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TITLE OF THE INVENTION

ROTARY POSITIONING STAGE

BACKGROUND OF THE INVENTION
- FIELD OF THE INVENTION

The present invention relates to a positioning device
for an inspection device for inspeéting a magnetic reading
and writing head, a magnetic disc or the like, and more
particularly to a rotary style positioning device.
DESCRIPTION OF THE RELATED ART

A hard disc device (HDD), which is an external memory
device of a computer has made a remarkabie development in
recent years. It is a recording and reproducing head that
has contributed to such a remarkable development. A
dynamic test (an R/W test = a Read after Write Test) used
for the quality control is extremely important, and a
precise drive device referred to as a spin stand is
normally used in this R/W test. 8Since a structure close as
much as possible to that of a HDD is desirable for the spin
stand, the rotary style for positioning the head by the
swing of the head is ideal.

However, there is a problem in that since the type
that allows all the positioning with one actuator out of
the conventional rotary positioning stages is controlled at
a constant positioning resolution over all the strokes, the
moving speed is slow even in the case where the stroke is

long when the resolution is set to a high level. That is,



even in the case where so precise positioning is not
required (a rough motion), there is also a problem in that
the motion speed is slow in the same manner as the case in
which the stroke is short and a precise positioning is
conducted.

On the other hand, the type having a double structure
stage in which the stage is separated into a rough motion
stage and a slight motion stage is intended to solve a
function conforming to an object by providing a double
structure of the precise motion and the rough motion and by
using different actuators for respective movements in order
to improve a disadvantage in that a motioh speed is slow.
However, the type having a double structure of stages, a
rough motion stage and a slight motion stage becomes
complicated in structure and the mechanical rigidity of the
whole stage is lowered so that there arises a problem in
that a settling time becomes long and a high speed and

highly precise positioning cannot be conducted.

BRIEF SUMMARY OF THE INVENTION
The present invention has been made in view of the
above problem, and an object of the present invention is to
provide a rotary positioning stage that enables a high
speed and a highly precise positioning.
In order to solve the above problems, after
deliberate consideration, the inventors of the present

invention take note of the fact that only extremely short



stroke (5 pm or less) is demanded in the test of the hard
disc head, so that when the motion quantity is extremely
small, the geometric error (an error of 0.5 pum or less
with respect to the motion quantity of 5 um) between a
straight line motion and a rotational motion becomes so
small that the error can be ignored, and have come to an
idea that the actuator for the rotation of the rotary stage
is moved in a direction of a straight line. Furthermore,
when a speed reducing mechanism is used, a load inertia of
the moving mass applied to the actuator via the speed
reducing mechanism is theoretically square of the speed
reducing ratio. Thus, the inventors of the present
invention has come to the idea that a mechanical speed-
reducing mechanism is provided on the rotary positioning
stage by taking note of the fact that the moving mass can
be largely decreased.

A first aspect of the present invention is completed
on the basis of the idea described above and provides a
rotary positioning stage which comprises: a rotary stage
rotatably supported on a rotation shaft and provided with
an arc-like portion for forming an arc with respect to the
rotation shaft, the stage allowing attachment of a work:
first positioning means provided with a pulley contacting
the arc-like portion for positioning the work by rotating
the rotary stage via the pulley; and second positioning
means for positioning the work by slightly moving the first

positioning means in a straight line-like manner in a



tangent line direction at a contact point between the arc-
like portion and the pulley.

A second aspect of the present invention provides a
rotary positioning stage characterized in that the arc is
formed in such a manner that the length from the rotation
shaft to the art-like portion is formed in a range of 25mm
to 100mm and the center angle is formed to 40 degrees or
more, and the radius of the pulley is formed in a range of
5mm to 20mm while the second positioning means moves the
first positioning means in a straight line-like manner
within the range of 5 um or less in addition to the
structure according to the first aspect of the invention.

When the slight motion quantity of the first
positioning means is in the range of 5 um or less, the
geometric error between the straight line motion and the
rotational motion becomes so small that the error can be
ignored. As a conseguence, when the rotary stage is
rotated in the range of 5 pym or less, the work can be
positioned at a high precision by the second positioning
means.

A third aspect of the present invention provides a
rotary positioning stage characterized in that the stage is
formed at a ratio between the length from the rotation
shaft to the arc-like portion and the radius of the pulley
ranging from a range of 1: 1 to 10: 1.

- Here, the speed reducing ratio is set within the

range of 1: 1 to 10: 1. Preferably, the ratio is set to 3:
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1 to 7: 1, and most preferably,'fhe ratio is set to 5: 1.

A fourth aspect of the present invention provides a
rotary positioning stage wherein the first positioning
means is provided with a belt which is wound in an
approximately crossing manner with respect to the arc-like
portion and the pulley for rotating the rotary stage with
the rotation of the pulley in such a manner that the rear
surface runs along the external circumferential surface of
the pulley and the surface runs along the external
circumferential surface of the arc-like portion.

