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| NTERRUPTED BACKGROUND OF THE I NVENTION 5 The present inventio ?e ggﬂto
a disk drive capable of at |east reading data, using a head, and nore
particularly to a method and apparatus that gge _enployed in the disk drive
and.suitable for retracting a head to a predeterm ned retract position
when power 10 supply has been interrupted. Hard di sk drives (magnetic disk
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more particularly to a method and apparatus that are
employed in the disk drivé and suitable for retracting
a head to a predetermined retract position when power

10 supply has been interrupted.

| Hard disk drives (magnetic disk drives) for

reading/writing data using a head are known as disk
drives for at least reading data, using a head. Among
the disk drives, those in which a ramp load system is

15 installed have recently come to be available. In the
ramp load system, when the apparatus is shifted to an
idle state, the front end of an actuator, which |
supports'a head, 1is retracted to a retract area, a
"ramp, provided at the radially outermost side of a

20 disk (disk medium). 1In other words, the head is moved

to a position off the disk. Further, in a ramp load
system, when the idle state is released, the head is
moved from the retract area onto the disk, i.e. is
loaded onto the disk. Suppose here that the idle

25 | state indicates both a state in which the disk has
stopped rotating, and a state in which the supply of

power to a part of a circuit is stopped while the disk
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power to a part of a circuit is stopped while the disk-2 - is rotating. In
the ranp |l oad system since the head's retract area is off the disk, the
attachnent of the head to the disk can be avoi ded when the di sk does not
rotate. 5 Accordingly, the ranp load systemis effective when increasing
the recording density of the disk by.. snpqjhing the surface of the disk
and reducing the floating anount of the "hedd. However, if unintentional
power -of f occurs while 10 the head is floating on the disk in accordance
with the rotation of the disk, it is very possible that the head wll
land on the di sk EhdE%FH 9 her et o. In light of this, in hard disk drives
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then at a secon st ep, dis noved at a Tow speed to a 25 position :
near a ranp, and gecfeddind @ﬁ@preéafdhﬁaddéﬁsﬁ?cskercﬁteealgntdblyetract ed to

a retract position. This Tonfiguration enables the speed of the head at
the - smoothing the surface of the disk and reducing the
floating amount of the head.
- However, if unintentional power-off occurs while
10 the head is floating on the disk in accordance with
the rotation of the disk, it is very possible that the
head will land on the disk and stick thereto. In
light of this, in hard disk drives that employ a ramp
load system, various types of contrivances have been
15 made to automatically retract the head upon power
supply'interruptiOn.

Jpn. Pat. Appln. KOKAI Publication No. 11-297014°
diécloses a method for retracting a head when the
interruption of power supply has occurred. In this

20 method, power supplied to a voice coil motor (VCM)
driver is ciassified into three ievels, those being
supplied in different time periods. Further, in this
method, at a first step, an actuator is stopped, then
at a second step, a head is moved at a low speed to a

25 position near a ramp, and at a third step, the head is
accelerated and retracted to a retract position. This

configuration enables the speed of the head at the



3 time of its collision against the ranp to be set at a sufficiently | ow
val ue, thereby reducing the damage to the ranp. At the aforenentioned
first to third steps after power supply failure, charges (electric

energy), 5 accunulated in capacitors ¢3, cl and c2. while power is being
supplied to the HDD, are supplied to the V driver. The capacitors are
set such that a higher voltage is obtainedfromthe capacitor c2 than from
the capacitor ci. 10 The above-nentioned publication also describes that,

i nstead of using the capacitors,.the back EMF electro e fo ce of a
spi ndl e notor fortims & rﬁfstQR;%ﬁ§%P?sag%%??Fléﬁeaﬁﬁmﬁ §§ ﬁs&e Pt 8 be
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with the 20 ranp s te % n hion
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i sk stopsg rotat] QS%H ofat hgqh d a he shead
may stick theretodggmaf%#caﬁﬁgfﬂﬂ% 8%% %?loglagﬁg EgeugggﬁanweE is
presently operat' 8 the fibhstasbeBupplikhi tot kAR, vence the

supply of power s aIr y stopped, the fotationa speed of the 4
driver. The capacitors are set such that a higher

voltage is obtained from the capacitor c¢2 than from
the capacitor cl.

10 _ The above-mentioned publication- also describes
that, instead of using the capacitors, the back EMF
(electromotive force) of a spindle motor for rotating
the disk is rectified and used as power to be supplied
to the VCM driver at each step after power off. The

15 back EMF of the spindle motor is generated due to its
own inertia after power off.

