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(57) ABSTRACT

An ultrasonic probe includes an element configured to
include a diaphragm unit for at least receiving or transmit-
ting an ultrasonic wave and a chassis configured to extend in
a direction vertical to a diaphragm plane included in the
diaphragm unit and hold the element. A center of the
diaphragm plane of the element in an in-plane direction is
arranged to be offset from a center of the chassis.
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ULTRASONIC PROBE, ULTRASONIC UNIT,
AND SUBJECT INFORMATION
ACQUISITION APPARATUS

BACKGROUND

Field of the Disclosure

[0001] The present disclosure relates to an ultrasonic
probe performing transmission/reception (in the present
specification, transmission/reception means at least either
transmission or reception) of an acoustic wave such as an
ultrasonic wave, an ultrasonic unit having arranged therein
a plurality of ultrasonic probes, and a subject information
acquisition apparatus using the ultrasonic unit.

Description of the Related Art

[0002] In recent years, a photoacoustic imaging apparatus
imaging an inside of a living body with use of a photoa-
coustic effect is being studied and developed. In the pho-
toacoustic imaging apparatus, a living body is irradiated
with a pulse laser beam (laser pulse) emitting for a short
period, and an image is generated from an ultrasonic wave
(photoacoustic wave) generated when the living tissue
absorbing energy of the pulse laser beam expands in volume
due to generation of heat. The photoacoustic imaging appa-
ratus is studied and developed as an apparatus for observing
a human breast for breast cancer early detection, for
example. U.S. Pat. No. 5,713,356 discloses a scanner appa-
ratus for breast observation in which, as illustrated in FIG.
22, a plurality of ultrasonic transducers 1533 are arranged in
a hemispherical rotation supporting member 1552 (a rotation
shaft 1558 is provided) to obtain an acoustic wave from a
subject. In U.S. Pat. No. 5,713,356, a piezoelectric body is
used as the ultrasonic transducer. Also, US2015/0268091A1
discloses a photoacoustic imaging apparatus in which
capacitive micromachined ultrasonic transducers (CMUTs)
each serving as a capacitive ultrasonic transducer are
arranged in a hemispherical supporting member. The pho-
toacoustic imaging apparatus will be described with refer-
ence to FIG. 21. A supporting member 1413 includes a
hemispherical unit 1420, and a plurality of capacitive micro-
machined ultrasonic transducers (CMUTs) are arranged in
the hemispherical unit. An optical fiber 1434 guides a laser
beam from a light source. Here, the capacitive microma-
chined ultrasonic transducer (CMUT) is described in A. S.
Ergun, Y. Huang, X. Zhuang, O. Oralkan, G. G. Yarahoglu,
and B. T. Khuri-Yakub, “Capacitive micromachined ultra-
sonic transducers: fabrication technology,” Ultrasonics, Fer-
roelectrics and Frequency Control, IEEE Transactions on,
vol. 52, no. 12, pp. 2242-2258, December 2005, and is
fabricated by means of a micro electromechanical systems
(MEMS) process, to which a semiconductor process is
applied. FIG. 20 is a schematic view illustrating a cross-
section of an example of a CMUT (transmission/reception
element). In FIG. 20, a vibrating film 1101, and a first
electrode 1102 and a second electrode 1103 opposed with a
space (cavity) 1105 interposed therebetween, are referred to
collectively as a cell. The vibrating film 1101 is supported by
a supporting unit 1104 formed on a chip (substrate) 1100.
The second electrode 1103 is connected to a direct-current
(DC) voltage generation unit 1202. To the second electrode
1103, predetermined DC voltage Va is applied by the DC
voltage generation unit 1202 via a second line 1302. On the
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other hand, the first electrode 1102 is connected to a trans-
mission/reception circuit 1201 via a first line 1301 and is at
a fixed electric potential around a ground (GND) potential.
This causes a potential difference Vbias=Va-0V to be gen-
erated between the first electrode 1102 and the second
electrode 1103. By adjusting a value of the Va, a value of the
Vbias corresponds to a desired potential difference (approxi-
mately tens of volts to hundreds of volts) determined by
mechanical properties that the cell of the CMUT has. The
transmission/reception circuit 1201 applies alternating-cur-
rent (AC) driving voltage to the first electrode 1102 to cause
an AC electrostatic attractive force to be generated between
the first and second electrodes, which enables the vibrating
film 1101 to be vibrated at a certain frequency and enables
an ultrasonic wave to be transmitted. Also, the vibrating film
1101 receives the ultrasonic wave and is vibrated to cause
fine current to be generated in the first electrode 1102 due to
electrostatic induction. The transmission/reception circuit
1201 measures a value of the current, and a reception signal
can be obtained.

[0003] An efficient way to distribute and arrange a plural-
ity of capacitive micromachined ultrasonic transducers
(CMUTs) on a surface of a hemisphere serving as a sup-
porting member to constitute an ultrasonic unit (ultrasonic
probe unit) is to prepare an ultrasonic probe obtained by
housing a single element and an associated circuit in a
chassis in order to secure efficiency and reliability of assem-
bly. The specific ultrasonic unit can be formed by preparing
a hemispherical supporting member having a plurality of
holes each corresponding to an external shape of the ultra-
sonic probe and inserting and securing the ultrasonic probes
into the holes. The specific ultrasonic unit can also be
formed by arranging and securing the plurality of ultrasonic
probes on the inner surface of the hemispherical supporting
member so that a diaphragm plane of elements, including
diaphragm units, of the ultrasonic probes may face in a
direction toward a center of the hemisphere.

[0004] In arranging the plurality of ultrasonic transducers
(ultrasonic probes), when the element interval between the
ultrasonic transducer elements is larger, this facilitates gen-
eration of an artifact (aliasing) at the time of reconstructing
a photoacoustic imaging image (or an ultrasonic imaging
image) based on signals obtained from the transducer ele-
ments. Thus, it is important to distribute and arrange the
ultrasonic transducers (ultrasonic probes) as closely to each
other as possible in a high-density state. However, although
it is desirable to reduce the size of the ultrasonic probe for
achievement of the high-density arrangement, there is a
problem in which, since a region for electric connection
from the chip (element substrate) provided with the ultra-
sonic transducer (CMUT) to the circuit is required, this is an
obstacle to size reduction of the ultrasonic probe.