The first positioning means transmits the drive force
generated from the drive source of a motor or the like to
the arc-like portion of the rotary.stage via a belt wound
around the pulley and the arc-like portion. Since the belt
is wound around the pulley and the arc-like portion in an
approximately crossing manner, the pulley winds up the belt
wound around the arc-like portion so that the rotary stage
is rotated. That is, when the pulley is rotated, a part of
the belt wound around the arc-like portion in advance is
released to be wound by the pulley. Furthermore, a part of
the belt wound around the pulley in advance is released to
be wound by the arc-like portion. In this manner, the
rotary stage is rotated by mutually winding up the belt

between the pulley and the arc-like portion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view for schematically explaining a
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rotary positioning stage according to an embodiment of the
present invention.

FIG. 2 is a view for explaining the rotary
positioning stage according to an embodiment of the present'
invention.

FIG. 3 is a view for explaining a form of a belt.

FIG. 4 is a view for explaining a spin stand.

FIG. 5 is a view for explaining a spin stand.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will be
explained by referring to the drawings. As shown in FIG. 1,
a rotary positioning stage 1 comprises a rotary stage 2,
first positioning means 3, second positioning means 4,
angle detection means 41 (see FIG. 2(b)), and a control
portion (control means) (not shown) wherein the rotary
stage 2 is rotated with the first positioning means 3 and
the second positioning means 4 to position a work 5 on a
predetermined position of a disc 6.

A segment drum 7 comprises an arc-like portion 7a as
shown in FIG. 2(a) with the result that drive force is
transmitted via a pulley 12 and a belt 13. The arc-like
portion 7a is formed into an arc having an inner radius
defined at a radius Rl from a central axis of the rotation
shaft 10 and an outer radius defined at a radius R2 from
the central axis of the rotation shaft 10 by a center angle

a to have a height L from an upper surface 1llb of the
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segment drum 7. The radii Rl and R2, and the height H are
formed within the range of 25 mm to 100 mm. The center
angle a is formed to 40 degrees or more. The arc length
of an outer circumferential surface of the arc-like portion
7a is defined with the outer radius R2 and the center angle
@, but is formed to a predetermined length in a
relationship with the size of the disc 6, the length of the
arm 8 and the like.

On an upper surface 7b of the segment drum 7, a
cartridge 9 is detachably attached for supporting the work
5 via the arm 8.

The rotation shaft 10 is inserted into a base plate
11 and is supported by bearings 23 and 24 as shown in FIG.
2 (b). The rotation shaft 10 and the segment drum 7 are
fixed with a bolt 25.

The first positioning means 3 has a pulley 12, a belt
13, and a micro stage 14 as shown in FIGS. 1, 2(a) and 2(b).
The segment drum 7 is rotated centering on the rotation
shaft 10 via the belt 13 with the rotation of the pulley 12
to position the work 5 to a predetermined position of the
disc 6.

The micro stage_14 is formed in a plate-like
configuration and is provided on the base plate 11 so as to
slide along a guide way 15 provided on the base plate 11.
On the upper surface of the micro stage 14, there are
provided a connection portion 14 connected to a movable

portion 1l6a of a piezo-actuator 16 for sliding the micro
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stage 14, and a connection portion 14b connected to the
disc spring 20 for bringing back the micro stage 14 to the
original position.

The pulley 12 is arranged on an upper surface of the
micro stage 14 so that the outer circumferential surface of
the pulley 12 comes into contact with the outer
circumferential surface of the arc-like portion of the
segment drum 7 via the belt 13. An ultrasonic motor 17
mounted on the micro stage 14 is connected to the pulley 12.

Here, there will be explained a speed reducing
mechanism constituted of the arc-like portion 7a and the
pulley 12. A ratio of the radius R2 (the length from the
rotation shaft 10 to the arc-like portion 7a) of the arc-
like portion 7a and the radius of the pulley 12 represents
a speed reducing ratio. Thus, when the radius R2 of the
arc-like portion 7a is larger than the radius of the pulley
12, a speed reducing mechanism is constituted with the arc-
like portion 7a and the pulley 12. The speed reducing
ratio is set to a range of 1: 1 to 10: 1. Preferably, the
ratio is set to a range of 3: 1 to 7: 1, and most
preferably the ratio is set to 5: 1. 1In the case where the
arc-like portion 7a and the pulley constitute a speed
reducing mechanism, a load inertia of the moving mass
applied to the pulley 12 is square of the speed reducing
ratio. In the case of the speed feducing ratio of 5: 1,
the load inertia of the moving mass becomes one twenty

fifth. The moving mass applied to the pulley 12 can be
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largely decreased by adjusting the speed reducing ratio to
form the arc-like portion 7a and the pulley 12.

The radius R2 of the arc-like portion 7a is formed in
the range_of 25mm to 100mm. Then, when the radius of the
pulley 12 is formed in the range of 5mm to 20mm, the speed
reducing mechanism can be constituted so that the speed
reducing ratio is set to the range of 1: 1 to 10: 1.

It is so constituted that a belt 13 is wound around
the pulley 12 and the arc-like portion 7a so that a drive
force of the ultrasonic motor 17 is transmitted to the arc-
like portion 7a wvia the belt 13 by the rotation of the
pulley 12. |

As shown in FIG. 3(a), the belt 13 has a first belt-
like portion 1l3a, a second belt-like portion 13b, and a
fixing space 13c which are integrally made of stainless
steel. When the belt 13 is wound around the pulley 12 and
the arc-like portion 7a, the first belt-like portion 13a
and the second belt-like portion 13b are mutually arranged
on a diagonal line of the fixing space 13c so as not to
mutually overlap in the contact point of the pulley 12 and
the arc~like portion 7a. Furthermore, the notched portions
13d and 13e and the end portions 13f and 13g of the fixing
space 13c are formed with an R portion by cutting off an
angle. Thus, the strength of the belt 13 can be improved
by cutting the angle for preventing the cracks from being
generated on the belt 13.

