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Title of the Invention:

A magnet design for active damping



Det ai | ®d Description of the Invention: [ 0001] [Field of the invention]
The present invention relates to a disk drive, an actuator, and a stator
magnet configuring a voice coil notor (hereinafter, this is called a VCM
of the actuator, and in particular, to the configuration for inproving a
br eat hi ng phenonmenon of a coil occurring during the operation of the VCM
[ 0002] [ Background art] Figure 10 is a schematic of an actuator 100
used in a conventional hard disk drive.

2

Detailed Description of the Invention:

[0001]
[Field of the invention]-

The present invention relates to a disk drive, an actuator, and
a stator.magnet configuring a voice coil motor (hereinafter,
this is called a VvCM) of the actuator, and in particular, to
the configuration for improving a breathing phenomenon of a

coil occurring during the operation of the VCM. .

[0002]
[Background art]

Figure 10 is a schematic of an actuator 100 used in a
conventional hard disk drive.

In the drawing, an actuator arm 101 is configured by a
suspension 102 and a coil support part 103 in one piece, 1is
rotatably supported by a rotary shaft 104 setting on a base
(not shown), and is driven by a VCM, described later, in the
direction shown by an arrow J or K.



| n t he ¥dr awi ng,

coi | support part 103 in one piece, is rotatably supported by a rotary

shaft 104
ater, in
3 [ 0003]

setting on a base (not shown), and is driven by a VCM descri bed

the direction shown by an arrow J or K
A slider 109 is supported in an edge of the suspension 102,

and respective heads for reading and witing that are not shown are

provi ded on this slider 109. When the actuator arm 101 is positioned on a
recordi ng surface of a hard disk (not shown) rotating, the actuator 100 is

configured so that the heads face the recording surface with keeping a

predet er m

slider 109 flyi'ng over the recording surface of the disk. [ 0004] In the

p between the recording surface and thensel ves by the

actuator arm 101, the slider 109 is supported in the

A slider 109 is supported in an edge of the suspension 102, and
respective heads for reading and writing that are not shown are
provided on this slider 109. When the actuator arm 101 is
positioned on a recording surface of a hard disk (not shown)
rotating, the actuator 100 is configured so that the heads face
the recording surface with keeping a predetermined gap between
the recording surface and themselves by the slider 109 flying
over the recording surface of the disk.

[0004]

In the actuator arm 101, the slider 109 is supported in the
edge of the suspension 102 as described above. Nevertheless, a
pair of coil supports 103a and 103b for sandwiching a flat coil
105 configuring the VCM is formed in the coil support part 103
positioned in the opposite side of the slider 109 against the
rotation shaft 104.

[0005]

A lower stator magnet retention plate 106 fixed on the base
retains a stator magnet 107 below the flat coil 1051 The
stator magnet 107 has a north pole 107a and a south pole 107b,
and these are formed with making a boundary 107c a borderline.
The VCM is configured by these flat coil 105 and stator magnet
107, and the actuator 100 is configured by this VCM and the
actuator arm 101.

[0006]

In the confiqguration described above, the flat coil 105 obtains

‘a force in a rotational direction shown by an arrow H in each

of the side edges 105a and 105b. This is because the flat coil
105 is located so that an electromagnetic action may occur
between the flat coil 105 and stator magnet 107. Therefore,
the actuator arm 101 obtains a rotary force in a clockwise

an actuator arm 101 is configured by a suspension 102 and a



edge of the suspension 102 as descri bed above. Neverthel ess, a pair of coi
supports 103a and 103b for sandwi ching a flat coil 105 configuring the VCM
is formed in the coil support part 103 positioned in the opposite side of
the slider 109 against the rotation shaft 104. [ 00. 05] A | ower stator
magnet retention plate 106 fixed on the base retains a stator magnet 107
below the flat coil 105. The stator nagnet 107 has a north pole 107a and
a south pole 107b,_and these are formed with making a boundary 107c a
borderline. The VCMis configured by thbse flat coil 105 and stator magnet
107, and the actuator 100 is configured by this VCM and the actuator arm
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stator nagpetnl@frow dhetréosctudtier anhuatodr abtaihelaokbaang sores afy force
In-a Cloc%ﬂ%SSounterclockwise direction. This 1s because the flat coil

105 obtains a force in the rotary direction shown by an arrow I

in each of the side edges 105a and 105b.
[0007]

On the other hand, an outer edge 105c¢c of the flat coil 105 is
not supported by the coil support part 103 because of
lightening and miniaturizing the coil support part 103, and
further making a torgue small. Nevertheless, the outer edge
105¢c receives a force in a radial direction shown by an arrow F
or G according to the direction of the current passing and its
rotary position.

[0008]

Figures 11 and 12 are operational diagrams for explaining a
force that the outer edge 105c of the flat coil 105 receives,
but the suspension 102 of the actuator arm 101 (Figure 10) is
omitted.

i
Figure 11 shows such a state that the actuator arm 101 is
present at a position (hereinafter, this is called an OD
position) where the actuator arm 101 rotates at most in the
direction, shown by an arrow H, within its rotatable range. At
this position, the outer edge 105c of the flat coil 105 is
present above the north pole 107a of the stator magnet 107.
Therefore, if current in the direction shown by an arrow m
passes through the flat coil 105, the outer edge 105c receives
a force in the direction shown by an arrow F that heads from
the shaft center of the rotary shaft 104 to the outside. On
the contrary, if current in the direction shown by an arrow n,
the outer edge 105c receives a force in the direction shown by
an arrow G that heads toward the shaft center of the rotary



4+ direction if current in the direction shown by an arrow m passes

t hrough the flat coil 105. On the contrary, if the current passes
through the flat coil 105 in the direction shown by an arrow n, the _
actuator arm 101 obtains a rotary force in the counterclockw se direction.
This is because the flat coil 105 obtains a force in the rotary direction
shown by an arrow | in each of the side edges 105a and 105b. [ 00071 On
the other hand, an outer edge 105c of the flat coil 105 is not supported by
the coil support part 103 because of |ightening and miniaturizing the coi
support part 103, and further making a torque snall. Nevertheless, the
outer edgesH&H€ rgceives a force in a radial direction shown by an arrow F
or G according to the direction of the current passing and its rotary

posi tion. £0008] Figures 11 and 12 are operational diagrans for
expl ai ni ngl%%%dk ce that the outer edge 105c of the flat coil 105 receives,
but the suspension 102 of the actuator arm 101 (Figure 10) is onltted
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this position, the outer edge 105c of the flat coil 105 is
present above the south pole 107b of the stator magnet 107.
Therefore, if current in the direction shown by an arrow m
passes through the flat coil 105, the outer edge 105c receives
a force in the direction shown by an arrow G. On the contrary,
if current. in the direction shown by an arrow n, the outer edge
105¢ receives a force in the direction shown by an arrow F.

[0010]

Figures 13 and 14 are drawings of analyzing the deformation of
the flat coil 105 and coil supports 103a and 103b, sandwiching
the flat coil 105, when the flat coil 105 resonates at a
predetermined frequency by alternately receiving forces in the
directions shown by arrows F and G, by numerical simulation
using a finite-element method (FEM).

1

[0011]

As shown in Figure 13, when the outer edge 105c of the flat
coil 105 protrudes in the direction shown by an arrow F and
hence the flat coil 105 is extended, an angle between the coil
supports 103a and 103b sandwiching this decreases. Oon the
other hand, as shown in Figure 14, when the outer edge 105c of
the flat coil 105 dents in the direction shown by an arrow G
and hence the flat coil 105 is shrunk, an angle between the
coil supports 103a and 103b sandwiching this increases.

