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ABSTRACT

A precise and high load resistance moving method to perform
fine movement positioning of the moving body, by fixing a
piezoelectric element which generates a shear deformation,
to a bottom surface of a wedge-shaped moving element
placed on a base, and deforming the piezoelectric element by
driving the piezoelectric element with drive pulses to move
the wedge-shaped moving element along a first axis in which
the wedge-shaped moving element drives into or away from a
moving body to move the moving body along a second axis in
upward and downward direction relative to the base. Also, a
precise and high load resistance moving device including a
wedge-shaped moving element, a pulse source, and a moving
body vertically movable in upward or downward direction
relative to the base.
7 Claims, 18 Drawing Sheets
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1
METHOD AND DEVICE FOR PRECISELY
RESISTING AND MOVING HIGH LOAD
CROSS-REFERENCE TO RELATED
APPLICATIONS
This application is a divisional of, and claims the benefit of
priority under 35 U.S.C. §120 from, U.S. Ser. No. 11/596,
757, filed Sep. 19, 2007, the entire contents of which is
incorporated herein by reference. U.S. Ser. No. 11/596,757 is
in turn a National Stage of, and claims the benefit of priority
from, Intl. Application No. PCT/JP05/09229, filed May 20,
2005, now U.S. Pat. No. 7,622,847, which is in turn based
upon, and claims the benefit of priority from, Japanese Patent
Application No. 2004-150134, filed May 20, 2004.
TECHNICAL FIELD
The present invention relates to a precise and high load
resistance moving device, and more particularly, relates to a
precise and high load resistance moving method and device
suitable for a precise moving mechanism using a wedge and
a piezoelectric element and a fine moving mechanism for a
microscope.
BACKGROUND ART
FIG. 1 is a known positioning device of a stage as an impact
driving mechanism by a rapid deformation of a piezoelectric
element.
In the drawing, reference numeral 101 denotes a floor
surface of a fixed part, reference numeral 102 denotes a wall
surface of the fixed part, reference numeral 103 denotes a
wedge-shaped moving body, reference numeral 104 denotes a
piezoelectric element which is fixed to a side surface of the
moving body 103, reference numeral 105 denotes an impact
element which is fixed to a tip part of the piezoelectric element 104, reference numeral 106 denotes a stage which
moves in a vertical direction by a movement of the wedgeshaped moving body 103, and reference numeral 107 denotes
a guide of the moving body 103 by a spring. Although it is not
shown in the drawing, to the piezoelectric element 104, a
pulse voltage source which generates a rapid deformation of
the piezoelectric element 104 is connected (see non-patent
document 1 below).
Moreover, as the mechanism for moving a moving body by
a rapid deformation of a shear piezoelectric element, the
following mechanism is disclosed (see non-patent document
2).
FIG. 2 is a schematic view of such known mechanisms for
moving the moving body by the rapid deformation of the
shear piezoelectric element.
As illustrated in the drawing, conventionally, a piezoelectric element 202 which deforms in a shear direction is sandwiched between a main body 201 and a leg 203, and voltage
of saw-tooth wave is applied to the piezoelectric element 202
to generate a movement.
Non-patent document 1: Tseng KuoHao, Shibuya
Toshikatsu, Higuchi Toshiro, "Development of a Precise
Position Adjuster Utilizing Piezo Actuator for Heavy Load"
Proceedings of JSPE annual spring meeting 2002, pp 112.
Non-patent document 2: Ph. Niedermann, R. Emch, and P.
Descouts, Rev. Sci. Instrum., 59, 368, (1988).
DISCLOSURE OF INVENTION
However, in the above-described known impact driving
mechanism, impulse force is applied to the side surface of the

moving body 103, and driving force which actually contributes to the movement of the moving body 103 is weak.
Accordingly, while strong impulse force is required for the
movement, the moving speed is slow and it is difficult to
5 precisely adjust the moving body.
Moreover, in the above-described known mechanism for
moving the moving body by the rapid deformation of the
shearing piezoelectric element, the moving body is directly
moved in the vertical direction by the rapid deformation of the
io shear piezoelectric element 202. However, there are disadvantages, for example, that a selection width of pressure to the
sliding surface is narrow, the moving speed is slow, the load
resistance is low, displacement after the positioning by the
application of the force in the vertical direction, and it is not
15 possible to maintain stable movement at several to ten nanometers.
In view of the above, it is an object of the present invention
to provide a precise and high load resistance moving method
and device in which a moving body can be precisely moved in
20 a perpendicular direction, even when force is applied in a
vertically downward direction, by using a piezoelectric element which generates a shear deformation, or, by combining
the piezoelectric element which generates the shearing deformation and a piezoelectric element which generates a vertical
25 deformation. Further, it is another object of the present invention to provide a precise and high load resistance moving
method and device in which a moving body can be precisely
moved in a perpendicular direction even when force is applied
in a vertically downward direction, and positioning in xy
3o directions or positioning of three degrees of freedom in xyz
directions is possible, by arranging or layering a plurality of
piezoelectric elements which generate shearing deformations
so that their shearing directions differ.
To achieve the above objectives, the present invention pro35 vides the following:
[1] In a precise and high load resistance moving method,
the method includes fixing a piezoelectric element which
generates a shear deformation, to a bottom surface of a
wedge-shaped moving element placed on a base, and moving
40 the wedge-shaped moving element on the base by rapidly
deforming and driving the piezoelectric element, and striking
or extracting the wedge-shaped moving element to/from a
moving body vertically movable in upward and downward
direction to the base, whereby a fine movement positioning of
45 the moving body is performed.
[2] In a precise and high load resistance moving method,
the method includes fixing a layered piezoelectric element in
which a piezoelectric element which generates a shear deformation and a piezoelectric element which generates a vertical
5o deformation are bonded, to a bottom surface of a wedgeshaped moving element placed on a base, and moving the
wedge-shaped moving element on the base by rapidly
deforming and driving the layered piezoelectric element, and
striking or extracting the wedge-shaped moving element
55 to/from a moving body vertically movable in upward and
downward direction to the base, whereby a fine movement
positioning of the moving body is performed.
[3] In a precise and high load resistance moving method,
the method includes fixing a first piezoelectric element which
60 generates a shear deformation, to a bottom surface of a
wedge-shaped moving element placed on a base, and fixing a
second piezoelectric element which generates a shear deformation, along an upper inclined surface of the wedge-shaped
moving element, and moving the wedge-shaped moving ele65 ment on the base by rapidly deforming and driving the piezoelectric element, and striking or extracting the wedge-shaped
moving element to/from a moving body vertically movable in
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upward and downward direction to the base, whereby a fine
movement positioning of the moving body is performed.
[4] In a precise and high load resistance moving method,
the method includes fixing a first piezoelectric element which
generates a shear deformation, to a bottom surface of a
wedge-shaped moving element placed on a base, and fixing a
second piezoelectric element which generates a shear deformation in a depth direction of the page surface, to an upper
inclined surface of the wedge-shaped moving element, moving the wedge-shaped moving element on the base by rapidly
deforming and driving the first piezoelectric element, and
striking or extracting the wedge-shaped moving element
to/from a moving body movable in a vertical direction to the
base and in a depth direction of the page surface, whereby a
fine movement positioning of the moving body is performed,
and, further, by rapidly deforming and driving the second
piezoelectric element, a fine positioning of the moving body
movable in the vertical direction to the base and in the depth
direction of the page surface is performed in the depth direction of the page surface.
