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(57) ABSTRACT

A tube has a hollow portion and at its tip end, a recess with an
open window. A rotating member is held in the recess and is
rotated about a central axis. A driving cable transmits a rotat-
ing force to the rotating member (or a feeding cable supplies
an electric power to a drive part for rotating the rotating
member). A piezoelectric vibrator is supported by the rotating
member so as to swing its ultrasonic-wave transmitting/re-
ceiving surface about a swing axis that is orthogonal to the
central axis. A permanent magnet is provided on one of the
rotating member and the piezoelectric vibrator. An electro-
magnet is provided on the other of the rotating member and
the piezoelectric vibrator so as to be opposed to the permanent
magnet. And a power supply cable supplies, to the electro-
magnet, a current for swinging the piezoelectric vibrator.
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ULTRASOUND PROBE AND AN
ULTRASONIC DIAGNOSIS APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasound probe
and an ultrasonic diagnosis apparatus.

[0003] Thepresentinvention particularly relates to an ultra-
sound probe and an ultrasonic diagnosis apparatus in which
the direction of a piezoelectric vibrator may be turned.
[0004] 2. Description of the Related Art

[0005] Examples of ultrasound probes in which the direc-
tion of a piezoelectric vibrator may be turned include a tech-
nology (transesophageal echocardiography (TEE) ultrasound
probe) in which the piezoelectric vibrator is rotated about the
central axis of the ultrasonic image in the same way as in a
transesophageal probe, etc. to obtain a three-dimensional
image. There is also a technology (mechanical 4D probe) in
which the piezoelectric vibrator is rotated in the orthogonal
direction relative to the direction of scanning of the image to
obtain a three-dimensional image. Additionally provided are:
a swing mechanism that swings the piezoelectric vibrator,
which is disposed in a receiving part provided in the tip end of
a tube, about an axis parallel to an ultrasonic-wave transmit-
ting/receiving surface; and a rotation mechanism that rotates
the piezoelectric vibrator about an axis vertical to the ultra-
sonic-wave transmitting/receiving surface.

[0006] Moreover, in one example of the prior art (Unexam-
ined Patent Application Publication No. H8-84732), a rota-
tion mechanism comprises: a seat provided with a projected
spherical surface; a receiving seat in which a recessed spheri-
cal surface is formed with a curvature that may be engaged
with this projected spherical surface and supports the seat to
allow the seat to swing by engaging the projected spherical
surface with the recessed spherical surface, and a swing wire
that facilitates the swinging of the abovementioned seat.
[0007] However, in the abovementioned TEE ultrasound
probe, the rotational speed of the piezoelectric vibrator is low
and it therefore takes a long time to obtain data, which makes
it difficult to construct a three-dimensional image with a
sufficient image quality. Furthermore, in the abovementioned
mechanical 4D probe, the image quality is not good in the
direction orthogonal to the scanning direction. Moreover, in
the technology related to the patent literature in which the
swing and rotation of the piezoelectric vibrator have been
combined, the piezoelectric vibrator is swung by pulling the
wire in and out, thereby causing operational delays and errors
due to the friction and slack of the wire, leading to the prob-
lem that the image quality of the three-dimensional image is
reduced. What is desired is a probe that includes the functions
of both the abovementioned TEE ultrasound probe and
mechanical 4D probe and is capable of obtaining three-di-
mensional images in real time.

SUMMARY OF THE INVENTION

[0008] This invention is intended to overcome the above
problems by providing an ultrasonic probe and an ultrasonic
diagnosis apparatus allowing high quality three dimensional
image to be obtained in real time.

[0009] A first aspect of the present invention is an ultra-
sound probe comprising: a tube having a hollow portion that
is formed in a long-axis shape and is extended in the direction
of said long axis as well as, at a tip end thereof, a recess with
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an open window allowing ultrasonic waves to pass; a rotating
member that is held in said recess and is rotated about a
central axis oriented in the direction from the inside of said
recess to said window; a driving cable that passes through said
hollow portion and is used for transmitting a rotating force to
said rotating member, or a feeding cable that supplies an
electric power to a drive part for rotating said rotating mem-
ber; a piezoelectric vibrator that has an ultrasonic-wave trans-
mitting/receiving surface and is supported by said rotating
member so as to swing said ultrasonic-wave transmitting/
receiving surface about a swing axis that is orthogonal to said
central axis; a permanent magnet that is provided on one of
said rotating member and said piezoelectric vibrator; an elec-
tromagnet that is provided on the other of said rotating mem-
ber and said piezoelectric vibrator so as to be opposed to said
permanent magnet; and a power supply cable that passes
through said hollow portion and supplies, to said electromag-
net, a current for swinging said piezoelectric vibrator.
[0010] According to the first aspect of this invention, a
piezoelectric vibrator having a surface of transmitting/receiv-
ing ultrasound is supported on a rotating member, allowing
high quality three dimensional image to be obtained. Further,
since current is supplied to an electromagnet to swing the
piezoelectric vibrator around a swinging axis, delay or error
of an behavior of the piezoelectric vibrator is prevented,
allowing three dimensional image to be obtained in real time.
[0011] A second aspect of the present invention is the ultra-
sound probe according to the first aspect of this invention,
wherein: said rotating member has a cylindrical shape with a
cylindrical wall and a bottom and is shaped substantially
coaxially with said recess; said piezoelectric vibrator is held
within said rotating member; said swing axis is installed
between opposing parts of said cylindrical wall; said ultra-
sonic-wave transmitting/receiving surface is formed toward
said window relative to said swing axis; one of said perma-
nent magnet and said electromagnet is provided toward said
bottom relative to said swing axis; and the other of said
permanent magnet and said electromagnet is provided on
both sides of said one magnet in said bottom.

