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(57) ABSTRACT

The invention relates to an oscillating ultrasonic probe that
comprises a group of piezoelectric elements consisting of a
plurality of narrow card-shaped piezoelectric elements

arrayed in a long-axis direction and connecting wires such as
a flexible substrate which are connected electrically to those
piezoelectric elements and which extends outward from at
least one end side in a short-axis direction; a rotational
mechanism portion that causes the group of piezoelectric
elements to rotate and oscillate to left and right in the
short-axis direction about the center of the long-axis direc-
tion; a reference position detection sensor that detects a
reference position in the short-axis direction of the group of
piezoelectric elements; and a control shaft and a stepping
motor linked to the reference position detection sensor and
driving the rotational mechanism portion; wherein an optical
rotary plate for the reference position sensor, which has a
boundary region between a light-blocking portion and a
light-transmitting portion, is linked to the control shaft; a
light-blocking portion and a light-transmitting portion are
formed sequentially at a predetermined angle in mutually
opposite directions from the center of the optical rotary
plate, with reference to a boundary region, and also the
optical rotary plate rotates no further than a predetermined
angle with reference to the boundary region. This configu-
ration simplifies the mechanism for detecting the rotational
angle of the group of piezoelectric elements, simplifies the
detection of the reference position, and prevents damage to
the flexible substrate.
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FIG. 2A
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FIG. 3A
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FIG. 4A
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FIG. 5A
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ULTRASONIC PROBE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an ultrasonic probe
in which a group of piezoelectric elements oscillates in the
short-axis direction of the probe to obtain a three-dimen-
sional image (hereinafter called a “short-axis oscillating
probe”) and, in particular, to a short-axis oscillating probe of
a simple configuration that uses a stepping motor.

[0003] 2. Description of Related Art

[0004] A short-axis oscillating probe that is known in the
art obtains a three-dimensional image by electronically
scanning a group of piezoelectric elements in the long-axis
direction of the probe and also by mechanically scanning
(oscillating) the group of piezoelectric elements in that
short-axis direction (see Japanese Patent Publication No.
7-38851 and Japanese Patent Laid-Open Publication No.
2003-175033). Since components such as wiring (connec-
tive wires) and scan circuitry of this type of short-axis
oscillating probe can be configured simply, in comparison
with a matrix type of probe in which piezoelectric elements
are arrayed horizontally and vertically to provide a two-
dimensional scan, this probe can be implemented easily.

[0005] A prior-art example of a short-axis oscillating
probe (see Japanese Patent Publication No. 7-38851) is
shown in FIG. 5A, where FIG. 5A is a section taken along
the long-axis direction (X-X direction) of the probe and
FIG. 5B is a section taken along the short-axis direction
(Y-Y direction) thereof.

[0006] This prior-art short-axis oscillating probe is pro-
vided with a group of piezoelectric elements 101, a rota-
tional mechanism portion 102, and a rotational angle detec-
tion mechanism 103. The group of piezoelectric elements
101 is arrayed on a base 104 to which backing material is
attached, with the widthwise direction of the plurality of
narrow card-shaped piezoelectric elements 101a aligned in
the long-axis direction and also the lengthwise direction
thereof aligned in the short-axis direction. This backing
material is affixed on top of the base 104, which is formed
of a plastic material in a convex dome shape in the long-axis
direction, with the configuration being such that the group of
piezoelectric elements 101 is curved outward in the long-
axis direction.

[0007] A flexible substrate 105 that has been connected
electrically to the group of piezoelectric elements 101 over
the entire region of the probe in the long-axis direction
thereof is lead out downward from one end side of the probe
in the short-axis direction, as shown in FIG. 5B. In this case,
a conductive path 105a of the flexible substrate 105 is
connected electrically to a drive electrode of each piezo-
electric element 101a.

[0008] The rotational mechanism portion 102 shown in
FIG. 5A is formed of a retaining plate 106 of a metal
material, a case 107, a segment-shaped first bevel gear 108a,
a second bevel gear 1085, a control shaft 109, and a stepping
motor 110. The retaining plate 106 has leg portions 1064 and
1065 on the lower surface thereof on both edge sides in the
long-axis direction, and the base 104 holding the group of
piezoelectric elements 101 consisting of the plurality of

1. Field of the Invention
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piezoelectric elements 101¢ is affixed to the upper surface
thereof. In the leg portions 1064 and 1065, center shafts 111a
and 1115 that penetrate through the leg portions 106a and
1065 are supported in rotation by bearings 111¢ and 1114 in
the long-axis direction (on the line X-X in the horizontal
direction of the case 107), with the leg portions 106a and
1065 being provided to be freely rotatable about the center
shafts 111¢ and 1115.