The above-described prior art considers solving -
the problem of the ramp being damaged, upon a power
supply failure, when that the head collides with the

20 ramp at high speed when retracted. However, no
consideration is given to solving the problem that,
upon pbwer supply interruption, the disk stops |
rotating, the floating ambunt of the head reduces and
the head may stick thereto. Specifically, in the

25 prior art, the actuator presently opeérating is stopped
at the first step. At this time, since the supply of

power has already stopped, the rotational speed of the
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spindle notor is further reduced while the actuator is being stopped.
Accordingly, it is very possible that the spindle notor may stop rotating
before the head is conpletely retracted, and hence the head may | and and
5 stick to the disk. Mreover, in the case of snmall hard disk drives such
as 1.8-inch ones, it is difficult for the charges accumulated in the
capacitors or the back EMF of the spindle notor, to cover the power
required by the VCM 10 driver to retract the head upon power supply

i nt tion, for the foll owi T , , ,
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drives, the spin oris a ence does not provide a high

back EMF. 20 Accgpgl Tgltiéﬂ.g 'rreitsra@tfefd,PléJr{(? TN thd hee DaGKa FMard andie
spindl e notor to cover the power required by the VCMdriver to retract the
head upon gower sypphY ol RHE Q4R .on. Therefore, the use of the back EMF of
the spindle notor 1s not suitable, either. 25 BRI EF SUMVARY OF THE

| NVENTI ON The present MgpeRRtdOn s eainslevet opralll nharghdiskfdrbeesabove
circunstances, and ainms to enable a 5 reliable and safe retract of a head
upon power suppl ¥uch as 1.8-inch ones, it is difficult for the charges
accumulated in the capacitors or the back EMF of the
spindle m§tor, to cover the power required by the VCM
10 driver to retract fhe head upon power supply
interruption, for the following reason: -To-cover the
power, required to retract the head at the
interruption of power supply, by only the charges of
the capacitors, the capacitors must have a large
15 capacitance. This makes it difficult to downsize the
entire apparatus. In light of this, the use of
capacitors is not suitable.. On the other hand, in
small hard disk drives, the spindle motor is also
small and hence does not provide a high back EMF.
20 Accordingly, it is difficult for only the back EMF of
the spindle motor to cover the power required by the
VCM driver to retract the head upon power supply
interruption. Therefore, the use of the back EMF of
the spindle motor is not suitable, either.
25 BRIEF SUMMARY OF THE INVENTION

The present invention has been developed in light

of the above circumstances, and aims to enable a
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i nterruption, w thout using capacitors of a |arge capacitance, even if the
back EMF of a spindle notor is insufficient. 5 According to an aspect of
the invention, there is. provided a nethod of supplying, upon power-off of
a power supply for a disk drive, a current to a voice coil notor to drive
a head actuator that supports a head, thgrqpy retracting the head onto a
ranp provided 10 outside a di sk medium near an outer periphery of the disk
medium In the nmethod, during the operation of the disk drive, a tine
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supply of the bg&ﬁggggaggcéhee?gﬁngketﬂgtng?ogg@aﬁfogcﬁggghhenﬁber'as a

driving source f actuator 1's starte en t retract tine

peri od has eIapsgﬂsa{ﬁgﬁffpgieﬂewer-off of the power supply, i.e. when the
head has reached a position near the retract change position, the current

to be supplged to the X@&SEdEHgl tBOLAM abPectWolrChed Hne@nt ioW," @Mere is.
generated by the back EMF of 25 the spindle notor, to a current generated

by di schar ge ?f é;ﬁréﬁa@&tacla@aﬁba%ft Bapﬁas}@ngul apen powkaroeff bdma t he

power supply. In the above nethod, the retraction of the head wupon

power supply int eséweti SEppSyr e6ki Zedisk wlve, a current to a voice
coil motor to drive a head actuator that supports a
head, thereby retracting the head onto a ramp provided

10 outside a disk medium near an outer periphery of the
disk medium. In the method, during the operation of
the disk drive, a time period required to move the
head from a position of the head to a predetermined
retract change position, using a back EMF that occurs,

15 upon the power-off of the power supply, in a spindle
motor is determined to be a retract time period. Upon
the power—-off of the power supply, the supply of the
back EMF of the spindle motor to the voice coil motor
as a driving source for a head actuator is started.

20 When the retract time period has elapsed after the
power-off of the power supply, i.e. when the head has
reached a position near the retract change position,
the current to be supplied to éhe voice coil motor is
switched from a current generated by the back EMF of

25 the spindle motor, to a current génerated by discharge
of a retféct capacitor that accumulates a charge from

the power supply..
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stages, i.e. a first retract and a second retract. In the first retract,
the head is noved to a position 5 near the predeterm ned retract change
position, using the back EMF of the spindle notor. In the second retract,
the head is noved to the ranmp using a charge accunulated in the retract
capaci tor. Thus, upon power supply inter[yptéoni the current 10 generated
by the. back EMF of the spindle notor and the charge accunulated in the
retract capacitor are selectively used as a current source for the voice

i t dt et he, head h . ' '
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i-nvention. The objects and vant ages of I nvention may be realized and
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invention, and togetPLEt, the head is moved to the ramp using a charge
accumulated in the retract capacitor.