[0012] A third aspect of the present invention is the ultra-
sound probe according to the first aspect of this invention,
wherein: said rotating member is cylindrically shaped; an
input gear is integrally provided at the bottom of said rotating
member; a rotating axis of a motor is connected to the base
end of said driving cable; a worm gear is connected to the tip
end of said driving cable; and said worm gear is engaged with
said input gear via a speed reducing gear.

[0013] A fourth aspect of the present invention is the ultra-
sound probe according to the first aspect of this invention,
comprising: a swing-angle detecting part that detects the
swing angle of said piezoelectric vibrator relative to said
rotating member; and a swing-angle controlling part that
controls said current supplied to said electromagnet upon
receiving a detection signal from said swing-angle detecting
part.

[0014] A fifth aspect of the present invention is the ultra-
sound probe according to the fourth aspect of this invention,
wherein: a magnetic body is provided to one of said rotating
member and said piezoelectric vibrator; and said swing-angle
detecting part is provided to the other of said rotating member
and said piezoelectric vibrator and detects the magnetic force
of said magnetic body.

[0015] A sixth aspect of the present invention is an ultra-
sonic diagnosis apparatus with an ultrasound probe, the ultra-
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sound probe comprising: a tube having a hollow portion that
is formed in a long-axis shape and is extended in the direction
of said long axis as well as, at a tip end thereof, a recess with
an open window allowing ultrasonic waves to pass; a rotating
member that is held in said recess and is rotated about a
central axis oriented in the direction from the inside of said
recess to said window; a driving cable that passes through said
hollow portion and is used for transmitting a rotating force to
said rotating member, or a feeding cable that supplies an
electric power to a drive part for rotating said rotating mem-
ber; apiezoelectric vibrator that has an ultrasonic-wave trans-
mitting/receiving surface and is supported by said rotating
member so as to swing said ultrasonic-wave transmitting/
receiving surface about a swing axis that is orthogonal to said
central axis; a permanent magnet that is provided on one of
said rotating member and said piezoelectric vibrator; an elec-
tromagnet that is provided on the other of said rotating mem-
ber and said piezoelectric vibrator so as to be opposed to said
permanent magnet; and a power supply cable that passes
through said hollow portion and supplies, to said electromag-
net, a current for swinging said piezoelectric vibrator.
[0016] A seventh aspect of the present invention is the
ultrasonic diagnosis apparatus according to the sixth aspect of
this invention, wherein: said rotating member has a cylindri-
cal shape with a cylindrical wall and a bottom and is shaped
substantially coaxially with said recess; said piezoelectric
vibrator is held within said rotating member; said swing axis
is installed between opposing parts of said cylindrical wall;
said ultrasonic-wave transmitting/receiving surface is formed
toward said window relative to said swing axis; one of said
permanent magnet and said electromagnet is provided toward
said bottom relative to said swing axis; and the other of said
permanent magnet and said electromagnet is provided on
both sides of said one magnet in said bottom.

[0017] An eighth aspect of the present invention is the
ultrasound probe according to the sixth aspect of this inven-
tion, wherein: said rotating member is cylindrically shaped;
an input gear is integrally provided at the bottom of said
rotating member; a rotating axis of a motor is connected to the
base end of said driving cable; a worm gear is connected to the
tip end of said driving cable; and said worm gear is engaged
with said input gear via a speed reducing gear.

[0018] A ninth aspect of the present invention is the ultra-
sound probe according to the sixth aspect of this invention,
comprising: a swing-angle detecting part that detects the
swing angle of said piezoelectric vibrator relative to said
rotating member; and a swing-angle controlling part that
controls said current supplied to said electromagnet upon
receiving a detection signal from said swing-angle detecting
part.

[0019] A tenth aspect of the present invention is the ultra-
sound probe according to the ninth aspect of this invention,
wherein: a magnetic body is provided to one of said rotating
member and said piezoelectric vibrator; and said swing-angle
detecting part is provided to the other of said rotating member
and said piezoelectric vibrator and detects the magnetic force
of said magnetic body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a cross-sectional view of an ultrasound
probe showing the inside of a tube along the long axis in
connection with the embodiment of the present invention.
[0021] FIG. 2 is a partial perspective view of an ultrasound
probe.
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[0022] FIG. 3 is a cross-sectional view along the line I1I-1I1
of FIG. 1.

[0023] FIG. 4 is a functional block diagram of an ultra-
sound probe.