SUMMARY

[0005] An object of the present disclosure is to provide an
ultrasonic probe including a single-element ultrasonic trans-
ducer that can be arranged in a hemispherical supporting
member in a high-density state. An ultrasonic probe accord-
ing to the present disclosure includes an element configured
to include a diaphragm unit for at least receiving or trans-
mitting an ultrasonic wave and a chassis configured to
extend in a direction vertical to a diaphragm plane included
in the diaphragm unit and hold the element. A center of the
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diaphragm plane of the element in an in-plane direction is
arranged to be offset from a center of the chassis.

[0006] Further features of the present disclosure will
become apparent from the following description of exem-
plary embodiments (with reference to the attached draw-

ings).
BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG.1 isa schematic view illustrating an ultrasonic
probe according to the present disclosure.

[0008] FIG. 2 is a schematic view illustrating the ultra-
sonic probe according to the present disclosure.

[0009] FIG. 3 is a schematic view illustrating the ultra-
sonic probe according to the present disclosure.

[0010] FIG. 4 is a schematic view illustrating the ultra-
sonic probe according to the present disclosure.

[0011] FIG. 5 is a schematic view illustrating the ultra-
sonic probe according to the present disclosure.

[0012] FIG. 6 is a schematic view illustrating the ultra-
sonic probe according to the present disclosure.

[0013] FIG. 7 is a schematic view illustrating the ultra-
sonic probe according to the present disclosure.

[0014] FIG. 8 illustrates an ultrasonic probe according to
a second embodiment.

[0015] FIG. 9 illustrates the ultrasonic probe according to
the second embodiment.

[0016] FIG. 10 illustrates an ultrasonic probe according to
a third embodiment.

[0017] FIG. 11 illustrates the ultrasonic probe according to
the third embodiment.

[0018] FIG. 12 illustrates an ultrasonic probe according to
a fourth embodiment.

[0019] FIG. 13 illustrates an ultrasonic probe according to
a fifth embodiment.

[0020] FIG. 14 illustrates the ultrasonic probe according to
the fifth embodiment.

[0021] FIG. 15 illustrates an ultrasonic probe according to
a sixth embodiment.

[0022] FIG. 16 illustrates an ultrasonic probe according to
a seventh embodiment.

[0023] FIG. 17 illustrates the ultrasonic probe according to
the seventh embodiment.

[0024] FIG. 18 illustrates a subject information acquisition
apparatus according to an eighth embodiment.

[0025] FIG. 19 illustrates a subject information acquisition
apparatus according to a ninth embodiment.

[0026] FIG. 20 illustrates a capacitive micromachined
ultrasonic transducer (CMUT), according to the prior art.
[0027] FIG. 21 illustrates a conventional photoacoustic
imaging apparatus in which ultrasonic transducers are
arranged in a hemispherical supporting member, according
to the prior art.

[0028] FIG. 22 illustrates a conventional photoacoustic
imaging apparatus in which ultrasonic transducers are
arranged in a hemispherical supporting member, according
to the prior art.

DESCRIPTION OF THE EMBODIMENTS

[0029] To solve the above problem, the present inventor
has focused attention to a positional relationship between a
center of a diaphragm plane of a capacitive micromachined
ultrasonic transducer in an in-plane direction and a chassis
extending in a direction vertical to the diaphragm plane and
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holding the ultrasonic transducer. The present inventor has
arrived at solving the above problem upon discovering an
ultrasonic probe including an element configured to include
a diaphragm unit for at least receiving or transmitting an
ultrasonic wave and a chassis configured to extend in a
direction vertical to a diaphragm plane included in the
diaphragm unit and hold the element, wherein a center of the
diaphragm plane of the element in an in-plane direction is
arranged to be offset from a center of the chassis (a center
of the element has an offset from a center of the chassis).

[0030] According to the present disclosure, it is possible to
provide a single-element ultrasonic transducer that can be
arranged in one of various supporting members such as a
hemispherical supporting member including a recess in a
high-density state.

[0031] In the present specification, an acoustic wave
includes an elastic wave such as a photoacoustic wave, a
photo-ultrasonic wave, a sound wave, and an ultrasonic
wave, and an acoustic wave generated by light irradiation is
particularly referred to as “a photoacoustic wave.” Also, as
for the acoustic wave, an acoustic wave transmitted from a
probe is referred to as “an ultrasonic wave,” and an acoustic
wave into which a transmitted ultrasonic wave is reflected in
a subject is referred to as “a reflected wave” in some cases.
An acoustic wave is represented by an ultrasonic wave in
some cases.

[0032] In the following description, as an element includ-
ing a diaphragm unit for at least receiving or transmitting an
ultrasonic wave, a capacitive micromachined ultrasonic
transducer having a cell structure in which one of paired
electrodes is provided with a vibrating film will mainly be
described. However, a piezoelectric transducer using a
piezoelectric element as a diaphragm unit will not be elimi-
nated.

[0033] Hereinbelow, embodiments of the present disclo-
sure will be described with reference to the drawings.
However, the present disclosure is not limited to the embodi-
ments and can be modified and altered in various ways
within the scope thereof.

First Embodiment

[0034] Referring to FIGS. 1 to 7, an embodiment of the
present disclosure will be described. FIG. 1 is a schematic
view illustrating an ultrasonic probe according to the present
disclosure. In FIG. 1, an ultrasonic probe 99 includes an
element 101 including a diaphragm unit for at least receiving
or transmitting an ultrasonic wave. A specific example of the
element is a capacitive transducer. The ultrasonic probe 99
also includes a chassis 100 extending in a direction vertical
to a diaphragm plane included in the diaphragm unit of the
element 101 and holding the element 101, an element
substrate (chip) 102 having the element 101 mounted
thereon, an electric connection unit 103 connected to the
element 101, and a cable 104.

[0035] The ultrasonic probe 99 is configured to include the
element 101, the circular columnar chassis 100, and the
cable 104 transmitting and receiving an electric signal to and
from an outside of the ultrasonic probe. From a bottom
surface, which is one surface of the chassis 100, the cable
104 is extracted, and the other surface is provided with the
element substrate (chip) 102 including the element 101
enabling reception or transmission/reception. As a signifi-
cant characteristic of the present disclosure, as seen on the
side of the other surface in FIG. 1, a center B of the element
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101 is arranged to be offset (has an offset) from a center A
of the chassis 100 (center of the columnar chassis in a
diameter direction) and does not correspond to the center A.
The center B of the element is a center of a diaphragm plane
of the element in an in-plane direction and will be described
below with reference to FIG. 2.

