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(54) ULTRASONIC PROBE

(57)  Anultrasonic probe (U) is configured such that:
a piezoelectric element group (2) is housed within a
sealed container (3) so as to be rotated and oscillated
left and right about a center line that equally divides a
plate surface of the piezoelectric element group (2); and
the sealed container (3) is filled with a liquid (L) that
serves as an acoustic medium, and in the sealed con-
tainer (3) there are provided an inlet hole (10) for the
liquid (L) as well as an exhaust hole (13), to the inlet hole
(10) there is connected a flexible tube (15) that functions
as a diaphragm, and on the flexible tube (15) and the
exhaust hole (13) there are respectively provided sealing
lids (11a, 11b). As aresult, there is provided an ultrasonic
probe that prevents an occurrence of air bubbles in a
liquid that serves as an ultrasonic wave medium, and that
realizes excellent ultrasonic characteristics.
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Description
Technical Field

[0001] The present invention relates to an ultrasonic
probe in which a liquid serving as an ultrasonic wave
medium is filled within a sealed container so as to perform
mechanical scanning, in particular, to a short axis oscil-
lating type ultrasonic probe (hereinafter, referred to as
"short axis oscillating probe") that rotates and oscillates
a piezoelectric element group in the short axis direction
to obtain a three dimensional image of an examination
subject.

Background Art

(Background of the Invention)

[0002] A short axis oscillating probe is known as a
probe that electronically scans a piezoelectric element
group in the short axis direction thereof, and mechani-
cally scans (oscillates) in the short axis direction thereof
to obtain a three dimensional image of an examination
subject (refer to Japanese Examined Patent Publication
No. Hei 7-38851, Japanese Unexamined Patent Publi-
cation No. 2003-175033, Japanese Patent Application
No. 2005-175700, and Japanese Unexamined Patent
Publication No. 2005-334107 (FIG. 3, FIG. 5)). Conse-
quently, such a probe has been brought to practical ap-
plication because for example wiring (electrical connec-
tion) and scanning circuits thereof, can be made simpler,
compared for example to a matrix type probe in which
piezoelectric elements are arranged in lengthwise and
crosswise array to be electronically scanned in a two-
dimensional direction.

[0003] (Prior Art) FIG. 3 is a drawing for explaining a
conventional example of a short axis oscillating probe,
wherein FIG. 3A is a sectional view in the long axis di-
rection of a piezoelectric element group, and FIG. 3B is
a sectional view in the short axis direction. The short axis
oscillating probe is such that a piezoelectric element
group 102 provided on a rotational retention base 101 is
housed within a sealed container 103. The rotational re-
tention base 101 is of a sectionally channel shape with
leg sections 101a and 101b on both end sides of a hor-
izontal section thereof, and on the horizontal section of
the rotational retention base 101, there is arranged the
piezoelectric element group 102. Moreover, on the inner
side face of one of the leg sections 101b there is fixed a
first bevel gear 104a.

[0004] The piezoelectric element group 102 is config-
ured such that a large number of piezoelectric elements
102a are arranged in the long axis direction. Here it is
fastened onto a backing member 105a on a curve-sur-
faced base 105 provided on the horizontal section of the
rotational retention base 101. As a result, the ultrasonic
probe is made as a so called convex type. On the surface
of the piezoelectric element group 102, generally there
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is provided an acoustic matching layer 106c that brings
acoustic impedance close to that of a living body (human
body) to increase propagation efficiency, and on the top
face of the acoustic matching layer 106c there is further
provided an acoustic lens 106.

[0005] The sealed container 103 is joined by fitting to-
gether a container main body 103a and a cover 103b,
the cross-sections of which are both concave shaped.
On a pair of opposing side walls of the container main
body 103a, there is provided a pair of rotational center
shafts 7 that rotate and oscillate the rotational retention
base 101 (the piezoelectric element group 102) in the
short axis direction, and the rotational shafts 107 slidably
engage with bearings 107a of the leg sections 101a and
101b on both end sides of the rotational retention base
101. Arotational shaft 108 connected to a rotating mech-
anism such as motor passes in a sealed condition
through a bottom wall of the container main body 103a,
and on the tip end of the rotational shaft 108 there is
provided a second bevel gear 104b so as to mesh with
the first bevel gear 104a.

[0006] The inside of the sealed container 103 is filled
with a liquid that serves as an ultrasonic wave medium
such as oil L that results in bringing the acoustic imped-
ance close to that of a human body and with a low ultra-
sonic wave propagation loss. Accordingly, ultrasonic
wave propagation loss between the inner circumferential
surface of the cover 103b and the piezoelectric element
group 102 (acoustic lens 106) becomes lower, and the
acoustic impedance matching with a human body can be
increased. Consequently ultrasonic wave propagation
efficiency is increased. If air is present between the inner
circumferential surface of the cover 103b and the surface
ofthe piezoelectric element group 102, attenuation of the
ultrasonic waves becomes significant and propagation
efficiency becomes degraded. As a result, it is not pos-
sible to perform excellent transmission/reception of ul-
trasonic waves.