This belt 13 is wound around the arc-like portion 7a
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and the pulley 12 in an approximately crossing manner so
that the rear surface (the rear side of the paper of FIG.
3(a)) of the belt 13 runs along the outer circumferential
surface of the pulley 12 while the surface (the surface
side of the paper of FIG. 3(a)) of belt 13 runs along the
outer circumferential surface of the arc-like portion 7a.
That is, the belt 13 is wound around the outer
circumferential surfaces of the pulley 12 and the arc-like
portion 7a so that the first belt-like portion 13a and the
‘second belt-like portion 13b are located opposite to each
other (displaced from each other) at a contact point of the
pulley 12 and the arc-like portion 7a.

As shown in FIG. 2(a), the fiking space 5c¢ and the
pulley 12 are fixed with a bolt 18 while the end portion of
the first belt-like portion 13a and the second belt-like
portion 13b in the longitudinal direction and the end
portion of the arc-like portion 7a are fixed with the
fixing member 19.

In this manner,.the belt 13 is wound around the arc-
like portion 7a and the pulley 12 in an approximately
crossing manner so that the segment drum 7 is rotated

. centering around the rotation shaft 10 by the rotation of
the pulley 12 while the belt 13 is fixed to the arc-like
portion 7a and the pulley 12.

The second positioning means 4 has the piezo-actuator

16, a base plate 11 and a disc spring 20. With a slight

motion of the micro stage 14 in a straight line-like manner,
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the segment drum 7 is extremely slightly rotated to
position the work 5 on the disc 6 at a high precision.
Incidentally, in FIG. 1, the connection portion 14b, the
disc spring 20 and a support body 20a are omitted.

As shown in FIG. 2(b), the base plate 11 is formed on
an upper surface té support the segment drum 7 and the
micro stage 14 and is formed on allower surface to support
an encoder sensor 21 and an encoder block support plate 22.

The base plate 11 is provided with the guide way 15
so that the micro stage 14 can be slided as shown in FIG.
2(a). This guide way 15 is provided with the micro stage
14 in a width direction of the base platé 11 so as to slide
in a tangent line direction at a contact point of the arc-
like portion 7a and the pulley 12.

The piezo-actuator 16 is provided on an upper surface
of the base plate 11 so as to slightly move the micro stage
14. The piezo—actuator 16 is constituted such that the
movable portion 1l6a is fixed to the connection portion 1l4a
provided on the micro stage 14, and the micro stage 14 is
slightly moved in a straight line-like manner via a
connection portion 1l4a by moving the movable portion 16a in
a forward and a backward direction.

The support body 20a of the disc spring 20 is
arranged at a position opposite to the piezo-actuator 16 on
an upper surface of the base plate 11 as shown in FIG. 2(a).
The disc spring 20 is connected to a connection portion 14b

provided on the support body 20a and the micro stage 14, so
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that the micro stage 14 is brought back to the original
position with a repulsion force of the spring.

When the slight motion quantity of the micro stage 14
by the piezo-actuator 16 is 5 um or less, the geometric
error between the straight line motion of the micro stage
14 and the rotational motion of the segment drum 7 becomes
0.5nm or less, and becomes one thousandth or less with
respect to the slight motion quantity so that the guantity
is so small that the quantity can be ignored. Consequently,
the straight line motion of the micro stage 14 by the
piezo-actuator 16 is convertedlinto the rotational motion
of the segment drum 7 wvia the pulley 12, the belt 13 and
the arc-like portion 7a.

In this mannér, the second positioning means 4
slightly moves the micro stage 14 in a straight line-like
manner in a tangent line direction at a contact point
between the arc-like portion 7a and the pulley 12 to rotate
the segment drum 7 extremely slightly to position the work
5 on the disc 6 at a high precision.

The angle detection means 41 has an encoder block
support plate 22, an encoder block 27, an encoder disc 26
and an encoder sensor 21 to detect the rotation angle of
the rotary stage.

The encoder block support plate 22 is fixed to the
lower surface of the rotation shaft 10 with the bolt 25.

In this manner, the encoder block support plate 22 is fixed

on the lower surface of the rotation shaft 10 and the
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segment drum 7 is fixed on the upper surface of the
rotation shaft 10. Thus, when the segment drum 7 is
rotated, the rotation quantity thereof is transmitted to
the encoder block support plate 22 via the rotation shaft
10 so that the encoder block support plate 22 is rotated by
the same rotation quantity as the rotation quantity of the
segment drum 7.

An encoder block 27 is provided for supporting an
encoder disc 26 on the encoder block support plate 22. The
encoder block support plate 22, the encoder block 27 and
the encoder disc 26 are integrally rotated with the
rotation of the encoder block support plate 22.

The encoder sensor 21 is provided on the lower
surface of the base pléte 11 so as to detect the rotation
angle of the encoder disc. The encoder sensor 21 is
connected to a control portion (not shown) to output the
detected rotation angle.

