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(54) MINOR AXIS OSCILLATING ULTRASONIC PROBE

(57) A short axis oscillating ultrasonic probe (U) is
configured such that: a piezoelectric element group (2)
that is arranged in a long axis direction and that has an
acoustic lens (6) on an ultrasonic wave transmitting and
receiving surface thereof is provided on a rotational re-
tention base (1); the rotational retention base (1) is
housed within a sealed container (3) so as to rotate and
oscillate in a short axis direction of the piezoelectric ele-
ment group (2); ultrasonic waves that are transmitted and
received from the ultrasonic wave transmitting and re-
ceiving surface of the piezoelectric element group (2) are
mechanically scanned in the short axis direction; and a
liquid (L) that serves as an acoustic medium is filled within
the sealed container (3); and has a means for absorbing
unwanted ultrasonic waves that propagate in the long
axis direction, between the ultrasonic wave transmitting/
receiving surface and the inner circumferential surface
of the sealed container (3), and as the means for absorb-
ing unwanted ultrasonic waves, a projecting section (6b)
is provided on both end sides of the acoustic lens (6)
positioned in the long axis direction. As a result, there is
provided a short axis oscillating ultrasonic probe that re-
duces operation processes in manufacturing the probe
while achieving reliable sealing as well as absorption of
unwanted ultrasonic waves, and that reduces the weight
of the probe while achieving an excellent level of opera-
bility during diagnosis.
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Description

Technical Field

�[0001] The present invention relates to a short axis os-
cillating 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, in particular, to a short axis oscillating probe in
which unwanted ultrasonic waves propagating in the long
axis direction, which is the arrangement direction of the
piezoelectric elements, are absorbed.

Background Art

[Prior Art]