[0024] FIG. 5 is a conceptual diagram showing each opera-
tion of the rotation and swinging of the piezoelectric vibrator.
[0025] FIG. 6A-C show each magnet body arranged ina fan
shape and a piezoelectric vibrator swung to each position.
[0026] FIG. 7A-H show a permanent magnet and an elec-
tromagnet that is swung to each position by being supplied
with an alternating current.

[0027] FIG. 8A-C shows a piezoelectric vibrator that is
held in a rotating member and is swung to each position.
[0028] FIG. 9 is a block diagram showing a structure of an
ultrasonic diagnosis apparatus in connection with the
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0029] FIG. 9 is a block diagram showing a structure of an
ultrasonic diagnosis apparatus in connection with the
embodiment of the present invention. This ultrasonic diagno-
sis apparatus 100 is provided with an ultrasonic probe 1 for
transmitting/receiving ultrasound to/from a subject P and an
ultrasonic diagnosis apparatus body 2 for controlling this
ultrasonic probe 1.

[0030] The ultrasonic probe 1 is provided with a probe
portion 101 for transmitting/receiving ultrasound; a cable
portion 60 connected to this probe portion at its end; and a
connector portion 70 connected at the other end of this cable
portion 60 for transmitting/receiving signal to/from the ultra-
sonic diagnosis apparatus body 2.

[0031] The probe portion 101 is provided with an electri-
cally safe probe package 19 which is structurally superior in
terms of weather resistance and environment resistance. This
probe package is made of a resin material to form an outer
shell of the probe portion 101. A recess 24 inside the probe
package 19 is provided with an piezoelectric vibrator 52 for
transmitting/receiving ultrasound and a swinging mechanism
(described later) for swinging this piezoelectric vibrator 52 in
a direction of arrows R1 and R2. It should be noted that an
acoustic window (hereinafter, simply referred to as “win-
dow”) 23, which is a portion of the probe package 19 for
transmitting/receiving ultrasound to/from a subject P, is made
of'a material superior for propagating ultrasound. Further, an
acoustic medium superior for propagating ultrasound is
enclosed between the window 23 and the piezoelectric vibra-
tor 52.

[0032] The ultrasonic diagnosis apparatus body 2 com-
prises a transceiver 3 for transmitting ultrasonic driving sig-
nal and receiving ultrasonic receiving signal; and an image
data generator 4 for generating two-dimensional image data
based on the receiving signal from the transceiver 3 (e.g.
B-mode image data representing a cross section of the subject
P; and a Doppler image data representing blood flow) and for
generating three-dimensional image data from the two-di-
mensional image data generated from several swinging
angles by swinging of the piezoelectric vibrator 52 at the
probe portion 101 of the ultrasonic probe 1.

[0033] Further, the ultrasonic diagnosis apparatus body 2 is
provided with a display 5 for displaying two-dimensional
data and/or three dimensional data generated by the image
data generator 4; an operation portion 6 for input of various
kinds of command signal; a system controller 7 for control-
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ling the swinging mechanism in the probe portion 101 of the
ultrasonic probe 1, the transceiver 3, the image data generator
4 and the display 5.

[0034] Theconfiguration of the ultrasound probe according
to one embodiment of the present invention will be described
with reference to FIGS. 1-3. FIG. 1 is a cross-sectional view
of an ultrasound probe showing the inside of a tube along the
long axis. FIG. 2 is a partial perspective view of an ultrasound
probe that is incorporated within the tip of a tube, shown with
the tube omitted. FIG. 3 is a cross-sectional view along the
line ITI-1IT of FIG. 1.

[0035] The ultrasound probe mainly comprises a tube 20,
the piezoelectric vibrator 52, a rotation mechanism for rotat-
ing the piezoelectric vibrator 52, and the swing mechanism
for swinging the piezoelectric vibrator 52.

[0036] The tube 20 is formed in a long-axis shape. In this
embodiment, the tube 20 has flexibility and, in a transesoph-
ageal probe, includes a tip end thereof as well as a curve and
an intermediate guide tube that continues to the tip end. The
tip end of the tube 20 is provided with the recess 24. The
window 23 in the recess 24 is open to the side surface of the
tip end of the tube 20. It is noted that an operating part (not
shown) is formed in the intermediate portion of the tube 20
and the base end of the tube 20 is connected to a system part
(not shown). The details of the operating part and the system
part will be described below.

[0037] The piezoelectric vibrator 52 has an ultrasonic-
wave transmitting/receiving surface 521. The ultrasonic-
wave transmitting/receiving surface 521 comprises an array
of many piezoelectric elements formed from piezoelectric
bodies such as piezoelectric ceramics. A cable 16 is provided
to perform transmissions and receptions with each piezoelec-
tric element of the ultrasonic-wave transmitting/receiving
surface 521. The cable 16 is a flexible printed circuit (FPC)
and includes a power supply cable for supplying an alternat-
ing current to an electromagnet 53 and a signal cable for
transmitting a detection signal from a swing-angle detecting
part 56 to a swing-angle controlling part (not shown). The
cable 16 extends from the tip end of the tube 20 to the base end
of the tube 20. It is noted that “the power supply cable for
supplying the current to the electromagnet 53” includes a
power supply cable that supplies an alternating current and a
power supply cable that supplies a direct current for generat-
ing an alternating current.