Such a vibration mode that a coil is extended and shrunk is
called a coil-breathing mode.



presentxabove the north pole 107a of the stator magnet 107. Therefore, if
current in the direction shown by an arrow m passes through the flat coi
105, the outer edge 105c receives a force in the direction shown by an
arrow F that heads fromthe shaft center of the rotary shaft 104 to the

out si de. On the contrary, if current in the direction shown by an arrow
n, the outer edge 105c receives a force in the direction shown by an arrow
G that heads toward the shaft center of the rotary

5 shaft 104. [ 0009] Figure 12 shows® such a state that the actuator arm
101 is present at a position (hereinafter, this is called an ID position)
where the gglyghor arm 101 rotates at nost in the direction, shown by an
arrow |, within'its rotatable range. At this position, the outer edge 105c
of the flat coil 105 is present above the south pole 107b of the stator
magnet 107 A Thizefedegtri¢ edenent 108t KEigwurecl? bndshesks byn apmauriowon
passes thr as@knkhenflcadt sRiinkdfe bhe thé ecoETgeuppBbet r aOshbveshérd othe in
the directin,500ubbyc Al dilh@ iy £ {DRLONARMak of U L Midude! S
direction §homn by an arrow n E e outer. edge fose recgeli ves a torce ih the
direction §mﬁmpq5¢ogﬁe§F¥Hﬁ,g@ement 108 detects extension when the flat

coil 105 is extended and hence the angle between the coil
supports 103a and 103b decreases. Furthermore, the
piezoelectric element 108 outputs, for example, plus voltage at
a level according to the extension amount. On the contrary, as
shown in Figure 14, the piezoelectric element 108 detects
shrinkage when the flat coil 105 is shrunk and hence the angle
between the coil supports 103a and 103b increases.
Furthermore, the piezoelectric element 108 outputs, for

example, minus voltage at a level according to the shrinkage
amount.

In addition, a fixed position of the piezoelectric element 108
(Figure 10) is determined so that it is possible to detect
warpage occurring when the actuator arm 101 receives
acceleration in a rotary direction.

[0013]

{
Figures 15a and 15b show frequency characteristics of a
transfer function from the drive current of the flat coil 105
to the output voltage of the piezoelectric element 108 in the
actuator 100 (Fiqure 10) confiqured as described above.

In the frequency characteristic charts, the horizontal axis
shows frequencies from 2 kHz to 16 kHz that are 1linearly

graduated. In addition, the vertical axis in Figure 15(a)
shows gains expressed in decibels, and the vertical axis in
Figure 15(b) shows phases. Furthermore, dotted lines show

frequency characteristics of a transfer function A2od(s) at the
time when the actuator arm 101 is near the OD position shown in
Figure 11. Moreover, continuous 1lines show frequency
characteristics of a transfer function A2id(s) at the time when



[0010] ~ Figures 13 and 14 are draw ngs of analyzing the deformation of the
flat coil 105 and coil supports 103a and 103b, sandwi ching the flat coi

105, when the flat coil 105 resonates at a predeterm ned frequency by
alternately receiving forces in the directions shown by arrows F and G by
nunerical sinulation using a finite-elenent nethod (FEM. [0011] As
shown in Figure 13, when the outer edge 105c of the flat coil 105 protrudes
in the direction shown by an arrow F a hence the flat coil 105 is

ext ended, an angle between the coil supports 103a and 103b sandw ching
this decreases. On the other hand, as shown in Figure 14, when the outer
edge 105c tofe tdecddtatr ceid 1005 idenenr nthdernli pecidion Shown b anqureow G
and hence jt;he flat coil 105 is shrunk, an angle between the coil supports

103a and 103b sandwi ching this increases. Such a vibration node that a
coil is extended and shrunk is called a coil-breathing node.
[0014]

As being apparent from Figure 15, although the actuator 100
resonates at nearly 4 kHz, this is butterfly resonance caused
by the warpage of the actuator arm 101. In addition, although
the phase largely changes near this frequency, two phases at
different rotary positions of the actuator arm, that is, the 0D
position and ID position become the same.

[0015]

On the other hand, resonance at nearly 10 kHz is coil-breathing
resonance caused by the coil breathing described above. In
this resonance, the phases at different rotary positions, that
is, the OD position and ID position become opposite. This is
because directions of the forces that the outer edge 105c
receives become opposite against the current passing through
the outer edge 105c since polarities of the. stator magnets that
the outer edge 105c of the flat coil 105 faces at the OD
position and ID position are different.

[0016]
[Problems to be solved by the invention]

Technology of actively damping the above-~described butterfly
resonance is disclosed in Japanese Patent BApplication No.
11-80723 filed by the present applicant. According to this, in
a hard disk drive, by not only performing tracking control to
drive a VCM of an actuator so as to make heads positioned above
a desired track, but also driving the VCM of the actuator in
the direction where warpage is removed through detecting a
warpage component of the actuator with the above-described
piezoelectric element, the stability of the tracking control is
improved.



6- [0012] A piezoelectric elenent 108 (Figure 10) detects an anount of
extensi on or shrinkage of the coil support 103b where the piezoelectric

el enent 108 is fixed. |In addition, as Figure 13, the piezoelectric el enent
108 detects extension when the flat coil 105 is extended and hence the
angl e between the coil supports 103a and 103b - decreases.

Furt her nor e, the piezoelectric elenment 108 outputs, for exanple, plus
voltage at a |level according to the extension anount. On the contrary, as
shown in Figure 14, the piezoelectric eBenent 108 detects shri nkage when
the flat coil 105 is shrunk and hence the angle between the coi
supports é@@@ and 103b increases. Furthernore, the piezoelectric
el enent outputs, for exanple, mnus voltage at a |l evel according to
t he shri nkage anount. In addition, a fixed position of the piezoelectric
el enent 108vwiFggleethdy, s aenteiod fd@ngd £nnt the tragiing woatrgldandce

war page oeoutibDg sWgRal ther aghmpdmy tﬁurnbuﬂiarfmﬁcan%©@aﬁeéela&atlon
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actuat or 1@OntFpgled. 10) configured as descri bed above. In the frequency
characteristic charts, the horizontal axis

[0018]

Nevertheless, if such damping control technology is applied to
an actuator having frequency characteristics shown in Figures
15a and 15b, various problems arise. Thus, in a frequency band
of 10 kHz or higher, coil breathing has large effect, and hence
phases near rotary positions of the actuator arm 101, that is,
the OD position and ID position are largely different. In
particular, in nearly 10 kHz, and 14 kHz and higher, respective
phases become opposite, and hence it is impossible to make
stable control near both rotary positions compatible.

[0019]

In addition, there is a method for removing a high frequency
range, where the coil breathing has effect, by a filter in a
control loop. Nevertheless, in the actuator 100 (Figure 1)
that has a wide rotation angle and is used in a hard disk
drive, it is not possible to narrow the width of the outer edge
105¢c of the flat coil 105. Therefore, the resonance frequency
of the coil breathing becomes low, and hence is present near a
butterfly resonance frequency. Therefore, it is difficult to
remove only this part by a filter.

[0020]

Furthermore, so as to enlarge the torque of an actuator, it is
common to extend magnetic poles of a stator magnet to a moving
area of the outer edge 105¢c of the flat coil 105 as shown in
Figure 10. Nevertheless, even if the magnetic poles are



shows frequencies from2 kHz to 16 kHz that are |linearly graduated. In
addition, the.vertical axis in Figure 15(a) shows gains expressed in
deci bels, and the vertical axis in Figure 15(b) shows phases.
Furthernore, dotted lines show frequency characteristics of a transfer
function A2od(s) at the tinme when the actuator arm 101 is near the OD
position shown in Figure 11. Moreover, continuous |ines show
frequency characteristics of a transfer function A2id(s) at the tinme when
7 the actuator arm 101 is near the ID position shown in Figure 12.

[ 0014] As bei ng apparent from Figure 15, although the actuator 100
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[0015] magnetic flux from adjacent north and south magnetic poles.
Therefore, it is difficult to damp the coil-breathing
phenomenon at a level where the phenomenon has no effect on the
control.