�[0002] A short axis oscillating probe is known as a
probe that electronic scans a piezoelectric element group
in the long axis direction thereof, and mechanically scans
(oscillates) in the short axis direction thereof to obtain a
three dimensional image of an examination subject. Con-
sequently, such a probe has been brought to practical
application because for example wiring (electrical con-
nection) and scanning circuits thereof can be made sim-
pler, compared for example to a matrix type ultrasonic
probe in which piezoelectric elements are arranged in
lengthwise and crosswise arrays to be electrically
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 the probe, and FIG. 3B is a sectional view in
the short axis direction of the probe.
�[0004] As shown in FIG. 3A, a short axis oscillating
probe U’ is such that a piezoelectric element group 102
provided on a rotational retention base 101 is housed
within a sealed container 103. The rotational retention
base 101 is of a sectionally channel shape with leg sec-
tions 101a and 101b on both end sides of a horizontal
section thereof, and on the horizontal section there is
provided the piezoelectric element group 102. Moreover,
on the inner side face of the one leg section 101b there
is fixed a first bevel gear 104a.
�[0005] 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, the
piezoelectric element group 102 is provided on the hor-
izontal section of the rotational retention base 101, and
it is fastened onto the top face of a backing member 105a,
which is made of rubber or the like, on a base 105, the
top face of which is of a curved surface. As a result, the
ultrasonic probe is made as a so called convex type. On
the surface of the piezoelectric element group 102, gen-
erally there 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.
�[0006] The thickness of the acoustic lens 106 is con-
stant in the long axis direction, and as shown in FIG. 3A,
3B, 4A, and 4B, the curvature of the acoustic lens 106 is
such that the thickness is greatest in the center in the
short axis direction. Furthermore a leg section 106b
projects from the entire outer circumference of a curva-
ture section 106a of the acoustic lens, and is attached
so as to cover the outer circumference of the side face
of the backing member 105a and the base 105. As a
result, a focal point in the short axis direction is formed
in the acoustic lens 106 to achieve efficiency of ultrasonic
wave energy generated from the piezoelectric element
group 102. The long direction of the piezoelectric element
group 102 is electrically controlled.
�[0007] Furthermore, as shown in FIG. 3A and FIG. 3B,
the sealed container 103 is configured such that it has a
structure for fitting to each other, a container main body
103a and a cover 103b, which are both sectionally con-
cave shaped, thereby enabling free attachment and re-
moval. On opposing side walls of the container main body
103a, there is fixed a pair of rotational center shafts 7
that rotate and oscillate the piezoelectric element group
102 in the short axis direction together with the rotational
retention base 101, and the rotational center shafts 107
slidably engage with bearings of the leg sections 101a
and 101b on both end sides of the rotational retention
base 101. A rotation shaft 108 connected to a rotating
mechanism such as motor passes through the bottom
wall of the container main body 103a, and on the rotation
shaft 108 there is provided a second bevel gear 104b so
as to mesh with the first bevel gear 104a.
�[0008] The rotating mechanism 111 such as a motor
is covered by a back face cover 114 and is fastened onto
a frame body 113, and a cable 112 to be connected to a
diagnostic tool is led out from the back face cover 114.
As a result, rotation of the second bevel gear 104b causes
the first bevel gear 104a to rotate and oscillate in the
short axis direction of the piezoelectric element group
102, and the rotational retention base 101 integrated with
the first bevel gear 104a, and the piezoelectric element
group 102, are thereby rotated/�oscillated in the short axis
direction.
�[0009] Furthermore, in general, in order to prevent at-
tenuation of the ultrasonic waves transmitted and re-
ceived from the piezoelectric element group 102, a liquid
that serves as an ultrasonic wave medium L such as oil
is interposed between the surface of the piezoelectric
element group 102 within the sealed container 103.
Moreover, the inner circumferential side face of the cover
103b is coated with an ultrasonic wave absorbing mem-
ber 110 made from a silicon resin or the like (approxi-
mately 2 to 3mm) so as to absorb unwanted ultrasonic
waves that propagate in the long axis direction between
the surface serving as the ultrasonic wave transmitting
and receiving surface of the piezoelectric element group
102 and the inner circumferential face of the surface of
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the cover 103b. As a result, a diagnostic image of an
examination subject that has been formed can be made
clearer while reducing noise.
�[0010] If air is present between the inner circumferen-
tial surface of the cover 103b and the surface of the pi-
ezoelectric element group 102, attenuation of the ultra-
sonic waves becomes significant and propagation effi-
ciency becomes degraded. As a result, it is not possible
to perform excellent transmission and reception of ultra-
sonic waves. On the other hand, ultrasonic waves prop-
agate through oil excellently, and the acoustic impedance
of oil is 1.43 Mrayl (kg · cm3/ �second), and thus comes
close to the acoustic impedance of a human body 1.5
Mrayl. Therefore, the ultrasonic wave propagation effi-
ciency can be increased. Here, unwanted ultrasonic
waves in the long axis direction occur particularly in the
case where the curvature is different between the inner
circumferential surface of the cover and the convex curve
of the piezoelectric element group.
�[0011] �(Japanese Examined Patent Publication No.
Hei 7-38851, Japanese Unexamined Patent Publication
No. 2003-175033, and Japanese Patent Application No.
2005-175700 (unpublished reference))

(Problems in the Prior Art)

�[0012] However, in the conventional short axis oscil-
lating probe configured as described above, as shown in
FIG. 3A, a silicon resin serving as the ultrasonic wave
absorbing member 110 is coated to a thickness 2 to 3mm
on the entire surface of the inner circumferential side sur-
face of the cover 103b, resulting in a problem in that op-
eration processes and an amount of work are involved.
Moreover, in the case where an amount (area) of silicon
resin application is large, for example, the silicon resin
flows out and attaches to the opening end face of the
cover 103b and causes a rough fitting with the container
main body 103a, creating a gap therein. As a result, the
level of sealing is impaired. On the other hand, in the
case where the area of application is small, there has
been a problem in that unwanted ultrasonic waves cannot
be completely absorbed. Furthermore, since oil that
serves as the ultrasonic wave medium L is filled within
the sealed container 103, there has been a problem in
that the weight of the short axis oscillating probe U’ be-
comes greater, resulting in a reduced level of operability
of the probe for a physician.

(Object of the Invention)

�[0013] An object of the present invention is to provide
a short axis oscillating probe that reduces manufacturing
processes of the probe while achieving reliable sealing
as well as absorption of unwanted ultrasonic waves, and
that reduces the weight of the probe while achieving an
excellent level of operability.