[0038] The rotation mechanism for rotating the piezoelec-
tric vibrator 52 comprises a rotating member 30 and a driving
cable 44 for transmitting a rotating force to the rotating mem-
ber 30, etc. The rotating member 30 is held in the recess 24,
has a cylindrical shape with a cylindrical wall 31 and a bottom
32, and is shaped approximately coaxially with the recess 24.
The rotating member 30 is supported to allow it to rotate
about a central axis oriented in the direction from the inside of
the recess 24 to the window 23. An input gear 57 is integrally
provided at the bottom 32 of the rotating member 30. FIG. 1
shows the rotating member 30 with the upper surface of the
input gear 57 shown as the bottom 32. It is noted that the
rotating member 30 and the input gear 57 may be formed
separately. The axis part 34 is projected from the input gear 57
along the central axis. A bearing (not shown) for supporting
the axis part 34 is provided at the bottom of the recess 24. Itis
noted that the recess 24 is filled with ultrasound propagation
medium liquid (not shown) and the window 23 is sealed with
a cover 25.
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[0039] The driving cable 44 extends from the tip end of the
tube 20 through a hollow portion 21 to the intermediate por-
tion of the tube 20.

[0040] The base end of the driving cable 44 is connected to
the rotating axis of a motor (not shown) provided in the
intermediate portion of tube 20. In addition, a hollow portion
22 is provided parallel to the hollow portion 21. The cable 16
extends from the tip end of the tube 20 through the hollow
portion 22 of the tube 20 to the base end of the tube 20. It is
noted that FIG. 3 shows the hollow portions 21 and 22 as one
hollow portion for convenience of explanation.

[0041] A worm gear 45 is connected to the tip end of the
driving cable 44. The worm gear 45 is engaged with the input
gear 57 via speed reducing gears 46, 47, and 48. A motor 43
is supplied with electric power from a motor-power supplying
part 15. The motor-power supplying part 15 converts a volt-
age supplied from a power source 11 into a voltage for driving
the motor. FIG. 2 omits the worm gear 45 and the speed
reducing gears 46, 47, and 48.

[0042] The configuration for controlling the abovemen-
tioned rotation mechanism will be described with reference to
FIG. 4. FIG. 4 is a block diagram of an ultrasound probe. It is
noted that the system part 10 is provided toward the base end
of the tube 20. The system part 10 comprises a swing-angle
controlling part 13 that controls the alternating current sup-
plied to the electromagnet 53 upon receiving a detection
signal from a swing-angle detecting part 56, and a rotation-
angle controlling part 14 that controls the current supplied to
the motor 43 upon receiving a detection signal from a rota-
tion-angle detection part 42. In addition, an operating part 40
is provided in the intermediate portion of the tube 20. The
operating part 40 comprises an inputting part 41, the rotation-
angle detection part 42 for detecting the swing angle of the
piezoelectric vibrator 52 relative to the rotating member 30,
and the motor 43. The swing-angle controlling part 13 adjusts
the swing angle of the piezoelectric vibrator 52 upon receiv-
ing an instruction from the inputting part 41, and the rotation-
angle controlling part 14 adjusts the rotation angle of the
rotating member 30 upon receiving an instruction from the
inputting part 41.

[0043] The operations of the rotating member 30 will be
described with reference to FIG. 5. FIG. 5 is a conceptual
diagram showing each operation of the rotation and swinging
of the piezoelectric vibrator.

[0044] The motor 43 is supplied with electric power from
the motor-power supplying part 15. The motor-power supply-
ing part 15 converts a voltage supplied from the power source
11 into a voltage for driving the motor. The rotating force of
the motor 43 is transmitted to the driving cable to rotate the
worm gear 45. The input gear is thus rotated via the speed
reducing gears 46, 47, and 48 to rotate the rotating member 30
integrally with the input gear.

[0045] The number of rotations and the rotational direction
ofthe motor 43 correspond to the rotation angle of the rotating
member 30.

[0046] The rotation-angle detection part 42 measures the
number of rotations of the motor 43 and detects the rotation
angle of the rotating member 30 based on the measurement
result. The rotation-angle controlling part 14 controls the
motor-power supplying part 15 based on the rotation angle of
the rotating member 30. As the number of rotations of the
motor 43 corresponds to the rotation angle of the rotating
member 30, the rotating member 30 may be rotated with
accuracy and high precision. FIG. 5 shows an imageable
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cross-section that provides long-axis and short-axis views
according to the rotation angle of the rotating member 30. For
example, when the rotation angle of the rotating member 30 is
0°, the imageable cross-section is to be a long-axis view, and
when the rotation angle is 90°, the imageable cross section is
to be a short-axis view.

[0047] The swing mechanism for swinging the piezoelec-
tric vibrator 52 will be described with reference to FIGS. 1 to
4. The swing mechanism comprises the piezoelectric vibrator
52, the electromagnet 53, a permanent magnet 54, an electro-
magnet-power supplying part 12, the cable 16, and other
components.