[0036] On the element substrate 102, the electric connec-
tion unit 103 configured to electrically connect the element
101 to a circuit is provided, as well as the element 101. In
the configuration according to the present disclosure, since
the center B of the element 101 is offset from the center A
of the chassis 100, a dead space except the element substrate
102 can be minimized, and the size of the chassis 100 can
be reduced. This can be interpreted as providing the electric
connection unit 103 connecting the element to the circuit,
which is required in addition to the element 101, to be
coplanar with the element 101 (on the substrate 102) and
efficiently using the dead space, in forming the ultrasonic
probe. Thus, the size of the chassis 100 of the ultrasonic
probe 99 can be reduced further than in a case of using the
same-size substrate 102 and arranging the element 101
having no offset. That is, in a case in which the element
substrate (chip) 102 having the same surface area is used,
more ultrasonic probes 99 can be arranged. In other words,
the elements 101 can be arranged more closely to each other
in a high-density state.

[0037] Meanwhile, as for the length of the element 101
serving as a capacitive transducer, the diameter thereof is
generally in a range from 0.3 mm to 1 c¢m, desirably in a
range from 0.5 mm to 8 mm, and more desirably in a range
from 1 mm to 7 mm. Here, the length is shown by the
diameter. However, in a case in which the element is
rectangular, the diameter in the above range can be replaced
with the length of one side. Also, the size of the electric
connection unit 103 in a longitudinal (longer-side) direction
of the substrate (chip) 102 is generally in a range from 300
m to 1 cm, desirably in a range from 400 um to 8 mm, and
more desirably in a range from 500 m to 5 mm. In a case in
which the substrate (chip) 102 is a silicon substrate, the
approximate horizontal and vertical size thereof is slightly
over 1 mm to 5 mmxslightly below 1 mm to several mm.

[0038] With reference to FIG. 2, an internal structure of
the ultrasonic probe 99 will be described. FIG. 2 is a
schematic cross-sectional view of the columnar ultrasonic
probe 99 as seen in a direction of the height of the column.
In FIG. 2, a supporting member 110 supporting the substrate
(chip) 102 supports the substrate 102 via an adhesive 111. A
through hole 121 is provided in the supporting member 110,
and a through hole 122 is provided in the chassis 100. A cell
200 is configured to include a pair of electrodes, and the pair
of electrodes consists of a first electrode 202 arranged on a
vibrating film 201 and a second electrode 203. Also provided
are a supporting unit 204 supporting the vibrating film 201,
a cavity 205, and an insulation film 206. Further provided
are a flexible printed wire 310, a circuit board (PCB: printed
circuit board) 410, a flexible connector 411, and a cable
connector 412.

[0039] Here, FIG. 2 illustrates a case in which three cells
200 are provided. The number of cells is arbitrarily selected
in consideration of desired frequency characteristics and the
like generally in a range from 100 to 5000, desirably in a
range from 300 to 4000, and more desirably in a range from
500 to 2000. The B in FIG. 2 corresponds to the B in FIG.
1 and represents the center of the element. Here, the center
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B of the element represents a center of the diaphragm plane
defined by the vibrating films 201 included in the plurality
of cells 200 in an in-plane direction. In FIG. 2, the center B
of the diaphragm plane of the element in the in-plane
direction is a center of the three cells, and in a case in which
the number of cells increases, the center B can be a center
of the cells located on both end portions. The A in FIG. 2
represents a center of the chassis 100 (a center of the
columnar chassis in a diameter direction) in a similar
manner to FIG. 1.

[0040] Here, the center of the element is arranged to be
offset from the center of the chassis generally in a range
from 300 pm to 5 mm, desirably in a range from 500 um to
4 mm, and more desirably in a range from 700 um to 2 mm.
[0041] The element substrate 102 including the element
101 serving as the capacitive transducer is secured on the
supporting member 110 by means of the adhesive 111. The
supporting member 110 is secured to the chassis 100 to be
parallel to a bottom surface of the chassis 100. A reception
circuit 402 (or a transmission/reception circuit 403) is
arranged on the circuit board (PCB) 410. The reception
circuit 402 (or the transmission/reception circuit 403) is
electrically connected to the substrate 102 via the flexible
printed wire 310. The circuit board (PCB) 410 and the
flexible printed wire 310 are connected via the flexible
connector 411. A connector 105 for connection to an outside
of the CMUT unit 99 is connected to the circuit board (PCB)
410 via a cable 104 and a cable connector 412.

[0042] Also, in the present embodiment, the circuit board
410 is formed in an elongated external shape and is arranged
vertically to the element substrate 102 to face the rear side
of the surface of the element substrate 102 on which the
element is held. The surface area required for the circuit
board 410 is larger than the area of the substrate 102.
According to the present disclosure, by using the circuit
board 410 formed in the elongated external shape and
arranging the circuit board 410 vertically to the element
substrate 102, the external shape of the CMUT unit 99 can
be thin.

[0043] Meanwhile, although the positional relationship
between the circuit board 410 and the substrate 102 is
vertical in the above description, the positional relationship
between the circuit board 410 and the substrate 102 may be
approximately vertical by slightly tilting the circuit board
410 from the vertical state without an influence on the size
of the external shape of the CMUT unit 99.

[0044] Although the connectors 411 and 412 are used to
connect the flexible printed wire 310 to the circuit board
(PCB) 410 and to connect the cable 104 to the circuit board
(PCB) 410 in FIG. 2, the present disclosure is not limited to
this. A configuration in which the electrode of the circuit
board (PCB) 410 is directly connected to the electrode of the
flexible printed wire 310 and the core line of the cable 104
is available. This configuration is more desirable than the
configuration of using the connectors since the circuit board
(PCB) 410 can be shorter in width, the ultrasonic probe 99
can thus be smaller in diameter, and the ultrasonic probe 99
can be arranged in a higher-density state.

[0045] Also, the chassis 100 formed in a columnar shape
can be employed. An example thereof is a circular columnar
chassis. Generally, the circular columnar chassis having a
diameter (outside dimension) in a range from 5 mm to 15
mm can be used. Desirably, the circular columnar chassis
having a diameter (outside dimension) in a range from 6 mm
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to 12 mm can be used. More desirably, the circular columnar
chassis having a diameter (outside dimension) in a range
from 7 mm to 10 mm can be used. An example in which a
rectangular columnar shape is employed as the columnar
shape will be described in a fourth embodiment.