Disclosure of the Invention

�[0014] The present invention configures a short axis
oscillating ultrasonic probe such that: a piezoelectric el-
ement group that is arranged in a long axis direction and
that has an acoustic lens on an ultrasonic wave trans-
mitting and receiving surface thereof is provided on a
rotational retention base; the rotational retention base is
housed within a sealed container so as to rotate and os-
cillate in a short axis direction of the piezoelectric element
group; ultrasonic waves that are transmitted and received
from the ultrasonic wave transmitting and receiving sur-
face of the piezoelectric element group are mechanically
scanned in the short axis direction; and a liquid that
serves as an acoustic medium is filled within the sealed
container; and has a means for absorbing unwanted ul-
trasonic waves that propagate in the long axis direction,
between the ultrasonic wave transmitting and receiving
surface and the inner circumferential surface of the
sealed container. As the means for absorbing unwanted
ultrasonic waves, a projecting section is provided on both
end sides of the acoustic lens positioned in the long axis
direction.
�[0015] According to such a configuration, unwanted ul-
trasonic waves that propagate in the long axis direction
of the piezoelectric element group are absorbed by the
projecting section that functions as the ultrasonic wave
absorbing means provided on both end sides of the
acoustic lens. Consequently, due to this, a diagnostic
image of an examination subject can be made clearer
while reducing noise. Moreover, it is possible to exclude
the process shown in the conventional example for ap-
plying a coating of an ultrasonic wave absorbing member
such as silicon resin onto the inner circumferential side
surface of the cover, thereby reducing the number of op-
eration processes. Furthermore since the projecting sec-
tion that serves as the ultrasonic wave absorbing means
moves together with the rotation and oscillation of the
piezoelectric element group in the short axis direction,
unwanted ultrasonic waves can be reliably absorbed.
�[0016] Moreover in the present invention: the rotational
retention base has a leg section on both end sides of a
horizontal section thereof and is of a sectionally channel
shape; the sealed container comprises a container main
body and a cover that are both concave shaped; and the
side walls of the container main body have rotational
center shafts that are provided in the long axis direction
and that slidably engage with rotation shaft bearings pro-
vided in the leg sections of the rotational retention base.
Furthermore, one of the leg sections of the rotational re-
tention base has a first bevel gear that rotates/ �oscillates
in the short axis direction of the piezoelectric element
group, a rotation shaft passes in a sealed condition
through a bottom wall of the sealed container, and the
rotation shaft has a second bevel gear that meshes with
the first bevel gear. As a result the piezoelectric element
group can be rotated and oscillated in the short axis di-
rection.
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�[0017] Furthermore since the ultrasonic wave absorb-
ing means (projecting section) that serves as an ultra-
sonic wave absorbing means is integrally provided in the
acoustic lens, sealing of the sealed container is not im-
paired as in the prior art due to the application of an ul-
trasonic wave absorbing member coating on the contain-
er main body or the inner circumferential side surface of
the cover.
�[0018] Moreover in the present invention, within the
sealed container positioned below the rotational reten-
tion base, there is attached a light weight body, the rel-
ative density of which is smaller than that of the above
mentioned liquid, and it is immersed in the liquid. As a
result the entire weight of the probe can be made smaller
compared to the case of completely filling the entire
space within the sealed container with the liquid serving
as an ultrasonic wave medium. As a result, an excellent
level of operability of the probe for a physician can be
realized.
�[0019] Furthermore in the present invention, an interior
of the light weight body that serves as an ultrasonic wave
absorbing member is hollow. As a result, the relative den-
sity of the light weight body can be made even smaller
than that of the liquid that serves as an ultrasonic wave
medium.

Brief Description of the Drawings

�[0020]

FIG. 1 is a drawing for explaining an embodiment of
a short axis oscillating probe of the present invention,
wherein FIG. 1A is a sectional view in the long axis
direction of a piezoelectric element group, and FIG.
1B is a sectional view in the short axis direction.
FIG. 2 is a drawing of an embodiment of an acoustic
lens of the present invention, wherein FIG. 2A is a
front view in the long axis direction, and FIG. 2B is
a side view in the short axis direction.
FIG. 3 is a drawing for explaining an embodiment of
a short axis oscillating probe of a conventional ex-
ample, wherein FIG. 3A is a sectional view in the
long axis direction, and FIG. 3B is a sectional view
in the short axis direction.
FIG. 4 is a drawing of an acoustic lens of the con-
ventional example, wherein FIG. 4A is a front view
in the long axis direction, and FIG. 4B is a side view
in the short axis direction.

