
;e3efcD. 6@6vTHO3 TITLE OF THE INVENTION   DISK APPARATUS AND ACTUATOR
HOLDING METHOD BACKGROUND OF THE INVENTION The present invention relates to
a disk apparatus 5 for recording in and/or reproducing information from a
rotating disk-shaped medium and an actuator holding method for holding an
actuator, which has a recording and/or reproducing head mounted on its
distal end, in a parking position. 10 Conventionally known is a magnetic
disk apparatus that comprises a spindle motor for rotating a magnetic disk
and a voice coil motor (see Jpn. Pat. Appln. KOKAI Publication No.
7-176152, for example). The voice coil motor swings an actuator, which has
a 15 magnetic head mounted on its distal end, thereby moving the magnetic
head substantially in the radial direction of the disk. In operating the
magnetic disk apparatus, the magnetic disk is rotated by means of the
spindle 20 motor, and the actuator is swung by means of the voice coil
motor. Thereupon, the magnetic head on the distal end of the actuator is
moved substantially in the radial direction of the disk, and the head is
opposed to a desired track of the disk. In this 25 state, information is
recorded on and/or retrieved from the track. The magnetic disk apparatus is
provided with a   - 2  retracting and locking mechanism that retracts and
locks the actuator to the inner periphery of the disk when not in
operation. By locking the actuator to the inner periphery of the disk by
means of the retracting 5 and locking mechanism, the magnetic head can be
prevented from unexpectedly moving to an effective region of the magnetic
disk and from touching the disk when the actuator is not operating. The
retracting and locking mechanism includes a 10 movable permanent magnet
fixed integrally to the rear end portion of the actuator and lower and
upper fixed yokes that vertically hold the permanent magnet between them.
The permanent magnet and the lower and upper yokes constitute a magnetic
circuit for urging 15 the actuator toward the inner periphery of the disk.
As the actuator rotates, the movable permanent magnet moves along a gap
between the lower and upper fixed yokes. The gap between the lower and
upper fixed yokes 



20 is gradually narrowed toward a lock position for the actuator so that a
maximum magnetic force acts on the movable permanent magnet in the lock
position. Thus, the actuator can be securely locked in the lock position.
25 In operating the actuator, however, it must be unlocked. Therefore, the
magnetic retention of the actuator in the lock position must be set to a
value   - 3  lower than a specific magnetic force such that the actuator
can be unlocked. If the retention exceeds this specific force, the actuator
cannot move from the lock position. 5 Thus, if an undesired vibration is
applied to the actuator in a nonoperating state from outside the magnetic
disk apparatus, the aforesaid retracting and locking mechanism inevitably
allows the actuator to move easily from the lock position. 10 Further, the
retracting and locking mechanism of this type includes the lower and upper
fixed yokes that are long enough to cover the whole movement region of the
movable permanent magnet (i.e., whole swinging range of the actuator). When
information is 15 recorded or reproduced by means of the magnetic head on
the distal end of the actuator, therefore, a retractive force that is
directed to the inner periphery of the disk continually acts on the
actuator. Accordingly, this conventional mechanism 20 has a problem that
the continually acting retractive force exerts a bad influence upon the
seeking operation of the magnetic head, and therefore, upon information
recording and/or reproducing operation. BRIEF SUMMARY OF THE INVENTION 25
An embodiment of the present invention has been contrived in consideration
of these circumstances, and its object is to provide a disk apparatus and
an   - 4  actuator holding method, capable of holding a nonoperating
actuator securely and steadily in a parking position without exerting a bad
influence upon information recording and/or reproducing operation. 5 In
order to achieve the above feature, a disk apparatus according to an aspect
of the invention comprises: a spindle motor which rotates a disk; an
actuator mounted, on the swinging distal end thereof, with a head which
records in and/or reproduces 10 information from the disk; a voice coil
motor which swings the actuator to move the head substantially in the
radial direction of the disk; a holding mechanism which holds the actuator
in a parking position in which the head is off an effective region of the
disk; 15 a first magnetic circuit which generates a first magnetic force
which acts so as to return the actuator to the parking position when the
actuator is deviated from the parking position; and a second magnetic
circuit which generates a second magnetic force which 20 acts so as to
return the actuator at least to a position in a range such that the
actuator can be returned to the parking position by means of the first
magnetic force when the actuator leaves the parking position overpassing
the range for the return. 25 According to an embodiment of the present
invention described above, the actuator having the head thereon can be
returned to the parking position 



