
;e3eebD:Zp6TGP9 *159159* *Gpppp2* - 1  TITLE OF THE INVENTION DISK UNIT,
YOKE BUILT IN DISK UNIT AND PROCESS OF MANUFACTURING SAME BACKGROUND OF THE
INVENTION 5 The present invention relates to a disk unit which performs the
writing and reading of data to and from a medium in the form of a disk, a
yoke built into this disk unit and a process of manufacturing this yo ke .
10 A disk unit comprises a spindle motor which supports and rotates a
medium in the form of a disk (hereinafter referred to simply as a disk), a
head which performs the writing and reading of data to and from the disk, a
suspension arm which is provided, at 15 its leading end, with the head and
which causes the head to be opposed to a desired track on the disk by
oscillating the head, a bearing which oscillatably supports the suspension
arm, and a voice coil motor to oscillate the suspension arm. 20 As a voice
coil motor, one which is disclosed in Jpn. Pat. Appln. KOKAI Publication
No. 6-325507, for example, is known. This voice coil motor has a coil which
is integrally attached to a bearing which supports a suspension arm, a
magnet to generate a 25 magnetic field in the coil, a top yoke to which the
magnet is bonded, and a bottom yoke opposed to the top yoke in such a
positional relation that the coil is   - 2  sandwiched between the bottom
yoke and the magnet. Thus, by causing a driving current to flow through the
coil, an electromagnetic force is generated and the suspension arm is
oscillated so that 5 the head is opposed to a desired track on the disk.
However, the above-described conventional voice coil motor had the problem
that a leakage flux through the yoke occurs. That is, when the yoke is made
thin for miniaturization and weight reduction of the 10 disk unit, magnetic
saturation occurs in the yoke, generating an undesirable leakage flux. When
a leakage flux is generated, undesirable magnetic fields are generated
inside and outside the unit, thus posing the problem that irregularities
such as noise occur. 15 Although it is, therefore, conceivable to increase
the yoke thickness in the direction of the magnetic flux of magnet, the
yoke becomes heavy, and this idea is inconsistent with weight reduction.
Furthermore, attaching a plate piece or the like, as 20 a separate body, to
the yoke in order to increase the thickness, poses the problem that the
manufacturing cost increases. 



BRIEF SUMMARY OF THE INVENTION The object of the invention is to provide a
yoke 25 which can be inexpensively and easily manufactured, effectively
suppress leakage flux and exercise sufficient performance, a disk unit
provided with   - 3  this yoke, and a process of manufacturing this yoke.
The yoke related to an embodiment of the invention is at least one of a
pair of yokes constituting a magnetic circuit with a magnet 5 sandwiched
between the pair of yokes, and comprises: a main body in the shape of a
plates and a plate piece portion integrally provided in a condition
extended from an end side of this main body. In this yoke, the yoke
thickness is increased in the direction of 10 the magnetic flux of the
above-described magnet by bending the above-described plate piece portion
at the above-described end side and superposing the plate piece portion on
the above-described main body. According to this embodiment, the main body
and 15 plate piece portion can be simultaneously formed, for example, by
press working and the yoke can be manufactured simply by folding the plate
piece portion onto the main body. In addition, the thickness of a desired
portion of the yoke can be easily and 20 selectively increased and the
generation of leakage flux to the outside can be effectively suppressed in
a condition where a magnetic circuit is formed with the magnet sandwiched.
Furthermore, the disk unit related to an 25 embodiment of the invention
comprises: a recording medium in the form of a disk; a spindle motor which
supports and rotationally drives this recording   - 9  medium; a head which
performs the reading of data from 