Thué, upon power supply interruption, the current
10 generated by the back EMF of the spindle motor and the
charge accumulated in the retract capacitor are
§électively used as a current source for the voice
coil motor used to retract the head onto the ramp. In
a hard disk drive of, for example, 1.8-inch type, even
15 if the head cannot be retracted onto the ramp only
using the back EMF of the spindle motor, the above
configuration enables the retraction of the head onto
the ramp without a large-capacitance capacitor.
Additional objects and advantages of the
20 invention will be set forth in the description which
follows, and in part will be obvious  from the
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
25 instrumentalities and combinations particularly

pointed out hereinafter.
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5wth the gener al

t he enbodi nents given below, serve to explain the principles of the

description given above and the detailed description of

invention. FIG 1 is a block diagramillustrating the configuration of a
hard di sk drive according to an 10 enbodiment of the invention; FIG 2 is
a view of a disk 11 appearing in FIG 1, _ iklustrating a recording surface

thereof divided into a plurality of zones; FIG 3 is a view useful in

expl ai ni ng the

appearing in Fl
driver 1C 18 app

15 rel ationship between a ranp 16 and an actuator 14

ruptio di ment ;
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Is aTfTlowhart useful in ‘explaining a 1st-
detailed description of the embodiments given below,

serve to explain the principles of the invention.

FIG. 1 is a block diagram illustrating the
configuration of a hard disk drive according to an
embodiment of the invention;

FIG. 2 is a view of a disk 11 appearing in FIG. 1,
illﬁstrating a recording surface thereof divided into
a plurality of zones;

FIG. 3 is a view useful in explaining the
relationship between a ramp 16 and an actuator 14
appearing in FIG. 1;

FIG., 4 is a view illustrating the configuration -
of a driver IC 18 appearing in FIG. 1, togethef with
its peripheral circuit; |

FIG. 5 is a conceptual view useful in explaining
the retract of a head'executed upon power supply
interruption in the embodiment;

FIG. 6 is a flowchart useful in explaining a
lst-retract-time-period setting operation executed by
a CPU 25 in the embodiment;

FIG. 7 is a flowchart useful in explaining the

operation of a controller 183 executed upon power

ment; FIG 8 is aviewillustrating a

fF | itg,atyh% AedddbAidiicd gkl | gsdvonad the
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retract-tinme-period setting operation executed by the CPU 25 using the
table 251a in the first nodification of the enbodinent; FIG 10 is a
flowmchart useful in explaining a 10 1st-retract-tine-period setting
operation executed by the CPU 25 in light of a tenperature change in a
second nodi fication of the enbodinent; FIG gl1 is a conceptual view useful
-in explaining the retract of a head executed upon power supply 15
interruption in a third nodification of the enbodinent; FIG 12 a view

| | ustrat th f f
modi 1 cati on of (TP LIGHHERPFHop S et eRRodindd g, fourih s
FIG 1; FIG 13 is coagfg €p+V|eY%¥§§Ig }h@tgégk nhngat%h%xa§%}§C5f0f a

head execut ed upon po ron ication of
t he enbodi ment is.af p ning the
operation of a CJ§¥9%$E%$1 exe%ﬁtedng%ﬁaﬁ&dyffégklbﬁ S?n#g%ruptlon in a
fifth nDdlflcatlo % 9 - enbodlnent DETAILED DESCRIPTICN OF THE

| NVENTI ON' An enbo |n whi ch the present inventionis applied to a

115,99 8 7%, 11, Bt pbssneiinatel shatatotsxpiscassomanng
hard retract-time-period setting operation executed by the
CPU 25 using the table 25la in the first modification
of the embodiment;
FIG. 10 is a flowchart useful in explaining a
10 1st-retract—time—period setting operation executed by
the CPU 25 in light of a temperature change in a
second modification of the embodiment;
FIG. 11 is a conceptual view useful in explaining
' the retract of a head executed upon power supply
15  interruption in a third modification of the
embodiment;
FIG. 12 a view illustrating the configuration of
a driver IC 18' used in a fourth modification of the
embodiment in place of the driver IC 18 shown in
20 FIG. 1; | |
FIG. 13 is conceptual view useful in explaining
the retract of a head executed upon power supply
interruption in the fourth modification of the
embodiment; and
25 ' FIG. 14 is a flowchart useful in explaining the
operation of a controller 183 executed upon power

supply interruption in a fifth modification of the
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di sk drive according to the enbodi nent. The hard disk drive (HDD) shown i