The control portion compares the rotation angle
output from the encoder sensor 21 and a target angle (a
target value) which is set in advance to control an
ultrasonic motor 17 and a piezo-actuator 16 on the basis of
the deviation thereof.

On the basis of the above structure, an operation of
the rotary positioning stage 1 will be explained by
referring to FIGS. 1 and 2.

The first positioning means 3 transmits the drive

force of the ultrasonic motor 17 to the arc-like portion 7a.
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of the segment drum 7 via the pulley 12 and the belt 13.
Since the belt 13 is wound around the pulley 12 and the
arc-like portion 7a in an approximately crossing manner,
the pulley 12 rotates the rotary stage 2 by winding up the
belt 13 wound around the arc-like portion 7a to position
the work 5 on a predetermined position on the disc 6 at a
high speed.

The second positioning means 4 slightly moves the
micro stage 14 in a straight line-like manner in a tangent
line direction at a contact point of the arc-like portion
7a and the pulley 12 via the movable portion 16a and the
connection portion l4a with the piezo—actﬁator 16. Since
the pulley 12 is provided on the micro stage 14, the
segment drum 7 is extremely slightly moved via the pulley
12, the belt 13 and the arc-like portion 7a when the micro
stage 14 is slightly moved in a straight line-like manner
in a tangent line direction by the piezo-actuator 16. 1In
this manner, the second positioning means 4 converts the
straight line motion of the micro stage 14 by the piezo-
actuator 16 into a rotational motion of the segment drum 7
via the pulley 12, the belt 13 and the arc-like portion 7a
provided on the micro stage 14. Thus, the rotary stage 2
is extremely slightly moved to position the work 5 on the
disc 6 at a high precision.

Next, the operation of the rotary positioning stage 1
will be explained with respect to a case in which the

position of the work 5 shown in FIG. 1 is moved in a
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direction of a diameter (a direction of an arrow a) to be
positioned at a predetermined position at a high speed and
at a high precision.

As shown in FIG. 1, when the pulley 12 is rotated in
a direction of b (a counterclockwise direction), a part of
the first belt-like portion 13a wound around the érc-like
portion 7a is wound by the pulley 12. Furthermore, a part
of the second belt-like portion 13b wound around the pulley
12 in advance is released to be Qound by the arc-like
portion 7a. The end portions of the first belt-like
portion 13a and the second belt-like portion 13b are fixed
to the end portion of the arc-like portion 7a. Thus, when
a part of the first belt-like portion 7a is wound by the
pulley 12, the arc-like portion 7a is pulled-by the first
belt-like portion 13a. Then, the segment drum 7 is rotated
in a direction of an arrow c (a clockwise direction)
centering on the rotation shaft 10. When the pulley 12 is
rotated_in a direction of an arrow b, the segment drum 7 is
rotated in a direction of c¢ via the belt 13 and the arc-
like portion 7a. Consequently, the work 5 is moved in a
direction of an arrow a on the desk 6 to be positioned at a
predetermined position at a high speed.

Next, the movable portion 16a of the piezo-actuator
16 is retreated in a direction of an arrow d, and the micro
stage 14 is slightly moved by 5 um in a straight line-like
manner via the connection portion l4a. Since the micro

stage 14 is provided with an ultrasonic motor 17 to which



16

the pulley 12 is connected, when the micro stage 14 is
slightly moved in a straight line-like manner by 5 um in a
direction of an arrow d, the pulley 12 is also slightly
moved in a straight line~like manner by 5 ym in a
direction of an arrow d (a tangent line direction at a
contact point between thé arc-~like portion 7a and the
pulley 12).

In this manner, the slight motion of the pulley 12 by
5 pm in a direction of an arrow d means a rotation of the
pulley 12 in a direction of an arrow d by an extremely
slight quantity. That is, when the pulley 12 on which the
belt 13 is wound is slightly moved by 5 ﬂnlin a direction
of an arrow b, the arc-like portion 7a is pulled by the .
first belt-like portion 13a so.that the segment drum 7 is
rotated in a direction of an arrow ¢ by an extremely slight
guantity.

When the pulley 12 is slightly moved in a straight
line-like manner in a direction of an arrow d, the segment
drum 7 is rotated in a direction of an arrow ¢ via the arc-
like poréion 7a. Thus, the work 5 is slightly moved in a
direction of an arrow a. That is, when the micro stage 14
mounted with the pulley 12 is slightly moved in a straight
line-~like manner by 5 um in a direction of an arrow d, the
straight line motion by an extremely small quantity can be
converted into the rotational motion by an extremely small
quantity. Thus, the work 5 is slightly moved on the disc 6

in a direction of an arrow a to be positioned on a
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predetermined position at a high precise.

Incidentally, the reason why the straight line motion
by an extremely'slight quantity can be converted into the
rotational motion by an extremely slight quantity is that
when the slight motion quantity of the micro stage 14
mounted with the pulley 12 in a straight line direction is
in the range of 5 um or less, a geometric error between
the straight line motion of the micro stage 14 and the
rotational motion of the segment drum 7 becomes 0.5nm or
less so that the error becomes so small that it can be
ignored.