[0021]

An object of the present invention is to provide an actuator
that can stably control an actuator arm regardless of a rotary
position of the actuator arm if the butterfly resonance and
further coil breathing resonance are actively damped.

[0022]
[Summary of the invention]

A stator magnet according to a first invention of the present
application that forms a voice coil motor with a closed coil,
the closed coil which is supported by an actuator arm in a
rotatable manner in a predetermined rotation angle, has first
and second side edges that extend along different 1lipes in
radial directions whose center is a center of rotation of the
actuator arm, and has an outer edge that connects edges of
outer sides of the first and second side edges with viewing in
the radial directions and extends nearly along an arc whose
center is the center of rotation, comprises:

a first magnetic pole region located within a moving area of
the first side edge to act on the first side edge; a second
magnetic pole region located within a moving area of the second
side edge to act on the second side edge, the polarity of the
second magnetic pole region being opposite to the polarity of
the first magnetic pole region; and a third magnetic pole
region located within a moving area of the outer edge to act on
the outer edge, the polarity of the third magnetic pole region



On the ‘ot her hand, resonance at nearly 10 kHz is coil-breathing resonance
caused by the coil breathing described above. In this resonance, the
phases at different rotary positions, that is, the OD position and ID
position become opposite. This is because directions of the forces that
the outer edge 105c receives becone opposite against the current passing
through the outer edge 105c since polarities of the. stator nagnets that
the outer edge 105c of the flat coil 10g faces at the CD position and ID
position are different. [ 0016] [Pro {ems to be sol ved by the invention]
Technol ogy of actively danping the above-described butterfly resonance is

di scl osed beidgpaiiRsesdind eak AMY | 81dOtyNoor 11120723 4 | ﬁggg%(tquepgigs.em
appl i cant. Aggg ding to this, in a hard disk drive, by not only perform ng

tracki ng control to drive a VOM of an actuator so as to make heads

positioned above a desired track, but also driving the VCM of the actuator
in the direcd2dn where warpage is renmpved through detecting a warpage
conmponent of the actuator with the above-descri bed piezoel ectric el enent,

i1 he tracking, control is _inproved.
the Stabllh%y égt&aé%r accoré&ng to anotheq*p invention of the present

application comprises: an actuator arm rotatably supported in a
predetermined rotation angle; a closed coil that is supported
by the actuator arm, includes first and second side edges that
extend along different lines in radial directions whose center
is a center of rotation of the actuator arm, and an outer edge
that connects edges of outer sides of the first and second side
edges with viewing in the radial directions and extends nearly
along an arc whose center is the center of rotation; and a
stator magnet having a first magnetic pole region located
within a moving area of the first side edge to act on the first
side edge, a second magnetic pole region located within a
moving area of the second side edge to act on the second side
edge, the polarity of the second magnetic pole region being
opposite to the polarity of the first magnetic pole region, and
a third magnetic pole region located within a moving area of
the outer edge to act on the outer edge, the polarity of the
third magnetic pole region being the same as the polarity of
the first magnetic pole region.

{

[0024]

A hard disk drive according to still another invention of the
present application comprises: the actuator where a sensing
element detecting the deformation of the actuator arm is fixed;
and a controller controlling current passing through the coil
so as to damp the deformation of the actuator arm on the basis
of a detection signal from the sensing element.

[0025]

[Preferred embodiment]



8- [0017] OnMng to this, a control signal for the tracking control and a
control signal .for danping the butterfly resonance are superinposed, and
the current passing through a flat coil configuring the VCM on the basis of
this signal superinposed is controlled. [ 0018] Nevert hel ess, if such
danping control technology is applied to an actuator having frequency
characteristics shown in Figures 15a and 15b, various problens arise. Thus,
in a frequency band of 10 kHz or higher, coil breathing has |arge effect,
and hence phases near rotary positionsldf the actuator arm 101, that is,
the OD position and ID position are largely different. In particular, in
nearly 10 kHgurandi 14skkz esgl kiigherf respaeli i@ sphakeisrdret osho@pgSiane,

and henceiéﬁﬂdﬁihgpgsgkb?%b%gfggh? shalg gontrol near both rotary
€. n a

positions conpafi Ition, there is a nethod for
removi ng a high frequency range, where the coil breathing has effect, by a
filter in anconte arawing, a Méskr2hésesspported hin antajgti@celm a( Fugurse 1)
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difficult tome piece, and is rotatably supported by a rotary shaft 9 set

on the base 3.

[0026]

Coil supports 7a and 7b supporting a flat coil 10 in the side
opposite to the suspension 6 against the rotary shaft 9 are
formed respectively in this coil support part 7.

[0027]

The flat coil 10 configures a VCM with a stator magnet (not
shown) fixed on the upper stator magnet retention plate 11
"fixed on the base 3 above the flat coil 10, and a stator magnet
16 (Figure 2) fixed on a lower stator magnet retention plate 17
described later.

{
The VCM rotates the actuator arm 8 in the direction shown by an
arrow A or B, and this VvCM and the actuator arm 8 construct an
actuator 12.

[0028]

In addition, in Figure 1, the upper stator magnet retention
plate 11 is shown with an upper main part being cut for
convenience, and its contour is shown by a dotted 1line.
Furthermore, as shown in Fiqure 2, the lower stator magnet
retention plate 17 for supporting a stator magnet 16 is
provided on the base 3 also below the flat coil 10.



renmove ‘only this part by a filter. [ 0020] Furthernore, so as to enlarge
the torque of an actuator, it is common to extend magnetic poles of a
stator nagnet to a noving area of the outer edge 105c of the flat coil 105
as shown in Figure 10. Nevert hel ess, even if the magnetic poles

are 9 configured, for exanple,
for danmping the coil-breathing phenonenon so that the magnetic pol es may
be not extended to this noving area, the flat coil 105 is affected by

| eakage magnetic flux from adj acent nonth and south magnetic pol es.
Therefore, it is difficult to danp the coil-breathing phenonenon at
a |l evel dggﬁhe phenonmenon has no effect on the control. [ 0021] An
obj ect of the present invention is to provide an actuator that can stably
control an actuator armregardl ess of a rotary position of the actuator arm
if the buﬂiéﬂﬁﬁ¢rré§0ﬁgn§@pp@m;ed in an end portion of the suspension 6,

and respective heads for reading and writing of signals that
are not shown are provided in predetermined positions of this
slider 13. When the actuator arm 8 rotates in the direction
shown by an arrow A and moves above a recording surface of the
disk 2 rotating, the slider 13 flies above the recording
surface of the disk 2, and the heads face the recording surface
with keeping a predetermined gap between the heads and
recording surface.

[0030]

A tab 15 in the end portion of the suspension 6 is placed on a
ramp 14 located on the base 3 when the actuator arm 8 is
unloaded and is at a home position.

A piezoelectric element 18 detects the extension or shrinkage
of a fixed portion of the coil support 7b, where this
piezoelectric element 18 is fixed, as described later, and
transforms the extension or shrinkage into an electric signal
to output the electric signal.

[0031]

Although, in the above-described explanation, it is supposed
that the disk 2 is a single one-sided disk for simple
description, another suspension supporting heads scanning each
recording surface is provided for double-sided recording.
Furthermore, the suspension is fixed in the coil support part 7
at a position where the suspension overlaps the suspension 6,
shown in Figure 1, in a predetermined gap. Moreover, in case
of recording a plurality of double~-sided hard disks, the
plurality of hard disks are supported in one piece by the hub 5
in a predetermined gap in a direction of a rotary shaft of the
spindle motor 4. In addition, the number of suspensions each
supporting heads scanning each recording surface corresponds to



further. coil breathing resonance are actively danped. [ 0022] [ Summary
of the invention] =~ A stator magnet according to a first invention of the
present application that fornms a voice coil notor with a closed coil, the
closed coil which is supported by an actuator armin a rotatable manner in
a predetermned rotation angle, has first and second side edges that extend
along different lipes in radial directions whose center is a center of
rotation of the actuator arm and has an outer edge that connects edges of
outer sides of the first and second sidé edges with viewing in the radial
directions and extends nearly along an arc whose center is the center of

rotation nprl es; f Jol e, re cat e Vi ng
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regi on
[0032]

Figure 2 is a schematic of the VCM of the actuator 12 (Figure
1) showing an embodiment of the present invention. For simple
description, the suspension 6 (Figure 1) of the actuator arm 8
is omitted. 1In addition, only the stator magnet 16 supported-
by the lower stator magnet retention plate 17 provided on the
base 3 (Figure 1) is shown. Nevertheless, actually as
described above, the stator magnet having the same polarity is
also located on the upper stator magnet retention plate 11
(Figure 1) at a position facing the stator magnet 16 through
the flat coil 10.