FIG 1 is provided with, for exanple, a single 1.8-inch disk (nmagnetic
di sk nmediun) 10 11. The disk 11 has two di sk surfaces (upper and | ower
surfaces). At |east one of the two disk surfaces (e.g. both surfaces)
serves as a recording surface on which datg is to be recorded. A head
(magnetic head) 12 is provided for each Féc%rdrhg 15 surface of the disk
11. The head 12 is used to wite data into the disk 11 (data recording)
and to read data therefrom (data reproduction). Thus, FIG 1 shows, as
exanmpl e, an HDD Rith a single disk 11. However, it is a matter
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drive (HDD) shown in FIG. 1 is provided with, for
example, a single 1.8-inch disk (magnetic disk medium)

10 11. The disk 11 has two disk surfaces (upper and
lower surfaces). At least one of the two disk
surfaces (e.g. both surfaces) serves as a recording
surface on which data is fo be recorded. A head
(magnetié head) 12 is provided for each recording

15 surface of the disk 11. The head 12 is used to write
data into the disk 11 (data recording) and to read
data therefrom (data reproduction) . Thus} FIG. 1
shows, as an example, an HDD provided with a single
disk 11. HoWever, it is a matter of course that an

20 HDD provided with a plurality of disks 11 in a stacked
arrangement may also be employed in the embodiment.

A large number of concentric tracks 110 are
formed on each recording surface of the disk 11. Each
recording surface of disk 11 includes servo areas (not

| 25 shown) that are formed on the disk at regular
intervals and have servo data recorded’thereon. The

servo data is used, for example, for head positioning
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As shown in FIG 2, each recording surface of the -disk 11 is nanaged in a
state in which it is divided 10 into a plurality of eoncentric zones ZO -
Zn that each include a plurality of tracks. A format of the CDR (Constant
Density Recording) type is applied to the disk 11. In the CDR-type format
disk 11, the further the zone is |ocated wards fromthe center of the
15 . disk 11, the longer the circunferentidal | ength of each track therein,
and hence the larger the nunber of data sectors per each track. In other

ds, the furth th i,s | d he Ge '
3%_{ 2t ﬁré; 1 spEEB O SR A AP (AR GO TS o TR T1 GHE of
this, the formattin ffici L. f ot | .Sk
ﬁf f ﬁCt [ veldybusi n& t_ e;?rtl (Sflrogsg‘s%y]bq‘n’?h@ gﬁs‘%aﬁéﬁhogﬁg?%% i%llé{;&f%t g%{%% at a
| spee a s : - ' .
25 The SpM 13 coltBBd &1 FRe AR il B! pEqdacihtl)

attached to the t§e9:v%f1 aq%eagsgt liz;tl,fg sdd aa{%ggt'% : S U} Mt dAa Abre

specifically, the I's attache e tip of a suspension 141

that extends fromqnafa MR i1 Wdadiind e asHR O petdeed e Boaerd® is

noved in a radial direction of the sk 11 in accordance with the pivoting
of the 5 actuat ool ioM P ddpedisatkt hddr pastiploaes ofoatiéns gef track.
The actuator 14 includes a voice coil notor (hereinafter referred to as a

"VCM') 15 servi ngheagiiidis 1dr,i \Gver s agcaditgls, the VCM 15 drives the
As shown in FIG. 2, each recording surface of the
disk 11 is managed in a state in which it is divided
10 into a plurality of concentric zones 20 - Zn that each
include a plurality of.tracks. A format of the CDR
(Constant Density Recording) type is applied to the
diék 11. In the CDR—typg format disk 11, the further
the zone is located outwards from the center of the
15 disk 11, the longer the circumferential length of each
track therein, and hencelthe larger the number of data
sectors per each track. In other words, the furthér
the zone is located from the center, the higher the
data transfer speed (transfer rate) of eaqh trabk
20 therein. In light of this, the formatting efficiency.
of the disk 11 can be enhanced by effectively using
outer areas of the disk 11.
The disk 11 is rotated at a high speed by a
spindle'motor (hereinafter refeired to as an "SPM') 13.
25 The SPM 13 could be a three-phase brushless mbtor.
The head 12 is attached to the tip of an actuator