[0048] The piezoelectric vibrator 52 is supported by being
held within the rotating member 30. The piezoelectric vibra-
tor 52 having the ultrasonic-wave transmitting/receiving sur-
face 521 is supported by the rotating member 30, thereby
enabling a three-dimensional image having a high image
quality to be obtained. A swing axis 35 is installed between
opposing cylindrical walls 31. The ultrasonic-wave transmit-
ting/receiving surface 521 is supported by the rotating mem-
ber 30 so as to swing it about the swing axis 35 that is
orthogonal to the central axis of the rotating member 30. In
the piezoelectric vibrator 52 held within the rotating member
30, the ultrasonic-wave transmitting/receiving surface 521 is
formed toward the window 23 relative to the swing axis 35.
The ultrasonic-wave transmitting/receiving surface 521 is
located at a position that is slightly projected in the direction
from the position of the opening 33 of the cylindrical rotating
member 30 to the window 23. It is noted that the ultrasonic-
wave transmitting/receiving surface 521 may be located at a
position that is recessed in the direction from the opening 33
of'the rotating member 30 to the bottom 32, or may be located
at a position aligned with the opening 33.

[0049] A rod 531 is integrally extended in the direction
from the backside of the piezoelectric vibrator 52 (a surface
opposite to the ultrasonic-wave transmitting/receiving sur-
face 521) to the bottom 32.

[0050] The tip end of the rod 531 has 2 cores (magnetic
cores) 532 that are extended in opposite directions to each
other. Each core 532 is formed in an arc shape centered on the
swing axis 35.

[0051] Theelectromagnet 53 is provided toward the bottom
32 relative to the swing axis 35. The ultrasonic-wave trans-
mitting/receiving surface 521 thereby formed toward the win-
dow 23 relative to the swing axis 35 is swung in the direction
opposite to the moving direction of the electromagnet 53.
[0052] The electromagnet 53 comprises 2 cores 532 and
coils 533 wound around each core 532. In the bottom 32, the
permanent magnets 54 are provided to both sides of the elec-
tromagnet 53. The rotating member 30 is held within the
recess 24 and the piezoelectric vibrator 52, electromagnet 53,
and permanent magnets 54 are held within the rotating mem-
ber 30, thus enabling the rotation mechanism and swing
mechanism to be downsized.

[0053] It is noted that the electromagnet 53 may be pro-
vided toward the rotating member 30 and the permanent
magnet 54 may be provided toward the piezoelectric vibrator
52. In this case, for example, the permanent magnet 54 is
provided at the tip end of the rod 531 and the electromagnets
53 are provided at the bottom 32 of the rotating member 30
and arranged on both sides of the permanent magnet 54.
[0054] The cable 16 is provided to supply, to the electro-
magnet 53, an alternating current for swinging the piezoelec-
tric vibrator 52. The base end of the cable 16 is connected to
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an electromagnet-power supplying part 12 within the operat-
ing part 40. The tip end 161 of the cable 16 is passed through
the hollow portion 22, extended to the tip end of the tube 20,
pulled into the rotating member 30 through a slit 311 of the
cylindrical wall 31, and connected to the electromagnet 53.
The tip end 161 of the cable 16 is formed with a margin so as
to follow the rotating member 30, which rotates in a forward
or reverse direction. FIGS. 2 and 3 show the cable 16 with a
margin having the tip end 161 bent into an “S” shape and that
is about one rotation of the rotating member 30. The electro-
magnet 53 is supplied with electric power from the electro-
magnet-power supplying part 12. The electromagnet-power
supplying part 12 converts a voltage supplied from the power
source 11 into a voltage for driving the electromagnet.
[0055] Supplying an alternating current to the electromag-
net 53 changes the polarity of the electromagnet 53 and the
coil 533 is thereby attracted to and repulsed from the perma-
nent magnet 54, thus allowing the piezoelectric vibrator 52 to
be swung about the swing axis 35 and making it possible to
obtain, in real time, a three-dimensional image having a high
image quality without operational delay or error of the piezo-
electric vibrator 52. Furthermore, it is possible to increase the
durability to prevent wear-out of the cable, etc. by not using a
configuration in which the piezoelectric vibrator 52 is swung
by pulling in the cable.

[0056] Next, the configuration for controlling the above-
mentioned swing mechanism will be described with refer-
ence to FIG. 4 and FIG. 6A-C. FIG. 6A-C show each magnet
body 55 arranged in a fan shape and a piezoelectric vibrator
52 swung to each position.

[0057] The configuration for controlling the swing mecha-
nism comprises a magnetic body 55, the swing-angle detect-
ing part 56, and the swing-angle controlling part 13.

[0058] A plurality of the magnetic bodies 55 is arranged in
a fan shape about the swing axis 35 on the inner wall of the
rotating member 30.