[0009] The case 107 is formed to be concave in section
with the upper surface thereof being open, and projecting
ends of the center shafts 111a and 1115 that bear the leg
portions 106a and 1064 are affixed to peripheral walls of the
case 107. A slit 112 is formed in the long-axis direction of
the bottom wall of the case 107, as shown in FIG. 5B, and
the flexible substrate 105 that is connected to the group of
piezoelectric elements 101 is lead out to the exterior of the
case 107 therethrough. A material such as a plastic material
is embedding in the slit 112 to seal the same.

[0010] The first bevel gear 108a of a segment shape is
affixed by screws or the like to the inner surface of the leg
portion 1064 that is one of the leg portions provided on the
retaining plate 106, below the center shaft 111a that passes
therethrough and is supported in rotation thereby, and has
teeth in an arc (a fan shape) with a peak thereof at the lower
end in the vertical direction. The second bevel gear 1085 is
supported rotatably on the free end of the control shaft 109
that is aligned in the vertical direction perpendicular to the
center shafts 111a and 1115 (the line X-X), engages with the
first bevel gear 1084, and rotates in the horizontal direction.
The control shaft 109 is lead out of the case 107 from the
bottom wall of the case 107 and is sealed by a bearing seal
member 114, and the other end thereof is linked to the
stepping motor 110 by means such as a gear linkage.

[0011] The rotational angle detection mechanism 103 is
configured as an optical encoder (see FIG. 6) and consists
of an optical rotary plate 103a, which is integral with the
control shaft 109, and an optical counter 1035, which is
U-shaped in section and into which the outer periphery of
the optical rotary plate 103a is inserted. A large number of
small holes 103¢ are provided around the outer periphery of
the optical rotary plate 103a, and the optical counter 1035
has a light-emitting portion and a light-receiving portion on
leg portions that face the optical rotary plate 103a.

[0012] Light that has been transmitted through one of a
number of small holes 103¢ from the light-emitting portion
of the optical counter 1035 is detected by the light-receiving
portion, and the reference position of the group of piezo-
electric elements 101 is detected by counting the number of
times that light is transmitted therethrough. This reference
position is positioned on the centerline that bisects the
short-axis direction, by way of example, and is detected by
means of a number of optical or magnetic sensors. Note that
a cover that encloses the group of piezoelectric elements 101
is provided for the case 107, the group of piezoelectric
elements 101 and other components are hermetically sealed
therein, and the interior thereof is filled with an ultrasound
transmission medium such as oil.

[0013] In the thus-configured probe of the prior art, the
rotation of the second bevel gear 1085 of the rotational
mechanism portion 102 horizontally to left and right causes
the first bevel gear 108a that is engaged therewith to rotate
and oscillate with respect to the vertical plane so that the
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peak thereof inclines upward to the left or right from the
center. In other words, the peak of the first bevel gear 108a
rotates and oscillates to the left and right of the vertical
direction acting as center. Thus the leg portions 106a and
1065 of the retaining plate 106 rotate and oscillate to the left
and right with respect to the center shafts 111¢ and 1115, and
also the group of piezoelectric elements 101 rotate and
oscillate to the left and right in the short-axis direction, in the
opposite directions thereto. In addition, the rotational angle
of the group of piezoelectric elements 101 in the short-axis
direction is detected by the rotational angle detection mecha-
nism 103, ensuring that biological information is obtained
from precise positions of the object to be detected (organ-
ism).

PROBLEMS WITH PRIOR ART

[0014] However, the prior-art short-axis oscillating probe
of this configuration has a problem in that it is complicated
both mechanically and structurally and thus is expensive,
since the rotational angle in the short-axis direction from the
reference position of the group of piezoelectric elements 101
is detected by an optical encoder that is the rotational angle
detection mechanism 103.

[0015] For that reason, the prior-art probe disclosed in
Japanese Patent Laid-Open Publication No. 2003-175033
has a configuration in which the drive motor 110 shown in
FIG. 5A is a stepping motor that is rotated intermittently by
pulses, and the rotational angle is detected by counting the
number of pulses from the reference position of the group of
piezoelectric elements 101, making an optical encoder
unnecessary.