(rotary head actuator) 14. More specifically, the
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actuator 14. 10 A ranp (ranp nechanism 1.6 is provided outside and near
the outer periphery of the disk 11. The ranp 16 provides a head retract
position, into which the head 12 is retracted when the HDD is shifted to
its idle state. Actually, a tab 144, described later, 15 which is forned
at the tip of the actuator 14 and supports,the head 12, is placed on the
ranp 16 instead of the head 12. However, to facilitate explanation, it is
described that the head.12 is retracted (unloaded) to the ranp 16. 20 As

shown in FIG 3, the ranp 16 is provided_ outside_and near the oufer
peri phery of thehgask 1211s atFaghed frxddiemimf RFEITRHHOR htiﬁoverrent

et e S SR PSR,
puking pertion 190 1 94 Abalaadhatied SRRttt e
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actuator 14 is, for “exa
motor (hereinafter referred to as a "VCM") 15 serving

as its driving source. Thus, the VCM 15 drives the
actuator 14. |

10 A ramp (ramp mechanism) 16 is provided outside
and near the outér periphery of the disk 11. The ramp
16 provides a head retract position, into which the
head 12 is retracted when the HDD is shifted to its
idle state. Actually, a tab 144, described later,

15 which is formed at the tip of the actuator 14 and
supports the head 12, is placed on the ramp 16 instead
of the head 12. However, to facilitate explanation,
it is described that the head 12 is retracted
(unloaded) to the ramp'16..

20. As shown in FIG. 3, the ramp 16 is provided
outside and near the outer periphery of the disk 11,
and in a predetermined position on the movement route
of the tab 144, which is formed at the tip of the
suspension 141 extending from the arm 140 of the

25l actuator 14. The ramp 16 includes a parking portion
161, which the tab 144 is placed on or engaged with.

The parking portion 161 is a depressed portion and



10 V-shaped and extends in a direction opposite to the suspension 141.-The
support franme 143 holds a coil (VCMcoil) 150 incorporated in the VCM 15.
The HDD shown in FIG 1 is also provided with an outer periphery stopper
17a and an inner periphery 15 stopper 17b. The outer periphery stopper 17a
Is used to limt the novenent of the actu 14 when retracting the head
12 onto the parking portion 161 of the'?aﬁg?16 so that the head 12 w |
not nove over the parking portion 161 to the outside of the ranmp 16. 20 To

this end, the outer perlphery stopper 17 S ate that_ it br ought
into contact witHeRs® PHEYSS 65(#1 HoRm, Q%?lrf‘?le‘%\f%rh%?)%%ldsﬁ %’Brtg

frame 143 of the actuator 4 mhlc i s close t atel
before the head FrengpEe eYeTe 15 7% (G b ?é;tféﬁF t%ﬁ? He ou€5|de gf
the ranp 16. n&fﬁr t he i nner perlphery st opper 17b is used to

prevent the head © novi ng over an innernDst - 13 portion of the disk

11 and colliding wth ﬁegfelis-’ﬁ%ﬂlgig%a% ﬁhﬁG at télf@% st @@eiser_Ptkgdused-

tolimt the npvenent 4" S0 12 - wi not

junp over §he |nneif§ rﬁﬁ%ggte :€ﬁ§¥ #H'tﬂg ;EE&g@bgng4 t henénner

peri phery toppe} I'sS brought into contact with
and st ops the 0 .otﬁ'lqlzp(}fa{é Q’ﬂ:é@ﬂ&? ¢ Medapes snepessefls8mehel43 of

t he actuator Is renmote fromthe disk 11, imediately before the
head 12 noves OV@fDd he ik} iqnaid@st PPris osuppotbed dsskedtabd eehl i des

with the

pivot about the pivot 142. A support frame 143
incorporated in the actuator 14 is, for example,

10 V-shaped and extends in a direction opposite to the

| suspension 141. The support frame 143 holds a coil_
(VCM coil) 150 incorporated in the VCM 15.
The HDD shown in.FIG. 1 is also provided with an

outer periphery stopper 17a and an inner periphery

15 stopper 17b. The outer periphery stopper 17a is used
to limit the movement of the actuator 14 when
retracting the head 12 onto the parking portion 161 of
the ramp 16, so that the head 12 will not move over
the parking portion 161 to the outside of the ramp 16.

20 | To this end, the outer periphery stopper 17a is
located so that it is brought into contact with and
stops an end portion 143a of the V—shaped.support
frame 143 of the actuator 14, which is close to the
disk 11, immediately before the head 12 moves over the

25 parking portion 161 to the outside of the ramp 16.