[0059] Opposite to the magnetic bodies 55, the swing-angle
detecting part 56 is provided on the peripheral wall of the
piezoelectric vibrator 52 to detect the swing angle of the
piezoelectric vibrator 52 relative to the rotating member 30.
The detected part, which is a magnetic body 55, may be
provided on one of the opposing surfaces of the rotating
member 30 and the piezoelectric vibrator 52, and the swing-
angle detecting part 56 that is capable of detecting the swing
angle relative to the rotating member 30 by detecting the
detected part on the other surface may be provided, thus
enabling the swing angle of the piezoelectric vibrator 52 to be
detected relatively easily. The magnetic bodies 55 opposite to
the peripheral wall of the piezoelectric vibrator 52 are
arranged so that the N-poles and S-poles are arranged in
alternation. Magnetic bodies 55 that are N-poles are indicated
with hatching in FIG. 6A-C, while magnetic bodies 55 that
are S-poles are shown without hatching in FIG. 6A-C. Fur-
thermore, the swing-angle detecting part 56 is shown with
dashed lines in FIG. 6A-C.

[0060] The system part 10 is provided with the electromag-
net-power supplying part 12 and the swing-angle controlling
part 13. The swing-angle controlling part 13 controls the
alternating current supplied from the electromagnet-power
supplying part 12 to the electromagnet 53 upon receiving a
detection signal from the swing-angle detecting part 56. The
swing-angle detecting part 56 outputs a detection signal when
an N-pole magnetic body 55 and an S-pole magnetic body 55
are both detected. The swing-angle controlling part 13 counts
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the detection signals and when a predetermined number of
detection signals are counted, it switches the direction of the
current supplied to the electromagnet 53.

[0061] When the swing-angle detecting part 56 is located at
a position as shown in FIG. 6A, the swing-angle detecting
part 56 moves in the clockwise or counterclockwise direction
relative to the magnetic body 55, and when the swing-angle
controlling part 13 counts 1 detection signal, it switches the
direction of the current, and additionally, when the swing-
angle controlling part 13 counts 5 detection signals (6 detec-
tion signals in total), it switches the direction of the current.
FIG. 6B shows the swing-angle detecting part 56 when the
swing detecting part 56 is located as shown in FIG. 6A and
moves in the counterclockwise direction and the swing-angle
controlling part 13 counts 6 detection signals in total. Addi-
tionally, FIG. 6C shows the swing-angle detecting part 56
when the swing detecting part 56 is located as shown in FIG.
6A and moves in the clockwise direction and the swing-angle
controlling part 13 counts 6 detection signals in total.

[0062] Next, the operations of the swing mechanism will be
described with reference to FIG. 7A-H and FIG. 8A-C. FIG.
7A-H show a permanent magnet and an electromagnet that is
swung to each position by being supplied with an alternating
current, and FIG. 8 A-C shows a piezoelectric vibrator that is
held in a rotating member and is swung to each position. The
positions of the swing-angle detecting part 56 shown in FIG.
8A, B and C correspond to the positions of the swing-angle
detecting part 56 shown in FIG. 6A, B, and C, respectively.

[0063] InFIG.7A, the S-pole ofthe left coil 533 is attracted
to the N-pole of the permanent magnet 54, and additionally,
the N-pole of the right coil 533 is attracted to the S-pole of the
permanent magnet 54, thus causing the electromagnet 53 to
be moved to the left.

[0064] Thereafter, the polarity of each of the left and right
coils 533 is changed. The N-pole of the left coil 533 is
repelled from the N-pole of the permanent magnet 54, and
additionally, the S-pole of the right coil 533 is repelled from
the S-pole of the permanent magnet 54. Thus, the electromag-
net 53 is moved further to the left. FIG. 7B shows the elec-
tromagnet 53 when it has been moved to the left.

[0065] Thereafter, the S-pole of the right coil 533 is
attracted to the N-pole of the permanent magnet 54, and
additionally, the N-pole of the right coil 533 is attracted to the
S-pole of the permanent magnet 54.

[0066] Thus, the electromagnet 53 is moved further to the
left. FIG. 7C shows the electromagnet 53 when it has been
moved further to the left.

[0067] Thereafter, the polarities of the left and right coils
533 are changed. The N-pole of the right coil 533 is repelled
from the N-pole of the permanent magnet 54, and addition-
ally, the S-pole of the right coil 533 is repelled from the S-pole
of the permanent magnet 54. Thus, the moving direction of
the electromagnet 53 is switched from the left to the right.
FIG. 7D shows the electromagnet 53 when the moving direc-
tion thereof is switched to the right. It is noted that FIG. 8B
shows the ultrasonic-wave transmitting/receiving surface 521
when it has been swung to the right in the direction opposite
to the electromagnet 53 when the electromagnet 53 is moved
to the left positions shown in FIGS. 7C and D.

[0068] Thereafter, the S-pole of the left coil 533 is attracted
to the N-pole of the permanent magnet 54, and additionally,
the N-pole of the right coil 533 is attracted to the S-pole of the
permanent magnet 54.

Sep. 16,2010

[0069] Thus, the electromagnet 53 is moved to the right.
FIG. 7E shows the electromagnet 53 when it has been moved
to the right.

[0070] Thereafter, the polarity of each of left and right coils
533 is changed. The N-pole of the left coil 533 is repelled
from the N-pole of the permanent magnet 54, and addition-
ally, the S-pole of the right coil 533 is repelled from the S-pole
of the permanent magnet 54. Thus, the electromagnet 53 is
moved further to the right. FIG. 7F shows the electromagnet
53 when it has been moved further to the right.