[5] In a precise and high load resistance moving method,
the method includes fixing a layered piezoelectric element in
which a piezoelectric element which generates a shear deformation and a piezoelectric element which generates a vertical
deformation are bonded, to a bottom surface of a wedgeshaped moving element placed on a base, and fixing a layered
piezoelectric element in which a piezoelectric element which
generates a shear deformation along an inclined surface and a
piezoelectric element which generates a shear deformation in
a depth direction of the page surface are bonded, to an upper
inclined surface of the wedge-shaped moving element, and
moving the wedge-shaped moving element on the base by
rapidly deforming and driving the piezoelectric element
which generates the shear deformation along the inclined
surface out of the layered piezoelectric element fixed to the
bottom surface of the wedge-shaped moving element and the
layered piezoelectric element fixed to the upper inclined surface, and striking or extracting the wedge-shaped moving
element to/from a moving body vertically movable in upward
and downward direction to the base, whereby a fine movement positioning of the moving body is performed, and, further, by rapidly deforming and driving the piezoelectric element which generates the shear deformation in the depth
direction of the page surface out of the layered piezoelectric
element fixed to the upper inclined surface, whereby a fine
movement positioning of the moving body in the depth direction of the page surface is also performed.
[6] In a precise and high load resistance moving method,
the method includes fixing a first piezoelectric element which
generates a shear deformation, to a bottom surface of a
wedge-shaped moving element which is placed on a base
having wall surfaces to both sides and has a triangular shape
having two inclined surfaces on the upper side in a cross
section, and fixing second and third piezoelectric elements
which generate shear deformations in a depth direction of the
page surface, to each upper inclined surface of both sides of
the wedge-shaped moving element, and moving the wedgeshaped moving element laterally on the base, by rapidly
deforming and driving the first piezoelectric element, and
striking or extracting the wedge-shaped moving element
to/from two moving bodies movable in a vertical direction to
the base and in a depth direction of the page surface, whereby
a fine movement positioning of the moving bodies in the
vertical direction is performed so that a total of potential
energy of the two moving bodies in the vertical direction is
not changed, and, by rapidly deforming and driving the sec-

4
and and third piezoelectric elements, a fine movement positioning of the moving bodies in the depth direction of the page
surface is also performed.
[7] In a precise and high load resistance moving method,
5 the method includes fixing a piezoelectric element which
generates a shear deformation, to a bottom surface of a
wedge-shaped moving element which is placed on a base
having wall surfaces to both sides and has a triangular shape
having two inclined surfaces on the upper side in a cross
10
section, and fixing a layered piezoelectric element in which a
piezoelectric element which generates a shear deformation
along an inclined surface and a piezoelectric element which
generates a shear deformation in a depth direction of the page
15 surface are bonded, to each upper inclined surface of both
sides of the wedge-shaped moving element, and moving the
wedge-shaped moving element on the base by rapidly
deforming and driving the piezoelectric element fixed to the
bottom surface of the wedge-shaped moving element which is
20 placed on the base and has the triangular shape having the two
inclined surfaces on the upper side in the cross section, and
the piezoelectric element which generates the shear deformation along the inclined surface, and striking or extracting the
wedge-shaped moving element to/from two moving bodies
25 movable in a vertical direction to the base and in a depth
direction of the page surface, whereby a fine movement positioning of the moving bodies is performed so that a total of
potential energy of the two moving bodies in the vertical
direction is not changed, and, by rapidly deforming and driving the piezoelectric element arranged on the upper inclined
30
surface and generates the shear deformation in the depth
direction of the page surface, a fine movement positioning of
the moving bodies in the depth direction of the page surface is
also performed.
35
[8] In a precise and high load resistance moving method, a
precise and high load resistance moving device in which a
first piezoelectric element which generates a shear deformation is fixed to a bottom surface of a wedge-shaped moving
element which is placed on a first base having wall surfaces to
40 both sides and has a triangular shape having two inclined
surfaces on the upper side in a cross section, second and third
piezoelectric elements which generate shear deformations in
a depth direction of the page surface is fixed to each upper
inclined surface of both sides of the wedge-shaped moving
45 element, the wedge-shaped moving element is laterally
moved on the first base by rapidly deforming and driving the
first piezoelectric element, and by striking or extracting the
wedge-shaped moving element to/from two moving bodies
movable in a vertical direction to the base and in a depth
50 direction of the page surface, a fine movement positioning of
the moving bodies is performed in the vertical direction so
that a total of potential energy of the two moving bodies in the
vertical direction is not changed, and, by rapidly deforming
and driving the second and third piezoelectric elements, a fine
55 movement positioning of the moving bodies in the depth
direction of the page surface comprising placing the device on
a second base through a fourth piezoelectric element which
generates a shear deformation and which is fixed to a bottom
surface of the first base, and moving the precise and high load
60 resistance moving device on the second base in the horizontal
direction by rapidly deforming and driving the fourth piezoelectric element, whereby a positioning of the moving bodies
in xyz directions is performed.
[9] In the precise and high load resistance moving method
65 described in [8], the second and third piezoelectric elements
are layered piezoelectric elements in which a piezoelectric
element which generates a shear deformation in an inclined
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surface direction and a piezoelectric element which generates
surface direction and a piezoelectric element which sears in a
a shear deformation in the depth direction of the page surface
depth direction of the page surface.
are bonded.
[17] In the precise and high load resistance moving device
[10] In a precise and high load resistance moving method,
described in [15], the second layered piezoelectric element is
the method includes a first wedge-shaped moving element 5 layers of a piezoelectric element which shears in an inclined
arranged at a left side on a base and having a horizontal
surface direction and a piezoelectric element which extends
bottom surface and an inclined surface of which the inside is
and contracts in a normal line direction of the inclined surlower on an upper surface, and to the bottom surface, a first
face.
piezoelectric element formed of a piezoelectric element
[18] In the precise and high load resistance moving device
which generates a shear deformation is fixed, and to the io described in [12], further, a third piezoelectric element is
inclined surface, a second piezoelectric element which genfixed to a surface of the moving body which contacts a wall
erates a shear deformation in a depth direction of the page
surface side of the fixed body.
surface is fixed, and a second wedge-shaped moving element
[19] In the precise and high load resistance moving device
arranged at a right side on the base and having a horizontal
described in [13], further, a third layered piezoelectric elebottom surface and an inclined surface of which the inside is 15 ment is fixed to a surface of the moving body which contacts
lower on an upper surface, and to the bottom surface, a third
a wall surface side of the fixed body.
piezoelectric element formed of a piezoelectric element
[20] In the precise and high load resistance moving device
which generates a shear deformation is fixed, and to the
described in [14], the second piezoelectric element is a piezoinclined surface, a fourth piezoelectric element which generelectric element which generates a shear deformation in a
ates a shear deformation in a depth direction of the page 20 depth direction of the page surface.
surface is fixed, and a moving body which is arranged to be
[21] In the precise and high load resistance moving device
bridged by the first wedge-shaped moving element and the
described in [14], the second piezoelectric element is a laysecond wedge-shaped moving element, by rapidly deforming
ered piezoelectric element in which a piezoelectric element
and driving the first and third piezoelectric elements, the first
which generates a shear deformation in an inclined surface
and second wedge-shaped moving elements are moved on the 25 direction and a piezoelectric element which generates a shear
base, and a fine movement positioning of the moving body
deformation in a depth direction of the page surface are
vertically movable in upward and downward direction is perbonded.
formed in lateral and vertical directions of the page surface,
[22] In a precise and high load resistance moving device,
and by rapidly deforming and driving the second and fourth
the device includes a first piezoelectric element which genpiezoelectric elements, a fine movement positioning of the 30 crates a shear deformation is provided to a bottom surface of
moving body in the depth direction of the page surface is also
a wedge-shaped moving element which is placed on a base
performed.
having wall surfaces to both sides and has a triangular shape
[11] In the precise and high load resistance moving method
in a cross section, a second and third piezoelectric element
described in [10], by forming the second and fourth piezowhich generate shear deformations in a depth direction of the
electric elements by a layered piezoelectric element in which 35 page surface which are provided to each upper inclined sura piezoelectric element which generates a shear deformation
face of both sides of the wedge-shaped moving element, and
in the inclined surface direction and a piezoelectric element
means in which by rapidly deforming and driving the first
which generates a shear deformation in the depth direction of
piezoelectric element, the wedge-shaped moving element is
the page surface are bonded, a fine movement positioning in
moved on the base, and by striking or extracting the wedgexyz three directions is possible.