the recording medium; a suspension arm to the leading end of which this
head is attached; a bearing which oscillatably supports this suspension
arm; and a voice 5 coil motor which is provided in the vicinity of the tail
end of the above-described suspension arm and which causes the
above-described head to be opposed to a desired track of the
above-described recording medium by oscillating the above-described
suspension 10 arm with the above-described bearing serving as an axis of
oscillation. The above-described voice coil motor comprises: a coil
integrally attached to the vicinity of the tail end of the above-described
suspension arm; a magnet to cause a magnetic field 15 to act on this coil;
and a pair of yokes which forms a magnetic circuit with the above-described
magnet and coil sandwiched between the yokes. At least one of the
above-described pair of yokes comprises: a main body in the shape of a
plate; and a plate piece 20 portion integrally provided in a condition
extended from an end side of the above-described main body. In this disk
unit, the yoke thickness is increased in the direction of the magnetic flux
of the abovedescribed magnet by bending the above-described plate 25 piece
portion at the above-described end side and superposing the plate piece
portion on the abovedescribed main body.   - 5  Furthermore, as the process
of manufacturing the yoke related to an embodiment of the invention, there
is provided a process of manufacturing at least one of a pair of yokes
constituting a magnetic circuit with 5 a magnet sandwiched between the
yokes, which comprises the steps of: forming, by press working, a
plate-like body which comprises a main body in the form of a plate having a
uniform thickness in the direction of the magnetic flux of the
above-described magnet and a 10 plate piece portion integrally provided in
a condition extended from an end side of this main body; and bending the
above-described plate piece portion at the above-described end side and
superposing the plate piece portion on the above-described main body. 15
According to this embodiment, the yoke can be manufactured simply by
simultaneously forming the main body and the plate piece portion by press
working and folding the plate piece portion onto the main body. Because the
yoke thickness is increased by this 20 method, the step of attaching the
plate piece portion to the main body becomes unnecessary, with the result
that the number of parts and manufacturing steps can be reduced and that
the yoke manufacturing cost can be reduced. 25 Additional objects and
advantages of the invention will be set forth in the description which
follows, and in part will be obvious from the   - 6  description, or may be
learned by practice of the invention. The objects and advantages of the
invention may be realized and obtained by means of the instrumentalities
and combinations particularly 



5 pointed out hereinafter. BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE
DRAWING The accompanying drawings, which are incorporated in and constitute
a part of the specification, illustrate embodiments of the invention, and
together 10 with the general description given above and the detailed
description of the embodiments given below, serve to explain the principles
of the invention. FIG. 1 is a perspective view of the rough structure of a
disk unit related to an embodiment of 15 the invention. FIG. 2 is a
schematic illustration of a voice coil motor built into the disk unit of
FIG. 1. FIG. 3 is a developed view of a bottom yoke of the voice coil motor
of FIG. 2 before fold. 20 FIG. 4 is a sectional view of the bottom yoke of
FIG. 3 taken along line A-A of that figure. DETAILED DESCRIPTION OF THE
INVENTION An embodiment of the invention will be described in detail below
by referring to the drawings. 25 In FIG. 1 is shown the rough structure, in
perspective, of a hard disk drive 10 (hereinafter referred to as an HDD 10)
as a disk unit related to    an embodiment of the invention. The HDD 10 has
a case 12 in the shape of a rectangular box having an open top face, and a
top cover (not shown) which closes the top-end opening 5 of the case 12 by
being screwed to the case 12 by application of multiple twists. That is,
FIG. 1 shows a condition in which the top cover is removed in order to
illustrate the inner structure of the HDD 10. Within the case 12 are
housed, for example, 