| Similarly, the inner periphery stopper 17b is used to '

prevent the head 12 from moving over an innermost
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SPM 13. The SPM 13 and the VCM 15 are powered by respective driving
currents (an SPM current and a VCM current) supplied froma driver IC
(Integrated 15 Circuit) 18. The driver IC 18 is connected to a capacitor
19 via a backf.| ow preventing diode 19a. Wen the HDD is in the operation
state, the capacitor 19 is charged w th_the,power supply voltage of the
HDD. The capacitor 19 is aa2nd-retract capacCitor, which is 20 used as a
power supply for a 2nd-retract, described later. The 2nd-retract indicates

t ti f th d 12 f t t ch . Lt 4 G 5
BESL??béﬁ”l oter Bogtin o ik Btk i Th Gnd SOPELRERY Lhptactre 38R 137 ©
execut ed upon I 25 int ' t h [ i h
C(épagi tor EQ tgogﬁ{)rﬂ%‘%ﬁ i"%&?%‘r %W%ﬁé)%ﬁt t%of? %%%gﬁmﬁg{:g% E/e(ra
| C 18 executes 1sf-- - ' [ [ hi h
supply of gow:r t%oov nﬁegjdﬁ%%dr}ggé Lﬁ“ﬁ%ﬁﬁ;ﬁhﬂ@ﬁ'?ﬂ% E??;gt@;g!@??ntthee

back EMF (el ectr% iljéﬁl}%gﬁfe%) tHe g“ﬂ)éﬂéﬁeﬁegf tRe2@PL¥ pover v6VCM

current) to the a 1-st retract time pertod, described |ater

after the BOWSr 3iiblehd Nitd UHAON doriBe Pl céPse£LY7HDYENdokAgedhead
12 in a certain direction to a position near the Tetract change position

403 (see FIG 5) glesafdthet iaterfoudite 2mebrednvgtt i wienesniegtapsethkhe
1st 10 retract, i.e. after a 1st-retract time period elapses fromthe
start of the 1st-gwid®aEnd IgbitdiorMmé3etéfcthe V-shaped support frame
143 of the actuator 14, which is remote from the disk
11, immediately before fhe head 12 moves over the
10 innermost portion of the disk 11 and collides with the
SPM 13. |
The SPM 13 and the VCM 15 are powered by
respective driving currents (an SPM current and a VCM
current) supplied from a driver IC (Integrated
15 Circuit) 18. The driver IC 18 is connected to a
capacitor 19 via a backflow-preventing diode 19a.
When the HDD is in the operation state, the capacitor
19 is charged with the power supply voltage of the HDD.
The capacitor 19 is a 2nd-retract capacitor, which is
20 used as a power supply for a 2nd-retract, described
later. The 2nd-retract indicates retraction of the
head 12 from a retract change position 403 (see
FIG. 5), described later, to the parking portion 161
Qf the ramp 16, which is executed upon power supply
25 interruption to the HDD by discharging the capacitor
| 19 to supply its power (VCM current) to the VCM 15.

The driver IC 18 executes 1lst- and 2nd-retract
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t he charge accunul ated in the capacitor 19 is used to supply the VCM
current to the VCM 15, thereby retracting the head 12 onto the ranp 16..
15 The head 12 is connected to a head IC (head anplifier circuit) 20. The
head I C 20 includes a read anplifier that anplifies a read signal read by
the head 12, and a wite anplifier that_c yerts wite data into a wite
current. 20 The head I1C 20 is connected to aread/wite IC (read/wite
channel) 21. The read/wite I1C 21 executes various types of processes,

such as an A/D (anal oqg/ digital), conversign | ,

cgdi ng grocess 0 Pﬁfﬁ?g%ét g,n %ﬁ%}-sao \éﬁe S:"ﬁbergit Ceggszuég'gnéfg%‘ﬁégtng# et g.

The read/wite | C, 21 oyi_de [,Si ti ' d sy

gnd ogt put ]E i ng Fsg@br Z‘S& ﬁ%él, Eglﬁfr;lqﬁj%’i oﬁﬂbghgtﬁséé_g%?%%??hg&égpso
urst data from geryo i | Py ' | 4 t

timng signal) ﬁfécc):% g@aﬁgl%rcﬁg%&%ﬁﬁg#oé%u?%ft %%?%%guﬁéﬁ?ggatso t he

CPU 25 d d f | I | L
o oo and use a‘_‘th tagpggfpo%'xowaﬁa A ddatnd sy@xerst egrt e posttion

area of a target track. The gate array 22

provi des asfunct @R rltChadld PerivRl,l QSsddias Ofatd F) NHESEBNEhS, pbweLudi ng
the burst timng signal, on the basis of a read pul se signal 10 out put

fromthe read/ wisypphy 2htedithptildmald AhofHDEX tRetdNg Mot ingkthede
contained in the servo data. he track code is supplied to the CPU 25 and
used for head 12 in a certain direction to a position near the
retract change position 403 (see FIG. 5) described
later. The 2nd-retract is executed after the l1lst-

10 retract, i.e. after a lst-retract time period elapses
from the start of the lst-retract. In the 2nd-retract,
the charge accumulated in the capacitor 19 is used to
supply the VCM current to the VCM 15, théréby'
retracting the head 12 onto the ramp 16.