[0046] With reference to FIG. 3, the electric connection
unit 103 between the substrate 102 and the flexible printed
wire 310 will be described. FIG. 3 is an enlarged schematic
cross-sectional view around the substrate 102 in FIG. 2. FIG.
3 shows an insulation film 210, an connection electrode 220,
a flowing anisotropic insulating resin 221, an anisotropic
conductive resin 230, the flexible printed wire 310, a con-
nection electrode 311, a conductive layer 312, an insulation
film 313, and an insulation film (cover lay film) 314.
[0047] The flexible printed wire 310 is configured to
interpose the thin conductive layer 312 between the thin
insulation layers 313 and 314 from the upper and lower sides
and can be bent in a flexible manner. The conductive layer
312 is generally 10 um to tens of um in thickness and is
made of a conductive body such as copper. Each of the
insulation layers 313 and 314 is 10 pm to tens of pm in
thickness and is made of a soft film such as polyimide.
[0048] At an end of the flexible printed wire 310 on a side
of the substrate (chip) 102, the insulating layer 313 is
arranged only on one side of the conductive layer 312, and
the end is exposed as the connection electrode 311. The end
of the flexible printed wire 310 is arranged to be opposed to
the substrate 102, and the connection electrode 220 is
arranged on the substrate 102 opposed to the connection
electrode 311. The connection electrode 311 and the con-
nection electrode 220 are electrically connected by the
anisotropic conductive resin 230. The anisotropic conduc-
tive resin is one in which a plurality of conductive particles
are distributed in an insulating resin. The connection elec-
trode 311 and the connection electrode 220 are pressurized
until the distance therebetween is shorter than the size of the
conductive particle included in the anisotropic conductive
resin, and the resin is cured. Thus, the electrodes opposed
vertically are electrically connected to each other. The
adjacent electrodes are insulated from each other since the
distance between the adjacent electrodes is sufficiently lon-
ger than the size of the conductive particle. Also, the
anisotropic conductive resin flows to a region provided with
no flexible printed wire 310 (corresponding to the 221
region). Since the conductive particles exist to be distributed
in the insulating resin, the resin itself has an insulating
property and is electrically insulated from other regions.
[0049] Since the substrate 102 and the flexible printed
wire 310 are electrically connected by the anisotropic con-
ductive resin, the height of the electric connection unit to the
subject side can approximately be the height of the flexible
printed wire 310. Thus, an influence of the electric connec-
tion unit on the capacitive transducer element can be as
small as possible.

[0050] The size of the connection electrode 220 is 100 pm
to hundreds of umxhundreds of um to several mm. Also, as
described above, since the anisotropic conductive resin
flows to the region provided with no flexible printed wire
310 in a range from hundreds of pm to several mm, the
equivalent or longer distance is required to be provided from
the CMUT element. On the other hand, to prevent contact
and electric connection between the cross-section of the
substrate 102 and the conductive layer 312 (311) of the
flexible printed wire 310, the insulating layer 314 of the
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flexible printed wire 310 on the substrate side is arranged to
overlap with the substrate 102. Thus, the external shape of
the substrate 102 is set to be slightly extended so that the
insulating layer 314 may reliably overlap with the substrate.
In general, a dimension of 100 pm to hundreds of pm is
required to be secured.

[0051] The length of the electric connection unit 103 is
required to be 500 um to 5 mm in the longitudinal (longer-
side) direction of the substrate 102. This length is similar to
the aforementioned length of the CMUT element 101, which
is 0.5 mm to several mm. Thus, the electric connection unit
103 is equal to or larger than the CMUT element 101 in size,
and the size ratio can sufficiently provide the effect of the
configuration according to the present disclosure.

[0052] Referring to FIG. 4, arrangement on the substrate
(chip) will be described. FIG. 4 is a schematic view of the
substrate 102 seen from the upper side. FIG. 4 shows a
folding line C of the flexible printed wire 310. The capaci-
tive transducer element 101 is arranged on the lower side of
the substrate 102 in the figure while the electric connection
unit 103 for connection to the circuit 402 (403) is arranged
on the upper side of the substrate 102 in the figure. As
described with reference to FIG. 3, in the electric connection
unit 103, the substrate and the end of the flexible printed
wire 310 are opposed to each other and are electrically
connected by the anisotropic conductive resin. In FIG. 4,
three connection electrodes 220 formed in shapes elongated
in the longitudinal (longer-side) direction of the substrate
102 (X-direction) are arranged on the substrate 102, for
example. The three connection electrodes 220 are connected
to the first electrode of the element 101, the second electrode
of the element 101, and an electrode for holding potential of
the chip 102, respectively.

[0053] Referring 1o FIG. 5, the positional relationship
between the substrate 102 and the circuit board 410 will be
described. FIG. 5 is a schematic view illustrating only the
substrate 102, the flexible printed wire 310, and the circuit
board 410.

[0054] The flexible printed wire 310 extracted from the
wire of the substrate 102 is extracted approximately
orthogonally to the substrate 102, and the circuit board 410
is also extracted approximately orthogonally to the substrate
102. The substrate 102 and the circuit board (PCB) 410 are
arranged so that the longitudinal (longer-side) direction of
the substrate 102 (X-direction) and the width direction of the
circuit board 410 (L-direction) may approximately be ver-
tical to each other when the ultrasonic probe 99 is seen in a
direction of the bottom surface. FIG. 5 illustrates a sche-
matic view to which the positional relationship between the
substrate 102 and the circuit board 410 is projected. Since
the flexible printed wire 310 is extracted straightforwardly,
the length of the wire 310 can be minimum. Thus, parasitic
capacitance in the wire between the element 101 and the
reception circuit 402 (transmission/reception circuit 403)
can be restricted to the minimum. An influence of the
parasitic capacitance on a transmission characteristic (or a
reception characteristic) of the capacitive transducer can be
small, and the capacitive ultrasonic probe excellent in recep-
tion (transmission/reception) characteristic can be provided.
[0055] Referring to FIG. 6, an ultrasonic unit configured
by arranging the plurality of capacitive transducers 99 in the
hemispherical (bowl-shaped) supporting member 110
including recesses will be described. FIG. 6 shows a light
source (light irradiation unit) 111 and a line 112 binding up
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cables. The supporting member 110 is provided with a
plurality of through holes each corresponding to the external
shape and the outside diameter of the ultrasonic probe 99,
and the element constituting the ultrasonic probe is inserted
and secured into each of the through holes to face a center
E of the hemisphere.

[0056] As a subject in the present disclosure, a breast, a
hand, a foot, and another part of a living body, a non-living
body material, and the like can be assumed. For example,
when an apparatus that can measure the breast as a subject
is assumed, the radius of the hemisphere of the hemispheri-
cal chassis 110 can be in a range from 100 mm to 150 mm.
The radius of the hemisphere is more desirably in a range
from 110 mm to 130 mm.