[0016] Inthis prior-art probe, a magnet 1154 is provided in
the center of the group of piezoelectric elements 101 in the
short-axis direction thereof, as shown in FIG. 7A, and the
reference position of the group of piezoelectric elements 101
is detected by the mutual operation of the magnet 1154 with
a Hall sensor 1155 provided in the center of a case 107a of
the probe. In other words, the reference position of the group
of piezoelectric elements 101 is taken as the point at which
a centerline OP that bisects the short-axis direction from a
center of rotation O coincides with the center of the cover
107a, as shown in FIG. 7A. More specifically, this reference
position is taken as being where the center of the group of
piezoelectric elements 101 in the short-axis direction lies on
the centerline OP that bisects the rotational angle through
which the group of piezoelectric elements 101 oscillates by
rotating to the left and right. The reference position is
detected by the reference position detection sensor that is
configured of a magnetic sensor therefor.

[0017] If the group of piezoelectric elements 101 rotates
through an angle 6° to the right at the start of operation of
this short-axis oscillating probe of the prior art as shown in
FIG. 7B, however, it is not clear whether the direction of
“shift” (on a centerline OP’) is to the left or the right, and
thus the direction of rotation of the group of piezoelectric
elements 101 that is used for determining the reference
position is also unclear. This raises a problem in that it
becomes extremely difficult to detect and set the reference
position.

[0018] In addition, since the group of piezoelectric ele-
ments 101 rotates and oscillates in the short-axis direction of
this prior-art probe, the flexible substrate 105 that extends
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outward from the group of piezoelectric elements 101 is
sealed into and accommodated by the case 107 while
retaining the flexibility thereof. For that reason, there is a
danger that the flexible substrate 105 will come into contact
with the components of the rotational mechanism portion
102, particularly the first bevel gear 108¢, and the flexible
substrate 105 will sustain damage such as breakage of the
conductive path 1054 thereof.

[0019] A first objective of the present invention is to
simplify the mechanism for detecting the rotational angle of
the group of piezoelectric elements in the short-axis oscil-
lating probe, and a second objective thereof is to prevent
damage to the flexible substrate.

SUMMARY OF THE INVENTION

[0020] In order to achieve the abovementioned first objec-
tive, the present invention relates to an ultrasonic probe
comprising: a group of piezoelectric elements consisting of
a plurality of piezoelectric elements of a narrow card shape
arrayed in a long-axis direction of the probe and also
connecting wires connected electrically to the piezoelectric
elements and extending outward from at least one end side
in a short-axis direction of the probe; a rotational mechanism
portion that rotates and oscillates the group of piezoelectric
elements in the short-axis direction about the center of the
long-axis direction; a reference position detection sensor
that detects a reference position in the short-axis direction of
the group of piezoelectric elements; and a control shaft and
a stepping motor linked to the reference position sensor and
driving the rotational mechanism portion; wherein an optical
rotary plate for the reference position sensor, which has a
boundary region between a light-blocking portion and a
light-transmitting portion, is linked to the control shaft; the
light-blocking portion and the light-transmitting portion are
formed sequentially at a predetermined angle in mutually
opposite directions from the center of the optical rotary
plate, with reference to a boundary region, and also the
optical rotary plate rotates no further than a predetermined
angle with reference to the boundary region; the boundary
region is detected by the transmission or blocking of light by
the light-blocking portion and the light-transmitting portion;
and the reference position of the group of piezoelectric
elements is set on the basis of the thus-detected boundary
region.

[0021] In order to achieve the abovementioned second
objective, the present invention relates to an ultrasonic probe
having at least: a group of piezoelectric elements consisting
of a plurality of piezoelectric elements of a narrow card
shape arrayed in a long-axis direction and also connecting
wires such as a flexible substrate connected electrically to
the piezoelectric elements and extending outward from at
least one end side in a short-axis direction of the probe; a
rotational mechanism portion that rotates and oscillates the
group of piezoelectric elements in the short-axis direction
about the center of the long-axis direction; a reference
position detection sensor that detects a reference position in
the short-axis direction of the group of piezoelectric ele-
ments; and a stepping motor linked to the reference position
sensor that drives the rotational mechanism portion; wherein
the rotational mechanism portion is provided with a retain-
ing plate that supports the group of piezoelectric elements on
an upper surface thereof and has a leg portion on each side
of a lower surface in the long-axis direction; a case of