[0007] The oil Lisfilled from aninlet hole 110 provided
inthe bottom face of the container main body 103a. When
injecting the oil L, the bottom face of the container main
body 103 is faced upwards and the pre-degassed oil L
is injected. Then, for example, a sealing ring (O ring) (not
shown) is attached to the inlet hole 110, and the container
main body 103 is sealed with a sealing lid 111a having
a male thread.

[0008] Arotating mechanism 110 such as motor is cov-
ered by a back side surface cover 119, and a cable 118
to be connected to a diagnostic tool is led out from the
back side surface cover 119. As a result, rotation of the
second bevel gear 104b rotates and oscillates the first
bevel gear 104a in the short axis direction, and the rota-
tional retention base 101 (piezoelectric element group
102) integrated with this rotates and oscillates left and
right about the center line that equally divides the short
axis direction.
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(Problems in the Prior Art)

[0009] However, in the conventional short axis oscil-
lating probe configured as described above, for example
as pointed out in Japanese Unexamined Patent Publica-
tion No. 2005-334107, there has been a problem in that
the oil L filled within the sealed container 103 expands
and contracts due to temperature change, causing oil
leakage from the sealed container 103 and air bubbles.
As aresult, attenuation of the ultrasonic waves becomes
significant, resulting in a significant reduction in the ul-
trasonic wave characteristics of the probe.

[0010] In order to avoid this problem, for example,
there is disclosed in Japanese Unexamined Patent Pub-
lication No. 2005-334107 that for the inlet hole 110 of the
oil L, there is separately provided a diaphragm 112 that
links to the sealed container 103 and functions as an
expansion and contraction section, and there is further
provided an additional bubble accumulator. An opening
and closing section is provided in the bubble accumulator
mentioned in this publicly known document, however, a
concrete description of this opening and closing section
is absent. Therefore, the present invention basically
takes the case of providing the diaphragm 112 as the
prior art.

[0011] However, in such a conventional example, an
exhaust hole is absent for the inlet hole 110, and there
is only provided the diaphragm 112. Therefore, there is
the problem described below. That s to say, the inlet hole
110 also serves as an exhaust hole, so that the inlet hole
110 and an exhaust hole are the same thing. In addition,
the diameter thereof is small. As a result, there is a prob-
lem in that when filling the pre-degassed oil L, air inside
the sealed container 103 is mixed in the oil L and cannot
be completely discharged, causing the air to remain in
the oil L as air bubbles.

[0012] For example, after filling the sealed container
103 with the oil L, air bubbles may be removed by an
evacuated degassing device, and an additional amount
ofthe oil L may be added. However, air bubbles still occur
even in this case. Furthermore, in general the tip end of
the diaphragm 112 is positioned higher than the inlet hole
110. Therefore it becomes difficult to remove air bubbles
that have occurred inside the diaphragm 112 when in-
jecting the ail L.

[0013] As aresult, there has been a problem in that it
is difficult to remove air bubbles that occur when filling
the oil L, and to fully fill up only with oil, only by providing
the diaphragm 112 in the sealed container 103 in addition
to the inlet hole 110. These problems are observed not
only in a short axis oscillating probe intended to comprise
a piezoelectric element group (array type), but also for
example in an ultrasonic probe with the piezoelectric el-
ements in a circular shape as a single plate so as to
perform mechanical scanning. In short, a problem occurs
when filling a liquid that serves as an ultrasonic wave
medium within the sealed container.
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(Object of the Invention)

[0014] An object of the present invention is to provide
an ultrasonic probe that prevents an occurrence of air
bubbles in a liquid that serves as an ultrasonic wave me-
dium, and that realizes excellent ultrasonic characteris-
tics.

Brief Description of the Drawings

[0015]

FIG. 1is a drawing for explaining an embodiment of
ashortaxis oscillating probe of the present invention,
wherein FIG. 1A is a sectional view in the long axis
direction, and FIG. 1B is a sectional view in the short
axis direction.

FIG. 2 is a sectional view in the long axis direction
for explaining another embodiment of the short axis
oscillating probe of the present invention.

FIG. 3 is a drawing for explaining a short axis oscil-
lating probe of a conventional example, wherein FIG.
3Ais a sectional view in the long axis direction, and
FIG. 3B is a sectional view in the short axis direction.