10 two magnetic disks 16 as recording media, a spindle motor 18 which
supports and rotationally drives these magnetic disks 16, four suspension
arms 20, which are each provided, at their respective leading ends, with a
magnetic head (not shown) which performs the reading 15 and writing of
information from and to the two surfaces of each of the magnetic disks 16,
a bearing assembly 22 (bearing) to rotatably support each of these
suspension arms 20 with respect to the magnetic disk 16, a voice coil motor
(hereinafter referred to 20 as a VCM) 24 to rotate and position each
suspension arm 20, a ramped loading mechanism which holds the magnetic head
of each suspension arm 20, which has moved to the outermost periphery of
the magnetic disk 16, in a position spaced from the magnetic disk 16, 25
and a substrate unit 21. Each suspension arm 20 has an arm 26, the base end
portion of which is attached to a bearing assembly   _ g _ 22, and a head
suspension assembly 28, which is attached to the leading end of the arm 26
and which pendently supports the magnetic head (not shown) at the leading
end thereof via a slider (not shown). 5 Also, on the outer surface of the
bottom wall of the case 12, a printed circuit board (not shown) which
controls the operation of the magnetic head (not shown), the spindle motor
18, and the VCM 24 is screwed, via the substrate unit 21. 10 Each magnetic
disk 16 is formed with a diameter of 65 mm (2.5 inches) and has a magnetic
recording layer on each of the top and bottom faces. The magnetic disk 16
is coaxially engaged by a hub (not shown) of the spindle motor 18 and held
by a clamp 15 spring 17. And the two magnetic disks 16 are rotationally
driven at a prescribed speed by the spindle motor 18. The four suspension
arms 20 are oscillated by the VCM 24 with the bearing assembly 22 serving
as an axis 20 of oscillation, and each of the magnetic heads provided on
the respective leading ends of the suspension arms 20 is moved onto a
desired track on the magnetic disk 16. And the reading and writing of data
from and to the magnetic disks 16 are performed 25 via the magnetic heads.
In FIG. 2 is shown the rough structure of the above-described VCM 24.   _ g
_ The VCM 24 has a voice coil 31 attached to the above-described bearing
assembly 22, a magnet 32 to cause a magnetic field to act on the voice coil
31, and a top yoke 33 and a bottom yoke 34 (hereinafter 5 sometimes
collectively referred to as a yoke), which are provided opposite to each
other in such a positional relation that the voice coil 31 and magnet 32
are sandwiched between the two yokes and which form a magnetic circuit
together with the magnet 32. 10 The top yoke 33 is fixedly installed, by
means of a screw 37, to a base 36 having a recess 35, and within the recess
35 are disposed the magnet 32, voice coil 31 and bottom yoke 34. The magnet
32 is bonded to a bottom face side 15 where the top yoke 33 is opposed to
the recess 35. The bottom yoke 34 is fixedly installed to the bottom of the
recess 35 by means of a screw 38 so as to be opposed to the top yoke 33 in
a posture parallel to the top yoke 33. Incidentally, on the bottom of 20
the recess 35 is further formed a recess 39 to house a plate piece portion
42 of the bottom yoke 34, which will be described later. A void 40 is
formed between the bottom face of the magnet 32 and the top face of the
bottom yoke 34, and the voice coil 31 is 25 insertionally arranged in this
void 40 in a noncontact condition via a prescribed gap. 



The voice coil 31 is attached to a support frame   - 10  (not shown) by
molding. By integrally attaching this support frame to the bearing assembly
22 to which the tail ends of the suspension arms 20 are attached, the voice
coil 31 is integrated into the four suspension 5 arms 20. That is, the four
suspension arms 20 and voice coil 31 are integrated via the bearing
assembly 22 and can integrally oscillate with the bearing assembly 22
serving as an axis of oscillation. The magnet 32 is formed almost in the
shape of 10 a fan having a curvature with the bearing assembly 22 regarded
as the center, and magnetized in such a manner that the south and north
poles change with a magnetization division line 32a, which divides the fan
shape into two, serving as the boundary. 15 The voice coil 31 is formed in
a roughly trapezoidal shape having almost equal oblique lines, and arranged
so that the two oblique lines of the trapezoid are opposed to the magnet 32
with the magnetization division line 32 interposed between the two oblique
20 lines. That is, the direction of the magnetic field of the magnet 32
extends almost straight toward the bottom yoke 34, and the two oblique
lines are inserted into spaces where the direction of the magnetic field is
different. 25 Thus, when a driving current is caused to flow from a driving
circuit (not shown) through the voice coil 31, the voice coil 31 is
oscillated with the   - 11  bearing assembly 22 serving as an axis of
oscillation by an electromagnetic force, which is an interaction with a
magnetic field formed by the magnet 32. That is, by changing the direction
of the driving current, 5 the four suspension arms 20 can be oscillated in
a desired direction and the magnetic head attached to the leading end of
each of the suspension arms 20 can be opposed to a desired track of the
magnetic disk 16. The thickness of each of the magnet 32, top yoke 10 33
and bottom yoke 34, which constitute the abovedescribed magnetic circuit,
is set at an almost uniform thickness, with the exception of the area of a
counterbore 34a where a tapped hole used to screw the bottom yoke 34 to the
bottom of the base 36 is formed. 15 The counterbore 34a is inevitably
formed so that the head of the screw 38 is not interposed in the void 40.
The thickness distribution of the magnet 32, top yoke 33 and bottom yoke 34
is designed so that the torque of the VCM 24 is maximized as far as
possible 20 with the weight of the VCM 24 minimized as far as possible.
That is, reducing the weight of the VCM 24 can contribute to the weight
reduction of the HDD 10 and the seek speed of the magnetic head can be
raised by increasing the VCM torque. 25 In addition, in order to ensure
that the weight of the VCM is reduced after a VCM torque of sufficient
magnitude is secured, it is effective to reduce the   - 12  thickness of
the yokes 33, 34. However, if the thickness of the yokes 33, 34 is reduced
too much, the yokes easily reach magnetic saturation and leakage fluxes
occur from the yokes. When leakage flux occurs 5 as in this case,
irregularities such as noise are produced by the influence of the magnetic
field. Conversely, if the thickness of the yokes 33, 34 along the direction
of a magnetic flux is increased in order to suppress leakage flux, the
weight of the VCM 10 24 increases, providing inconsistency with the purpose
of the weight reduction of the HDD 10. In this embodiment, therefore, by
partially increasing the thickness of the yokes 33, 34 along the direction
of the magnetic flux, leakage flux is 