US 2006/0284086 A1

concave shape in which the leg portions connected to a
peripheral wall thereof on either side of a line linking the
two leg portions are freely rotatable and within which the
flexible substrate is sealed and is lead out to the exterior
through a bottom wall thereof; a first bevel gear affixed to
one inner surface of the leg portions and having teeth in an
arc shape; a second bevel gear engaging with the first bevel
gear and rotating in the horizontal plane; and a control shaft
that rotatably supports the second bevel gear that is driven
in rotation by the drive motor and that is also sealed from the
bottom wall and is lead out therefrom; and wherein a
protective cover that covers the second bevel gear is affixed
to the bottom wall to prevent contact by the flexible substrate
on the second bevel gear.

[0022] The present invention enables detection of the
boundary region of the optical rotary plated linked to the
control shaft, to enable simple detection and setting of the
reference of the group of piezoelectric elements. This
enables a simple grasping of the position (rotational angle)
in the short-axis direction of the group of piezoelectric
elements from the reference position, by counting the num-
ber of pulsed generated by transmitting or blocking light by
the optical rotary plate that is rotated by the stepping motor.
This enables a simplification of the detection mechanism in
the short-axis direction of the group of piezoelectric ele-
ments.

[0023] In accordance with the present invention, the opti-
cal rotary plate that acts as the reference position sensor has
a light-blocking portion and a light-transmitting portion that
are sequential in mutually opposite directions from the
boundary region, and also this optical rotary plate rotates no
further than a predetermined angle with reference to that
boundary region. Since only one point of the boundary
region is encountered during the rotation of the optical
rotary plate, the boundary region that defines the reference
position can be detected reliably.

[0024] Even if the group of piezoelectric elements is
“shifted” in either direction (right or left) from the reference
position at the start of operation of the reference position
sensor, the direction of that “shift” can be reliably sensed
because there is a light-blocking portion and a light-trans-
mitting portion on either side of the boundary region of the
optical rotary plate that corresponds to the reference posi-
tion. Therefore, since the optical rotary plate can be rotated
toward the light-blocking side if the “shift” is toward the
light-transmission side, or towards the light-transmission
side if the “shift” is toward the light-blocking side, by way
of example, the reference position for the group of piezo-
electric elements can be detected simply and thus the
reference position of the group of piezoelectric elements can
be set simply.

[0025] Furthermore, it is possible to avoid damage to the
flexible substrate and particularly breakage of the conduc-
tive path thereof because the protective cover, which pre-
vents contact between the flexible substrate and the second
bevel gear in accordance with this invention, covers the
second bevel gear.

[0026] The rotational drive portion is not limited to a
stepping motor; similar effects can be obtained with any of
various other types of motor.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is illustrative of an embodying example of
the short-axis oscillating probe of the present invention,
where FIG. 1A is a partially cutaway longitudinal section in
the long-axis direction of the short-axis oscillating probe and
FIG. 1B is a lateral section in the short-axis direction of the
probe of the present invention, showing the group of piezo-
electric elements and the rotational mechanism portion
thereof in particular,

[0028] FIG. 2 shows the reference position detection
sensor of the prove of the present invention, where FIG. 2A
is a perspective view of an embodying example in which the
optical rotary plate thereof has a semicircular shape and
FIG. 2B is a perspective view of an embodying example in
which the optical rotary plate thereof is provided with a slit
of a semicircular shape as a light-transmission portion;

[0029] FIG. 3 is illustrative of the operation of the
embodying example of the probe of the present invention,
where FIG. 3A is a plan view of a state in which the optical
rotary plate of the reference position detection sensor has
blocked the light detector (non-light-transmission state) and
FIG. 3B is a plan view of a state in which the optical rotary
plate does not block the light detector (light-transmission
state);

[0030] FIG. 4 is sectional views illustrating the reference
position detection sensor of the present invention, where
FIG. 4A shows a state in which the group of piezoelectric
elements is at the reference position and FIG. 4B shows a
state in which the group of piezoelectric elements 1 has
rotated through 6° from the reference position;

[0031] FIG. 5 is illustrative of the group of piezoelectric
elements and the rotational mechanism portion of a prior-art
example of a short-axis oscillating probe, where FIG. 5A is
a section taken along the long-axis direction thereof and
FIG. 5B is a section taken along the short-axis direction
thereof;