[0057] In the present embodiment, the center of the
capacitive reception element (transmission/reception ele-
ment) is offset from the center of the chassis, and the size of
the offset is most desirably about a half of the size of the
electric connection unit. This enables the ultrasonic probe to
be formed with respect to the chip 102 and the electric
connection unit 103 most efliciently (smallest). Thus, the
specific size of the offset is generally hundreds of um to
several mm.

[0058] As described above, according to the present dis-
closure, the center of the capacitive transducer element can
be offset from the center of the chassis, and it is possible to
provide the ultrasonic unit in which the plurality of ultra-
sonic probes each including the single element are arranged
in the hemispherical supporting member including the
recesses in a high-density state.

[0059] Meanwhile, although the electric connection unit
103 is configured to cause the substrate (chip) and the end
of the flexible printed wire 310 to be opposed to each other
and electrically connected to each other by means of the
anisotropic conductive resin in the above description, the
present disclosure is not limited to this configuration. Avail-
able are a configuration in which the substrate (chip) and the
end of the flexible printed wire 310 are opposed to each
other and electrically connected to each other in another way
and a configuration in which the chip and the end of the
flexible printed wire 310 are arranged in parallel and in
which a wire bonder is used as illustrated in FIG. 7. FIG. 7
shows a wire 240, a sealing material 241, and an adhesive
242.

[0060] Meanwhile, although the three connection elec-
trodes 220 are provided on the substrate 102 in the above
description, the present disclosure is not limited to this
configuration. The connection electrodes 220 can be used in
a similar manner even in a case in which the number of the
connection electrodes 220 is two to cause the electrodes to
be connected to the first and second electrodes or another
number, and even in a case in which the shape of each
connection electrode 220 differs.

[0061] Meanwhile, in the present embodiment, the exter-
nal shape of the chassis constituting the ultrasonic probe 99
1s circular, and the center of the element 101 is offset from
the center of the chassis. Accordingly, by securing the
ultrasonic probe 99 to the supporting member including the
through holes while adjusting the orientation in consider-
ation of the offset direction, the element 101 can be arranged
at a predetermined coordinate position. Also, the positional
adjustment of the ultrasonic probe 99 can be performed
easily by providing the chassis 100 with a pin, a protrusion,
or the like for the positional adjustment.
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[0062] Meanwhile, in the present embodiment, although
nothing is filled between the substrate 102 and the chassis
100 in the above description, the present disclosure is not
limited to this configuration. A resin which is insulated and
which hardly influences the characteristics of the CMUT
element, such as a silicon resin, can be filled. This brings
about effects such as inter-line insulation in the CMUT
element, improved insulation from an external subject, and
prevention of breakage of the CMUT element caused by
contact.

Second Embodiment

[0063] A second embodiment differs from the first
embodiment in terms of the positional relationship between
the element substrate (chip) 102 and the circuit board 410.
The second embodiment is similar to the first embodiment in
the other respects. The second embodiment will be described
with reference to FIGS. 8 and 9. FIG. 8 is a schematic
perspective view illustrating the positional relationship
between the element substrate 102 and the circuit board 410.
FIG. 9 is a schematic projection view illustrating the posi-
tional relationship between the element substrate 102 and
the circuit board 410.

[0064] The second embodiment differs from the first
embodiment in that the orientation of the circuit board 410
as seen from the element substrate 102 is rotated by approxi-
mately 90 degrees. Specifically, the flexible printed wire 310
electrically connected to the element substrate 102 by the
electric connection unit 103 is twisted by Y4 (90 degrees)
rotation before reaching the circuit board 410. Accordingly,
as illustrated in FIG. 9, the longitudinal (longer-side) direc-
tion (X-direction) of the chip 102 and the width direction
(L-direction) of the circuit board 410 correspond. The circuit
board 410 is generally approximately 0.6 mm to several mm
in the thickness direction (M-direction) and is typically 1.6
mm in thickness. Also, the circuit board 410 is required to
be at least several mm to 1 cm in the width direction
(L-direction) in consideration of the package size of the
reception (transmission/reception) circuit and the required
extra length to the board ends.

[0065] In the configuration in the present embodiment in
which the longitudinal (longer-side) direction (X-direction)
of the element substrate 102 and the width direction (L-di-
rection) of the circuit board 410 correspond, the respective
longitudinal (longer-side) directions correspond. Accord-
ingly, the external size of the ultrasonic probe 99 can be
restricted to the minimum.

[0066] Meanwhile, in the present embodiment, although
the orientation of the circuit board 410 as seen from the
element substrate 102 is rotated by 90 degrees in the above
description, the present embodiment is not limited to this
configuration and can be applied to a case of another angle.
For example, the present embodiment can be applied to a
case in which the orientation of the circuit board 410
approximately corresponds to a diagonal line of the element
substrate 102. In this case, in a configuration in which the
thickness (M-direction) of the circuit board 410 is shortened,
the external shape of the ultrasonic probe can further be
small-sized.

Third Embodiment

[0067] In athird embodiment, a side of the flexible printed
wire 310 extracted from the element substrate (chip) 102
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differs. The third embodiment is similar to the first embodi-
ment in the other respects. The third embodiment will be
described with reference to FIGS. 10 and 11. FIG. 10 is a
schematic perspective view illustrating the positional rela-
tionship between the element substrate 102 and the circuit
board 410. FIG. 11 is a schematic projection view illustrat-
ing the positional relationship between the element substrate
102 and the circuit board 410.

[0068] In the first embodiment, the flexible printed wire
310 is extracted from one side (side I in FIG. 11) of the
element substrate 102 in a shorter-side direction. The third
embodiment is characterized in that the flexible printed wire
310 is extracted from a part of one side (side K in FIG. 11)
of the element substrate in a longer-side direction.

[0069] Also, since the space to fold the flexible printed
wire 310 is provided at a side close to the shorter side of the
element substrate 102, the wire can be extracted to the
reception circuit (transmission/reception circuit) without
protruding the electric connection unit 103 in the longitu-
dinal (longer-side) direction (X-direction) of the element
substrate 102. Thus, since the element substrate 102 is not
required to be extended in the longitudinal (longer-side)
direction (X-direction) thereof, the external shape of the
ultrasonic probe 99 can be small-sized.

[0070] The present embodiment will be described from
another aspect. The present embodiment is characterized in
that the center of the capacitive transducer element 101 is
offset from the center of the external shape of the ultrasonic
probe 99 not only in the longitudinal (longer-side) direction
(X-direction) of the element substrate 102 but also in the
shorter-side direction (Y-direction) of the element substrate
102. Accordingly, it is possible to provide the ultrasonic unit
in which the plurality of capacitive transducers each includ-
ing the single element are arranged in the hemispherical
supporting member in a higher-density state.