15 effectively suppressed with a weight increase held in check and the VCM
torque is maximized as far as possible. Because the top yoke 33 and bottom
yoke 34 have an area sufficiently larger than that of the magnet 20 32, the
magnetic flux density through the yokes is higher near the middle of the
magnet 32, i.e., near the magnetization division line 32a than near the
periphery of the magnet 32. For this reason, a leakage flux can be
effectively suppressed by 25 partially increasing the thickness of the
yokes 33, 34 along the direction of magnetic flux near the magnetization
division line 32a.   - 13  Because in increasing the thickness of the top
yoke 33 and/or bottom yoke 34, it is physically impossible to increase the
thickness in the direction of the void 40 where the voice coil 31 is
interposed, 5 it might be necessary to increase the thickness to the
outside of the yokes 33, 39 away from the void 40. For example, when the
thickness of the bottom yoke 34 near its middle is to be increased, it
might be necessary to increase the thickness in such a manner 10 that a
convexity is formed on the outer side, i.e., the bottom face side of the
yoke 34. However, because on the top face side of the bottom yoke 34 a
recess (i.e., counterbore 34a) used for screwing is necessary, it is
impossible to form a 15 convexity by press working on the opposite side
(i.e., bottom face side). For this reason, although it is conceivable to
attach the convexity as a body separate from the bottom yoke 34, in this
method it is necessary to prepare the convexity as a separate body 20 and
the number of parts increases. Furthermore, work for attaching the
convexity to the bottom face of the bottom yoke 34 becomes necessary and
the number of manufacturing steps increases, posing the problem that the
manufacturing cost increases. 25 In FIG. 3 is shown a condition where the
bottom yoke 34 of this embodiment is spread. That is, the bottom yoke 34 of
this embodiment is formed as   - 14  a plate-like body 34', which has a
roughly fan-shaped main body 41, in which the bearing assembly 22 serves as
the center of the fan, and a plate piece portion 42 in the shape of a
roughly rectangular plate integrally 5 provided in a condition extended
from one end side of the main body 41. As shown also in FIG. 4, a V-shaped
groove 43 used to facilitate bending working is formed at the end side
between the main body 41 and the plate piece portion 42. The V-shaped
groove 43 is formed on 10 the same side as the two counterbores 34a formed
on the top face side of the main body 41. That is, the plate-like body 34'
is formed in a shape capable of being formed by press working.
Incidentally, the plate piece portion 42 is provided in such a position 15
that in the position of the V-shaped groove 43, the plate piece portion 42
overlaps almost the middle of the main body 41 when folded 180 to the
bottom face side of the main body 41. The plate thickness of the plate
piece portion 42 20 may be set at such a thickness that leakage flux
leaking from the bottom yoke 34 to the bottom face side scarcely occurs
when the plate piece portion 42 is built in the magnetic circuit as the
bottom yoke 34, as shown in FIG. 2, or as shown in FIG. 4, the 25 thickness
of the plate piece portion 42 may be reduced to a thickness smaller than
the plate thickness of the main body 41 for weight reduction. Incidentally,



