequency signal there.
[0105] Shapes ofthetwo kinds of cells 1011 and 1012 of the
element 201 shown in FIG. 17 are two kinds of diamond
shapes constituting a Penrose tile pattern, and pillars are
arranged at apexes of the two kinds of diamond shapes. In a
Penrose tile pattern, two kinds of diamond shapes (a diamond
shape with an acute angle of 72 degrees and an obtuse angle
0f 108 degrees, and a diamond shape with an acute angle of 36
degrees and an obtuse angle of 144 degrees) are planarly
filled. In a case of filling using regular polygons, a periodic
pattern appears. In the Penrose pattern, however, a periodic
pattern does not appear unlike other plane filling.

[0106] Since the Penrose tile pattern has a specific symme-
try of a five-fold symmetry, it does not have a translational
symmetry when seen planarly. Therefore, unnecessary reso-
nance seldom occurs in the element 201, and the element 201
can be especially preferably used.

[0107] Note that, since a diamond-shaped cell shows a
resonance frequency equal to that of a cell having an elliptical
cavity of an almost same size, the element 201 has two kinds
of resonance frequencies. Furthermore, an element having a
plurality of cells obtained by reducing or expanding a Penrose
tile pattern in one direction is a wide-band element which
theoretically has ten kinds of resonance frequencies.

[0108] In the element 20] shown in FIG. 18, a resonance
frequency of the cell 10J2 the membrane 18 of which has a
larger thickness is higher than a resonance frequency of the
cell 10J1 the membrane 18 of which has a smaller thickness.
That is, a resonance frequency is in proportion to thickness of
a membrane.
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[0109] Note that arrangement of cells in an element having
a plurality of kinds of cells which are different in the reso-
nance frequency can be changed according to purposes. Fur-
ther, a number of the kinds of cells may be two or more.
[0110] Alloftheelements20G to 20] have the effects of the
element 20 and the like and, further, have a wider-band char-
acteristics. Therefore, the elements 20G to 20J can be applied
to ultrasound Doppler measurement and the like. Further,
arrangement of cells in consideration of directivity of a sound
wave in an element, arrangement of cells having a high reso-
lution and being excellent in convergence in an ultrasound
beam, and the like are also possible according to purposes.
[0111] Further, by changing two or more factors selected
from among a plane view shape of the cavities, the size of the
cavities (plane view dimension), the number ofpillars and the
thickness of the membranes, a wide-band element having
more resonance frequencies is obtained. Especially, by suc-
cessively and gradually changing resonance frequencies of
cells to be arranged, a very wide band element is obtained.
[0112] Note that, in the element 20] shown in FIG. 18, the
lower electrodes 12A are formed on the whole surface of the
area where the cell group is formed. On the other hand,
though the upper electrodes 161 are also formed substantially
on the whole surface of the area where the cell group is
formed, holes 16JH are formed in areas facing the pillars 14.
Areas of the membrane immediately above the pillars 14 are
non-sensitive areas. However, since the upper electrode 16
does not exist in the non-sensitive areas in the element 207,
the reception sensitivity is higher.

[0113] Here, FIG. 19 shows an example of an end portion of
the cell group 107 of the element 20 described in the above
embodiment. As already described, the plurality of cavities
14H of the cells 10 constituting the cell group 107 commu-
nicate with one another. However, itis preferable thatan outer
peripheral side of cavities 14H in an outermost peripheral
area of the cell group 107 be surrounded by a sealing wall
constituted by envelope surfaces, and the plurality of cavities
14H of'the cell group 107 form a sealed space which does not
communicate with an outside. Note that, in the elements 20A
to 207 also, it is preferable that the plurality of cavities 14H be
sealed spaces which do not communicate with an outside.
[0114] Intheelement in which the plurality of cavities 14H
of the cell group 107 are sealed spaces which do not commu-
nicate with the outside, an inner pressure in the cavities 14H
do not change even if a surrounding environment changes.
Therefore, there is not a possibility that the transmission/
reception sensitivity changes.

Twelfth Embodiment

[0115] The elements 20 to 20J described above can be
preferably used for an ultrasound endoscope (hereinafter
referred to as an “endoscope”) 2.