[0071] Thereafter, the S-pole of the left coil 533 is attracted
to the N-pole of the permanent magnet 54, and additionally,
the N-pole of the left coil 533 is attracted to the S-pole of the
permanent magnet 54.

[0072] Thus, the electromagnet 53 is moved further to the
right. FIG. 7G shows the electromagnet 53 when it has been
moved further to the right.

[0073] Thereafter, the polarity of each of the left and right
coils 533 is changed. The N-pole of the left coil 533 is
repelled from the N-pole of the permanent magnet 54, and
additionally, the S-pole of the left coil 533 is repelled from the
S-pole of the permanent magnet 54. Thus, the moving direc-
tion of the electromagnet 53 is switched from the right to the
left. FIG. 7H shows the electromagnet 53 when the moving
direction thereof is switched from the right to the left. It is
noted that FIG. 8C shows the ultrasonic-wave transmitting/
receiving surface 521 when it has been swung to the left in the
direction opposite to the electromagnet 53 when the electro-
magnet 53 is moved to the right positions shown in FIGS. 7G
and H.

[0074] Thereafter, the S-pole of the left coil 533 is attracted
to the N-pole of the permanent magnet 54, and additionally,
the N-pole of the right coil 533 is attracted to the S-pole of the
permanent magnet 54.

[0075] Thus, the electromagnet 53 is returned to the state
shown in FIG. 7A, in which the electromagnet 53 is moved to
the left.

[0076] As described above, the polarity of the electromag-
net 53 is changed upon receiving the voltage for driving the
electromagnet, and the electromagnet 53 repeats movements
alternating between the right and left directions when the coil
533 is attracted to and repelled from the permanent magnet
54. Thus, the ultrasonic-wave transmitting/receiving surface
521 of the piezoelectric vibrator 52 repeats the swing opera-
tions. It is noted that, when the electromagnet 53 is moved to
the left, the ultrasonic-wave transmitting/receiving surface
521 is swung to the right. Furthermore, when the electromag-
net 53 is moved to the right, the ultrasonic-wave transmitting/
receiving surface 521 is swung to the left.

[0077] Inaddition, as described above, the timing by which
the polarity of the electromagnet 53 is changed corresponds
to the swing operation of the piezoelectric vibrator 52.
[0078] It is noted that, in this embodiment, the number of
detection signals counted by the swing-angle controlling part
13 corresponds to the swing angle of the piezoelectric vibra-
tor 52. For example, FIG. 6A-C show an embodiment in
which, when the swing-angle controlling part 13 counts 6
detection signals in total, the direction of the current supplied
with each of 2 electromagnets 53 (left and right coils 533) is
switched and the direction of swinging of the piezoelectric
vibrator 52 is switched. However, the present invention is not
limited to this, and the swinging of the piezoelectric vibrator
52 may be made larger by increasing the number of the
detection signals counted by the swing-angle controlling part
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13 to 7 or more, or the swinging of the piezoelectric vibrator
52 may be made smaller by decreasing the number of the
detection signals counted by the swing-angle controlling part
13 to 5 or less.

[0079] Furthermore, although in said embodiment, the
magnetic body 55 is provided in the rotating member 30 and
the swing-angle detecting part 56 is provided in the piezo-
electric vibrator 52, the swing-angle detecting part 56 may be
provided in the rotating member 30 and the magnetic body 55
may be provided in the piezoelectric vibrator 52.

[0080] Moreover, the swing-angle detecting part 56 is not
limited to detecting the magnetic bodies 55 and may be con-
figured to, for example, detect a plurality of light-emitting
elements arranged in the rotating member 30.

[0081] Furthermore, although the present invention has
been applied to a transesophageal probe in the abovemen-
tioned embodiment, it may be applied to a surface probe or
other intraluminal probes.

[0082] Itis noted that, in said embodiment, the tube 20 has
been provided with separate hollow portions 21 and 22, but
the tube 20 may be provided with one hollow portion so as to
selectively use the hollow portions for the cable 16 and the
driving cable 44.

[0083] Furthermore, although in the abovementioned
embodiment, the driving cable 44 has been provided to trans-
mit a rotating force to the rotating member 30, a feeding cable
may be provided to supply electric power to the drive part for
rotating the rotating member 30. The feeding cable is electri-
cally connected to the drive part and the power source 11.
Moreover, the drive part is, for example, an ultrasonic motor
and is held in the recess 24 and arranged in a space to which
said input gear 57 is attached. The drive axis of the ultrasonic
motor is directly connected to the central axis of the rotating
member 30 or indirectly connected to the central axis of the
rotating member 30 via a speed reducing mechanism. Fur-
thermore, the feeding cable may be provided separately from
the cable 16 or may be included in the cable 16 together with
said power supply cable.