- 15  from the standpoint of ease of press working, it is preferred that
the plate thickness of the main body 91 and the plate thickness of the
plate piece portion 42 be the same. In this case, this plate thickness 5
should be a thickness obtained by dividing the design value of thickness of
the bottom yoke 34, which is capable of suppressing leakage flux, into two
equal parts. In manufacturing the bottom yoke 34, the plate 10 like body
34' shown in FIG. 3 is first fabricated by press working. The plate-like
body 34' permits press working because this plate-like body is formed in
such a manner that the bottom face side of the main body 41, which comes
into face contact in a folded 15 condition, obtains a flat surface and only
the top face side is worked to provide concavity and convexity. And the
plate piece portion 42 of the plate-like body 34' formed by press working
is bent 180 in the position of the V-shaped groove 43 and 20 superposed on
the bottom face side of the main body 41. As a result, the plate piece
portion 42 is folded almost in the middle of the main body 41 and the
bottom yoke 34, in which the thickness of the middle portion is partially
increased, is manufactured. 25 As described above, according to this
embodiment, the bottom yoke 39, in which the thickness of the middle
portion is partially increased, can be easily   - 16  manufactured by
simple work which involves forming the plate-like body 34' shown in FIG. 3
by press working and simply folding the plate piece portion 42 in the
position of the V-shaped groove 43. Incidentally, 5 this bottom yoke 34,
when built in a magnetic circuit, can effectively suppress leakage flux
without a substantial increase in the weight of the bottom yoke 34 and
generate a sufficient VCM torque. Incidentally, the invention is not
limited to the 10 above-described embodiment and can be varied variously
within the scope of the invention. For example, although in the
above-described embodiment the bottom yoke 34 was representatively
described, it is also possible to apply the invention to the top yoke 33.
15 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 20 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.   - 17  WHAT IS
CLAIMED IS: 1. At least one of a pair of yokes constituting a magnetic
circuit with a magnet sandwiched therebetween, comprising: 5 a main body in
the shape of a plate; and a plate piece portion integrally provided in a
condition extended from an end side of said main body, wherein the yoke
thickness is increased in the 



10 direction of a magnetic flux of said magnet by bending said plate piece
portion at said end side and superposing the plate piece portion on said
main body. 2. A yoke according to claim 1, wherein said plate piece portion
is provided in a portion where the 15 magnetic field of said magnet is
relatively strong. 3. A yoke according to claim 1, wherein said plate piece
portion is folded on the side where said main body is spaced from said
magnet. 4. A yoke according to claim 1, wherein the 20 thickness of said
plate piece portion is set at such a thickness that a leakage flux passing
through said plate piece portion is not generated. 5. A yoke according to
claim 1, wherein said main body and plate piece portion are formed with the
25 same thickness and manufactured by press working. 6. A disk unit,
comprising: a recording medium in the form of a disk;   - 18  a spindle
motor which supports and rotationally drives this recording medium; a head
which performs the reading of data from said recording medium; 5 a
suspension arm to the leading end of which this head is attached; a bearing
which oscillatably supports this suspension arm; and a voice coil motor
which is provided in the 10 vicinity of the tail end of said suspension arm
and which causes said head to be opposed to a desired track of said
recording medium by oscillating said suspension arm with said bearing
serving as an axis of oscillation, 15 said voice coil motor comprising: a
coil integrally attached to the vicinity of the tail end of said suspension
arm; a magnet to cause a magnetic field to act on this coil; and 20 a pair
of yokes which forms a magnetic circuit with said magnet and coil
sandwiched therebetween, 



at least one of said pair of yokes, comprising: a main body in the shape of
a plate; and a plate piece portion integrally provided in a 25 condition
extended from an end side of said main body, wherein the yoke thickness is
increased in the direction of a magnetic flux of said magnet by bending   -
19  said plate piece portion at said end side and superposing the plate
piece portion on said main body. 7. A disk unit according to claim 6,
wherein said plate piece portion is provided in a portion 5 where the
magnetic field of said magnet is relatively strong. 8. A disk unit
according to claim 6, wherein said plate piece portion is folded on the
side where said main body is spaced from said magnet. 10 9. A disk unit
according to claim 6, wherein the thickness of said plate piece portion is
set at such a thickness that a leakage flux passing through said plate
piece portion is not generated. 10. A disk unit according to claim 6,
wherein 15 said main body and plate piece portion are formed with the same
thickness and manufactured by press working. 11. A process of manufacturing
at least one of a pair of yokes constituting a magnetic circuit with a
magnet sandwiched therebetween, comprising the steps 20 of: forming, by
press working, a plate-like body which comprises a main body in the form of
a plate having a uniform thickness in the direction of a magnetic flux of
said magnet and a plate piece portion 25 integrally provided in a condition
extended from an end side of this main body; and 



bending said plate piece portion at said end side   20 and superposing said
plate piece portion on said main body.
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