As has been explained above, the rotary positioning
stage 1 rotates the segment drum 7 at a high speed via the
pulley 12, the belt 13 and the arc—like portion 7a by using
the ultrasonic motor 17 héving a low resolution to position
the work 5 at a predetermined position at a high speed.
Next, the segment drum 7 is rotated by an extremely slight
quantity via the pulley 12, the belt 13 and the arc-like
portion 7a by using the piezo-~actuator 16 having a high
resolution to position the work 5 at a predetermined
position at a high precision. In this manner, the rotary
positioning stage 1 according to this embodiment has a
structure in which an actuator having a low resolution and
an actuator having a high resolution can be used according
to the purpose. Thus, the work 5 can be positioned at a
predetermined position on a disc 6 at a high speed and at a

high precision.
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The rotary positioning stage 1 according to this
embodiment can be effectively used with respect to the
device and the equipment which require a precise
positioning, such as a spin stand, a hard disc drive, an
optical disc, a semiconductor, an electron microscope or
the like.

It has been explained that in this embodiment, the
radii Rl and R2 and the height L of the arc~like portion 7a
are formed in the range of 25 nm to 100 nm, the center
angle a is formed to be 40 degrees or more. However the
size of the arc-like portion is not limited to the above
size. Furthermore, although it is has been explained that
the radii of.the pulley 12 are formed in the range of 5 mm
to 20 mm, but the size of the pulley 12 is not limited to
the above size.

It has been explained that in this embodiment the
segment drum 7 constituting the rotary stage 2 has an arc-
like portion 7a having an inner radius defined at a radius
Rl from the central axis of the rotation shaft 10 and an
outer radius defined at a radius R2Z from the central axis
of the rotation shaft 10 and defined by the center angle «.
However, since the rotary stage 2 may only be provided with
at least a portion which is formed in an arc-like
configuration with the result that, for example, the
segment drum 7 may be formed in a disc-like configuration
having a predetermined thickness.

It has been explained that in this embodiment the
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belt 13 has the first belt-like portion 13a, the second
belt-like portion 13b and the fixing space 13c which are
integrally made stainless steel as shown in FIG. 3(a).
However, the configuration and the material quality of the
belt 13 are not limited thereto. Consequently, as shown in
FIG. 3(b), the belt 13 may have the first belt-like portion
13a, the second belt-like portion 13b, a third belt-like
portion 13h and the fixing space 13c which are integrally
formed. In this case, the belt 13 shown in FIG. 3(b) is
formed in such a manner that when the belt 13 is wound
around the pulley 12 and the arc-like portion 7a in an
approximately crossing manner, the first belt-like portion
13a, the second belt-like portion 13b and the third belt-
like portion 13h do not overlap each other at the contact
point of the pulley 12 and the arc-like portion 7a.
Furthermore, the number of the beit 13 is not limited
to one. Two belts may be employed as shown in FIG. 3(c).
In this case, one belt is wound around the arc-like portion
7a and the pulley 12 in such a manner that the rear surface
of a first belt 13j runs along an outer circumferential
surface of the pulley 12 while the surface of the first
belt 13j runs along an outer circumferential surface of the
arc-like portion 7a, and the other belt is wound around the
arc-like portion 7a and the pulley 12 in such a manner that
rear surface of a second belt 13k runs along an outer
circumferential surface of the pulley 12 while the surface

of the second belt 13k runs along an outer circumferential
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surface of the arc~like portion 7a. That is, the first
belt 13j and the second belt 13k are wound around the outer
circumferential surface of the pulley 12 and the arc-like
portion 7a in such a manner that the first belt 13j and the
second belt 13k are located opposite to each other
(displaced from each other) at the contact point.

It has been explained that in a method for winding
the belt 13, an outer circumferential surfaces of the
pulley 12 and the arc-like portion 7a which come into
contact to each other constitute a part of a crossing.
configuration so that an expression; “approximately
crossing manner” is used. The expression “approximately
crossing manner” means that the first belt-like portion 13a
and the second belt-like portion 13b are wound arouhd the
outer circumferential surfaces or a part of the outer
circumferential surfaces of the pulley 12 and the arc-like
portion 7a in such a manner that the first belt-like
portion 13a and the second belt-like portion 13b are
located opposite to each other (displaced from each other)
at a contact point of the pulley 12 aﬁd the arc-like
portion 7a. Consequently, although the arc-like portion 7a
is formed on a part of the segment drum 7 according to this.
embodiment, the outer circumferential surfaces of the
pulley 12 and the arc-like portion 7a of the segment drum 7
constitute a crossing configuration in the case where the
segment drum 7 has a disc-like configuration. Thus, the

concept of the approximately crossing configuration
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includes a case in which the belt is wound around the outer
circumferential surfaces of the pulley 12 and the arc-like
portion 7a in a crossing manner.

It has been explained that in this embodiment, the
first positioning means 13 has a mechanism of transmitting
a drive force to the arc-like portion 7a via the belt 13.
However, the first positioning means 3 of the rotary
positioning stage 1 according to the present invention is
not limited thereto. Consequently, the mechanism may be
constituted such that the drive force is transmitted
directly from the pulley 12 to the arc-like portion 7a by
making use of friction force of the pulley 12 and the arc-~
like portion 7a not via the belt 13. 1In this case, the
height L of the érc—like portion 7a is formed in a length
which allows to secure a contact surface with the pulley 12.