[0032] FIG. 6 is illustrative of the rotational angle detec-
tion mechanism of the prior-art example; and

[0033] FIG. 7 is sectional views illustrating the reference
position detection sensor of the prior-art example, where
FIG. 7A shows a state in which the group of piezoelectric
elements is at the reference position and FIG. 7B shows a
state in which the group of piezoelectric elements 1 has
rotated through 0° from the reference position.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0034] An embodying example of a short-axis oscillating
probe in accordance with the present invention is shown in
FIGS. 1A and 1B, where FIG. 1A is a partially cutaway
section taken in the long-axis direction (X-X direction) of a
short-axis oscillating probe having a rotational angle detec-
tion mechanism (reference position detection sensor) and
FIG. 1B is a lateral section taken in the short-axis direction
(Y-Y direction) of the rotational mechanism portion of the
probe.

[0035] The short-axis oscillating probe of the present
invention has a group of piezoelectric elements 1 consisting
of a plurality of narrow card-shaped piezoelectric elements
1a arrayed in the long-axis direction of the probe (the X-X
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direction in FIG. 1A), with connecting wires such as a
flexible substrate 5 extending outward therefrom, and a
rotational mechanism portion 2 that rotates and oscillates in
the short-axis direction thereof (in the Y-Y direction shown
in FIG. 1B, perpendicular to the same plane that includes the
X-X direction). In this case, a drive motor is configured as
a stepping motor 10 that rotates intermittently in answer to
pulses, and is provided with a reference position detection
sensor 3 on a control shaft 9 thereof. Note that the stepping
motor 10 is attached to a frame member 7c that is affixed to
a case 7, which will be described later, and power is supplied
to the stepping motor 10 and the group of piezoelectric
elements 1 through a power cable 7d.

[0036] In other words, the short-axis oscillating probe of
the present invention is provided with the group of piezo-
electric elements 1, the rotational mechanism portion 2, and
the rotational angle detection mechanism (reference position
detection sensor) 3, in a similar manner to the probe of the
prior art. The group of piezoelectric elements 1 is arrayed on
a base 4 to which backing material is attached, with the
widthwise direction of the plurality of narrow card-shaped
piezoelectric elements 1a aligned in the long-axis direction
and also the lengthwise direction thereof aligned in the
short-axis direction. This backing material is affixed on top
of the base 4, which is formed of a plastic material in a
convex dome shape in the long-axis direction, with the
configuration being such that the group of piezoelectric
elements 1 is curved outward in the long-axis direction.

[0037] The flexible substrate 5 that has been connected
electrically to the group of piezoelectric elements 1 over the
entire region of the probe in the long-axis direction thereof
depends from and is lead out downward from one end side
of the probe in the short-axis direction, as shown in FIG. 1B.
In this case, a conductive path Sa of the flexible substrate 5
is connected electrically to a drive electrode of each of the
plurality of narrow card-shaped piezoelectric elements 1a.
The flexible substrate 5 shown in FIGS. 1A and 1B could
either be connected directly to the piezoelectric elements 1a
or it could be connected indirectly thereto by means such as
silver foil and conductive wiring between the drive elec-
trodes thereof and the conductive path Sa.

[0038] The rotational mechanism portion 2 shown in
FIGS. 1A and 1B is formed of a retaining plate 6 of a metal
material, the case 7, a segment-shaped first bevel gear 8a, a
second bevel gear 8b, the control shaft 9. and the stepping
motor 10. The retaining plate 6 has leg portions 6a and 65
on the lower surface thereof on both edge sides in the
long-axis direction, and the base 4 holding the group of
piezoelectric elements 1 consisting of the plurality of piezo-
electric elements 1a is affixed to the upper surface thereof.
In the leg portions 6a and 6b, center shafts 11a and 115 that
penetrate through the leg portions 6« and 6b are supported
in rotation by bearings 11¢ and 114 in the long-axis direction
(on the line X-X in the horizontal direction of the case 7),
with the leg portions 6a and 65 being provided to be freely
rotatable about the center shafts 11a and 115.

[0039] The case 7 is formed to be concave in section with
the upper surface thereof being open, and projecting ends of
the center shafts 111a and 115 that bear the leg portions 6a
and 64 are affixed to peripheral walls of the case 7. A slit 12
is formed in the long-axis direction of the bottom wall of the
case 7, as shown in FIG. 1B, and the flexible substrate 5 that
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is connected to the group of piezoelectric elements 1 is lead
out to the exterior of the case 7 therethrough. A material such
as a plastic material is embedding in the slit 12 to seal the
same.