[0071] Further, since the space to cause the insulating
layer (cover lay film) 314 of the flexible printed wire 310 on
the side of the element substrate 102 to overlap with the
element substrate 102 (region W in FIG. 3) is dispensed
with, the element substrate 102 can be shortened in the
longitudinal (longer-side) direction (X-direction).

[0072] Also, in the present embodiment, since the longi-
tudinal (longer-side) direction (X-direction) of the element
substrate 102 and the width direction (L-direction) of the
circuit board 410 can approximately correspond even with-
out twisting the flexible printed wire 310, the ultrasonic
probe 99 can be small-sized. In the present embodiment,
since the flexible printed wire 310 is not required to be
twisted as in the second embodiment, the entire length of the
ultrasonic probe 99 can further be shortened.

[0073] Inaddition, as illustrated in FIG. 11, the connection
electrodes 220 on the element substrate 102 are arranged to
extend in the shorter-side direction (Y-direction) of the chip.
In a case in which the connection electrodes 220 on the
element substrate 102 and the flexible printed wire 310 are
connected by the anisotropic conductive resin, the anisotro-
pic conductive resin tends to flow far in the longitudinal
(longer-side) direction of the connection electrodes. In the
configurations of the first and second embodiments, since
the connection electrodes 220 are oriented in a direction in
which the anisotropic conductive resin easily flows on the
element substrate 102 from the electric connection unit
toward the element 101, the flexible printed wire 310 is
required to have a predetermined distance from the element
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101. Conversely, in the third embodiment, the direction in
which the anisotropic conductive resin flows from the flex-
ible printed wire 310 can be different from the direction of
the element 101. Accordingly, the distance between the
flexible printed wire 310 and the element 101 can be shorter
than that in the configuration according to the first embodi-
ment, and the region of the electric connection unit 103 itself
can be smaller.

[0074] In this manner, in the configuration according to
the present embodiment, since the space to fold the flexible
printed wire 310 can be small-sized, and enlargement of the
region of the electric connection unit 103 due to flowing of
the anisotropic conductive resin can be prevented, it is
possible to provide the ultrasonic probes arranged in a
higher-density state.

Fourth Embodiment

[0075] In a fourth embodiment, the external shape of the
ultrasonic probe 99 differs. The fourth embodiment is simi-
lar to any of the first to third embodiments in the other
respects. The fourth embodiment will be described with
reference to FIG. 12. FIG. 12 is a schematic perspective
view illustrating the ultrasonic probe 99.

[0076] The fourth embodiment differs in that the external
shape of the ultrasonic probe 99 is quadrangular. Since the
element substrate 102 is cut from a large silicon wafer, the
shape of the element substrate 102 is generally quadrangular
in terms of the manufacturing efficiency. In the present
embodiment, since the chassis 100 is in a rectangular
columnar shape, and the external shape of the chassis 100 is
quadrangular as with the external shape of the chip 102, a
wasted space inside the chassis 100 is hardly generated, and
the external shape of the ultrasonic probe 99 can further be
small-sized.

[0077] The present embodiment can exert a particularly
high effect when the present embodiment is combined with
the third embodiment. The combination is desirable since
the ultrasonic probe 99 having the external size of the
element substrate 102 slightly extended can be formed
although it depends on the sizes of the element substrate 102
and the circuit board 410.

[0078] Meanwhile, in the present embodiment, although
the external shape of the ultrasonic probe 99 is quadrangular
in the above description, the present disclosure is not limited
to this. The ultrasonic probe can be formed with use of a
chassis formed in another shape such as a polygonal shape,
a truncated polygonal shape, an elliptic shape, and an
arbitrary shape.

Fifth Embodiment

[0079] A fifth embodiment relates to a supporting member
supporting the ultrasonic probes. The fifth embodiment is
similar to any of the first to fourth embodiments in the other
respects. The fifth embodiment will be described with ref-
erence to FIGS. 13 and 14.

[0080] As illustrated in FIG. 13, a supporting member 190
supporting the ultrasonic probes is provided with a plurality
of through holes 191 each having the same size as that of the
external shape of each ultrasonic probe. The ultrasonic
probes are inserted in the respective through holes 191 and
are mechanically secured. The fifth embodiment is charac-
terized in that the through holes 191 opened in the support-
ing member 190 are arranged so that the intervals may be
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approximately uniform. In the present embodiment, the
through holes 191 provided in the supporting member 190
are arranged uniformly. In other words, the thicknesses of
remaining members between the through holes 191 of the
supporting member 190 are uniform, and the supporting
member 190 has no part with low strength and can have
entirely uniform strength. In a case in which the ultrasonic
probes are arranged in a high-density state, the intervals
between the adjacent through holes 191 are short. In this
case, since the supporting member tends to decrease in
strength and is required to support an increasing number of
probes, the supporting member is required to have high
strength. In the present embodiment, since the supporting
member 190 has high strength, the capacitive transducer
element can receive an accurate photoacoustic signal (or an
ultrasonic signal) without the coordinates thereof shifted,
and subject information or an image with high quality can be
acquired.

[0081] Also, in the present embodiment, since the through
holes 191 provided in the supporting member 190 are
uniformly arranged, and the center of each element 101 is
offset from the center of the external shape of each ultrasonic
probe 99 inserted and secured in each through hole, a
coordinate recording unit 120 having recorded therein all
coordinate information is provided as illustrated in FIG. 14.
An image generation unit for the subject receives not only a
reception signal 420 of each capacitive transducer element
but also element coordination information 421 from the
coordinate recording unit 120. The image generation umt
can reconstruct an image with use of the reception signals
420 of the respective elements detected by the reception
circuits 402 (or the transmission/reception circuits 403) by
correcting information about the element positions. Accord-
ingly, information about the subject can be acquired accu-
rately due to the configuration in which the supporting
member is provided with the through holes uniformly.

[0082] As described above, in the present embodiment, the
through holes 191 provided in the supporting member 190
are uniformly arranged, the coordinate recording unit 120
having recorded therein coordinates of the respective ele-
ments is provided, and the element coordinate information
421 as well as the reception signals can be output as
correction information. Accordingly, the ultrasonic unit
enabling accurate subject information to be acquired can be
provided.

[0083] Meanwhile, in the present embodiment, the con-
figuration in which the ultrasonic probes have one coordi-
nate recording unit 120 has been described. However, in the
present disclosure, a configuration in which each ultrasonic
probe 99 has the coordinate recording unit 120 is available.
Also, the present disclosure is not limited to this configu-
ration, and a configuration in which a subject information
acquisition apparatus connected to the ultrasonic probes has
the coordinate recording unit 120 is available.