Disclosure of the Invention

[0016] The present invention configures an ultrasonic
probe such that: a piezoelectric element is housed within
a sealed container so as to be rotated and oscillated left
and right about a center line that equally divides a plate
surface of the piezoelectric element in the short axis di-
rection; and the sealed container is filled with a liquid (oil)
that serves as an acoustic medium, and in the sealed
container there are provided a liquid inlet hole as well as
an exhaust hole, to the inlet hole there is connected a
flexible tube that functions as a diaphragm, and on the
flexible tube and the exhaust hole there are respectively
provided a sealing lid.

[0017] According to such a configuration, since there
is provided the exhaust hole in addition to the inlet hole,
for example, air within the sealed container can be easily
discharged from the exhaust hole when injecting the lig-
uid. Consequently, an occurrence (mix) of air bubbles
when injecting the liquid can be reduced compared to
the conventional example. Furthermore, easy removal
of air bubbles after filling the liquid can be enabled with
use of a degassing device (drawing a vacuum).

[0018] Moreover, with use of the flexible tube connect-
ed to the inlet hole or the exhaust hole as a pipette, air
bubbles in the fully filled liquid can be suctioned and dis-
charged. Consequently it becomes easier to fully fill up
the sealed container with a liquid while suppressing air
bubble occurrence therein.

[0019] Furthermore, since the flexible tube functions
as a diaphragm, the volume capacity thereof freely
changes according to an expansion and contraction of
the liquid. As a result, after the liquid is fully filled and the
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sealing lid has been mounted on the exhaust hole, an
occurrence of air bubbles can be suppressed even if
there is an expansion and contraction in the liquid. Con-

sequently, excellent ultrasonic characteristics are
achieved.
[0020] Furthermore, inthe presentinvention, to the ex-

haust hole there are connected two flexible tubes that
function as diaphragms, and on the tip ends of which
there are provided sealing lids. As a result, in particular
after fully filling the liquid, these two flexible tubes function
as diaphragms, and therefore for example the expansion
and contraction amount of the oil may be flexibly allowed,
compared to the case of having one flexible tube.
[0021] Furthermore, in the present invention, a plural-
ity of the piezoelectric elements is arranged in along axis
direction so as to form a piezoelectric element group, and
the center line equally divides a short axis direction of
the piezoelectric element group. As a result, as a short
axis oscillating probe, the probe can obtain three dimen-
sional data and the ultrasonic characteristics thereof are
even better.

Best Mode for Carrying Out the Invention

[0022] FIG. 1A is a sectional view in the long axis di-
rection for explaining an embodiment of a short axis os-
cillating probe of the present invention.

[0023] The short axis oscillating probe of the present
invention is such that a piezoelectric element group 2
arranged in the long axis direction is provided on a hor-
izontal section of a sectionally channel shaped rotational
retention base 1, so as to be housed within a sealed
container 3 comprising a container main body 3a and a
cover 3b that are both sectionally concave shaped. In leg
sections 1a and 1b on both end sides of the rotational
retention base 1, there is respectively provided a bearing
7aso as to slidably engage with a pair of rotational center
shafts 7 provided, in the long axis direction, on the side
walls of the container main body 3 a.

[0024] Afirst bevel gear 4a that is provided on one leg
section 1b of the rotational retention base 1 and that ro-
tates and oscillates in the short axis direction, meshes
with a second bevel gear 4b fastened onto a rotational
shaft 8 that passes in a sealed condition through the bot-
tom wall of the sealed container 3. Thereby, the rotational
retention base 1 (piezoelectric element group 2) rotates
and oscillates left and right about the center line that
equally divides the short axis direction of the piezoelectric
element group 2. Here, within the sealed container 3
there is filled a liquid such as oil L that serves as an
ultrasonic wave medium.

[0025] Furthermore in this embodiment of the present
invention, in the bottom face of the container main body
3 athere is arranged an inlet hole 10 along with an ex-
haust hole 13. In the inlet hole 10 there is provided a
cross shaped guiding screw 14 having a through hole,
and one end side, on which the screw is provided (upper
part in the drawing), is screwed into a thread formed on
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the inner circumference of the inlet hole 10. Between the
inlethole 10 and the guiding screw 14, there is interposed
an adhesive agent for example, so as to provide further
reliable sealing therebetween.

[0026] To the other end side of the guiding screw 14
(lower part in the drawing), there is connected a flexible
tube 15, both ends of which are open, formed from fluor-
orubber, which is highly resistant to chemicals and oils.
For example, one end side of the flexible tube 15 is press-
fitted thereon, with an adhesive agent interposed on the
other end side of the guiding screw 14. Alternatively, it
is sealed by placing a separate band over the flexible
tube 15.