Best Mode for Carrying Out the Invention

�[0021] FIG. 1 A, 1B and FIG. 2A, 2B are drawings for
explaining an embodiment of an ultrasonic probe of the
present invention. Here, FIG. 1A is a sectional view in
the long axis direction and FIG. 1B is a sectional view in
the short axis direction. FIG. 2A is a front view in the long
axis direction and FIG. 2B is a side view in the uniaxial
direction of the acoustic lens.

�[0022] As shown in FIG. 1A, a short axis oscillating
probe U of the present invention is such that a piezoe-
lectric element group 2 that is arranged in the long axis
direction and has an acoustic lens 6, is provided on a
horizontal section of a sectionally channel shaped rota-
tional retention base 1, and the piezoelectric element
group 2 is housed within a sealed container 3 comprising
a container main body 3a and a cover 3b that are both
concave shaped. Leg sections 1a and 1b provided on
both end sides of the rotational retention base 1 have
bearings 8a with oil seals, and these bearings slidably
engage with rotational center shafts 7 provided in the
long axis direction in the side walls of the container main
body 3 a.
�[0023] Moreover, as shown in FIG. 1B, a first bevel
gear 4a that is provided on one of the leg sections 1b of
the rotational retention base 1 so as to rotate and oscillate
in the short axis direction, meshes with a second bevel
gear 4b fastened onto a rotation shaft 8 that passes in a
sealed condition though the bottom wall of the sealed
container 3 and that is driven by a motor 11. As a result,
the rotational retention base 1 and the piezoelectric ele-
ment group 2 are rotated and oscillated in the short axis
direction so as to mechanically scan in the short axis
direction, ultrasonic waves transmitted/�received from an
ultrasonic wave transmitting and receiving surface of the
piezoelectric element group 2. Inside the sealed contain-
er 3 is filled with a liquid that serves as a hyperacoustic
medium L such as oil. Here, either one of the first bevel
gear 4a and the second bevel gear 4b may be a plastic
member instead of a metallic one to eliminate noise.
�[0024] The rotating mechanism 11 such as a motor is
covered by a back face cover 14 and is fastened onto a
frame body 13, and a cable 12 to be connected to a di-
agnostic tool is led out from the back face cover 14.
�[0025] Here as shown in particular in FIG. 2A and FIG.
2B, the acoustic lens 6 has leg section 6a that extends
from the outer periphery of the curvature section thereof,
and on its ultrasonic wave transmitting and receiving sur-
face side on both end sides in the long axis direction,
there is provided a projecting section 6b that serves as
ultrasonic wave absorbing device. The tip end section of
the projecting section 6b is of an arc shape along the
profile of the inner peripheral shape of the cover 3b. Fur-
thermore on the bottom wall of the container main body
3a, there is fastened, with a bonding agent or the like, a
light weight body 10 having a hollow section 10a therein,
and it is immersed in the oil of the ultrasonic wave medium
L accommodated below the rotational retention base 1.
�[0026] According to such a configuration, since the
projecting section 6b that serves as an ultrasonic wave
absorbing device is respectively provided on both end
sides of the acoustic lens 6, unwanted ultrasonic waves
that propagate in the long axis direction of the piezoelec-
tric element group 2 are absorbed by this projecting sec-
tion 6b. Consequently, a diagnostic image of an exami-
nation subject that has been formed can be made clearer
while reducing noise.
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�[0027] As a result, a process of application of silicon
resin or the like onto the inner circumference side surface
of the cover shown in the conventional example can be
omitted, and hence the number of operation processes
required for manufacturing the probe can be reduced.
Furthermore, since the silicon resin does not flow out
during the course of the application process, the contain-
er main body 3a and the cover 3b are reliably bonded to
each other, thereby achieving further reliable sealing
within the container.
�[0028] Moreover, the projecting section 6b that serves
as an ultrasonic wave absorbing device is integrated with
the piezoelectric element group 2. Therefore, they oscil-
late together with the rotation and oscillation of the pie-
zoelectric element group 2 in the short axis direction.
Consequently unwanted ultrasonic waves can be reliably
absorbed. Furthermore, since the tip end side of the pro-
jecting section 6b is of an arc shape along the profile of
the inner circumferential shape of the cover 3a, unwanted
ultrasonic waves can be absorbed more efficiently.
�[0029] Moreover as shown in FIG. 1A, within the con-
tainer main body 3a positioned below the rotational re-
tention base 1, there is provided the light weight body 10
that has the hollow section, the relative density of which
is smaller than that of the oil serving as the ultrasonic
wave medium L. Consequently, compared to the case of
completely filling the space within the sealed container
3 with oil as practiced in the conventional example, the
weight of the short axis oscillating probe can be made
smaller. Therefore, an excellent level of operability of the
probe for a physician can be realized.
�[0030] In the above embodiment of the present inven-
tion, as shown in FIG. 2 the acoustic lens 6 has the leg
section 6a extending from the entire periphery of the bot-
tom surface of the curvature section thereof. However,
the leg section 6a may be omitted and there may be only
provided the curvature section. Moreover, as long as the
relative density of the light weight body 10 is smaller than
that of the ultrasonic wave medium, the form of the light
weigh body 10 is not limited to a hollow body.