Furthermore, the .first positioning means 3 may have a
structure in which a first pulley contacting an arc-like
portion 7a and a second pulley contacting the first pulley
are provided like a piano square not via the belt 13, and
the segment drum 7 is rotated via the first pulley by
rotating the second pulley.

It has been explained that in this embodiment, since
the ultrasonic motor 17 is provided on the micro stage 14,
the ultrasonic motor 17 is also slightly moved along with
the slight motion of the micro stage 14. Since the first
positioning means 3 of the fotary positioning stage 1

according to the present invention does not have a concept
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including the ultrasonic motor 17, the first positioning
means 3 is not necessarily limited to a structure in which
the ultrasonic motor 17 is provided on the micro stage 14.
Consequently, the second positioning means 4 does not
necessarily need to slightly move the ultrasonic motor 17
and may only have a structure in which the pulley 12
contacting the arc-like portion 7a is slightly moved.

It has been explained that in this embodiment, the
ultrasonic motor 17 having a low resolution is connected to
the pulley 12 while the piezo-actuator 16 havihg a high
resolution is used for the slight motion of the micro stage
14. However, the motor connected to the pulley 12 is not
limited to the ultrasonic motor 17. Furthermore, the
actuator slightly moving the micro stage 14 is not limited
to the piezo-actuator 16. Consequently, a linear motor may
be used in place of the piezo-actuator 16.

Next, there will be explained as an embodiment a case
in which the rotary positioning stage 1 explained in FIGS.
1 and 2 is used in the spin stand. Incidentally, with
respect to the rotary positioning étage 1, the segment drum
7 and the pulley 12 are constituted in the following manner.

An outer radius R2 of the arc-like portion 7a is set
to 60mm.

A center angle « is set to 40 degrees.

A radius of the puliey 12 is set to 12mm.

The spin stand 31 is a drive device for conducting an

R/W test for inspecting the characteristic of the work 5,
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for example, a configuration or the like of the work 5. As
shown in FIGS. 4 and 5, the drive device has a carrier
stage 32 for moving the rotary positioning stage 1, a
spindle 40 for supporting the disc 6 to position the work 5
with respect to the disc 6.

A base plate 11 is provided on the upper surface of
the carrier stage 32. The carrier stage 32 slides on a
cylinder support plate 33 to move the rotary pbsitioning
stage 1 in a direction of the disc 6.

The cylinder support plate 33 is fixed on an upper
surface of the base 34 and a cylinder 35 accommodated in
the base 34 is fixed on the lower surface of the cylinder
support plate 33. The piston.36 extending from this
cylinder 35 and the carrier stage 32 are éonnected with a
connection member 37. Furthermore, an encoder sensor 38
for detecting the motion gquantity of the carrier stage 32
and a stopper 39 for stopping the sliding of the carrier
stage 32 are provided on the cylinder support plate 33.

The spindle 40 is supported on the base 34 to
rotatably support the disc 6.

Next, an operation of the spindle stand 31 will be
explained on the basis of the above structure. The spindle
stand 31 slides the carrier stage 32 in a direction of the
disc 6 by extending the piston 36. The carrier stage 32 is
moved to a predetermined position to position the work 5 to
a predetermined position on the disc 6. Next, the rotary

positioning stage 1 rotates the rotary stage 2 to position
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the work 5 to a predetermined position on the disc 6 at a
high speed and at a high precision. Thereafter, the work 5
is measured at the predetermined position. When the
measurement is conducted, the rotary positioning stage 1
moves the work 5 again to the next measurement point to
position the work 5 at the position. In this manner, the
work 5 is subsequently positioned and measured at a
plurality of measurement points on the disc 6.

Furthermore, the present invention can be applied at
the time of manufacturing a work. At the time of
manufacturing a work (the manufacture includes an
inspection step of the quality of the work), an extremely
minute positioning is required in some cases. For example,
it is the case of inspecting the electromagnetic conversion
characteristic of the magnetic head. 1In the inspection of
the electromagnetic conversion characteristic of the
magnetic head, an inspection result most close to the
reality can be obtained in the case where the inspection is
conducted by actually_operating the magnetic head on the
hard disc.

As a result of higher density of magnetic recording
in recent years, the precision for the positioning by the
magnetic head on the hard disc in actuality attains an
order of molecule level from lnm to 5nm.

Then, at the time of positioning on the hard disc, a
method for manufacturing a work may be used which

comprises:
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a step of mounting a work on a rotary stage rotatably
supported on a rotation shaft and provided with an arc-like
portion for forming an arc with respect to the rotation
shaft;

a first positioning step of positioning the work by
rotating the rotary stage via a pulley contacting the arc-
like portion;

a second positioning step for positioning the work by
slightly moving the pulley in a tangent line direction at
the contact point:

a characteristic evaluation step for evaluating the
characteristic of the work at a position defined at the
first positioning step and the second positioning step; and

a processing step for processing the work in
accordance with the evaluation result of the characteristic
evaluation step.

It goes without saying that there are considered as
the work an optomagnetic head, various kinds of sensors,
and a precision device which requires minutes processing in
addition to the magnetic head. When this manufacturing
method is utilized, the three-dimensional minute processing
of the integrated circuit of the semiconductor device can
be also conducted. Furthermore, the method can be applied
to the photolithographic processing at the time of
manufacturing the semiconductor device. For example, the
method can be applied for processing a mask, and the

positioning the mask.
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As other example of the work, an electromagnetic
conversion element, an optomagnetic head, a lens for a
compact disc and a DVD can be employed in addition to the
magnetic head.