[0033]

The flat coil 10 has a nearly trapezoidal shape as shown in
Figure 2, and is wound in a nearly flat shape so that a closed
loop may be formed. Furthermore, the flat coil 10 comprises:
side edges 10a and 10b that extend along different 1lines in
radial directions whose center is a center of rotation of the
actuator arm 8; an outer edge 10c that connects edges of outer
sides of both side edges with viewing in the radial directions
and extends nearly along an arc whose center is the center of
rotation of the actuator arm 8; and an inner edge 10d that
connects edges of inner sides of both side edges with viewing
in the radial directions and extends nearly along an arc whose
center is the center of rotation of the actuator arm 8.

[0034]

The lower stator magnet retention plate 17 supports the stator
magnet 16 below the flat coil 10. 1In this stator magnet 16, a



10 being the same as the polarity of the first nmagnetic pol e region.

[ 0023] An actuator according to another invention of the present
application conprises: an actuator armrotatably supported in a
predeterm ned rotation angle; a closed coil that is supported by the
actuator arm includes first and second side edges that extend al ong
different lines in radial directions whose center is a center of rotation
of the actuator arm and an outer edge that connects edges of outer sides
of the first and second side edges mntH1V|emnng in the radial directions
and extends nearly along an arc mhose center is the center of rotation; and

SrenltrT RS B %0 I 24 ERONETLELO0! T EBLORLAEH B WD gqgeemvi ng

area of t H¥ e to ac
nmagneti c pEItd P@éPBnSPE@%ﬁQQﬂ\HKIﬁ Woénﬁﬁ§anG%r%% %W“Phé”bé&@ﬁ&es?déoedge
to act onthbat skeosddsi eégetigia tdmel dbapift yhef flae setbnd megnetlmespol e

regi on beildgQPRBFIAS g&gshgeggg@{iGégyof the first magnetic pole region,
and a third nagnetic” pole region |ocated within a noving area of the outer

edge to act on the outer edge, the polarity of the third rmagnetic pole
regi on beillf®35He same as the polarity of the first magnetic pole region.
[ 0024] A hard disk drive according to still another invention of the

present a &% easgonparlt%%%gﬁt henQCIRALR" PBEL € B ensl NBoh&™REi th

deteCtlng 1n8rg%igonmv1ng %r%%t%%t%%ea%gkg% EhéngOC of the flat

coil 10, the north pole l6a does not include the moving area of
the outer edge 10c. In this area, an additional slim south
pole 16d is located adjacently to the north pole 16a.

In addition, although the upper stator magnet is similarly
configured, a north pole is formed with facing the south pole
in the lower side and a south pole is formed with facing the
north pole in the lower side.

[0036]

In the configuration described above, if current in the
direction shown by an arrow m is made to pass through the flat
coil 10, the side edges 10a and 10b of the flat coil 10 each
receive a force in the direction shown by an arrow E showing
the rotary direction since the flat coil 10 is located so that
an electromagnetic action may occur between the flat coil 10
and stator magnet 16. Therefore, the actuator arm 8 obtains a
rotary force in a clockwise direction. On the contrary, if
current in the direction shown by an arrow n is made to pass
through the flat coil 10, the side edges 10a and 10b of the
flat coil 10 each receive a force in the direction shown by an
arrow F showing the rotary direction. Therefore, the actuator
arm 8 obtains a rotary force in a counterclockwise direction.

[0037]

The outer edge 10c also receives a force in the direction shown
by an arrow C or D showing each radial direction according to



and a controller controlling current passing through the coi

the deformation of the actuator armon the basis of a detection signal
t he sensing el enent. [ 0025] [Preferred embodi nment ] _
Figure 1 is a top view of a hard disk drive 1 showi ng an enbodi nent of the

pr esent

a hub 5 of a spindle notor 4 |located on a base 3, and is rotationally
driven by the spindle notor 4. An actuator arm8 is configured by a _
suspension 6 and a coil support part 7 ltShat are fornmed in one piece, and is
rotatably supported by a rotary shaft 9 set on the base 3. [ 0026]

the current passing through the outer edge 10c.

Figures 3 and 4 are operational drawings for explaining the
forces that the outer edge 10c of the flat coil 10 receives.
Nevertheless, similarly to Figure 2, the suspension 6 of the
actuator arm 8 is omitted, and only the stator magnet 16 that
is supported by the lower stator magnet retention plate 17
provided on the base 3 is shown.

[0038]

Figure 3 shows such a state that the actuator arm 8 is present
at the ID position where the actuator arm 8 rotates at most in
the direction shown by an arrow F within its rotation angle.
This position is a rotary position at the time when the slider
13 shown in Figure 1 flies at a most inner position of the disk
2. Since the outer edge 10c of the flat coil 10 is present
above the south pole 16b of the stator magnet 16 at this
position, the outer edge 10c receives a force in the direction
shown by an arrow D if the current in the direction shown by an
arrow m passes through flat coil 10. On the contrary, if
current in the direction shown by an arrow n passes, the flat
coil 10 receives a force in the direction shown by an arrow C.

{

[0039]

On the other hand, Figure 4 shows such a state that the
actuator arm 8 is present at the OD position where the actuator
arm 8 rotates at most in the direction shown by an arrow E
within its rotation angle. This position corresponds to the
home position of the actuator arm 8 described above. Since the
outer edge 10c of the flat coil 10 is present above the
additional south pole 16d of the stator magnet 16 at -this OD
position, the outer edge 10c receives a force in the same
direction as that at the time when the actuator arm 8 is
present at the ID position, which is shown in Figure 3.

so as to danp

from

Invention. In the drawing, a disk 2 is supported in one piece by



Coi |l supports 7a and 7b supporting a flat coil 10 in the side opposite to

t he suspension 6 against the rotary shaft 9 are forned respectively in this
coil support part 7. [ 0027] The flat coil 10 configures a VCMwith a
stator magnet (not shown) fixed on the upper stator magnet retention plate
11 fixed on the base 3 above the flat coil 10, and a stator magnet 16
(Figure 2) fixed on a | ower stator magnet retention plate 17 descri bed

| at er. The VCM rotates the actuator arm8 in the direction shown by an
arrow A or B, and this VCM and the actudfor arm 8 construct an actuator 12.
[ 0028] In addition, in Figure 1, the upper stator magnet retention plate

11 is shg&@4yith an upper nmain part being cut for convenience, and
its contotufr "l shown by a dotted line. Furthernore, as shown in
Figure 2, the lower stator nmagnet retention plate 17 for supporting a

st at or nagnet thé ostgy cadgied Oon otthéhbasdat edEb WelalWparmetelat reeeives).

forces in the directions shown by arrows C and D owing to the
action described above, the coil-breathing phenomenon that is
described in Figures 13 and 14 showing the analysis by the
simulation arises. Thus, as shown in Figure 13, when the outer
edge 10c of the flat coil 10 protrudes in the direction shown
by an arrow C and hence the flat coil 10 is extended, an angle
between the coil supports 7a and 7b sandwiching the flat coil
10 decreases. On the contrary, when the outer edge 10c of the
flat coil 10 dents in the direction shown by an arrow D and
hence the flat coil 10 is shrunk, an angle between the coil
supports 7a and 7b sandwiching the flat coil 10 increases.