15 The head 12 is connected to a head IC (head
amplifier circuit) 20.. The head IC 20 includes a read
amplifier that amplifies a read signal read by the |
head 12, and a write amplifier that converts write
data into a write current.

20 The head IC 20 is connected to a read/write IC
(read/write channel) 21. The read/write IC 21
executes various types of processes, such as an A/D
(analog/ digital) conversion process on a read signal,
a coding process on write data, and a decoding process

25 on read data, etc. The read/write IC 21.provides a
pulsing function of pulsing a read signal and

outputting pulsed read data, and a function of
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seek control that is executed to nove the head 12 to a target track. 15 A
di sk controller (HDC) 23 is connected via a host interface 24 to a host
systemthat uses the HDD. The host systemis a digital device such as a
personal conputer. The disk controller 23 processes read data coded by
the read/wite IC 21, in accordance mﬁth_eaig 20 control signal output from
the gate array 22, thereby «creating data t0 be supplied to the host
system The disk controller 23 also codes wite data transferred fromthe

host systemvia the interface 24, .in accqrdangce with_eac ont.rol signal
out put form the BFYERALTINF S ?%E?Eb‘gag?aﬁﬁ@rﬁ?ﬁ&ot Hg Pestl t ant gdata

toth d/ wri IC 21. Th i Vo
16 ' that prest or AEPEARTD B SrTTAr AR ORARdLM RAEESs L RRNG y) 52
that provides, f%%gﬁé%fpiéﬁ%@}%?%gtgrg@ragor the QEP%BSbugg@ a4 Bs

converter (ADC) Té sensof 26 1S connected to the input of

the 5 AD conver Laloghia e (U @Pyeyscuhasutla g8p! tehckpirganamisiored in

t he ROM 251. When uting see control to nove the head 12 to a target

track desigpat edzga%gf&mm {seagdlunitq £6"pBEYULi6H! BHE hbm@mMbharhest:

system the CPU al cul ates, each tine 10 a new head position is
detected, a tine period {lsi &#£tsachrgbterpgekod) required to nove the head

12 from the detected head position to a predeterm ned radial position on
the disk 11 (retract cfir8dgapesSattaR)22 provides a function of creating

various types of timing éignals, including the burst
timing signal, on the basis of a read pulse signal

10 output'from thé read/wfite IC 21, and a function of
extracting a track code contained in the servo déta.
The track code is supplied to the CPU 25 and used for
seek control that is executed to move the head 12 to a
target track.

15 A disk controller (HDC) 23 is connected via a
host interface 24 to a host system that uses the HDD.
The host system is a digital device such as a personal
computer. The disk controller 23 processes read data
coded by the read/write IC 21, in accordance with each

20 control signal output from the gate array 22, thereby
creating data to be supplied to the host system. The
disk controller 23 also codes write data transferred
from the host system via the interface 24, in
accordance with each control signal output form the

25 gate array 22, thereby transferring the resultant data
to the read/write IC 21.

The CPU 25 contains a ROM (Read Only Memory) 251
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The 1st-retract time period is set in a controller 183 15 (see FIG 4)
contained in the driver 1C 18. The head position indicates a cylinder
position in which the head 12 is positioned. FIG 4 shows the
configuration of the driver 1C 18, together with its peripheral circuit.

The driver

controll er

201 C 18 includes an SPMdriyverq481, a VCMdriver 182, the

183, a capacitor 184, a power - of detector 185, 1st-retract

swi tches 186a, 186b and 186c¢c, a diode 187, a rectifier 188 and a
2nd-retract swt
SPM current desi
15 with a VCM cu

es) . _ en,t o] suppl
to the HDD has byee%{%%yﬂt ?r%g%hg%, %oeé%gé#ﬁreﬁ%pie%éc%t‘ggr?hﬁﬁlégt-pp Y

retract by turni t etagﬁ;t
for the 1st-retra%é9&h%%§§i%§d. Afat er t

el apses,
and 186c,

backup

t he

(0]

h

189 Th dr i i '
PSP T S i KRS AAE, PRRRden AERRES, )

r?")i.}lﬁh@&nééﬁéer 1866) apd3 '18'6ng”| y

e Ist-retract tinme perio
el ulR3 ddHdby O fdecdshesebdach eMbt chest186athel86b

( and execut'es the 2nd-retract by turning on the 2nd-retract
switch 1895 The oy ridwairtkd3 B30 CrHd aEPs 25 6gbetees (Phe abavAadli N
which the CPU 10 25 sets information indicative of the 1st-retract tine
period. The capagrdyrahBsbtcrexhargachavi ROMt 281 povidhien sepptyut ingt agekof the
HDD. The capacitor 184 is connected to the controller 183 and used as a
control to move the head 12 to a target track

10

15

20

25

designated by a command (read/write command) output

from the host system, the CPU 25 calculates, each time

a new head position is detected, a time period (lst-

retract time period) required to move the head 12 from

the detected head position to a predetermined radial

position on the disk 11 (retract change position).