40 shaped moving element to/from moving body vertically mov[12] In a precise and high load resistance moving device,
able in the vertical direction to the base, a fine movement
the device includes a wedge-shaped moving element
positioning of moving bodies in the vertical directions is
arranged on a surface in a horizontal direction of a fixed body,
performed, and includes means in which by rapidly deformand to a bottom surface, a piezoelectric element which gening and driving the second and third piezoelectric elements, a
erates a shear deformation is fixed, a pulse source for rapidly 45 fine movement positioning of the moving body in the depth
deforming and driving the piezoelectric element, and a movdirection of the page surface is also performed.
ing body vertically movable in upward and downward direc[23] In the precise and high load resistance moving device
tion to the surface in the horizontal direction of the fixed body
described in [22], the second and third piezoelectric elements
by a drive of the wedge-shaped moving element, and by
is a layered piezoelectric element in which a piezoelectric
striking or extracting the wedge-shaped moving element 50 element which generates a shear deformation in an inclined
to/from the moving body, a movement positioning of the
surface direction and a piezoelectric element which generates
moving body is performed.
a shear deformation in a depth direction of the page surface
[13] In the precise and high load resistance moving device
are bonded.
described in [ 12], the piezoelectric element is a layered piezo[24] In a precise high load resistance moving device, the
electric element in which a piezoelectric element which gen- 55 device includes a first wedge-shaped moving element
erates a shear deformation and a piezoelectric element which
arranged at a left side on a base and having a horizontal
generates a vertical deformation are bonded.
bottom surface and an inclined surface of which the inside is
[14] In the precise and high load resistance moving device
lower on an upper surface, and to the bottom surface, a first
described in [12], further, a second piezoelectric element is
piezoelectric element formed of a piezoelectric element
fixed on an upper surface of the wedge-shaped moving ele- 60 which generates a shear deformation is fixed, and to the
ment.
inclined surface, a second piezoelectric element which gen[15] In the precise and high load resistance moving device
erates a shear deformation in a depth direction of the page
described in [14], the second piezoelectric element is a laysurface is fixed, and a second wedge-shaped moving element
ered piezoelectric element.
arranged at a right side on the base and having a horizontal
[16] In the precise and high load resistance moving device 65 bottom surface and an inclined surface of which the inside is
described in [15], the second layered piezoelectric element is
lower on an upper surface, and to the bottom surface, a third
layers of a piezoelectric element which shears in an inclined
piezoelectric element formed of a piezoelectric element

US 7,834,519 B2
7

8

which generates a shear deformation is fixed, and to the
FIG. 11 is a schematic view illustrating an example of drive
inclined surface, a fourth piezoelectric element which generpulses of the precise and high load resistance moving device
ates a shear deformation in the depth direction of the page
illustrating the fourth embodiment of the present invention.
surface is fixed, the device further includes means in which a
FIG. 12 is a schematic view of a precise and high load
moving body is arranged to be bridged by the first wedge- 5 resistance moving device illustrating a fifth embodiment of
shaped moving element and the second wedge-shaped movthe present invention.
ing element, by rapidly deforming and driving the piezoelecFIG. 13 is a schematic view of the precise and high load
tric elements, the first and second wedge-shaped moving
resistance moving device illustrating a modification of the
elements are moved on the base, and a fine movement posififth embodiment of the present invention.
tioning in the page surface lateral direction and the vertical 10
FIG. 14 is a schematic view of a precise and high load
direction of the moving body movable in the vertical direction
resistance moving device illustrating a sixth embodiment of
and in the depth direction of the page surface is performed so
the present invention.
that a total of potential energy of the two moving bodies in the
FIG. 15 is a view illustrating waveforms applied to a layvertical direction is not changed, and means in which by
ered piezoelectric element (see FIG. 9) in an ultrasonic motor
rapidly deforming and driving the piezoelectric elements is mode of a precise and high load resistance moving device of
which generate the shear deformations in the depth direction
the present invention.
of the page space, a fine movement positioning of the moving
FIG. 16 is a view illustrating behavior of a moving element
body in the depth direction of the page surface is also perby the precise and high load resistance moving device illusformed.
trated in FIG. 14.
[25] In the precise and high load resistance moving device 20
FIG. 17 is a view illustrating a modification of a guide of
described in [24], the second and fourth piezoelectric elethe precise and high load resistance moving device according
ments are layered piezoelectric elements in which a piezoto the present invention.
electric element which generates a shear deformation in an
FIG. 18 is a schematic view of a precise and high load
inclined surface direction and a piezoelectric element which
generates a shear deformation in a depth direction of the page 25 resistance moving device provided with a sliding surface of
the present invention.
surface are bonded.
FIG. 19 is a schematic view of a precise and high load
[26] In the precise and high load resistance moving device
resistance moving device (1) of the present invention which
described in [24], the second and fourth piezoelectric elehas a vertical positioning mechanism in which a positional
ments are layered piezoelectric elements in which a piezoelectric element which generates a shear deformation and a 30 potential is not changed as a whole.
FIG. 20 is a schematic view of a precise and high load
piezoelectric element which generates a vertical deformation
resistance moving device (2) of the present invention which
are bonded.
has a vertical positioning mechanism in which a positional
potential is not changed as a whole.
BRIEF DESCRIPTION OF THE DRAWINGS
35
FIG. 21 is a schematic view of a precise and high load
resistance moving device (3) of the present invention which
FIG. 1 illustrates a known positioning device of a stage as
has a vertical positioning mechanism and a positional potenan impact driving mechanism by a rapid deformation of a
tial is not changed as a whole in which a moving element has
piezoelectric element.
a movement positioning function in xyz three axes.
FIG. 2 is a schematic view of a known mechanism for
FIG. 22 is a schematic view of a precise and high load
moving a moving body by a rapid deformation of a shearing 40
resistance moving device (4) of the present invention which
piezoelectric element.
has a vertical positioning mechanism in which a positional
FIG. 3 is a schematic view of a precise and high load
potential is not changed as a whole and a moving element has
resistance moving device illustrating a first embodiment of
a movement positioning function in xyz three axes.
the present invention.
FIG. 4 is a schematic view illustrating operation of the 45 FIG. 23 is a schematic view of a precise and high load
resistance moving device of the present invention which posiprecise and high load resistance moving device illustrating
tions a moving element in xyz directions using a base, two
the first embodiment of the present invention.
wedges, and four piezoelectric elements.
FIG. 5 is a schematic view illustrating an example of drive
FIG. 24 is a view (1) in which displacements of a moving
pulses of the precise and high load resistance moving device
50 element of a precise and high load resistance moving device
illustrating the first embodiment of the present invention.
of the present invention in a vertical direction is measured.
FIG. 6 is a schematic view illustrating another example of
FIG. 25 is a view (2) in which displacements of a moving
drive pulses of the precise and high load resistance moving
element of a precise and high load resistance moving device
device illustrating the first embodiment of the present invenof the present invention in a vertical direction is measured.
tion.
55
FIG. 26 is a view (3) in which displacements of a moving
FIG. 7 is a schematic view of a precise and high load
element of a precise and high load resistance moving device
resistance moving device illustrating a second embodiment of
of the present invention in a vertical direction is measured.
the present invention.
FIG. 27 is a view (4) in which displacements of a moving
FIG. 8 is a schematic view of a precise and high load
resistance moving device illustrating a third embodiment of 60 element of a precise and high load resistance moving device
of the present invention in a vertical direction is measured.
the present invention.
FIG. 28 is a view (5) in which displacements of a moving
FIG. 9 is a schematic view of a precise and high load
element of a precise and high load resistance moving device
resistance moving device illustrating a fourth embodiment of
of the present invention in a vertical direction is measured.
the present invention.