[0041]

The piezoeléctric element 18 (Figure 1) detects extension when
the angle between the coil supports 7a and 7b decrease, and
outputs, for example, plus voltage at a level according to the
extension amount. Oon the contrary, the piezoelectric element
18 detects shrinkage when the angle between the coil supports
7a and 7b increases, and outputs, for example, minus voltage at
a level according to the shrinkage amount. ‘

In addition, a fixed position of the piezoelectric element 18
is determined so that it is possible to detect warpage occurred
when the actuator arm 8 receives acceleration in the rotary .
direction.

[0042]

Figures 5a and 5b show frequency characteristics of a transfer
function from the drive current of the flat coil 10 to the
output voltage of the piezoelectric element 18 in the actuator
12 (Figure 1) confiqured as described above.

In the frequency characteristic charts, the horizontal axis



12 [0029] A slider 13 is supported in an end portion of the suspension
6, and respective heads for reading and witing of signals.that are not
shown are provided in predeterm ned positions of this slider 13. \Wen the
actuator arm8 rotates in the direction shown by an arrow A and noves above
a recording surface of the disk 2 rotating, the slider 13 flies above the
recordi ng surface of the disk 2, and the heads face the recording surface
wi th keeping a predeterm ned gap between the heads and recordi ng surface.

[ 0030] A tab 15 in the end portion ofi7the suspension 6 is placed on a
ranp 14 | ocated on the base 3 when the actuator arm8 is unloaded and is at

h ition. ' | i 18 .d t |
7% P, o101 M Lt gt R onsoty

pi ezoel ect FFadidtetent 108 3 1FiQRd, thes V§§§gggggﬂx+%t’é’r Figuget rARsf BRNES t he
ext ensi on gaisdér expagesedit in adeellsls,i cargl grkd  vertigaiutaxise B eEfigure
si gnal . | tﬁ@gﬁtlkhov&_é\l Ehgseba i flijutrktliﬂeﬁﬁé?f@; dg§g€é<?eﬂix]§é@| aﬂ&xz: Qagqﬁénwt _
anot her sugﬁme-*%r%iptssr PTrg PEUR S CaNA RoB by (e) ot B! BiRESGRLRL T On
the actuator arm 8 is near the OD position shown in Figure 4.
Moreover, continuous lines show frequency characteristics of a
transfer function Alid(s) at the time when the actuator arm 8
is near the ID position shown in Figure 3.

[0043]

As being apparent from Figures 5a and 5b, although the actuator
12 resonates at nearly 6 kHz, this 1is butterfly resonance
caused by the warpage of the actuator arm 8. In addition,
although the phase largely changes near this frequency, two
phases at different rotary positions of the actuator arm 8,
that is, the OD position and ID position become the same.

[0044]

On the other hand, resonance at nearly 11 kHz is coil-~breathing
resonance caused by the coil breathing described above. In
this resonance, the phases at different rotary positions of the
actuator arm 8, that is, the OD position and ID position become
the same by the actuator 12 of the present invention. As
described above, this is because the actuator 10 is configured
so that the polarities of the stator magnets that the outer
edge 10c of the flat coil 10 faces may be the same at the 0D
position and ID position (a south pole in the lower stator
magnet 16).

[0045]

As described above, according to the present invention, it is
possible to always keep a phase characteristic of the actuator
12 so as to be in the same phase regardless of a rotary
position of an actuator arm. Therefore, it 1is possible to



recordi-ng surface is provided for doubl e-sided recording. Furthernore, the
suspension is fixéd in the coil support part 7 at a position where the
suspensi on overl aps the suspension 6, shown in Figure 1, in a predeterm ned
gap. Moreover, in case of recording a plurality of doubl e-sided hard

di sks, the plurality of hard disks are supported in one piece by the hub 5
in a predetermned gap in a direction of a rotary shaft of the spindle
notor 4. In addition, the nunber of suspensions each supporting heads
scanni ng each recordi ng surface corresponds to

13 t he nunber of recording surfaces. The suspensions are fixed in the

coi | Supp%érﬁ%{ sz_a%tlep‘a%knbhﬁ?scm&@l tde ﬁi@&ﬁ&&ﬂe&@iyohgéh&@eﬁdw and
suspensi on i n_predeterm ned gaps vert hel ess, since

ho
t hese treaFﬂE}R &ﬁ@ Bﬁggs PUGHOMEOP " known, detailed description will be

omtted. [ 0032] Figure 2 is a schenatlc of the VCM of the actuator 12
(Figure 1) estwsy ng an enbodi nent of the present invention. For sinple
description, the suspension 6 (Figure 1) of the actuator arm8 is omtted.

In addition, only the stator g 16 sggported by the | ower _ st at or
magnet r et BRIV %I%ﬁeﬁ]ﬁpﬁﬁqﬁi BRiRferlt example ©of a control system

controlling the actuator 12, configured as described above, in
a hard disk drive according to the present invention.

The actuator 12 outputs a regenerative signal s2 from the head
20, and an extensional  signal sl outputted according to the
extension and shrinkage of the piezoelectric element 18
described above. The tracking controller 22 takes out tracking
error information from the regenerative signal s2, and outputs
to an adder 23 an actuating signal s4 for performing the
tracking control on the basis of this error information.

[0047]

The damping controller 21 receives the extensional signal sl
from the piezoelectric element 18, and outputs to the adder 23
an actuating signal s5 for controlling the actuator 12 in the
direction where the extension and shrinkage is damped. The
adder 23 adds the actuating signal s4 to the actuating‘signal
s5 to generate an added signal s6. A driver 24 outputs drive
current s3, passing through the flat coil 10, to the actuator
12 so as to drive the VCM of the actuator 12 on the basis of
this added signal sé6.

[0048]

Owing to the control system of the actuator 12 that is
configured as described above, the actuator 12 operates so as
to damp the butterfly phenomenon and breathing phenomenon of
the actuator 12, described above, as well as the usual tracking
control.



base 3 (Figure 1) is shown. Neverthel ess, actually as described
above, the stator magnet having the sane polarity is also |ocated on the
upper stator magnet retention plate 11 (Figure 1) at a position facing the
stator magnet 16 through the flat coil 10. [ 0033] The flat coil 10 has
a nearly trapezoidal shape as shown in Figure 2, and is wound in a nearly
flat shape so that a closed | oop may be fornmed. Furthernore, the flat coi
10 conprises: side edges 10a and | Cb that extend along different lines in
radial directions whose center is a cedfer of rotation of the actuator arm
8; an outer edge 10c that connects edges of outer sides of both side edges
with viewgg,bh the radial directions and extends nearly along an arc whose
- [0g4 . X
center is‘the Ctenter of rotation of the actuator arm 8; and an inner edge
| & that connects edges of inner sides of both side edges with viewing in
t he radi aFidiurect’/i oiss andchgnands skewing abmrithean examplieosy caniseprtps t he
center of yhghati 8f Shet fbééﬁﬂﬂﬂﬂ@bn@iBhS Thé 0884Mor mEy@ekower ist 8h9s .
gggnletn [ﬁ%?{%'gg?o éf‘r%seen L nd %%38%?. the SLAY T80 1 ¢ ORI BE glikat coil
2. 1In this stator magnet 26, a north pole 26a is formed with
extending to a moving area of the outer edge 10c of the flat
coil 10 (Figure 2). Nevertheless, a south pole 26b does not
include the moving area of the outer edge 10c, but an
additional north pole 26d is located in this area adjacently to
the south pole 26b.

[0050]

Figure 8 is a schematic showing still another example of a
stator magnet of the present invention. The stator magnet 27
in this example is used instead of the stator magnet 16 shown
in Figure 2. This stator magnet 27 is formed in one piece, and
is magnetized into a north pole 27a and a south pole 27b with
being separated by a boundary 27c¢, as shown in Figure 8. The
additional slim south pole portion 27d of the south pole 27b is
a portion corresponding to the moving area of the outer edge
10c of the flat coil 10 (Figqure 2).