Furthermore, the processing at the manufacturing step
may be a performance classification such as a magnetic head,
or may be machining, polishing or other physical and
chemical processings. Furthermore, the prdcessing may be
used in an arm for an operation conducted under a
microscope which is used at the time of artificial
fertilization.

Furthermore, the processing can be used for the
inspection of a hard disc. For example, this is a case in
which an inspection is conducted as to whether or not a
servo track is written at a high precision, whether or not
a reproduction capability is not deteriorated due to a
minute variation in tracks.

In addition, this positioning can be used for a hard
disc drive, a optomagnetic disc itself or the like. That
is, the present invention is useful for track positioning
of a magnetic head, an optomagnetic head or the like in
these drive devices.

Furthermore, the present invention can be applied to
various kinds of inspection devices which require a minute
positioning. For example, the invention can be applied to
the positioning of a probe of an operation type tunnel

effect microscope. A recording and reproducing device can
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be realized which has an extremely high recording density
and a high access speed by applying the invention to the
recording and reproducing device.

Incidentally, the minute positioning is enabled in a
method in which the first positioning step is conducted
with a belt which is wound around the arc-like portion and
the pulley in an approximately crossing manner in such a
manner that the rear surface of the belt runs along the
outér circumferential surface of the pulley while the
surface of the belt runs along the outer circumferential
surface of the arc-like portion and the rotary stage is
rotated by the rotation of the pulley. The method is also
excellent in that the belt is minutely deformed by stresé
and an extremely minute géometric error is absorbed.

That is because when the pulley is rotated in a
- tangent line direction, the pulley and the rotary stage do
not contact with each other. Consequently, suppose that
the belt is rigid, the pulley cannot be moved in the
direction. However, in actuality, the belt is slightly
deformed by stress and the pulley can be moved in the
direction. That is, the belt is slightly moved by stress
so that the contact of the pulley and the rotary stage via
the belt can be secured. From this point of view, a
material having a small hysteresis by stress is appropriate
as a material of the belt.

Furthermore, the positioning method can be used for

positioning the electromagnetic conversion element to the
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recording medium. Furthermore, the positioning method can
be used for the hard disc drive. The method can be also
applied to the optomagnetic head of the optomagnetic
recording.

Since the invention according to the first and the
second aspects of the present invention has a strong
mechanical rigidity as compared with the conventional
rotary positioning stage, a mechanical vibration generated
in the rotary positioning stage is soon converged. As a
consequence, there arises an advantage in that the settling
time is shortened, and the work mounted on the rotary stage
can be positioned at a high speed. Furthermore, since the
.first positioning means and the second positioning means
are operated by different actuators, an actuator.having a
high resolution can be used for the second positioning
means. As a consequence, there arises an advantage in that
the work mounted on the rotary stage can be positioned at a
high speed and at a high precision.

Aspects of the invention other than the aspects that
can be grasped from the embodiments will be described
together with the advantage thereof.

The rotary positioning stage according to any of
first to fourth aspects is a rotary positioning stage which
comprises angle detection means for detecting a rotation
angle of the rotary stage, and control means for
controlling a drive source of the first positioning means

and/ or the second positioning means on the basis of a
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deviation between the rotation angle and the target wvalue.
Since the control means controls the drive source of
the first positioning means and / or the second positioning
means on the basis of the deviation between the rotation
angle detected with the angle detection means and the
target value, there arises an advantage in that a feedback
control is enabled and more higher speed and higher
precision positioning can be enabled in addition to the

advantage of the invention according to any of first to

fourth aspects.
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What is claimed is;

1. A rotary positioning stage comprising:

a rotary stage rotatably supported on a rotation
shaft and provided with an arc-like portion for forming an
arc with respect to the rotation shaft, the stage allowing
to mount a work;

first positioning meaﬁs provided with a pulley
contacting the arc-like portion for positioning the work by
rotating the rotary stage via the pulley; and

second positioning means for positioning the work by
slightly moving the first positioning means in a straight
line-like manner in a tangent.line direction at a contact
point between the arc-like portion and the pulley.

2. The rotary positioning stage according to claim 1,
wherein the arc is formed to have a length in the range
from 25mm to 100mm from the rotation shaft to the arc-like
portion, and the center angle of 40 degrees or more, and
the radius of the pulley is formed to a range of 5 mm to 20
mm while the sécond.positioning means moves the first
positioning means in a straight line-like manner in a range
of 5 um or less.

3. The rotary positioning stage according to claim 1,
wherein the stage is formed at a ratio of the length from
the rotation shaft to the arc-like portion and the radius
of the pulley in the range of 1: 1 to 10:1.

4. The rotary positioning stage according to claim 2,
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wherein the stage is formed at a ratio of the length from
the rotation shaft to the arc-like portion and the radius
of the puiley in the range of 1: 1 to 10:1.

5. The rotary positioning stage according to any of
claims 1 through 4, wherein the first positioning means is
provided with a belt which is wound around the arc-like
portion and the pulley in an approximately crossing manner
in such a manner that a rear surface of the belt runs along
an outer circumferential surface of the pulley while a
surface of the belt runs along the circumferential surface
of the arc-like portion and the belt rotates the rotary
stage with the rotation of the pulley.