[0027] Moreover the other end side of the flexible tube
15 is closed off (sealed) by a convex shaped sealing lid
11b that uses an adhesive agent, for example. Around
the exhaust hole 13 there is provided a sealing ring (O
ring) for example, and the exhaust hole 13 is sealed with
a sealing lid 11a having a male thread.

[0028] Furthermore, in a state where one end side of
the flexible tube 15 has been attached to the guiding
screw 14 and then the sealing lid 11a on the exhaust hole
13is opened, first, oil L that serves as an ultrasonic wave
medium is injected from the other end side of the flexible
tube 15 into the flexible tube 15 up to approximately 70
per cent of the tube capacity. In this case, the oil L that
has been pre-degassed is injected. Next, after injecting
the oil L, air bubbles that occurred during injection are
removed for example by the evacuated degassing de-
vice.

[0029] Subsequently, an additional amount of the oil L
that has been degassed is poured in from the other end
of the flexible tube 15 so as to overflow from the exhaust
hole 13. In this state, the sealing ring is placed and the
sealing lid 11a is screwed on. Then, the flexible tube 15
is pressed and released so as to suck in and discharge
any remaining air bubbles, and an additional amount of
the oil L is further added. Then this sequence is repeated
until the oil L is filled to full. Lastly, this is left to stand to
cool down, and then an amount that has been reduced
due to the cooling is added to fill the oil L to full, and the
other end side of the flexible tube 15 is sealed with the
sealing lid 11b.

[0030] According to such a configuration, air flows out
from the exhaust hole 13 when the oil L is injected from
the other end side of the flexible tube 15. Therefore, air
bubbles are less unlikely to occur in the injected oil L
compared to the conventional case where there is no
exhaust hole 13 provided. Consequently removal of air
bubbles with use of a degassing device becomes rela-
tively easy, depending on the amount of the oil L.
[0031] Moreover, since the flexible tube 15 that func-
tions as a diaphragm is connected to the inlet hole 10,
air bubbles can be easily taken out from the inlet hole 10
using the flexible tube 15 as a pipette when the sealed
container 3 is fully filled with the oil L. Consequently it is
easy to fill the sealed container 3 only with the oil L con-
taining no bubbles.
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[0032] Furthermore, since the flexible tube 15 func-
tions as a diaphragm, the volume capacity thereof chang-
es freely according to the expansion and contraction of
the liquid. As a result, once the oil L has been filled in
and the sealing lids 11b and 11a have been mounted on
the inlet hole 10 and the exhaust hole 13, even if there
is an expansion and contraction of the oil L filled within
the sealed container 3, any occurrence of air bubbles is
suppressed. As a result, in the present embodiment, the
ultrasonic wave characteristics of the short axis oscillat-
ing probe can be made even better.

[0033] The flexible tube 15 is provided only on the inlet
hole 10 in the above embodiment. However, as shown
in FIG. 2, it may be further provided on another exhaust
hole 13. In this case, for example the flexible tube 15 of
the exhaust hole 13 should be made shorter than that of
the other flexible tube 15 so that the oil L can be easily
overfilled when filling it up from the inlet hole 10. As a
result, particularly once the sealed container 3 has been
fully filled with the oil L and the sealing lids 11a and 11b
have been attached, two of these flexible tubes 15 func-
tion as diaphragms. Therefore, for example expansion
and contraction of the oil L may be flexibly allowed within
the sealed container 3.

[0034] Moreover, the present invention has been de-
scribed as a short axis oscillating probe, however, it may
be similarly applied to a case of generic mechanical scan-
ning where the piezoelectric element group 2 is a single
plate, for example in a circular shape, and rotates and
oscillates left and right about the center line that equally
divides the plate surface.

Industrial Applicability

[0035] The short axis oscillating probe of the present
invention can be widely used for forming a three dimen-
sional image of an examination subject such as a human
body.

Claims

1. Anultrasonic probe in which: a piezoelectric element
is housed within a sealed container so as to be ro-
tated and oscillated left and right about a center line
that equally divides a plate surface of said piezoe-
lectric element; and said sealed container is filled
with a liquid that serves as an acoustic medium,
wherein: in said sealed container there are provided
aliquid inlet hole as well as a separate exhaust hole;
to said inlet hole there is connected a flexible tube
that functions as a diaphragm; and on said flexible
tube and said exhaust hole there are respectively
mounted a sealing lid.

2. Anultrasonic probe according to claim 1, wherein to
said exhaust hole there is connected a flexible tube
that functions as a diaphragm, and on a tip end of
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said flexible tube there is attached a sealing lid.

An ultrasonic probe according to claim 1, wherein a
plurality of said piezoelectric elements are arranged
in a long axis direction so as to form a piezoelectric
element group, and said center line equally divides
a short axis direction of said piezoelectric element

group.
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