[0040] Thefirst bevel gear 8a of a segment shape is affixed
by screws or the like to the inner surface of the leg portion
6a that is one of the leg portions provided on the retaining
plate 6, below the center shaft 11a that passes therethrough
and is supported in rotation thereby, and has teeth in an arc
(a fan shape) with a peak thereof at the lower end in the
vertical direction. The second bevel gear 8b is supported
rotatably on the free end of the control shaft 9 that is aligned
in the line Y-Y perpendicular to the center shafts 111a and
115 (the line X-X), engages with the first bevel gear 8a, and
rotates in the horizontal direction. The control shaft 9 is lead
out of the case 7 from the bottom wall of the case 7 and is
sealed by a bearing seal member 14, and the other end
thereof is linked to the stepping motor 10 by means such as
a gear linkage.

[0041] Note that a cover 7a that encloses the group of
piezoelectric elements 1 is provided for the case 7, the group
of piezoelectric elements 1 and other components are het-
metically sealed therein, the interior thereof is filled with an
ultrasound transmission medium such as oil, and a housing
7b that accommodates the rotational mechanism portion 2 is
engaged with the cover 7a.

[0042] In the thus-configured probe of the present inven-
tion, the rotation of the second bevel gear 85 of the rotational
mechanism portion 2 horizontally to left and right causes the
first bevel gear 8a that is engaged therewith to oscillate with
respect to the vertical plane so that the peak thereof inclines
upward to the left or right from the center. In other words,
the peak of the first bevel gear 8a oscillates to the left and
right of the vertical direction acting as center. Thus the leg
portions 6a and 65 of the retaining plate 6 rotate and
oscillate to the left and right with respect to the center shafts
11a and 115, and also the group of piezoelectric elements 1
rotate and oscillate to the left and right in the short-axis
direction, in the opposite directions thereto. This ensures
that the rotational angle of the group of piezoelectric ele-
ments 1 in the short-axis direction is detected by the rota-
tional angle detection mechanism 3, so that biological infor-
mation can be obtained from precise positions of the object
to be detected (organism).

[0043] The reference position detection sensor 3 is formed
of an optical rotary plate 3a that is linked integrally to the
control shaft 9 and a light detector 3d having a light-
receiving portion of a U-shaped section, as shown in FIGS.
1A and 2A. The optical rotary plate 3a is formed of a
light-blocking portion 35 and a light-transmitting portion 3¢
(the region indicated by a broken line in FIG. 2A) of a
semicircular (half-moon) shape, and has a boundary region
P formed of a linear angular position between the two. The
light-blocking portion 36 and the light-transmitting portion
3¢ are formed sequentially to extend over 180° in mutually
opposite directions from the center of rotation of the optical
rotary plate 3a, with reference to the boundary region P.

[0044] The configuration is also such that the rotation and
oscillation of the optical rotary plate 3¢ shown in FIG. 2A
is controlled within 180° in mutually opposite directions
with reference to the boundary region P. In this case, the
control is such that rotation is within an angle of 90° in
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mutually opposite directions. This angular control depends
on the rotation of the control shaft 9 that is linked by gears
to the stepping motor 10. The light detector 3d is affixed by
clasping means such as screws to the frame member 7¢ with
shims or the like therebetween, and an outer peripheral
portion of the optical rotary plate 3a is inserted into a spatial
portion S of the light detector (of U-shaped section) on the
outer periphery of the optical rotary plate 3a.

[0045] In this case, the initial position (reference position)
of the optical rotary plate 3a is such that the boundary region
P is located within the spatial portion S of the U-shaped
portion of the light detector 3d, which is assumed to be the
switchover point (on or off) between transmission and
non-transmission of the light between the light-emitting and
light-receiving portions of the light detector 3d. In this case,
the group of piezoelectric elements 1 is disposed such that
the centerline OP that bisects the short-axis direction from
the center of rotation O is disposed on the reference position
that coincides with the center of the cover 74, in other words,
the center front.