- 5  by means of the first magnetic force if the actuator held in the
parking position is unexpectedly deviated from the parking position by
external force, for example. If the actuator is moved overpassing a range 5
such that it can be returned to the parking position by means of the first
magnetic force, it can be returned at least to a position in that range by
means of the second magnetic force. If the actuator is moved to a position
in a range such that it cannot be 10 returned to the parking position by
means of the first magnetic force, therefore, it can be returned by means
of the second magnetic force to a position in the range of action of the
first magnetic force. Thus, the range in which the magnetic force for
returning 15 the actuator to the parking position acts can be lengthened.
By suitably setting the range of action of the second magnetic force,
moreover, an appropriate magnetic force can be applied to the actuator
before the head reaches the effective region of the disk, and 20 the
information recording and/or reproducing operation can be prevented from
being adversely affected. BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE
DRAWING The accompanying drawings, which are incorporated in and constitute
a part of the specification, 25 illustrate embodiments of the invention,
and together with the general description given above and the detailed
description of the embodiments given below,   - 6  serve to explain the
principles of the invention. FIG. 1 is a schematic view showing a magnetic
disk apparatus according to an embodiment of the invention; 5 FIG. 2 is a
schematic view showing an actuator incorporated in the magnetic disk
apparatus of FIG. 1; FIGS. 3A to 3C are views illustrating the operation of
first and second magnetic circuits for returning the actuator of FIG. 2 to
a parking 10 position; FIG. 4 is a graph showing relations between torques
the first and second magnetic circuits apply to the actuator and the angle
of movement of the 



actuator; 15 FIG. 5 is a view illustrating an example in which the magnetic
material of the actuator is used also as a second magnetic body that
constitutes the second magnetic circuit; FIGS. 6A and 6B are views showing
modifications 20 in which the second magnetic body is located in different
positions; FIG. 7 is a view showing an example in which the boundary of a
permanent magnet to which a first magnetic body is opposed is shaped; and
25 FIG. 8 is a schematic view showing the elevation of a VCM incorporated
in the magnetic disk apparatus of FIG. 1.   _ 7 _ DETAILED DESCRIPTION OF
THE INVENTION An embodiment of the present invention will now be described
with reference to the accompanying drawings. 5 FIG. 1 is a schematic view
of a magnetic disk apparatus (disk apparatus) 1 according to the embodiment
of the invention. FIG. 2 is a schematic view of an actuator 5 incorporated
in the magnetic disk apparatus 1. 10 As shown in FIG. 1, the magnetic disk
apparatus 1 has a case 2 in the form of a substantially rectangular box. In
order to expose the internal structure of the magnetic disk apparatus 1,
its top cover (not shown) is removed. 15 A spindle motor 4 that supports
and rotates a magnetic disk 3 is located substantially in the center of a
case 2. A voice coil motor 6 (hereinafter referred to as VCM 6) for
swinging the actuator 5 is disposed outside the magnetic disk 3 in the case
2. 20 The VCM 6 has a molded coil 6a (see FIG. 2) on 



the rear end of the actuator 5, a substantially fanshaped permanent magnet
6b for applying magnetic flux to the coil 6a, a first yoke 6c fitted with
the permanent magnet 6b, and a second yoke 6d (see 25 FIG. 8). The
permanent magnet 6b and the second yoke 6d are opposed to each other with
the coil 6a between them. When the coil 6a that crosses the magnetic flux
_ 8 _ of the permanent magnet 6b is energized, the actuator 5 can be swung
around a rotating shaft 5a. First and second stoppers 6e and 6f are
attached individually to holes in the first yoke 6c, and serve to limit the
5 movable range of the coil 6a. A magnetic head 7 is mounted on the
swinging distal end of the actuator 5. It is used to record in and/or
reproduce information from the magnetic disk 3. When the actuator 5 is not
operating, its distal end 10 is held and bound outside the magnetic disk 3
by frictional force between the actuator 5 and a ramp 8 that is situated
off the disk 3 and supports a tip of the actuator 5. When the actuator 5 is
nonoperating, in other words, the magnetic head 7 is evacuated from 15 an
effective region for disk recording and reproduction, and the actuator 5 is
held in a parking position. The parking position is a position where a
member for molding the coil 6a is in contact with the first stopper 6e. 20
Thus, the ramp 8 holds the actuator 5 in the parking position by means of
the frictional force between itself and the actuator 5. If external force
that is great enough to resist the frictional force is applied to the case
2, for example, therefore, the 25 actuator 5 is disengaged from the ramp 8
and moves unexpectedly from the parking position. In this case, the
magnetic disk 3 is not rotating. If the magnetic   _ 9 _ head 7 faces the
effective region of the magnetic disk 3, therefore, they touch each other
so that both or one of them may be damaged. Thus, if the case 2 is
undesirably vibrated to 5 move the nonoperating actuator 5 away from the
parking position, a mechanism is needed to return the actuator 5
automatically to the parking position. In the present embodiment, as shown
in FIG. 2, the return mechanism for the actuator 5 includes first 10 and
second magnetic bodies 11 and 12. The magnetic bodies 11 and 12 are fixed
to the rear end of the actuator 5 by molding and spaced in the direction of
the radius of swing of the actuator 5. 