[0051]

Figure 9 is a schematic showing a further example of a stator
magnet of the present invention. The stator magnet 28 in this
example is used instead of the stator magnet 16 shown in Fiqure
2. A main pole portion of this stator magnet 28 is formed in
one piece, and is magnetized into a north pole 27a and a south
pole 27b with being separated by a boundary 28c. The
additional south pole portion 28d separated from the main pole
portion is adjacent to the main pole portion, and is located in
a part corresponding to a moving area of the outer edge 10c of
the flat coil 10.



14 « 'nerth pole 16a and a south pole 16b are fornmed in one piece wth being
separated by a boundary 16¢c as shown in Figure 2 so that the side edges 10a
and 10b of the flat coil 10 may al nbst cover noving areas respectively.

[ 0035] Nevert hel ess, although the south pole 16b is forned with extending
to a noving area of the outer edge 10c of the flat coil 10, the north pole

16a does not include the noving area of the outer edge 10c. In this area,
an additional slimsouth pole 16d is |ocated adjacently to the north pole
16a. I'n addition, although the upper20stator nagnet is sinlarly

configured, a north pole is formed with facing the south pole in the | ower
side and gosspyh pole is formed with facing the north pole in the | ower

si de. [0036] In the configuration described above, if current in the
dlrectlon 8 an.,arrow migs de t nass tgr h th H!atéagde % t he
si de edgeé t ﬁu‘étlhdalﬁbef)‘?e]t‘l’”fet?]icat 16 SeddIY SRFRC ST

di recti ondeheahiby arhear defoEmehan ngoi hethept @Wuér—?éct@@h $ nd@ t k&ef| at
coil 10 i gpboeagesksibddabmpdd Bh@Rl, 0BRGN C edbinent MRLiAGCUintialanden t he

flat coil gg ggdusé t Seg%%ngk }@ Therefore the actuator arm 8 obtains a

rotary force IR & ¢ wi se direction. On the contrary, if current in
the direction shown by an arrow n is nmade to pass
[0053]

{Advantages of the invention]

According to the present invention, it is possible to keep a
phase characteristic of a transfer function of an actuator, and
in particular, a phase characteristic around a coil breathing
resonance frequency so as to be in the same phase regardless of
the rotary position of the actuator arm. Therefore, it is
possible to always perform stable control regardless the rotary
position of the actuator arm when a butterfly phenomenon and
further coil-breathing phenomenon of the actuator are actively
damped.

[0054]

In addition, according to the present invention, by considering
the configuration of a stator magnet, an object is attained,
and hence it is possible to avoid cost increase in connection
with implementation of the bresent invention, and complexity of
the configuration.

Brief Description of the Drawings:

Figure 1 is a top view of a hard disk drive showing an
embodiment of the present invention;

Figure 2 is a schematic of a VCM of an actuator showing an
embodiment of the present invention;



through the flat coil 10, the side edges 10a and 10b of the flat coil 10
each receive a force in the direction shown by an arrow F show ng the
rotary direction. Therefore, the actuator arm8 obtains a rotary force in

a countercl ockw se direction. [ 0037] The outer edge 10c al so receives a
force in the direction shown by an arrow C or D show ng each radia
direction according to 15 the
current passing through the outer edge 10c. Figures 3 and 4 are

operational draw ngs for explaining the2forces that the outer edge 10c of
the flat coil 10 receives. Nevertheless, simlarly to Figure 2, the
suspensi 0f;6,0f tdhe jactyalon arm oS QifdngaNhPNbyetftSici 28T dHRgnet
16 that islggpgorteé'b thg Vomg} gtaf%glﬁggng? retent?%n plate 17 provided

on the bad¥e§ept IRBERCION 0038]

Figure 4 is another drawing for explaining the operation of the
present invention;

Figures 5(a) and S5(b) are frequency characteristic charts of a
transfer function of the actuator;

Figure 6 is a schematic showing an example of a control system
controlling the actuator;

Figure 7 is a schematic showing another example of a stator
magnet of the present invention;

Figure 8 is a schematic showing still another example of a
stator magnet of the present invention;

Figure 9 is a schematic showing a further example of a stator
magnet of the present invention;

Figure 10 is a schematic showing the configuration of an
actuator used in a conventional hard disk drive;

L
Figure 11 is a drawing for explaining a force that a flat coil
105 receives;

Figure 12 is a drawing for explaining another force that a flat
coil 105 receives;

Figure 13 is a drawing showing a transformed state of the coil
in a resonant state;

Figure 14 is a drawing showing another transformed state of the
coil in a resonant state; and

Figures 15(a) and 15(b) are frequency characteristic charts of
a transfer function of the conventional actuator.



Ft gure-3 shows such a state that the actuator arm8 is present at the ID
position where thé actuator arm8 rotates at nost .in the direction shown by
an arrow F within its rotation angle. This position is a rotary position at
the tine when the slider 13 shown in Figure 1 flies at a nost inner
position of the disk 2. Since the outer edge 10c of the flat coil 10 is
present above the south pole 16b of the stator magnet 16 at this position,
the outer edge 10c receives a force in the direction shown by an arrow D if
the current in the direction shown by a#arrow m passes through flat coi

10. On the contrary, if current in the direction shown by an arrow n
passes, theyddalipt?bh JP dymaRi1%gs a force in the direction shown by an
arrow C. [ 0039 On the other hand, Figure 4 shows such a state that the

actuator arm8 is present at the OD position where the actuator arm 8
rotates atl nost Hagdt AésKid®ietd on shown by an arrow E within its rotation
angle. The s, pogiskon corresponds to the hone position of the actuator arm
8 describegd aboyggSince the outer edge 10c of the flat coil 10 is present
above the additional _south pole 16d of the stator magnet 16 at -this QD
posi tion, % he 0fPPIEGROYYC receives a force in the same direction as that
at the tine whelubhe actuator arm8 is present at the ID position, which is
shown in K gure saspension

7 ... Coil support part

7a ... Coil support

7b ... Coil support

8 ... Actuator arm

9 ... Rotary shaft

10 ... Flat coil

10a ... Side edge

10b ... S8ide edge

10c ... Outer edge

11 ... Upper stator magnet retention plate

12 ... Actuator

13 ... Slider

14 ... Ramp .

15 ... Tab

16 ... Sstator magnet

16a ... North pole |

16b ... South pole

16c ... Boundary

l16d ... Additicnal south pole

17 ... Lower stator magnet retention plate

18 ... Piezoelectric element

20 ... Head

21 ... Damping controller

22 ... Tracking controller

23 ... Adder

24 ... Driver

26 ... Stator magnet

26a ... North pole

26b ... South pole

26c ... Boundary



- [6040] |f the outer edge 10c of the flat coil 10 alternately
receives forces in the directions shown by arrows C and D owing to the
action described above, the coil-breathing phenomenon that is described in
Figures 13 and 14 showi ng the analysis by the sinulation arises. Thus, as
shown in Figure 13, when the outer edge 10c of the flat coil 10 protrudes
in the direction shown by an arrow C and hence the flat coil 10 is
ext ended, an angl e between the coil sugﬁorts 7a and 7b sandwi ching the fl at
coil 10 decreases. On the contrary, the outer edge 10c of the flat
coil 10 dents in the direction shown by an arrow D and hence the flat coi
10 i's shrupyg an ﬁ@gk@lgﬁgIMﬂ%chhﬁopgll supports 7a and 7b sandw ching the
flat coil 710 increases. %%1 The piezoelectric elenent 18 (Figure 1)
detects extensicofit@hth ¥ gl e between the coil supports 7a and 7b
decrease, 2t .out Parth paoke exanple, plus voltage at a level according to
t he extensign anngaﬁth(§b1&e contrary, the piezoelectric elenent 18 detects

shri nkage yﬁ;n th bet ween the coil supports 7a and 7b increases, and
out puts, for exanp us vol ge at a |level according to the shrlnkage
amount . ?ﬁiaddlﬁﬂéﬁtl%nq¥fﬁﬁtb PLERCTH e piezoel ectric el enent 18 is

determ ned2&o. t.h@takbrisagossi bl e t o detect war page occurred when the
actuator -ajggn 8 reeeir¢gSpaceel eration in the rotary direction. [ 0042]