FIG. 10 is a schematic view illustrating operation of the 65
FIG. 29 is a view (6) in which displacements of a moving
precise and high load resistance moving device illustrating
element of a precise and high load resistance moving device
the fourth embodiment of the present invention.
of the present invention in a vertical direction is measured.
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FIG. 30 is a view (7) in which displacements of a moving
element of a precise and high load resistance moving device
of the present invention in a vertical direction is measured.

Then, to the piezoelectric element 4 which generates the
shear deformation, when saw-shaped drive pulses 9 and 9'
illustrated in FIG. 5 are applied from the drive pulse source 8,
the piezoelectric element 4 rapidly deforms in the leftward
direction as illustrated in FIG. 4(b). That is, as illustrated in
FIG. 4(c), the piezoelectric element 4 moves leftward by Ad,
and the wedge-shaped moving element 3 is struck under the
moving body 5 from the right-hand side, and thus, the moving
body 5 is lifted up vertically upward by Ah and positioned.
In this embodiment, the example in which the saw-shaped
pulses illustrated in FIG. 5 are applied as the drive pulses is
described. Alternatively, as illustrated in FIG. 6, drive pulses
10 and 10' which have a mountain shape (an inclination
becomes sharp as it comes to a top and the summit is not flat)
with the upward tops and downward tops can be applied.
FIG. 7 is a schematic view of a precise and high load
resistance moving device illustrating a second embodiment of
the present invention.
In this embodiment, further, a piezoelectric element 11
which generates a shear deformation (here, in the leftward
direction) is also fixed to the upper surface of the wedgeshaped moving element 3, and the piezoelectric element 11 is
driven to be synchronized with the piezoelectric element 4
which generates the shearing deformation (the leftward direction). Thus, the wedge-shaped moving element 3 is struck to
or extracted from the moving body 5 to perform a very fine
movement positioning of the moving body 5 in the perpendicular direction.
Moreover, in FIG. 7, the piezoelectric element 11 can be a
piezoelectric element which generates a shear deformation in
a depth direction of the page surface. In this case, by rapidly
deforming and driving the piezoelectric element 4, the
wedge-shaped moving element is moved on the base. And by
striking or extracting the wedge-shaped moving element
to/from a moving body which is movable in the vertical
direction against the base and in the depth direction against
the page surface, a fine movement positioning of the moving
body in the vertical direction is performed, and by rapidly
deforming and driving the piezoelectric element 11, it is
possible to perform a fine movement positioning of the moving body, which is movable in the vertical direction and in the
depth direction of the page surface, in the depth direction of
the page surface.
Further, in FIG. 7, the piezoelectric element 11 can be a
layered piezoelectric element in which a piezoelectric element which generates a shear deformation in an inclined
surface direction and a piezoelectric element which generates
a shear deformation in the depth direction of the page surface
are bonded. By rapidly deforming and driving the piezoelectric element 4 on the bottom surface of the wedge-shaped
moving element and the element which generates the shear
deformation in the inclined surface direction out of the layered piezoelectric element 11, the wedge-shaped moving element is moved on the base. And by striking or extracting the
wedge-shaped moving element to/from the moving body,
which is movable in the vertical direction against the base and
in the depth direction against the page surface, a fine movement positioning of the moving body in the vertical direction
is performed. And by rapidly deforming and driving the element which shear-deforms in the depth direction of the page
surface out of the layered piezoelectric element 11 arranged
on the upper inclined surface, it is also possible to perform a
very fine movement positioning of the moving body in the
depth direction of the page surface.
FIG. 8 is a schematic view of a precise and high load
resistance moving device illustrating a third embodiment of
the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION
By combining a piezoelectric element which generates a
shear deformation, or a layered piezoelectric element in
which a piezoelectric element which generates a shear deformation and a piezoelectric element which generates a vertical
deformation are combined, with a wedge-shaped moving element, it is possible to move even when pressure is applied to
a large sliding surface. In addition, by adjusting each phase of
the piezoelectric element which displaces in vertical and horizontal directions, a high-speed moving mechanism as a bidirectional ultrasonic motor can be realized.
Especially, when the piezoelectric element which generates the vertical deformation is bonded to the piezoelectric
element which generates the shear deformation, and both
piezoelectric elements are driven simultaneously, or with a
certain phase difference, a high load resistance and robustness against a state of the surface can be obtained.
Moreover, by using a plurality of the piezoelectric elements which generate the shear deformations and varying
shearing directions of the shearing deformation piezoelectric
elements, a moving mechanism movable in two axes or three
axes directions can be realized.
Embodiments
Hereinafter, embodiments of the present invention will be
described in detail.
FIG. 3 is a schematic view of a precise and high load
resistance moving device illustrating a first embodiment of
the present invention.
In the drawing, reference numeral 1 denotes a floor surface
of a fixed part, reference numeral 2 denotes a wall surface of
the fixed part, reference numeral 3 denotes a wedge-shaped
moving element, reference numeral 4 denotes a piezoelectric
element which is fixed to a bottom surface of the wedgeshaped moving element 3 and generates a shear deformation,
reference numeral 5 denotes a moving body which is driven
by the wedge-shaped moving element 3 and moves in a perpendicular direction, and on an upper surface of the moving
body 5, a sample 6, for example, is placed. Reference numeral
7 denotes a guide (bearing) which holds the moving body 5
with a spring, and reference numeral 8 denotes a drive pulse
source for generating a rapid deformation to the piezoelectric
element 4 which generates a shear deformation.
If the piezoelectric element 4 which generates the shear
deformation is rapidly deformed by a pulse from the drive
pulse source 8, the wedge-shaped moving element 3 finely
moves in a horizontal direction (here, leftward direction).
Then, the wedge-shaped moving element 3 is struck to the
moving body 5, and the moving body 5 moves upward (or
alternately, by extracting, the moving body 5 can be moved
downward), and thus, a fine movement positioning of the
moving body 5 in the vertical direction can be performed.
FIG. 4 is a schematic view illustrating operation of the
precise and high load resistance moving device illustrating
the first embodiment of the present invention, and FIG. 5 is a
schematic view illustrating an example of the drive pulse.
First, the wedge-shaped moving element 3 is located at a
position illustrated in FIG. 4(a), and to the bottom surface of
the wedge-shaped moving element 3, the piezoelectric element 4 which generates the shear deformation is fixed.
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In this embodiment, in addition to the second embodiment,
a piezoelectric element 12 which generates a shear deformation (here, in a vertical direction) is fixed to a part where the
moving body 5 and the wall surface 2 of the fixed part contact,
and the piezoelectric element 12 is driven to be synchronized 5
with the piezoelectric elements 4 and 11 which generate the
shear deformations. Thus, with a friction coefficient of the
surfaces in which the moving body 5 and the wall surface 2 of
the fixed part contact being reduced, the wedge-shaped moving element 3 is struck to or extracted from the moving body io
5 to perform a fine movement positioning of the moving body
5 in the vertical direction.
FIG. 9 is a schematic view of a precise and high load
resistance moving device illustrating a fourth embodiment of
the present invention.
15
In the drawing, reference numeral 21 denotes a floor surface of a fixed part, reference numeral 22 denotes a wall
surface of the fixed part, reference numeral 23 denotes a
wedge-shaped moving element, reference numeral 24
denotes a layered piezoelectric element which is fixed to a 20
bottom surface of the wedge-shaped moving element 23 and
in which a piezoelectric element 24A which generates a shear
deformation (here, in a leftward direction) and a piezoelectric
element 24B which generates a vertical deformation (extension) are bonded, and reference numeral 25 denotes a moving 25
body which is driven by the wedge-shaped moving element
23 and moves in a vertical direction, and a sample 26, for
example, is placed on an upper surface of the moving body 25.
Reference numeral 27 denotes a guide (bearing) which holds
the moving body 25 by a spring against the wall surface 22 of 30
the fixed part, and reference numeral 30 denotes a drive pulse
source for driving the layered piezoelectric element 24.