[0046] In addition, a protective cover 19 of an L-shaped
section is affixed to the inner bottom surface of the case 7 of
the present invention, in a configuration that covers the
second bevel gear 85, as shown in FIG. 1B. The flexible
substrate 5 that extends outward from one end side of the
group of piezoelectric elements 1 in the short-axis direction
is folded back on itself flexible, then is led out to the exterior
from the slit 12 formed in the case 7, with that portion being
sealed.

[0047] In the thus-configured short-axis oscillating probe
of the present invention, the operation of the short-axis
oscillating probe is started by pressing a start button (not
shown in the figures). In this case, assume that the boundary
region P of the optical rotary plate 3a is rotated to within 90°
(82) counterclockwise from the reference position before the
start of operation of the probe, as shown by way of example
in FIG. 3A, so that the light-blocking portion 35 is posi-
tioned in the spatial portion S of the light detector 35. When
the start button (not shown in the figures) is pressed in this
case, the light detector 3d first catches the fact that the
light-blocking portion 35 is present and detects a blocked
signal. Based on this blocked signal, the stepping motor 10
is driven to rotate the optical rotary plate 3a clockwise. The
boundary region P of the optical rotary plate 3a that forms
the boundary between the blocking or transmission of light
is then detected. The stepping motor 10 is then stopped to set
the reference position.

[0048] Similarly, assume that the boundary region P of the
optical rotary plate 3a is rotated to within 90° (61) clockwise
from the reference position before the start of operation of
the probe, as shown by way of example in FIG. 3B, so that
the light-transmitting portion 3¢ is positioned in the spatial
portion S of the light detector 3d. In that case, the pressing
of the start button first causes the light detector 3d to detect
the transmission signal. Based on this transmission signal,
the stepping motor 10 is driven to rotate the optical rotary
plate 3a counterclockwise. In a similar manner, the bound-
ary region P is set as the reference position.

[0049] These operations set the group of piezoelectric
elements 1 at the reference position at center front, as shown
in FIG. 4A. Then the group of piezoelectric elements 1 is
rotated and oscillated to left and right from the reference
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position by the rotational mechanism portion 2 that is linked
to the stepping motor 10 and the control shaft 9, to send out
and receive ultrasonic waves to and from the object to be
detected. This ensures that a three-dimensional image can be
obtained, from the relationships between predetermined
positive or negative numbers of pulses and rotational angles.
For example, the group of piezoelectric elements 1 could
rotate to the right when the pulses are positive or to the left
when the pulses are negative.

[0050] The above-described configuration makes it pos-
sible for the optical rotary plate 3a to oscillate and rotate,
while being controlled within 90° in mutually opposite
directions with reference to this boundary region P. The light
detector 3d therefore senses either a blocked signal or a
transmission signal, depending on the rotational position of
the optical rotary plate 3a, so that rotating the optical rotary
plate 3a either clockwise or counterclockwise in the prede-
termined manner will determine whether the boundary
region P is present at one side or the other. It is therefore
possible to detect the boundary region P reliably and deter-
mine the reference position of the group of piezoelectric
elements 1 in a simple manner.

[0051] In addition, since the protective cover 19 is pro-
vided over the second bevel gear 85, as shown in FIG. 1B,
contact between the flexible substrate 5 and the second bevel
gear 8b is prevented during the rotational oscillation of the
group of piezoelectric elements 1. This makes it possible to
prevent damage to the flexible substrate 5 and breakage of
the conductive path 5a¢. In addition, since the flexible
substrate 5 is folded flexibly on top of the protective cover
19, sufficient space can be ensured within the case 7 and thus
the rotation and oscillation of the group of piezoelectric
elements 1 can be done smoothly.

[0052] 1In the above-described embodying example, the
optical rotary plate 3a is of a semicircular form, as shown in
FIG. 2A, but since the rotational angle from the reference
position (center front) of the group of piezoelectric elements
1 is, for example, within +45° to +90°, it is necessary to
provide the light-blocking portion 35 and the light-transmit-
ting portion 3¢ over a region of at least +45°. In addition, the
light-transmitting portion 3¢ could be such that the optical
rotary plate 3a is a complete circle with an arc-shaped slit 3¢
provided around the outer periphery thereof as the light-
transmitting portion, as shown in FIG. 2B. In essence, the
configuration should be such that the light-blocking portion
3b and the light-transmitting portion 3¢ are formed in the
optical rotary plate 3¢ in a continuous manner from the
boundary region P.