28b ... South pole

28c ... Boundary
28d ... Additional south pole portion separated from the main

pole-



Figures- 5a and 5b show frequency charactéristics of a transfer function

fromthe drive curfent of the flat coi
pi ezoel ectric elenent 18 in the actuator

10 to the output voltage of the
12 (Figure 1) configured as

descri bed above. In the frequency characteristic charts, the horizontal
17 shows frequencies from2
kHz to 16 kHz that are linearly graduated. In addition, the vertical
in Figure 5(a) shows gains expressed in decibels, and the vertical axis in
Fi gure 5(b) shows phases. Furthernore,pqdotted |ines show frequency
characteristics of a transfer function Alod(s) at the tinme when the
actuator arm8 is near the OD position shown in Figure 4. Moreover,
continuous lines show frequency characteristics of a transfer function
Alid(s) at the tine when the actuator arm8 is near the I D position shown
in Figure 3. [ 0043] As bei ng apparent from Figures 5a and 5b, although
the actuator 12 resonates at nearly 6 kHz, this is butterfly resonance

axi s

(L)

(2)

(A

M S
* c L

Claims:

A stator magnet that forms a voice coil motor with a
closed coil, the closed coil which is supported. by an
actuator arm in a rotatable manner in a predetermined
rotation angle, has first and second side edges that
extend nearly along different lines in radial directions
whose center is a center of rotation of the actuator arm,
and has an outer edge that connects edges of outer sides
of the first and second side edges with viewing in the
radial directions and extends nearly along an arc whose
center is the center of rotation, comprising:

a first magnetic pole region located within a moving area
of the first side edge to act on the first side edge;

a second magnetic pole region located within a moving Erea
of the second side edge to act on the second side edge,
polarity of the second magnetic pole region being opposite
to polarity of the first magnetic pole region; and

a third magnetic pole region located within a moving area
of the outer edge to act on the outer edge, polarity of
the third magnetic pole region being the same as the
polarity of the first magnetic pole region.

The stator magnet according to Claim 1, wherein a part
adjacent to the first magnetic pole region in the third
magnetic pole region, and the first magnetic pole region
are formed in one piece.

axi s



caused by the warpage of the actuator arm8. = In addition, although the
phase | argel y-changes near this frequency, two phases at ‘different rotary
positions of the actuator arm8, that is, the OD position and I D position
becone the sane. [ 0044] On the other hands resonance at nearly 11 kHz

I s 'coil-breathing resonance caused by the coil breathi rmlmﬂmmm “MHF
In this resonance, the phases at different rotary positli ML or
arm8, that is, the OD position and ID position becorme the ‘safre By t he
actuator 12 of the present invention. 25As described above, this is
because the actuator 10 is configured so that the polarities of the stator

magnet s t hat) t theost&toredgeynkdc actorlénd | &t Clim 10 twaeesimayhdef it sane

at the OD posik@BndNdadP POSid IndRynd i80BblePRLEibhs thfe | AYEfePlA Yndragnet
16) . [ 0045] .Asn 'esacri bed abgg}g, aclco%di ng tg t he present einven?"lrnon, it
i s possible toPaFRfiys keep a phase characteristic of the actuator 12 so as
to be in the sanme phase regardless of a rotary position of an actuator arm

Therefore,(4)i t Al $42@%5% Magnb@ according to Claim 1, wherein the third
magnetic pole region among the first, second, and third
magnetic pole regions is formed separately.

(5) An actuator comprising:

an actuator arm rotatably supported in a predetermined
rotation angle;

a closed coil that is supported by the actuator arm,
includes first and second side edges that extend nearly
along different lines in radial directions whose center is
a center of rotation of the actuator arm, and an outer
edge that connects edges of outer sides of the first and
second side edges with viewing in the radial directions
and extends nearly along an arc whose center is the center
of rotation; and

a stator magnet having a first magnetic pole region
located within a moving area of the first side edge to act
on the first side edge, a second magnetic pole fegion
located within a moving area of the second side edge to
act on the second side edge, polarity of the second
magnetic pole region being opposite to polarity of the
first magnetic pole region, and a third magnetic pole
region located within a moving area of the outer edge to
act on the outer edge, polarity of the third magnetic pole
region being the same as the polarity of the first
magnetic pole region,

wherein the actuator is configured so that the same
polarity of magnetic pole may act on the outer edge within
the predetermined rotation angle of the actuator arnm.



18- “perform stabl e danping control of the butterfly phenonenon and further
br eat hi ng phenonenon. [ 0046] Figure 6.is a schematic showi ng an exanpl e
of a control systemcontrolling the actuator 12, configured as descri bed
above, in a hard disk drive according to the present invention. T
actuator 12 outputs a regenerative signal s2 fromthe he mm‘ \%\\ \
extensi onal signal sl outputted according to the extensi \ ge of
the piezoelectric elenent 18 described above. The tracking cébntroller 22
takes out tracking error information frd®the regenerative signal s2, and
outputs to an adder 23 an actuating signal s4 for performng the tracking
control off X h&hgaspetwitamhi aceprding nftor ngtaom. 4, [Qdin Fheseasiniaqg
control ler 21 elementedetbetad erFoonatisn ol tisd dotamtbheaphezoetseddic

el ement 18, apg QHEpg&§u$é%;iy;quder 23 an actuating signal s5 for
controlling the actuator 12 in the direction where the extension and

shri nkage i s danped. The adder 23 adds the actuating signal s4 to the
act uati ng( &l ghaharg dbskehwivet eompraslteat si gnal s6. A driver 24 outputs
drive current s3, passing through the flat coil 10, to the actuator 12 so

as to drive the VaM QL sNGAGHUIRG cd 2t g BRSTS Of this added signal
S6. !

-a controller controlling current passing through the coil
so as to damp deformation of the actuator arm on the basis
of a detection signal from the sensing element.



[0048]x OmMng to the control system of -the actuator 12 that is configured
as descri bed-above, the actuator 12 operates so as to danp the butterfly
phenonenon and breat hi ng phenonenon of the actuator 12, described above, as
wel | as the usual tracking control

19 [ 0049] Figure 7 is a schematic show ng anot her exanple of a stator
magnet of the present invention. The stator magnet 26 in this exanple is
used instead of the stator nagnet 16 shown in Figure 2. 1In this stator
magnet 26, a north pole 26a is formed with extending to a noving area of

the outer edge 10c of thepnfAGUEFTHESIEN FORUEEIVE DANNEYES t hel ess, a south

pol e 26b does not include the noving area of the outer edge 10c,
but an additional north pole 26d is in this area adjacently to the
south pole 26b.  [0050] ABSTRARY

When an actuator of a hard disk drive is controlled, a butterfly phenomenon caused by the
warpage of an actuator arm (8) and a breathing phenomenon caused by the deformation of
a flat coil (10) configuring a voice coil motor (VCM) arise. By detecting the deformation
of the actuator arm (8) with a sensing element and performing control for damping the
deformation, in the conventional configuration of VCM, a phase at the of breathing
resonance becomes opposite depending on a rotary position of the actuator. Therefore, it is
impossible to perform always stable control at all the rotary positions. An additional slim
south pole (16d) is located so that the same magnetic pole may act on a peripheral part
(10c) of a flat coil (10) configuring a VCM without depending on a rotary position of an

actuator arm (8).