When the layered piezoelectric element 24 in which the
piezoelectric element 24A which generates the shear deformation and the piezoelectric element 24B which generates 35
the vertical deformation are bonded is rapidly deformed by a
pulse from the drive pulse source 30, the wedge-shaped moving element 23 finely moves in a horizontal direction and a
perpendicular direction. Then, the wedge-shaped moving element 23 is struck to or extracted from the moving body 25 to 40
perform a very fine movement positioning of the moving
body 25 in the perpendicular direction.
FIG. 10 is a schematic view illustrating operation of the
precise and high load resistance moving device illustrating
the fourth embodiment of the present invention, and FIG. 11 45
is a schematic view illustrating an example of drive pulses of
the precise and high load resistance moving device.
First, the wedge-shaped moving element 23 is located at a
position illustrated in FIG. 10(a). To the bottom surface of the
wedge-shaped moving element 23, the layered piezoelectric 50
element 24 in which the piezoelectric element 24A which
generates the shear deformation (here, in the leftward direction) and the piezoelectric element 24B which generates the
vertical deformation (extension) are bonded is fixed.
Then, when a drive pulse illustrated in FIG. 11(a) is applied 55
to piezoelectric element 24A which generates the shear deformation and a drive pulse illustrated in FIG. 11(b) is applied to
the piezoelectric element 24B which generates the vertical
deformation, as illustrated in FIG. 10(b), first, the piezoelectric element 24A which generates the shear deformation 60
deforms in the leftward direction, and the wedge-shaped
moving element 23 moves to the left in response to the deformation. Then, the piezoelectric element 24B which generates
the vertical deformation extends to lift up the moving body
25.
65
That is, as illustrated in FIG. 10(c), the piezoelectric element 24A which generates the shear deformation moves in
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the leftward byAd, while the wedge-shaped moving element
23 is struck from the right side of the moving body 25, and
then the piezoelectric element 24B which generates the vertical deformation extends to lift up the moving body 25. Thus,
the moving body 25 is lifted up vertically upward by Ah and
positioned.
With respect to the drive pulse, the drive pulse of the
mountain shape illustrated in FIG. 6 can be used.
As described above, by performing the shear deformation
and vertical deformation rapidly and with an appropriate time
difference, a rapid resistant force is generated in the diagonal
and downward direction like hops of a rabbit, for instance.
Thus, even if a high surface pressure acts on the sliding
surface, a displacement in a desired direction can be achieved.
In this embodiment, higher load resistance is achieved. Further, with the introduction of the element which generates the
vertical deformation, it is possible to increase the limit where
movement does not occur anymore.
Further, in FIG. 9, to the part where the moving body 25
and the wall surface 22 of the fixed part contact, in place of the
bearing, a layered piezoelectric element (not shown) in which
a piezoelectric element which generates a shear deformation
and a piezoelectric element which generates a vertical deformation are bonded is fixed, and driven to be synchronized
with the piezoelectric element 24. Thus, with a friction coefficient of the surfaces in which the moving body 25 and the
wall surface 22 of the fixed part contact being reduced, the
wedge-shaped moving element 23 is struck to or extracted
from the moving body 25 to perform a fine movement positioning of the moving body 25 in the perpendicular direction.
FIG. 12 is a schematic view of a precise and high load
resistance moving device illustrating a fifth embodiment of
the present invention.
In this embodiment, in addition to the fourth embodiment,
to an upper surface of the wedge-shaped moving element 23,
a layered piezoelectric element 28 in which a piezoelectric
element 28A which generates a shear deformation (here, in
the leftward direction) and a piezoelectric element 28B which
generates a vertical deformation (extension) are bonded is
fixed, and driven to be synchronized with the layered piezoelectric element 24. Thus, the wedge-shaped moving element
23 is struck to or extracted from the moving body 25 to
perform a very fine movement positioning of the moving
body 25 in the perpendicular direction.
FIG. 13 is a schematic view of the precise and high load
resistance moving device illustrating a modification of the
fifth embodiment of the present invention.
In this embodiment, in addition to the fourth embodiment,
to the upper surface of the wedge-shaped moving element 23,
the layered piezoelectric element 28 in which the piezoelectric element 28A which generates the shear deformation
(here, in the leftward direction) and a piezoelectric element
28C which generates a shear deformation in a depth direction
of the page surface are bonded is fixed, and driven to be
synchronized with the layered piezoelectric element 24.
Thus, the wedge-shaped moving element 23 is struck to or
extracted from the moving body 25 to perform a fine movement positioning of the moving body 25 in the perpendicular
direction. Further, by performing a rapid deformation drive of
the piezoelectric element 28C, with the vertical surface (the
floor surface 21 of the fixed part) and the lower side of the
moving body 25 as guiding surfaces, it is possible to perform
a fine movement positioning in the page surface direction.
FIG. 14 is a schematic view of a precise and high load
resistance moving device illustrating a sixth embodiment of
the present invention.
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In this embodiment, in addition to the fifth embodiment, to
a part where the moving body 25 and the wall surface 22 of the
fixed part contact, a layered piezoelectric element 29 in which
a piezoelectric element 29A which generates a shear deformation (here, in an upward direction) and a piezoelectric 5
element 29B which generates a vertical deformation are
bonded is fixed, and driven to be synchronized with the layered piezoelectric elements 24 and 28. Thus, the wedgeshaped moving element 23 is struck to or extracted from the
moving body 25 to perform a fine movement positioning of io
the moving body 25 in the perpendicular direction.
FIG. 15 is a view illustrating waveforms applied to the
layered piezoelectric element (see FIG. 9) in an ultrasonic
motor mode of a precise and high load resistance moving
device of the present invention, and FIG. 16 is a view illus- 15
trating micro displacement of a sliding surface of the piezoelectric element side by the precise and high load resistance
moving device viewed from a side of a horizontal surface. In
this case, macroscopically, the moving element provided with
the piezoelectric element moves rightward.
20
On the floor surface 21 of the fixed part, the piezoelectric
element 24A which generates the shear deformation (here, in
the leftward direction) and the piezoelectric element 24B
which generates the vertical deformation (extension) are
bonded, and a sinusoidal wave such as a wave illustrated in 25
FIG. 15(a) is applied to the piezoelectric element 24A which
generates the shear deformation and a sinusoidal wave such
as a wave illustrated in FIG. 15(b) is applied to the piezoelectric element 24B which generates the vertical deformation.
Thus, as illustrated in FIG. 16, the sliding surface circulates or 30
elliptically circulates clockwise viewed from a direction the
drawing is viewed, and drives the wedge-shaped moving
element 23. In place of the above-described sinusoidal waves,
a cosine wave can be applied.
As described above, by using a periodic waveform gener- 35
ated from a signal generator, in view of the sinusoidal waves,
a rectangular wave, and the pulse property of the moving
mechanism, and applying the waveform to a piezoelectric
element which generates a vertical deformation or a shear
deformation simultaneously or with a phase difference, a 40
high-speed displacement in the ultrasonic motor mode is
enabled. By finding a phase difference which is good in
movement efficiency and performing a change of a polarity of
a lateral deformation to the vertical deformation or a 180 0
shift of the phase, it is possible to perform an efficient dis- 45
placement in another direction.
Moreover, to the above-described embodiments, modifications can be applied as follows:
(1) In place of the guides 7 and 27 which hold the abovedescribed precise and high load resistance moving device by 50
springs, a magnetic body can be used as the wall surface of the
fixed part, and by arranging a magnet to the wall surface side
of the fixed part of the moving body, the moving body can be
attached to the fixed part. The attachment means of the magnet to the fixed part of the moving body can be applied to all 55
the other embodiments (see FIGS. 3,4,7,8,9, 10, 12,13,14,
18).
FIG. 17 is a view illustrating a modification of the guide of
the precise and high load resistance moving device.