[0053] Furthermore, the reference position of the group of
piezoelectric elements 1 is described above as being the
center front, but it could equally well be set as necessary,
without being positioned such that the maximum rotational
angle is formed to left and right, by way of example.
Similarly, the protective cover 19 was described as being
L-shaped, but it could equally well be of another shape in
section, such as U-shaped. The connection between the
control shaft 9 and the stepping motor 10 was described as
being a gear linkage, but it could equally well be other
linking means such as a belt and pulleys.
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1. An ultrasonic probe comprising:

a group of piezoelectric elements consisting of including
a plurality of piezoelectric elements of a narrow card
shape arrayed in a long-axis direction thereof and also
connecting wires connected electrically to said piezo-
electric elements and extending outward from at least
one end side in a short-axis direction;

a rotational mechanism portion that rotates and oscillates
said group of piezoelectric elements in the short-axis
direction about the center of said long-axis direction;

a reference position detection sensor that detects a refer-
ence position of said group of piezoelectric elements in
said short-axis direction; and

a drive shaft and a stepping motor that are linked to said
reference position detection sensor and drive said rota-
tional mechanism portion;

wherein an optical rotary plate for said reference position
sensor, which has a boundary region between a light-
blocking portion and a light-transmitting portion, is
linked to said control shaft; said light-blocking portion
and said light-transmitting portion are formed sequen-
tially at a predetermined angle in mutually opposite
directions from the center of said optical rotary plate,
with reference to said boundary region, and also said
optical rotary plate rotates no further than said prede-
termined angle with reference to said boundary region;
said boundary region is detected by the transmission or
blocking of light by said light-blocking portion and said
light-transmitting portion; and thus the reference posi-
tion of said group of piezoelectric elements is detected
and set on the basis of said boundary region.

2. The ultrasonic probe as defined by claim 1, wherein
said rotational mechanism portion is provided with a retain-
ing plate that supports said group of piezoelectric elements
on an upper surface thereof and has a leg portion on each
side of a lower surface in said long-axis direction; a case of
concave shape in which said leg portions connected to a
peripheral wall thereof on either side of a line linking said
two leg portions are freely rotatable and within which said
connecting wires are sealed and is lead out to the exterior
through a bottom wall thereof; a first bevel gear affixed to
one inner surface of said leg portions and having teeth in an
arc shape; a second bevel gear engaging with said first bevel
gear and rotating in the horizontal plane; and said control
shaft that rotatably supports said second bevel gear that is
driven in rotation by said stepping motor and that is also
sealed from said bottom wall and is lead out therefrom;
wherein a protective cover that covers said second bevel
gear is affixed to said bottom wall to prevent contact by said
connecting wires on said second bevel gear.
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3. An ultrasonic probe comprising at least:

a group of piezoelectric elements including a plurality of
piezoelectric elements of a narrow card shape arrayed
in a long-axis direction and also connecting wires
connected electrically to said piezoelectric elements
and extending outward from at least one end side in a
short-axis direction;

a rotational mechanism portion that rotates and oscillates
said group of piezoelectric elements in the short-axis
direction about the center of said long-axis direction;

a reference position detection sensor that detects a refer-
ence position in the short-axis direction of said group of
piezoelectric elements; and

a motor that is linked to said reference position detection
sensor and that drives said rotational mechanism por-
tion;

wherein said rotational mechanism portion is provided
with: a retaining plate that supports said group of
piezoelectric elements on an upper surface thereof and
has a leg portion on each side of a lower surface in said
long-axis direction;

a case of concave shape in which said leg portions
connected to a peripheral wall thereof on either side of
a line linking said two leg portions are freely rotatable
and within which said flexible substrate is sealed and is
lead out to the exterior through a bottom wall thereof;

a first bevel gear affixed to one inner surface of said leg
portions and having teeth in an arc shape;

a second bevel gear engaging with said first bevel gear
and rotating in the horizontal direction; and

a control shaft that rotatably supports said second bevel
gear that is driven in rotation by said stepping motor
and that is also sealed from said bottom wall and is lead
out therefrom;

and wherein a protective cover that covers said second
bevel gear is affixed to said bottom wall to prevent
contact by said connecting wires on said second bevel
gear.

4. The ultrasonic probe as defined by claim 2, wherein the
lateral section of said protective cover is L-shaped or
U-shaped.

5. The ultrasonic probe as defined by claim 3, wherein the
lateral section of said protective cover is L-shaped or
U-shaped.
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