FIG 2



Figuré 8 is a schematic showing still another exanple of a stator magnet of
the present invention. The stator nagnet 27 in this exanple is used

i nstead of the stator nmagnet 16 shown in Figure 2. This stator magnet 27 is
formed in one piece, and is nagnetized into a north pole 27a and a south
pole 27b with being separated by .a boundary 27c, as shown in Figure 8. The
addi tional slimsouth pole portiaon 27d of the south pole 27b is a portion
corresponding to the noving area of theld@ter edge 10c of the flat coil 10
(Figure 2). [ 0051] Figure 9 is a schematic showi ng a further exanple of
a stator nmgnet of the present invention. The stator magnet 28 in this
exampl e i s uFdduntstlead of the stator magnet 16 shown in Figure 2. A ‘mai n
pol e portion of this stator magnet 28 is fornmed in one piece, and is
magnetized into a north pole 27a and a south pole 27b wth being
separated by a boundary 28c. The additional south pole portion 28d
separated fromthe main pole portloﬁS S adjq:entOPOfEhsDnaln pol e portion,
and is located in a part correspondl to a novin {ea {,of the outer edge
10c of the flat coil 10. Wi WC fJ 20

P
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[ 0052]° Al though a piezoelectric elenent is used as a sensing el enent
detecting the-deformation of the actuator arm8 in the above-described
enbodi mént, another elenent acting simlarly can be used instead of it.
[ 0053] [ Advant ages of the invention] According to the present
invention, it is possible to keep a phase characteristic of a transfer
function of an actuator, and in particular, a phase characteristic around a -
coil breathing resonance frequency so agqoto be in the sane phase regardl ess
of the rotaryjgagit pon of the actuator arm Therefore, it is possible to
al ways perform’stable control regardless the rotary position of the
actuator armwhen a butterfly phenonenon and further coil -breathing
phenonenon of the actuator are aq.évely danped. [0054] In addition,
according to the present inventio by considering the configuration of a
stator nmagnet, an object is attained,f&nd hence it is possible to avoid
cost increase in connectionfwth™ -I-n?@aatiQh of Jhe present invention,
and conplexity of th&gGgonfipurati Bri ef scription of the

Dr awi ngs:

Figure 3




Figure 1 is a top view of a hard disk drive showi ng an enbodi nent of the
present invention;” Figure 2 is a schematic of a VCM of an act uat or
showi ng an enbodi ment of the present invention;

21 Figure 3 is a drawing for explaining the operation of the present

i nvention; Figure 4 is another drawi ng for explaining the operation of
the present invention; Figures 5(a) and 5(b) are frequency characteristic
charts of a transfer function of the acBiftor; Figure 6 is a schematic
show ng an efggg&% qf a control systemcontrolling the actuator; Figure 7
is a schemati ¢”’showi ng anot her exanple of a stator nmagnet of the present

i nvention;

16a




Figure 8 is a schematic showing still another exanple of a stator nagnet of
t he present invention; Figure 9 is a schematic showing a further exanple
of a stator nagnet of the present invention; Figure 10 is a schematic
showi ng the configuration of an actuator used in a conventional hard disk
drive; Figure 11 is a drawing for explaining a force that a flat coil 105
recei ves; Figure 12 is a drawing for explaining another force that a fl at
coil 105 receives; Figure 13 is a dra#ilfig showi-ng a transforned state of
the coil in a resonant state; Figure 14 is a draw ng show ng anot her
transforned sE¥W D> the coil in a resonant state; and Fi gures 15(a) and
15(b) are frequency characteristic charts of a transfer function of the
conventi onal actuator.
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22 [ Description of synbol s] 1 ... Hard disk drive 2 ... Disk 3... Base

4 ... Spindle notor 5... Hub 6 ... Suspension 7 ... Coil support part 7a

Coi |l support 7b ... Coil support 8 ... Actuator arm9 ... Rotary shaft
10 ... Flat coil 10a ... Side edge 10b ... Side edge 10c ... Quter edge 11

Upper stator nmagnet retention plate 12 ... Actuator 13 ... Slider 14
... Ranp 15 ... Tab 16 ... Stator magnet 16a ... North pole 16b ... South
pole 16¢c ... Boundary 16d ... Addition2i10south pole 17 ... Lower stator
magnet retenéion $Igte 18 ... Piezoelectric elenent 20 ... Head 21 ..
Danpi ng contTo¥1e :

s1
12
18
. $9 24 \
21 — / U
1
23—»Q+ s8 82
[ : ]
22\\\\ ' 7_
s4 20
s2
Figure 7

26d }\l 26b



22 ... Tracking controller 23 ... Adder 24 ... Driver 26 ... Stator nmagnet
26a ... North pole 26b ... South pole 26c ... Boundary

23 26d ... Additional north pole 27 ... Stator nmagnet 27a ... North
pole 27b ... South pole 27c ... Boundary 27d ... Additional south pole
portion 28 ... Stator nmagnet 28a ... North pole 28b ... South pole 28c ...
Boundary 28d ... Additional south poIeGH%rtion separated fromthe nmain pole

Figure 8

27d—_|

Figure 9

28d



24 ' C ai ns: (1) A stator magnet that forns a voice

coil notor with a closed coil, the closed coil which is supported. by
an actuator armin a rotatable manner in a predeterm ned rotation
angle, has first and second si de edges that extend nearly al ong
different lines in radial directions whose center is a center of
rotation of the actuator arm and has an outer edge that connects edges
of outer sides of the first and se@ord side edges with viewing in the
radi al directppas,r@nflgextends nearly along an arc whose center is the
center of rotatfon, conprising: a first magnetic pole region |ocated
within a noving area of the first side edge to act on the first side

edge;
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a second magnetic pole region |located within a noving area of the
second side edge to act on the second side edge, polarity of the second
magneti c pol e regi on bei ng opposite to polarity of the first magnetic
pol e region; and a third magnetic pole region | ocated within a noving
area of the outer edge to act on the outer edge, polarity of t he
third magnetic pole region being the sane as the polarity of the first
magneti c pol e, region. (2) The stator #&Qnet according to Claim 1, wherein
a part Bipakentlto the first nagnetic pole region in the third
magnetic pole region, and the first magnetic pole region are formed in
one pi ece. 25 (3) The stator
magnet according to Caim1l1, wherein the first, secon and third

magneti c pol e regi ons gQ0Faf o one PiEse- (4 tat or nmagnet
according to Caim1, whekei ' gnetic p0l e region anong the
first, second, and third i i ONS s foggzd separately.

105¢

105 [

Figure 12

107a

105¢




(5) An actuator conprising: an actuator armrotatably supported in a

pr edet er m ned <rotation angl e; a closed coil that- is supported by
the actuator arm i ncludes first and second side edges that extend
nearly along different lines in radial directions whose center is a
center of rotation of the actuator arm and an outer edge that connects
edges of outer sides of the first and second side edges with viewing in
the radial directions and extends H&&rly al ong an arc whose center is
the center Figwferbd3ation; and a stator magnet having a first
magneti c pol e region | ocated within a noving -area of the first side
edge to act on the first side edge, a second magnetic pol e region
| ocated within a noving area of the second side edgq9@ 7a) act on the
second side edge, polarity of the mag [ %él@ regi on being
opposite to polarity of the f } ole region, and a third
magneti c pol e region | ocated i of the outer edge to
act on the outer edge, polarity, o) regi on being
the sane as the polarity of t st ' Legi on,
wherein the actuator is confi so that t e - larity of
magneti c pol e e act on %he r edge within £ ; det er m ned
rotation angl f the acC t Er m =
&S ) -
105¢ (10c) ZEYRE
103b (7b
105 (10) (7b)
Figure 14
103a (7a)
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26 {6) The actuator according to Caim4, wherein a sensing
detecting deformation of the actuator armis fixed

(7) A hard disk drive conpri sing:
and

el enent

on the actuator arm

t he actuator according to Caimb5;
a controller controlling current passing through the coil

SO
as to danp deformation of the actuator armon the basis of a detection
signal fromthe sensing el enent.

10/10
Figure 15
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