In the drawing, reference numeral 31 denotes a floor sur- 60
face of a fixed part, reference numeral 32 denotes a wall
surface of the fixed part formed of a magnetic body, reference
numeral 33 denotes wedge-shaped moving element, reference numeral 34 denotes a piezoelectric element which generates a shear deformation (here, in a leftward direction) and 65
fixed to a bottom surface of the wedge-shaped moving element 33, reference numeral 35 denotes a moving body which
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is driven by the wedge-shaped moving element 33 and moves
in a perpendicular direction, and a sample 36, for example, is
placed on an upper surface of the moving body 35. Reference
numeral 37 denotes a magnet which is fixed to the moving
body 35 so as to come in contact with the wall surface 32 of
the fixed part formed of the magnetic body.
(2) In place of the above-described guide of the magnet,
although it is not shown, a guide mechanism by a ball bearing
can be used.
(3) Not by the above-described layered piezoelectric element which is directly in contact with the floor surface of the
fixed part, but by providing another sliding surface to the
layered piezoelectric element, the layered piezoelectric element can contact the floor surface.
FIG. 18 is a schematic view of a precise and high load
resistance moving device provided with the sliding surface.
Here, it is structured that the sliding surface 29 fixed to the
bottom surface of the layered piezoelectric element 24 contacts the floor surface 21 of the fixed part.
With such a structure, a stable contact state can be maintained.
Next, FIG. 19 is a schematic view of a precise and high load
resistance moving device (1) of the present invention which
has a vertical positioning mechanism in which a positional
potential is not changed as a whole.
In the drawing, reference numeral 40 denotes a precise
high load resistance moving device having a vertical positioning mechanism, reference numeral 41 denotes a base, reference numeral 42 denotes a first fixed part (base), reference
numeral 42A denotes a side wall of the first fixed part (base),
reference numeral 43 denotes a second fixed part (base),
reference numeral 43A denotes a side wall of the second fixed
part (base), reference numeral 44 denotes a wedge which has
a triangular shape in a cross section, reference numeral 45
denotes a first piezoelectric element formed of a piezoelectric
element which generates a shear deformation and which is
fixed to a bottom surface of the wedge 44 which has the
triangular shape in the cross section, reference numeral 46
denotes a second piezoelectric element which is fixed to an
inclined surface of a left side of the wedge 44 which has the
triangular shape in the cross section and formed of a layered
piezoelectric element in which a piezoelectric element 46A
which generates a shearing deformation and a piezoelectric
element 46B which generates a vertical deformation are
bonded, reference numeral 47 denotes a third piezoelectric
element which is fixed to the inclined surface of a right side of
the wedge 44 which has the triangular shape in the cross
section and formed of a layered piezoelectric element in
which a piezoelectric element 47A generates a shear deformation and a piezoelectric element 47B which generates a
vertical deformation are bonded, reference numeral 48
denotes a first moving body, and reference numeral 49
denotes a second moving body.
With such a structure, in a vertical positioning mechanism
including the first moving body 48 and the second moving
body 49, by simultaneously driving the first moving body 48
and the second moving body 49, a wedge-shaped moving
mechanism in which positional potential is not changed as a
whole can be provided. The mechanism has an advantage that
no difference in an upward and downward moving property
arise, and possess high reliability. A spring for pressing the
sliding surface and a magnet for obtaining pressing force are
not necessary and it is possible to resist a heavy load with the
wedge. Further, displacement to a vertical load is hardly
generated. With the drive of the second piezoelectric element
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46 and the third piezoelectric element 47, the first moving
piezoelectric element in which the piezoelectric element 46A
body 48 and the second moving body 49 can be displaced in
which generates the shear deformation and a piezoelectric
the vertical direction.
element 46C which generates a shear deformation in the
FIG. 20 is a schematic view of a precise and high load
depth direction of the page surface are bonded, the reference
resistance moving device (2) of the present invention which 5 numeral 47 denotes the third piezoelectric element which is
has a vertical positioning mechanism in which a positional
fixed to the inclined surface of the right side of the wedge 44
potential is not changed as a whole.
which has the triangular shape in the cross section and formed
Here, the precise and high load resistance moving device
of the layered piezoelectric element in which the piezoelec40 which has the vertical positioning mechanism illustrated
tric element 47A which generates the shear deformation and
in the above-described FIG. 19 is placed on a first base 51 io a piezoelectric element 47C which generates a shear deforthrough a fourth piezoelectric element 52 which is fixed to a
mation in the depth direction of the page surface are bonded,
bottom surface of a second base 41' and formed of a piezothe reference numeral 48 denotes the first moving body, and
electric element which generates a shear deformation.
the reference numeral 49 denotes the second moving body.
Also in this embodiment, in the vertical positioning mechaWith such a structure, in the vertical positioning mechanism including the first moving body 48 and the second 15 nism including the first moving body 48 and the second
moving body 49, the wedge-shaped moving mechanism in
moving body 49, simultaneously driving the first moving
which positional potential is not changed as a whole can be
body 48 and the second moving body 49, the wedge-shaped
provided. The mechanism has the advantage that no differmoving mechanism in which positional potential is not
ence in the upward and downward property arise, and possess
changed as a whole can be provided. The mechanism has the
high reliability. The spring for pressing the sliding surface and 20 advantage that no difference in the upward and downward
the magnet for obtaining pressing force are not necessary and
moving property arise, and possess high reliability. The
it is possible to resist the heavy load with the wedge. Further,
spring for pressing the sliding surface and the magnet for
displacement to the vertical load is hardly generated. The first
obtaining pressing force are not necessary and it is possible to
moving body 48 and the second moving body 49 can be
resist a heavy load with the wedge. Further, displacement to
displaced not only in the vertical direction, but, with a drive of 25 the vertical load is hardly generated. With a drive of the
the fourth piezoelectric element 52 formed of the piezoelecpiezoelectric element 46A and the piezoelectric element 47A,
tric element which generates the shear deformation, can be
the first moving body 48 and the second moving body 49 can
displaced in the lateral direction.
be displaced in the vertical direction. Moreover, with a rapid
Moreover, as a modification of the positioning mechanism
deformation drive of the piezoelectric element 46C, a fine
described in FIGS. 19 and 20, in a case in which the shear 30 movement positioning of the moving body 48 in the page
deformation piezoelectric elements 46A and 47A, or the versurface direction can be performed, and with a rapid defortical deformation piezoelectric elements 46B and 47B are
mation drive of the piezoelectric element 47C, a fine moveexcluded, a similar displacement can be obtained.
ment positioning of the moving body 49 in the depth direction
FIG. 21 is a schematic view of a precise and high load
of the page surface direction can be performed. That is, with
resistance moving device (3) of the present invention which 35 the vertical positioning mechanism in which the positional
has a vertical positioning mechanism in which a positional
potential is not changed as a whole, the movement positionpotential is not changed as a whole in which a moving eleing in the xyz three axes directions can be performed.
ment has a movement positioning function in xyz three axes,
Further, in FIG. 22, the precise and high load resistance
and FIG. 22 is a schematic view of a precise and high load
moving device 40 which has the vertical positioning mecharesistance moving device (4) of the present invention which 40 nism illustrated in the above-described FIG. 21 is placed on
has a vertical positioning mechanism in which a positional
the first base 51 through the fourth piezoelectric element 52
potential is not changed as a whole in which a moving elewhich is fixed to the bottom surface of the second base 41' and
ment has a movement positioning function in xyz three axes.
formed of the piezoelectric element which generates the shear
Here, in the precise and high load resistance moving device
deformation.
40 which has the vertical positioning mechanism illustrated 45
Also in this embodiment, in the vertical positioning mechain FIG. 19 or 20, of piezoelectric elements 46C and 47C
nism including the first moving body 48 and the second
which generate shear deformations in a depth direction of the
moving body 49, the wedge-shaped moving mechanism in
page surface are arranged, and displacement positioning of
which positional potential is not changed as a whole can be
the moving bodies 48 and 49 in the depth direction of the page
provided. The mechanism has the advantage that no differsurface can be performed.