[0116] As shown in FIG. 20, a radial-type and array-type
ultrasound transducer 30 has a plurality of elements 20, a
cylindrical holding member 31 with the elements 20 arranged
on an outer surface thereof, and a cable 80. The lower elec-
trode terminals 12T and the upper electrode terminals 16T of
the elements 20 are connected to conductor wires 81A and
81B of the cable 80, respectively. Note that the ultrasound
array may be of a convex type, a linear type or the like.
[0117] FIG. 21 shows an ultrasound endoscope system 1
having the ultrasound endoscope 2 of the twelfth embodiment
with the array-type ultrasound transducer 30 (elements 20)
arranged at a distal end portion 47 thereof. The ultrasound
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endoscope 2 constitutes the ultrasound endoscope system 1
together with an ultrasound observation apparatus 3 and a
monitor 4. The ultrasound endoscope 2 is provided with an
elongated insertion portion 41 to be inserted into a body, an
operation portion 42 arranged at a proximal end of the inser-
tion portion 41, and a universal cord 43 extending from a side
part of the operation portion 42.

[0118] A connector 44A connected to a light source appa-
ratus (not shown) is arranged at a proximal end portion of the
universal cord 43. A cable 45 to be detachably connected to a
camera control unit (not shown) via a connector 45A and a
cable 46 to be detachably connected to the ultrasound obset-
vation apparatus 3 via a connector 46 A extend from the con-
nector 44A. The monitor 4 is connected to the ultrasound
observation apparatus 3.

[0119] Theinsertion portion41 is configured by connecting
the distal end portion 47, a bending portion 48 positioned ata
rear end of the distal end portion 47, and a long flexible tube
portion 49 having a short diameter and flexibility, which is
positioned at a rear end of the bending portion 48 and extends
to the operation portion 42, in that order from a distal end side.
The array-type ultrasound transducer 30 is arranged on a
distal end side of distal end portion 47. The endoscope 2
acquires an ultrasound image by the array-type ultrasound
transducer 30 arranged at the distal end portion 47.

[0120] The endoscope 2 is provided with the ultrasound
transducer elements with a high ultrasound transmission sen-
sitivity and a high ultrasound reception sensitivity and, there-
fore, is able to acquire a high-resolution image.

[0121] Note that it goes without saying that the elements 20
to 20] can be arranged not only in the endoscope 2 shown in
FIG. 21 but also in various small-sized ultrasound diagnostic
apparatuses requiring diameter reduction, for example, an
IVUS (intra vascular ultrasound) apparatus, an external ultra-
sound probe or a capsule-type ultrasound endoscope.

[0122] The present invention is not limited to the embodi-
ments and the like described above. Various modifications
and improvements, for example, a combination of compo-
nents of the embodiments are possible within a range not
departing from the spirit of the present invention.

What is claimed is:

1. An ultrasound transducer element comprising a cell
group constituted by a plurality of ultrasound transducer
cells, wherein

each of the plurality of ultrasound transducer cells com-

prises a lower electrode arranged on a substrate, a mem-
brane including an upper electrode arranged facing the
lower electrode with a cavity positioned between the
lower electrode and the upper electrode, and a plurality
of pillars forming the cavity by supporting the mem-
brane, and each cavity mutually communicates with one
another.

2. The ultrasound transducer element according to claim 1,
wherein the membrane is supported by between three and
sixteen inclusive of the plurality of pillars.

3. The ultrasound transducer element according to claim 2,
wherein each pillar supports membranes of a plurality of
adjoining ultrasound transducer cells.

4. The ultrasound transducer element according to claim 3,
wherein at least either the lower electrode or the upper elec-
trode of the ultrasound transducer cell is an electrode com-
mon to the plurality of transducers, the common electrode
being arranged on a whole surface of a cell group forming
area of the substrate.
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5. The ultrasound transducer element according to claim 3,
wherein the cell group comprises a plurality kinds of the
ultrasound transducer cells that are different in at least any
that is selected from among a shape of the cavity, a size of the
cavity, the number of pillars and a thickness ofthe membrane.

6. The ultrasound transducer element according to claim 3,
wherein

shapes of the respective cavities include two kinds of dia-

mond shapes constituting a Penrose tile pattern; and
the pillars are arranged at apexes of the two kinds of dia-
mond shapes.

7. The ultrasound transducer element according to claim 3,
wherein an outer peripheral side of the cavities in an outer-
most peripheral area of the cell group is surrounded by a
sealing wall constituted by envelope surfaces, and the plural-
ity of cavities of the cell group are sealed spaces that do not
communicate with an outside.

8. An ultrasound endoscope comprising: an insertion por-
tion with the ultrasound transducer element according to
claim 1 arranged at a distal end portion of the insertion por-
tion, an operation portion arranged on a proximal end side of
the insertion portion, and a universal cord extending from the
operation portion.
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