Sixth Embodiment

[0084] A sixth embodiment relates to the orientation of the
offset of the element 101 arranged in the chassis 100
constituting each capacitive transducer probe. The sixth
embodiment is similar to any of the first to fifth embodi-
ments in the other respects. The sixth embodiment will be
described with reference to FIG. 15. FIG. 15 is a schematic
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view of partially enlarged ultrasonic probes to describe the
positional relationship between the chassis 100 and the
CMUT element 101.

[0085] The sixth embodiment is characterized in that the
orientation in which the center of the CMUT element 101 is
offset from the center of the chassis 100 differs per probe. In
a case in which the intervals of the CMUT elements 101 are
uniform, artifacts (aliasing) caused by the intervals between
the CMUT element 101 are easily generated. In the present
embodiment, since the intervals between the CMUT ele-
ments 101 vary, the artifacts (aliasing) generated from the
respective elements are not equal to each other, and as a
whole, the artifacts (aliasing) can be reduced.

[0086] According to the present embodiment, it is possible
to provide the ultrasonic unit in which the CMUT probes
each including the single element are arranged in the hemi-
spherical supporting member in a high-density state and in
which generation of the artifacts is reduced.

Seventh Embodiment

[0087] A seventh embodiment relates to the orientation of
the offset of the CMUT element 101 arranged in the chassis
100 constituting each capacitive transducer probe. The sev-
enth embodiment is similar to any of the first to fifth
embodiments in the other respects. The seventh embodiment
will be described with reference to FIGS. 16 and 17.
[0088] FIG. 16 is a plan view of the ultrasonic probes as
seen from the subject side. As illustrated in FIG. 16, the
seventh embodiment is characterized in that the CMUT
elements 101 arranged in the chassis 100 each constituting
the transducer probe are arranged to be offset in directions
opposite from the subject at the time of being secured in the
hemispherical (bowl-shaped) supporting member 190. The
hemispherical bowl is in a more tapered (that is, the element
intervals are decreased) structure in the direction opposite
from the subject (that is, in the depth direction of the bowl,
and in a direction toward the center and the back of the circle
on the drawing sheet in FIG. 16). Thus, when the CMUT
elements 101 are arranged at the same intervals, the number
of CMUT elements that can be arranged circularly at each
depth decreases in the depth direction of the bowl. Hence,
the transducer probes are required to be smaller in size in the
depth direction of the bowl. In the present embodiment,
since the center of each CMUT element 101 is offset from
the center of each chassis 100 in the depth direction of the
bowl, the intervals of the adjacent CMUT elements 101 can
be shorter.

[0089] Also, in the present embodiment, the center of each
CMUT element 101 is offset from the center of the external
shape of each chassis 100 in the direction opposite from the
subject as illustrated in the schematic cross-sectional view in
FIG. 17. The ultrasonic probe sometimes has a configuration
in which the chassis 100 surrounding the element substrate
102 protrudes to the subject side further than the element
substrate 102. A photoacoustic wave 430 from the subject
reaches the CMUT element 101 from a position around the
center of the bowl-shaped supporting member. In the con-
figuration according to the present embodiment, the center
of the CMUT element 101 is offset in the direction opposite
from the subject. Accordingly, even in the configuration in
which the chassis 100 protrudes to the subject side further
than the element substrate 102, the photoacoustic signal 430
is scattered by the protrusion, and the photoacoustic signal
reaching the CMUT element 101 is hardly influenced.
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Eighth Embodiment

[0090] The ultrasonic transducer described in any of the
first to seventh embodiments can be used for reception of a
photoacoustic wave (ultrasonic wave) with use of a photoa-
coustic effect and can be applied to a subject information
acquisition apparatus including the ultrasonic transducer.
[0091] FIG. 18 is a schematic view illustrating a subject
information acquisition apparatus according to the present
embodiment. FIG. 18 shows a subject 800, a medium 801,
the CMUT probes 99, an image information generation unit
(signal processing unit) 803, an image display 804, a light
source unit 805 emitting light 702, a light emission instruc-
tion signal 701, an acoustic wave (ultrasonic wave) 703
generated by emission of the light 702, a photoacoustic wave
reception signal 704, and reconstructed image information
705 generated by the photoacoustic signal.

[0092] Based on the light emission instruction signal 701,
the light 702 (pulse light) is generated from the light source
805 to cause the subject 800 to be irradiated with the light
702. In the subject to be measured 800, the acoustic wave
(ultrasonic wave) 703 is generated by emission of the light
702 and is received by the plurality of CMUT probes 99.
Between the subject information acquisition apparatus and
the subject 800, the medium 801 is filled to avoid attenuation
of the acoustic wave (ultrasonic wave) due to bubbles.
Information about the reception signal in terms of the
magnitude, shape, and time is transmitted as the photoa-
coustic wave reception signal 704 to the image information
generation unit 803 serving as a signal processing unit. Also,
information about the light 702 generated by the light source
805 in terms of the magnitude, shape, and time (light
emission information) is stored in the photoacoustic signal
image information generation unit 803. The photoacoustic
signal image information generation unit 803 generates an
image signal of the subject 800 based on the photoacoustic
wave reception signal 704 and the light emission informa-
tion and outputs the reconstructed image information 705 in
the form of the photoacoustic signal. The image display 804
displays an image of the subject 800 based on the recon-
structed image information 705 in the form of the photoa-
coustic signal.

[0093] According to the present embodiment, since the
ultrasonic probes according to the present disclosure enable
the CMUT elements to be arranged in a high-density state,
it is possible to provide the subject information acquisition
apparatus that can restrict generation of the artifacts (alias-
ing) and that can generate high-quality subject information.

Ninth Embodiment

[0094] The ultrasonic transducer (CMUT) described in
any of the first to seventh embodiments can be used not only
for photoacoustic imaging described in the eighth embodi-
ment but also for ultrasonic imaging with use of transmis-
sion/reception of an ultrasonic wave and can be applied to a
subject information acquisition apparatus including the
ultrasonic transducer. In this case, as illustrated in FIG. 19,
the transmission/reception circuit 403 having a function of
giving a transmission signal to the CMUT in addition to a
reception function is required to be used instead of the
reception circuit 402.

[0095] FIG. 19 shows a photoacoustic wave and ultrasonic
wave reception signal 704, ultrasonic wave transmission
information 706, a transmitted ultrasonic wave 707, a
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reflected ultrasonic wave 708, and reconstructed image
information 709 for ultrasonic imaging.