What is claimed is:

1. An ultrasound probe comprising:

atube having a hollow portion that is formed in a long-axis
shape andis extended in the direction of said long axis as
well as, at a tip end thereof, a recess with an open
window allowing ultrasonic waves to pass;

a rotating member that is held in said recess and is rotated
about a central axis oriented in the direction from the
inside of said recess to said window;

adriving cable that passes through said hollow portion and
is used for transmitting a rotating force to said rotating
member, or a feeding cable that supplies an electric
power to a drive part for rotating said rotating member;

a piezoelectric vibrator that has an ultrasonic-wave trans-
mitting/receiving surface and is supported by said rotat-
ing member so as to swing said ultrasonic-wave trans-
mitting/receiving surface about a swing axis that is
orthogonal to said central axis;

apermanent magnet that is provided on one of said rotating
member and said piezoelectric vibrator;

an electromagnet that is provided on the other of said
rotating member and said piezoelectric vibrator so as to
be opposed to said permanent magnet; and

a power supply cable that passes through said hollow por-
tion and supplies, to said electromagnet, a current for
swinging said piezoelectric vibrator.
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2. The ultrasound probe according to claim 1, wherein:

said rotating member has a cylindrical shape with a cylin-
drical wall and a bottom and is shaped substantially
coaxially with said recess;

said piezoelectric vibrator is held within said rotating
member;

said swing axis is installed between opposing parts of said
cylindrical wall;

said ultrasonic-wave transmitting/receiving surface is
formed toward said window relative to said swing axis;

one of said permanent magnet and said electromagnet is
provided toward said bottom relative to said swing axis;
and

the other of said permanent magnet and said electromagnet
is provided on both sides of said one magnet in said
bottom.

3. The ultrasound probe according to claim 1, wherein:

said rotating member is cylindrically shaped;

an input gear is integrally provided at the bottom of said
rotating member;

a rotating axis of a motor is connected to the base end of
said driving cable;

a worm gear is connected to the tip end of said driving
cable; and

said worm gear is engaged with said input gear via a speed
reducing gear.

4. The ultrasound probe according to claim 1, comprising:

a swing-angle detecting part that detects the swing angle of
said piezoelectric vibrator relative to said rotating mem-
ber; and

a swing-angle controlling part that controls said current
supplied to said electromagnet upon receiving a detec-
tion signal from said swing-angle detecting part.

5. The ultrasound probe according to claim 4, wherein:

amagnetic body is provided to one of said rotating member
and said piezoelectric vibrator; and

said swing-angle detecting part is provided to the other of
said rotating member and said piezoelectric vibrator and
detects the magnetic force of said magnetic body.

6. An ultrasonic diagnosis apparatus with an ultrasound

probe, the ultrasound probe comprising:

a tube having a hollow portion that is formed in a long-axis
shape and is extended in the direction of said long axis as
well as, at a tip end thereof, a recess with an open
window allowing ultrasonic waves to pass;

a rotating member that is held in said recess and is rotated
about a central axis oriented in the direction from the
inside of said recess to said window;

a driving cable that passes through said hollow portion and
is used for transmitting a rotating force to said rotating
member, or a feeding cable that supplies an electric
power to a drive part for rotating said rotating member;

a piezoelectric vibrator that has an ultrasonic-wave trans-
mitting/receiving surface and is supported by said rotat-
ing member so as to swing said ultrasonic-wave trans-
mitting/receiving surface about a swing axis that is
orthogonal to said central axis;

a permanent magnet that is provided on one of said rotating
member and said piezoelectric vibrator;
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an electromagnet that is provided on the other of said
rotating member and said piezoelectric vibrator so as to
be opposed to said permanent magnet; and

a power supply cable that passes through said hollow por-
tion and supplies, to said electromagnet, a current for
swinging said piezoelectric vibrator.

7. The ultrasonic diagnosis apparatus according to claim 6,

wherein:

said rotating member has a cylindrical shape with a cylin-
drical wall and a bottom and is shaped substantially
coaxially with said recess;

said piezoelectric vibrator is held within said rotating
member;

said swing axis is installed between opposing parts of said
cylindrical wall;

said ultrasonic-wave transmitting/receiving surface is
formed toward said window relative to said swing axis;

one of said permanent magnet and said electromagnet is
provided toward said bottom relative to said swing axis;
and

the other of said permanent magnet and said electromagnet
is provided on both sides of said one magnet in said
bottom.
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8. The ultrasound probe according to claim 6, wherein:

said rotating member is cylindrically shaped;

an input gear is integrally provided at the bottom of said
rotating member;

a rotating axis of a motor is connected to the base end of
said driving cable;

a worm gear is connected to the tip end of said driving
cable; and

said worm gear is engaged with said input gear via a speed
reducing gear.

9. The ultrasound probe according to claim 6, comprising:

a swing-angle detecting part that detects the swing angle of
said piezoelectric vibrator relative to said rotating mem-
ber; and

a swing-angle controlling part that controls said current
supplied to said electromagnet upon receiving a detec-
tion signal from said swing-angle detecting part.

10. The ultrasound probe according to claim 9, wherein:

amagnetic body is provided to one of said rotating member
and said piezoelectric vibrator; and

said swing-angle detecting part is provided to the other of
said rotating member and said piezoelectric vibrator and
detects the magnetic force of said magnetic body.
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