50 ence in the upward and downward moving property arise, and
In FIG. 21, the reference numeral 40 denotes the precise
possess high reliability. The spring for pressing the sliding
and high load resistance moving device which has the vertical
surface and the magnet for obtaining pressing force are not
positioning mechanism, the reference numeral 41 denotes the
necessary and it is possible to resist the heavy load with the
base, the reference numeral 42 denotes the first fixed part
wedge. Further, displacement to the vertical load is hardly
(base), the reference numeral 42A denotes the side wall of the 55 generated. The first moving body 48 and the second moving
first fixed part (base), the reference numeral 43 denotes the
body 49 can be displaced not only in the vertical direction and
second fixed part (base), the reference numeral 43A denotes
in the normal line of the page surface, but in the lateral
the side wall of the second fixed part (base), the reference
direction, with the drive of the fourth piezoelectric element 52
numeral 44 denotes the wedge which has the triangular shape
formed of the piezoelectric element which generates the shear
in the cross section, the reference numeral 45 denotes the first 60 deformation.
piezoelectric element formed of the piezoelectric element
Moreover, as a modification of the positioning mechanism
which generates the shearing deformation and which is fixed
described in FIGS. 21 and 22, in a case in which the shear
to the bottom surface of the wedge 44 which has the triangular
deformation piezoelectric elements 46A and 47A are
shape in the cross section, the reference numeral 46 denotes
excluded, a similar displacement in xyz three axes can be
the second piezoelectric element which is fixed to the inclined 65 obtained.
surface of the left side of the wedge 44 which has the trianFIG. 23 is a schematic view of a precise and high load
gular shape in the cross section and formed of the layered
resistance moving device of the present invention which posi-
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tions a moving body in xyz directions using a base, two
an increasing tendency at the vertical displacement scale of
wedges, and four piezoelectric elements.
the same drive condition as in FIG. 25, and a displacement of
In the drawing, reference numeral 61 denotes a base, ref20 nm per step was obtained. FIGS. 25 and 26, in both
erence numeral 62 denotes a first wedge which is arranged at
directions of vertically upward and downward, illustrates that
a left side on the base 61 and has a horizontal bottom surface 5 stable fine movements are possible. FIG. 27 illustrates a
and an inclined surface of which the inside is lower. To the
decreasing tendency measured by increasing sensitivity of a
bottom surface of the first wedge 62, a first piezoelectric
displacement sensor. When rapid deformation is driven at 1
element 63 formed of a piezoelectric element which generstep per second with the sawtooth voltage (A) of 300 Vpp, and
ates a shear deformation is fixed, and on the inclined upper
vertical displacements are expressed at 200 nm/div (B), a
surface, a second piezoelectric element 64 formed of a lay- io displacement of 17 nm per step was obtained. FIG. 28 illusered piezoelectric element in which a piezoelectric element
trates an increasing tendency at the same drive condition as in
64A which generates a shear deformation and a piezoelectric
FIG. 27. When vertical displacements are expressed at 50
element 64C which generates a shear deformation in a depth
nm/div (B), a displacement of 5 nm per step was obtained.
direction of the page surface are bonded is fixed. Further,
FIGS. 27 and 28 illustrate that a displacement of upward or
reference numeral 65 denotes a second wedge which is 15 downward is definitely generated per step.
arranged at a right side on the base 61 and has a horizontal
FIGS. 29 and 30 are views (6 and 7) in which, using the
bottom surface and an inclined surface of which the inside is
device described in FIG. 7, displacements of the moving body
lower as an upper surface. To the bottom surface of the second
5 in a vertical direction which is generated by extracting or
wedge 65, a third piezoelectric element 66 formed of a piezostriking the wedge-shaped moving element 3 are measured.
electric element which generates a shearing deformation is 20 In a case in which driven at a sawtooth voltage (A) of 200
fixed, and on the inclined upper surface, a fourth piezoelectric
Vpp, and vertical displacements are expressed at 2.5 nm/div
element 67 formed of a layered piezoelectric element in
(B), it is illustrated that vertical movement positioning is
which a piezoelectric element 67A which generates a shear
possible and a fine movement on the order of nanometers is
deformation and a piezoelectric element 67C which generates
possible. In FIGS. 29 and 30, fine vibration of the vertical
a shear deformation in the depth direction of the page surface 25 displacements of Bs is noise.
are bonded is fixed. Reference numeral 68 denotes a moving
As clearly understood from the above drawings, it is conbody which is arranged so as to be bridged by the first wedge
firmed that the upward and downward displacement position62 and the second wedge 65.
ing can be possible, the displacement on the order ranging
As described above, this embodiment is the precise and
from 1 nm to 10 nm per step can be realized, the high linear
high load resistance moving device which has the base 61 and 30 displacement to the rapid deformation signal of a certain
the two wedges 62 and 65, and positions the moving body 68
frequency can be obtained, and the definite stepping operain the xyz directions. The first wedge 62 and the second
tion in each step can be obtained. Further, as a feature of the
wedge 65 can move laterally by the drive of the first piezowedge, it is confirmed that even if a load on the order of
electric element 63 and the third piezoelectric element 66, and
kilograms in vertically downward direction is given, no dismoreover, in response to the movement of the first wedge 62 35 placement is generated.
and the second wedge 65, and by the drive of the second
According to the present invention, as compared to known
piezoelectric element 64 and the fourth piezoelectric element
moving mechanisms using a piezoelectric element, a larger
67, the moving body 68 can move in the vertical direction.
surface pressure to a sliding surface can be selected, and a
Further, by the shear deformation drive of the piezoelectric
larger load can be moved. Moreover, by generating an ellipelements 64C and 67C, the moving body 68 can be moved and 40 tical vibration using the piezoelectric element which generpositioned in the depth direction of the page surface. That is,
ates a shear deformation and the piezoelectric element which
it is possible to perform the movement positioning in the xyz
generates a vertical deformation, that is, by applying a sinuthree axes as a whole.
soidal wave or a rectangular wave having different phases to
As a modification of the positioning mechanism described
each piezoelectric element, a high-speed displacement as an
in FIG. 23, in a case in which the shear deformation piezo- 4s ultrasonic motor capable of bidirectional high-speed moveelectric elements 64A and 67A are excluded, a deformation of
ment is also possible. Further, by using the wedge-shaped
a similar degree of freedom can be obtained.
moving element, it is possible to realize higher load resistance
Further, as another modification of the positioning mechaand finer positioning due to the deceleration effect of movenism described in FIG. 23, in a case in which the piezoelectric
ment. Further, with the wedge-shaped moving element, even
elements 63 and 66 are replaced with layered piezoelectric so if a large downward force is given, there are advantages that
elements in which a shear deformation piezoelectric element
a displacement is accurately generated and the positioned
and a vertical deformation piezoelectric element are bonded,
point can be retained. Further, with the combination of the
a deformation of a similar degree of freedom can be obtained.
wedge-shaped moving element and the piezoelectric eleFIGS. 24 to 28 are views (1) to (5) in which, using the
ment, the xyz moving mechanism can be realized.
device described in FIG. 23, displacements of the moving 55
Further, as well as having the high-rigidity, and the highbody 68 in the vertical direction which is generated by the
character frequency, the compact structure can be realized.
displacement of the wedges 62 and 65 in the lateral direction
As described above, in the present invention, the device
are measured. FIG. 24 illustrates a decreasing tendency.
capable of positioning a load on the order of kilograms in the
When rapid deformation is driven with a sawtooth voltage (A)
of 300 Vpp at 50 steps per second, and vertical displacements 60 vertical direction using the fine piezoelectric element can be
provided and the resolution is on the order of nanometers.
are expressed at 100 nm/div (B), a displacement of 20 nm per
The piezoelectric element can be fixed to either opposite
step was obtained. Accordingly, it is understood that a very
surface. Moreover, in place of the layered piezoelectric elehigh linearity can be obtained. FIG. 25 also illustrates a
ment, each layer which composes the layered piezoelectric
decreasing tendency. When rapid deformation is driven at 50
steps per second with a sawtooth voltage (A) of 300 Vpp, and 65 element can be fixed to each opposite surface.
vertical displacements are expressed at 1 µm/div (B), a disThe present invention is not limited to the embodiments
placement of 20 nm per step was obtained. FIG. 26 illustrates
described above, various modifications can be made in light
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of the spirit of the present invention, and they are not excluded
from the scope of the present invention.