6. A method for manufacturing a work comprising:

a step of mounting a work on a rotary stage rotatably
supported on a rotation shaft and provided with an arc-like
portion for forming an arc with respect to the rotation
shaft;

a first positioning step of positioning the work by
rotating the rotary stage via a pulley contacting the arc-
like portion;

a second positioning step for positiéning the work by
slightly moving the pulley in a tangent line direction at
the contact point;

a characteristic evaluation step fér evaluating the
characteristic of the work at a position defined at the
first positioning step and the second positioning step; and

a processing step for processing the work in
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accofdance with the evaluation result of the characteristic
evaluation step.

7. The method for manufacturing a work according to
claim 6, wherein the work is an electromagnetic conversion
element.

8. The method for manufacturing a work according to
claim 6, wherein the work is a magnetic head for a hard
disk drive, and the positioning is a positioning with
respect to the magnetic recording and reproducing hard disc.

9. The method for manufacturing a work according to
claim 6, wherein the work is a magnetic head for a hard
disc drive, the positioning is a positioning with respect
to the magnetic recording and reproducing hard disc, the
evaluation is an evaluation of the electromagnetic
conversion characteristic, and the processing step is a
performance classification of a magnetic head in accordance
with an evaluation result.

10. The method for manufacturing a hard disc
comprising:

a step of mounting a magnetic head on a rotary stage
rotatably supported on-a rotation shaft and provided with
an arc-like portion for forming an arc with respect to thé
rotation shaft;

a first positioning step of positioning the magnetic
head at the hard disc by rotating the rotary stage via a
pulley contacting the arc-like portion;

a second positioning step for positioning the
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magnetic head at the hard disc by slightly moving‘the
pulley in a tangent line direction at the contact point;

a characteristic evaluation step_for evaluating the
characteristic of the hard disc at a position of a magnetic
head defined at the first positioning step and the second
positioning step; and

a processing step for processing the hard disc in
accordance with the evaluation result of the characteristic
evaluation step.

11. The method for manufacturing a hard disc
according to claim 10, wherein the processing is a
performance classification of a hard disc.

12. The method for manufacturing a work according to
claim 6, wherein the first positiohing step is conducted
with a belt which is wound around the arc-like portion and
the pulley in an approximately crossing manner in such a
manner that the rear surface of the belt runs along an
outer circumferential surface of the pulléy while the
surface of the belt is wound around an outer
circumferential surface of the arc-like portion and which
rotétes the rotary stage with the rotation of the pulley.

13. The method of manufacturing a hard disc according
to claim 10, wherein the first positioning step is
conducted with a belt which is wound around the arc-like
portion and the pulley in an approximately crossing manner
in such a manner that the rear surface of the belt runs

along an outer circumferential surface of the pulley while
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the surface of the belt runs along an outer circumferential
surface of the arc-like portion and which rotates the
rotary stage with the rotation of the pulley.

14. A method for positioning with respect to a
recording medium an electromagnetic conversion element
mounted on a rotary stage rotatably supported on the
rotation shaft and provided with an arc-like portion for
forming an arc with respect to the rotation shaft, the
method comprising:

a first positioning step of positioning the work by
rotating the rotary stage via the pulley contacting the
arc-like portion; and

a second positioning step of positioning the work by
slightly moving the1pu11ey in a tangent line direction at
the contact point.

15. A magnetic recording and reproducing hard disc
drive apparatus comprising:

an electromagnetic conversion element rotatably
supported on a rotation shaft and provided with an arc-like
portion.for forming an arc with respect to the rotation
shaft;

first positioﬁing means for positioning the
electromagnetic conversion element on the magnetic
recording and reproducing hard disc by rotating the rotary
stage via the pulley contacting the arc-like portion; and

second positioning means for positioning the

electromagnetic conversion element on the magnetic
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recording and reproducing hard disc by slightly moving the
pulley in a tangent line direction at the contact point.

16. A optomagnetic recording and reproducing drive
apparatus comprising:

an optomagnetic head rotatably supported on a
rotation shaft and mounted on the rotary stage provided
with an arc-like portion for forming an arc with respect to
the rotation shaft;

first positioning means for positioning the
optomagnetic head on the optomagnetic recording and
reproducing disc by rotating the rotary stage via the
pulley contacting the arc-like portion; and

second positioning means for positioning the
optomagnetic head on the optomagnetic recording and
reproducing disc by slightly moving the pulley in a tangent
line direction at the contact point.

17. The method for positioning an electromagnetic
conversion element according to claim 14, wherein the first
positioning step is a step of rotating the rotary stage by
the rotation of the pulley with a belt wouhd around the
arc-like portion and the pulley in an approximately
crossing manner in such a manner that the rear surface of
the belt runs along the outer circumferential surface of
the pulley while the surface of the belt runs along the
outer circumferential surface of the arc-like portion.

18. The hard disc drive apparatus according to claim

15, wherein the first positioning step comprises a belt for
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rotating the rotary stage by the rotation of the pulley,
the belt being wound around the arc-like portion and the
pulley in an approximately crossing manner in such a manner
that the rear surface of the belt runs along the outer
circumferential surface of the pulley while the surface of
the belt runs along the outer circumferential surface of

the arc-like portion.