More specifically, the first magnetic body 11 is 15 situated opposite the
rear end of the substantially fan-shaped permanent magnet 6b of the VCM 6
in its radial direction (width direction). The second magnetic body 12 is
situated opposite the width direction front end of the permanent magnet 6b.
In 20 other words, the permanent magnet 6b is located between the first and
second magnetic bodies 11 and 12. Further, the radially opposite end
portions of the permanent magnet 6b are shaped individually 25
corresponding to the first and second magnetic bodies 11 and 12 and form
two protuberances 13 and 14, individually. The first magnetic body 11 and
the   - 10  protuberance 13 constitute a first magnetic circuit of the
invention, while the second magnetic body 12 and the protuberance 14
constitute a second magnetic circuit of the invention. In other words, the
first 5 and second magnetic bodies 11 and 12 and the two protuberances 13
and 14 are positioned so that the first and second magnetic circuits behave
in the following manner. The functions of the first and second magnetic 10
circuits will now be described with reference to FIGS. 3A to 3C and FIG. 4.
FIGS. 3A to 3C show the relative positions of the first and second magnetic
bodies 11 and 12 and the two protuberances 13 and 14 of the permanent
magnet 6b, which depend on the 15 position of swing of the actuator 5. FIG.
4 is a graph showing the change of torque that the first and second
magnetic circuits apply to the actuator 5, depending on the position of
swing of the actuator 5. The actuator 5 is continually urged toward the
parking 20 position by the first and second magnetic circuits. When the
actuator 5 is held in the parking position by the ramp 8, the swing angle
of the actuator 5 is 0, and only a first magnetic force that is generated
by the first magnetic circuit acts on the 25 actuator 5. FIG. 3A shows the
relative positions of the first and second magnetic bodies 11 and 12 and
the two protuberances 13 and 14 of the permanent   - 11  magnet 6b. In this
state, the first magnetic body 11 is situated near the boundary of the
protuberance 13 and is attracted by leakage flux from the protuberance 13,
5 whereby the actuator 5 is bound and held in the parking position. On the
other hand, the second magnetic body 12 is situated not near the boundary
of its corresponding protuberance 14 but substantially right under the
protuberance 14. Thus, there is 