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page surface, a fine movement positioning of the moving
bodies in the depth direction of the page surface is also
performed.
INDUSTRIAL APPLICABILITY
3. A precise and high load resistance moving method
5 wherein a precise and high load resistance moving device in
The precise and high load resistance moving method and
which a first piezoelectric element which generates a shear
device using the wedge-shaped moving element and the
deformation is fixed to a bottom surface of a wedge-shaped
piezoelectric element according to the present invention are
moving element which is placed on a first base having wall
applicable for a precise moving mechanism and a moving
surfaces to both sides and has a triangular shape having two
mechanism of a sample in a microscope.
io inclined surfaces on the upper side in a cross section, second
The invention claimed is:
and third piezoelectric elements which generate shear defor1. A precise and high load resistance moving method commations in a depth direction of the page surface is fixed to
prising:
each upper inclined surface of both sides of the wedge-shaped
(a) fixing a first piezoelectric element which generates a
moving element, the wedge-shaped moving element is latershear deformation, to a bottom surface of a wedge- 15 ally moved on the first base by rapidly deforming and driving
shaped moving element which is placed on a base having
the first piezoelectric element, and striking or extracting the
wall surfaces to both sides and has a triangular shape
wedge-shaped moving element to/from two moving bodies
having two inclined surfaces on the upper side in a cross
movable in a vertical direction to the base and in a depth
section, and fixing second and third piezoelectric eledirection of the page surface, a fine movement positioning of
ments which generate shear deformations in a depth 20 the moving bodies is performed in the vertical direction so
direction of the page surface to each upper inclined
that a total of potential energy of the two moving bodies in the
surface of both sides of the wedge-shaped moving elevertical direction is not changed, and, by rapidly deforming
ment, and
and driving the second and third piezoelectric elements, a fine
(b) moving the wedge-shaped moving element is laterally
movement positioning of the moving bodies in the depth
moved on the base by rapidly deforming and driving the 25 direction of the page surface, comprising placing the device
first piezoelectric element, and striking or extracting the
on a second base through a fourth piezoelectric element
wedge-shaped moving element to/from two moving
which generates a shear deformation and which is fixed to a
bodies movable in a vertical direction to the base and in
bottom surface of the first base, and moving the precise and
a depth direction to the page surface, whereby a fine
high load resistance moving device on the second base in the
movement positioning of the moving bodies in the ver- so horizontal direction by rapidly deforming and driving the
tical direction is performed so that a total of potential
fourth piezoelectric element, whereby a positioning of the
energy of the two moving bodies in the vertical direction
moving bodies in xyz directions is performed.
is not changed, and, by rapidly deforming and driving
4. The precise and high load resistance moving method
the second and third piezoelectric elements, whereby a
according to claim 3, wherein the second and third piezoelecfine movement positioning of the moving bodies in the 35 tric elements are layered piezoelectric elements in which a
depth direction of the page surface is also performed.
piezoelectric element which generates a shear deformation in
2. A precise and high load resistance moving method coman inclined surface direction and a piezoelectric element
prising:
which generates a shear deformation in the depth direction of
(a) fixing a piezoelectric element which generates a shear
the page surface are bonded.
deformation, to a bottom surface of a wedge-shaped 40
5. A precise and high load resistance moving method
moving element which is placed on a base having wall
according to claim 1, wherein the second piezoelectric elesurfaces to both sides and has a triangular shape having
ment is formed of a layered piezoelectric element in which a
two inclined surfaces on the upper side in a cross section,
piezoelectric element which generates a shear deformation in
and fixing a layered piezoelectric element in which a
an inclined surface direction is bonded to a piezoelectric
piezoelectric element which generates a shear deforma- 45 element which generates a shear deformation in a direction
tion along an inclined surface and a piezoelectric elealong the third axis and the fourth piezoelectric element is
ment which generates a shear deformation in a depth
formed of a layered piezoelectric element in which a piezodirection of the page surface are bonded, to each upper
electric element which generates a shear deformation in the
inclined surface of both sides of the wedge-shaped movinclined surface direction which is bonded to a piezoelectric
ing element, and
50 element which generates a shear deformation in the direction
(b) moving the wedge-shaped moving element on the base
along the third axis.
by rapidly deforming and driving the piezoelectric ele6. A precise and high load resistance moving device comment fixed to the bottom surface of the wedge-shaped
prising:
moving element which is placed on the base and has the
(a) a piezoelectric element which generates a shear defortriangular shape having the two inclined surfaces on the 55
mation is provided to a bottom surface of a wedgeupper side in the cross section, and the piezoelectric
shaped moving element which is placed on a base having
element which generates the shear deformation along
wall surfaces to both sides and has a triangular shape in
the inclined surface, and striking or extracting the
a cross section, and a piezoelectric element which genwedge-shaped moving element to/from two moving
erates a shear deformation in a depth direction of the
bodies movable in a vertical direction to the base and in 60
page surface which is provided to each upper inclined
a depth direction of the page surface, whereby a fine
surface of both sides of the wedge-shaped moving elemovement positioning of the moving bodies is perment, and
formed so that a total of potential energy of the two
(b) means in which by rapidly deforming and driving the
moving bodies in the vertical direction is not changed,
piezoelectric element of the bottom surface of the
and, by rapidly deforming and driving the piezoelectric 65
wedge-shaped moving element, the wedge-shaped movelement arranged on the upper inclined surface and gening element is moved on the base, and by striking or
erates the shear deformation in the depth direction of the
extracting the wedge-shaped moving element to/from
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the two moving bodies of the right and left movable in
the vertical direction and the depth direction of the page
surface, a fine movement positioning of moving bodies
in the lateral and vertical directions is performed so that
a total of potential energy of the two moving bodies in
the vertical direction is not changed, and further comprising means in which by rapidly deforming and driving the piezoelectric elements arranged to the upper
inclined surface and generate the shear deformation in
the depth direction of the page surface, a fine movement
positioning of the moving bodies in the depth direction
of the page surface is also performed.
7. A precise and high load resistance moving device comprising:
(a) a piezoelectric element which generates a shear deformation is provided to a bottom surface of a wedgeshaped moving element which is placed on a base having
wall surfaces to both sides and has a triangular shape in
a cross section, and a layered piezoelectric element in
which a piezoelectric element which generates a shear
deformation in an inclined surface direction and a piezoelectric element which generates a shear deformation in
a depth direction of the page surface are bonded which is
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provided to each upper inclined surface of both sides of
the wedge-shaped moving element, and
(b) means in which by rapidly deforming and driving the
piezoelectric elements which generate the shear deformation in the inclined surface direction out of the piezoelectric element of the bottom surface of the wedgeshaped moving element and the layered piezoelectric
elements fixed to the upper inclined surfaces, the wedgeshaped moving element is moved on the base, and by
striking or extracting the wedge-shaped moving element
to/from two moving bodies of the right and left movable
in the vertical direction and the depth direction of the
page surface, a fine movement positioning of moving
bodies in the lateral and vertical directions is performed
so that a total of potential energy of the two moving
bodies in the vertical direction is not changed, and further comprising means in which out of the layered piezoelectric elements arranged to the upper inclined surfaces, by rapidly deforming and driving the piezoelectric
elements which generate the shear deformations in the
depth direction of the page surface, a fine movement
positioning of the moving bodies in the depth direction
of the page surface is also performed.