[0096] The CMUT probes 99 have a configuration in
which the plurality of CMUT elements serving as transmis-
sion/reception elements are arranged in an array. The ultra-
sonic wave 707 output from the CMUT probe 99 toward the
subject 800 is reflected on the surface of the subject 800 due
to the difference in specific acoustic impedance at the
interface. The reflected ultrasonic wave 708 is received in
the CMUT probe 99, and information about the reception
signal in terms of the magnitude, shape, and time is trans-
mitted as the ultrasonic wave reception signal 706 to the
image information generation unit 803. Also. information
about the transmitted ultrasonic wave applied to the CMUT
probe 99 in terms of the magnitude, shape, and time is
transmitted to the image information generation unit 803.
The image information generation unit 803 generates an
image signal of the subject 800 based on the ultrasonic wave
reception signal 704 and the ultrasonic wave transmission
information and transmits the image signal as the recon-
structed image information 709, and the reconstructed image
information 709 is displayed on the image display 804.

[0097] According to the present embodiment, since the
ultrasonic probes according to the present disclosure enable
the CMUT elements to be arranged in a high-density state,
it is possible to provide the subject information acquisition
apparatus that can restrict generation of the artifacts (alias-
ing) and that can generate high-quality subject information.
Also, when the ultrasonic probes according to the present
embodiment are used, different subject information can be
acquired by the photoacoustic imaging and the ultrasonic
imaging. Accordingly, more detailed subject information
can be acquired, and a subject image having a large amount
of information can be generated. Further, since reception of
the photoacoustic wave and transmission/reception of the
ultrasonic wave are performed with use of the same ultra-
sonic transducers, there is almost no misalignment between
coordinates in subject information acquired by reception of
the photoacoustic wave and coordinates in subject informa-
tion acquired by transmission/reception of the ultrasonic
wave. Hence, when the respective subject images overlap
with each other, an image with little misalignment can be
displayed. Meanwhile, in the embodiments in the present
specification, although description is provided by connect-
ing a DC voltage generation unit 401 to the first electrode
202 and connecting the reception circuit 402 to the second
electrode 203, the present disclosure is not limited to these
embodiments. The present disclosure can similarly be used
for a configuration of connecting the reception circuit 402 to
the first electrode 202 and connecting the DC voltage
generation unit 401 to the second electrode 203.

[0098] While the present disclosure has been described
with reference to exemplary embodiments, it is to be under-
stood that the disclosure is not limited to the disclosed
exemplary embodiments. The scope of the following claims
is to be accorded the broadest interpretation so as to encom-
pass all such modifications and equivalent structures and
functions.

[0099] This application claims the benefit of Japanese
Patent Application No. 2016-237688, filed Dec. 7, 2016,
which is hereby incorporated by reference herein in its
entirety.
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What is claimed is:

1. An ultrasonic probe comprising:

an element configured to include a diaphragm unit for at

least receiving or transmitting an ultrasonic wave; and

a chassis configured to extend in a direction vertical to a

diaphragm plane included in the diaphragm unit and
hold the element,

wherein a center of the diaphragm plane of the element in

an in-plane direction is arranged to be offset from a
center of the chassis.

2. The ultrasonic probe according to claim 1, wherein the
element is a capacitive transducer having a structure of at
least one cell in which one of paired electrodes is provided
with a vibrating film.

3. The ultrasonic probe according to claim 2, wherein the
capacitive transducer is configured to include the plurality of
cells.

4. The ultrasonic probe according to claim 1, wherein the
element is a transducer using a piezoelectric element.

5. The ultrasonic probe according to claim 1, comprising:

an element substrate configured to hold an electric con-

nection unit connected to the element and the element
in a direction parallel to the diaphragm plane.

6. The ultrasonic probe according to claim 5, wherein the
electric connection unit is an electric connection unit con-
nected to a flexible printed wire.

7. The ultrasonic probe according to claim 6, wherein the
flexible printed wire is arranged to be folded approximately
vertically to the element substrate.

8. The ultrasonic probe according to claim 5, comprising:

a circuit board connected to the electric connection unit to

face a rear side of a surface of the element substrate on
which the element is held.

9. The ultrasonic probe according to claim 8, wherein the
circuit board is arranged approximately vertically to the
element substrate.

10. The ultrasonic probe according to claim 1, wherein the
center of the element is arranged to be offset from the center
of the chassis in a range from 300 um to 5 mm.

11. The ultrasonic probe according to claim 10, wherein
the center of the element is arranged to be offset from the
center of the chassis in a range from 500 um to 4 mm.

12. The ultrasonic probe according to claim 11, wherein
the center of the element is arranged to be offset from the
center of the chassis in a range from 700 um to 2 mm.
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13. The ultrasonic probe according to claim 1, wherein the
chassis is formed in a columnar shape.

14. The ultrasonic probe according to claim 13, wherein
the chassis is formed in a circular columnar shape, and a
diameter of the circular columnar chassis is in a range from
5 mm to 15 mm.

15. The ultrasonic probe according to claim 14, wherein
the diameter of the circular columnar chassis is in a range
from 6 mm to 12 mm.

16. The ultrasonic probe according to claim 15, wherein
the diameter of the circular columnar chassis is in a range
from 7 mm to 10 mm.

17. The ultrasonic probe according to claim 13, wherein
the chassis is formed in a rectangular columnar shape.

18. An ultrasonic unit comprising:

a supporting member configured to arrange and support a
plurality of ultrasonic probes each of which is the
ultrasonic probe according to claim 1.

19. The ultrasonic unit according to claim 18, wherein the
supporting member includes a recess and is formed in a
shape of a hemisphere.

20. The ultrasonic unit according to claim 19, wherein a
radius of the hemisphere is in a range from 100 mm to 150
mm.

21. The ultrasonic unit according to claim 20, wherein the
radius of the hemisphere is in a range from 110 mm to 130
mm.

22. The ultrasonic unit according to claim 18, wherein the
supporting member includes a light irradiation unit config-
ured to irradiate a subject with light.

23. A subject information acquisition apparatus compris-
ing:

the ultrasonic unit according to claim 18;

a light source unit; and

a signal processing unit,

wherein an acoustic wave from a subject is received to
acquire information about the subject.

24. A subject information acquisition apparatus compris-

ing:

the ultrasonic unit according to claim 18; and

a signal processing unit,

wherein an ultrasonic wave transmitted from the ultra-
sonic probe is emitted to a subject, an acoustic wave
from the subject is received, to acquire information
about the subject.
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