10 hardly any vector component of a second magnetic force that affects the
second magnetic body 12 in the swinging direction of the actuator 5. If
external force is applied to the case 2 in this state, for example, the
actuator 5 is slightly 15 rocked away from the parking position, as shown
in FIG. 3B. Thereupon, the actuator 5 is returned to the parking position
by the first magnetic force of the first magnetic circuit. More
specifically, if the actuator 5 swings from the parking position, the first
20 magnetic body 11 that is situated on the boundary of the protuberance 13
moves away from the protuberance 13 (or in the counterclockwise direction
of FIG. 3B). However, the first magnetic body 11 is pulled in the direction
(clockwise direction in FIG. 3B) reverse to 25 the swinging direction by
the leakage flux from the protuberance 13, so that the actuator 5 is
returned to the parking position.   - 12  If the actuator 5 leaves
overpassing a range such that the parking position by means force, as shown
in FIG. 3C, o 5 second magnetic force that is magnetic circuit then acts on
the parking position it can be returned to of the first magnetic z the
other hand, the generated by the second the actuator 5. Thus, in the state
shown in FIG. 3C, the second magnetic body 12, having moved
counterclockwise from under its corresponding protuberance 14, is situated
10 near the boundary of the protuberance 14. If the actuator 5 is swung to
the state shown in FIG. 3C, therefore, the actuator 5 is urged toward the
parking position by means of the second magnetic force. In consequence, the
actuator 5 is returned to an angular 15 range (state of FIG. 3B) such that
it can be returned to the parking position by means of the first magnetic
force at the least. According to the present embodiment, as described
above, the first and second magnetic forces are 20 applied to the actuator
5 at different points of time depending on the position of swing (i.e.,
swing angle) of the actuator, as shown in FIG. 4. Thus, the actuator 5 can
be returned to the parking position by means of a magnetic force having a
torque curve that 25 combines the first and second magnetic forces.
According to the torque curve of the present embodiment shown in FIG. 4,
the angular range in which   - 13  the actuator 5 can be returned to the
parking position can be made wider than in the conventional case without
failing to restrain the peak of torque. In FIG. 4, a prior art example is
represented by a torque 5 curve for the case where only the first magnetic
body is attached to the rear end of the actuator 5. If the peak of torque
is restrained, the actuator 5 in operation can be moved from the parking
position with a minimum necessary force. If the angular range 10 in which
the torque acts on the actuator 5 is widened, moreover, the actuator 5 can
be returned securely and steadily to the parking position even though it is
moved far from the parking position. In the present embodiment, the swing
angle with which the actuator 5 



15 can be returned to the parking position can be widened to about 12 to
13. The range of this swing angle is an angular range covered just before
the magnetic head 7 mounted on the distal end of the actuator 5 reaches the
effective region of the magnetic disk 3. 20 Therefore, the first and second
magnetic forces that are generated by the first and second magnetic
circuits never act on the actuator 5 when the magnetic head 7 faces the
effective region. Thus, torque that is used to return the actuator 5 to the
parking 25 position never exerts a bad influence upon the information
recording and/or reproducing operation by means of the magnetic head 7.   -
14  The present invention is not limited to the embodiment described above,
and various changes and modifications may be effected therein without
departing from the scope or spirit of the invention. 5 Additional
advantages and modifications will readily occur to those skilled in the
art. Therefore, the invention in its broader aspects is not limited to the
specific details and representative embodiments shown and described herein.
Accordingly, various 10 modifications may be made without departing from
the spirit or scope of the general inventive concept as defined by the
appended claims and their equivalents. In the foregoing embodiment, for
example, the two magnetic bodies 11 and 12 are molded on the rear end 15 of
the actuator 5. Alternatively, however, at least one magnetic body (second
magnetic body 12 in this case) may be formed by shaping the magnetic
material that constitutes the actuator 5, as shown in FIG. 5. In this
example, a lug 20 that functions as the second 20 magnetic body 12 is
formed by shaping a pedestal for molding the coil 6a of the VCM 6. In the
embodiment described above, moreover, the first magnetic body 11 that
constitutes the first magnetic circuit in conjunction with the permanent 25
magnet 6b is located near the rear end of the actuator 5, while the second
magnetic body 12 that constitutes the second magnetic circuit is located
near the   - 15  rotating shaft 5a with the permanent magnet 6b between
them. However, it is necessary only that the first magnetic force generated
by the first magnetic circuit and the second magnetic force generated by
the second 5 magnetic circuit be applied at the aforesaid different points
of time depending on the swing angle of the actuator 5. For example, the
first and second magnetic bodies 11 and 12 may be located in the positions
shown in FIGS. 6A and 6B. 10 In the position shown in FIG. 6A, the second 