Industrial Applicability

�[0031] 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. A short axis oscillating ultrasonic probe in which: a
piezoelectric element group that is arranged in a long
axis direction and that has an acoustic lens on an
ultrasonic wave transmitting and receiving surface
thereof is provided on a rotational retention base;
said rotational retention base that rotates and oscil-
lates in a short axis direction of said piezoelectric

element group is housed within a sealed container;
ultrasonic waves that are transmitted and received
from said ultrasonic wave transmitting and receiving
surface of said piezoelectric element group are me-
chanically scanned in said short axis direction; and
a liquid that serves as an acoustic medium is filled
within said sealed container; and that has a means
for absorbing unwanted ultrasonic waves that prop-
agate in the long axis direction, between said ultra-
sonic wave transmitting and receiving surface and
an inner circumferential surface of said sealed con-
tainer, wherein as said means for absorbing unwant-
ed ultrasonic waves, a projecting section is respec-
tively provided on both end sides of said acoustic
lens positioned in said long axis direction.

2. A short axis oscillating ultrasonic probe according to
claim 1, wherein: said rotational retention base has
a leg section on both end sides of a horizontal section
thereof and is of a sectionally channel shape; said
sealed container comprises a container main body
and a cover that are both concave shaped; both side
walls of said container main body have rotational
center shafts that are arranged in the long axis di-
rection and that slidably engage with rotation shaft
bearings provided in the leg sections of said rota-
tional retention base; one of said leg sections of said
rotational retention base has a first bevel gear that
rotates and oscillates in the short axis direction; a
rotation shaft passes in a sealed condition through
a bottom wall of said sealed container; and a second
bevel gear that meshes with said first bevel gear is
fastened onto said rotation shaft.

3. A short axis oscillating ultrasonic probe according to
claim 1, wherein in said liquid within said sealed con-
tainer positioned below said rotational retention
base, there is immersed a light weight body, the rel-
ative density of which is smaller than that of said
liquid.

4. A short axis oscillating ultrasonic probe according to
claim 3, wherein an interior of said light weight body
is hollow.
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摘要(译)

短轴振荡超声波探头（U）被构造为：在其长轴方向上布置并且在其超声
波发射和接收表面上具有声透镜（6）的压电元件组（2）被设置。 旋转
固定座（1）； 旋转保持基座（1）以在压电元件组（2）的短轴方向上
旋转自如的方式收容在密闭容器（3）内。 从压电元件组（2）的超声波
收发面收发的超声波在短轴方向进行机械扫描。 在该密闭容器（3）内
填充有作为声音介质的液体（L）。 并且，具有在超声波收发面与密闭
容器（3）的内周面之间吸收在长轴方向上传播的多余的超声波的单元，
并且，作为吸收多余的超声波的单元，具有突出的结构。 在沿长轴方向
定位的声透镜（6）的两个端侧上设置有部分（6b）。 结果，提供了一
种短轴振荡超声探头，该短轴振荡超声探头减少了探头制造过程中的操
作过程，同时实现了可靠的密封以及对有害超声波的吸收，并减小了探
头的重量，同时在操作过程中获得了极佳的可操作性。 诊断。
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