magnetic body 12 faces the radially inside end portion of the permanent
magnet 6b and is shifted in the swinging direction of the actuator 5. If
the second magnetic body 12 is located in the position shown in 15 FIG. 6A,
for example, the corresponding inside end portion of the permanent magnet
6b is shaped to form a protuberance 14': In this case, the distances of
movement covered by the first and second magnetic bodies 11 and 12 can be
differentiated with respect to 20 the swing angle of the actuator 5. Thus,
the degree of freedom of the design of the two magnetic circuits can be
enhanced. In the foregoing embodiment, furthermore, the first magnetic body
11 that constitutes the first 25 magnetic circuit is located on the outside
in the radial direction, while the second magnetic body 12 that constitutes
the second magnetic circuit is   - 16  located on the inside. By doing
this, the torque curve of the second magnetic circuit is made gentler than
that of the first magnetic circuit, as shown in FIG. 4. Thus, the extent of
the torque curve can be 5 varied by changing the radial positions for the
magnetic bodies. Further, the number of magnetic bodies for returning the
actuator 5 to the parking position and their respective sizes, shapes,
positions, etc. and 10 the number of protuberances formed on the permanent
magnet 6b, corresponding to the magnetic bodies, and their respective
sizes, shapes, positions, etc. may be changed as required. In short, it is
necessary only that the peak of the torque for returning the actuator 15 5
to the parking position be restricted to a fixed level and that the angular
range for the torque be widened. For example, a protuberance 13'
corresponding to the first magnetic body 11 may be shaped in the manner 20
shown in FIG. 7. In this case, the boundary of the protuberance 13' that
faces the first magnetic body 11 is inclined at an angle to the moving
direction of the magnetic body 11, so that the torque that acts on the
magnetic body 11 can be increased as the parking 25 position is approached.
Thus, the shape of the torque curve of the magnetic circuit can be modified
by changing the shape of the boundary of the magnet that   - 17  applies
the magnetic flux to the magnetic body. In the embodiment described above,
moreover, the magnetic circuits are formed by utilizing the leakage flux
from the permanent magnet 6b of the VCM 6. 5 Alternatively, however, a
magnet that forms a magnetic circuit between itself and a magnetic body may
be provided independently of the permanent magnet 6b of the VCM 6. In place
of the first and second magnetic bodies 11 and 12, furthermore, a permanent
magnet may 10 be fixed to the actuator 5. In this case, the case 2 



of the magnetic disk apparatus 1 or the like is provided with a magnetic
body that acts on the permanent magnet.   - 18  WHAT IS CLAIMED IS: 1. A
disk apparatus comprising: a spindle motor which rotates a disk; an
actuator mounted, on the swinging distal end 5 thereof, with a head which
records in and/or reproduces information from the disk; a voice coil motor
which swings the actuator to move the head substantially in the radial
direction of the disk; 10 a first magnetic circuit which generates a first
magnetic force which acts so as to return the actuator to a parking
position in which the head is off an effective region of the disk when the
actuator is deviated from the parking position; and 15 a second magnetic
circuit which generates a second magnetic force which actuator to a
position in a actuator can be returned to means of the first magnetic 20
leaves the parking position the return. acts so as to return the range such
that the the parking position by force when the actuator overpassing the
range for 2. A disk apparatus according to claim 1, wherein the first and
second magnetic circuits include a magnet of the voice coil motor and first
and second 25 magnetic bodies fixed to the rear end of the actuator in a
spaced manner, respectively. 3. A disk apparatus according to claim 2,   -
19  wherein the first and second magnetic bodies are spaced in the
direction of the radius of swing of the actuator. 4. A disk apparatus
according to claim 3, 5 wherein the first and second magnetic bodies are 



spaced slightly overreaching the width of the magnet in the radial
direction and are located in positions opposite the width-direction end
portions of the magnet. 10 5. A disk apparatus according to claim 4,
wherein the width-direction end portions of the magnet are shaped so that
given magnetic forces act on the first and second magnetic bodies,
individually, depending on the position of swing of the actuator. 15 6. A
disk apparatus according to claim 2, wherein at least one of the first and
second magnetic bodies is formed by shaping a magnetic member which
constitutes the actuator. 7. A disk apparatus according to claim 1, 20
wherein the second magnetic circuit is designed lest the second magnetic
force act on the actuator when the head faces the effective region. 8. An
actuator holding method, comprising: a holding step of holding an actuator,
which is 25 mounted, on the swinging distal end thereof, with a head which
records in and/or reproduces information from a rotating disk, in a parking
position in which   - 20  the head is off an effective region of the disk
when the actuator is not operating; a first returning process of working a
first magnetic force so as to return the actuator to the 5 parking position
when the actuator held in the parking position is deviated from the parking
position; and a second returning process of working a second magnetic force
so as to return the actuator to a position in a range such that the
actuator can be 10 returned to the parking position by means of the first
magnetic force when the actuator leaves the parking position overpassing
the range for the return. 9. An actuator holding method according to claim
8, wherein the first and second returning 15 .processes include applying
leakage flux from a magnet of a voice coil motor, which swings the
actuator, to first and second magnetic bodies, which are fixed to the rear
end of the actuator in a spaced manner, at different points of time
depending on the position of 



20 swing of the actuator, thereby returning the actuator to the parking
position.
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