The lst-retract time period is set in a controller 183

(see FIG. 4) contained in the driver IC 18. The head

position indicates a cylinder position in which the

head 12 is positioned.

FIG. 4 shows the configuration of the drivei IC

18, together with its peripheral circuit. The driver

IC

18 includes an SPM driver 181, a VCM driver 182,

the controller 183, a capacitor 184, a power—off

detector 185, lst-retract switches 186a, 186b and 186c,

a diode 187, a rectifier 188 and a 2nd-retract switch

189. The SPM driver 181 supplies the SPM 13 with an

SPM current designated by the CPU 25. The VCM driver

182 supplies the VCM 15 with a VCM current designated

by

the CPU 25.



15 power supply for enabling the controller 183 to operate during power
off. Unlike the capacitor .19, the capacitor 184 is not used as a power
supply for a nechanical operation. Therefore, the capacitance of the
capacitor 184 may be sufficiently small as 20 conpared with the capacitor
19. A backup battery may be used in place the capacitor 184. The
power - of f detector 185 nonitors the power L pply vol tage of the HDD,  and
determ nes that the power supply has been interrupted, if the power supply
25 voltage is not nore than_a predeterm ned value. The  1st-retract '
switches 186a, 186b aliepsédeamOwSdnriBiRRYY tarthmdiP RAS(BEeP, V- and

W phase notor coils 13U, 18 13V and 13W.oof t SPM 13, respectively, and
commonly  connecfBETERPLRE ofther CORFF oL fREHTeS '%xé§t18¥. The

e Uit of t nESEERBE b £EIHEY On, s et Tet ke Rdge o, I
L SR 8 A o, S Sl
’ e en , t [ : ‘ | :
ok 11, il e wAER g??r%_r SR, B 2. cnd 152 1o
the end 151, thecﬁ?&%géﬁe'rs l%v%rjsg‘r’gffh%l}i%t%g{?efeﬁﬁééghgﬁitcﬁag 186a,

2nd-retract switc has one en end thereof connected to

the cathode of a;digedenk9a gdRd they ekciile PTthd2NEMIOrds: Kespeehing! y.
The swi tches 186a, 186b, 186c¢ and
on the 2nd-retract switch 189. The controller 183
also contains a register (not shown) in which the CPU
10 25 sets information indicative of the lst-retract time
period.

The capacitor 184 is charged with the power
supply voltage of the HDD. The capacitor 184 is
connected to the controller 183 and ﬁsed as a backup

15 power sﬁpply for enabling'thé controller 183 to
operate during power off. Unlike the capacitor 19,
the capacitor 184 is not used as a power suppiy for a..
mechanical operation. Therefore, the capacitance of
the capacitor 184 may be sufficiently small as

20 compared with the capacitor 19. A backup battery may
be used in place of the capacitor 184.

The power-off detector 185 monitors the power
supply voltage of the HDD, and determines that the
power supply has been interrupted, if the power supply

25 voltage is not more than a predetermined value. The
lst-retract switches 186a, 186b and 186c are connected,

at .one side, to U-, V- and W-phase motor coils 13U,



189 are forned of, for exanple, FETs (Field Effect Transistors), and are
turned on and off if the control signal fromthe controller 184 is at | ow
| evel -and at high level, respectively. 20 Referring then to FIG 5, a
description will be given of the feature of head retraction assuned at the
I nterruption of power supply. At the interr &tion of power supply, the
controller 183 in the driver 1C 18 executes®the 1st-retract so as to nove
the head 12 25 fromits present position to the predeterm ned retract

change position 403 on the disk 11. The controller , 183 perforns the
1st-retract by fl&¥ #§% H@%tﬁfplﬂhelgsmhﬂ@'erﬁe%?e‘f%v@e&i?’?cgrc‘i@gorf%ythe

VCM coil 150 of the VCM 15 for .the I1st-ret t, ti I od, i ch, | t
in the control | eFOTES rdé&terie&F er%rﬁltcﬁleg'c te Ieﬁ?lfaer%‘lécg% ?)%2"%‘ fcihoJFl.eTﬁ:

rectifier 188 generates. 5 its.oufput rrent tifyi rent om
tEe SPM 13, whi 187 Sf&?e%stéboct%? of ph% ‘sél\fl‘—é)%c rr%sng‘l:‘%’]%ng‘f%& i) E’g at
the interruption,of po uppl V.. s i ter ' t . Er the SPM 13
i ndi ﬁat es a cur ur%g\gﬁrertz}egcf% tlaﬁ%%kig\ﬂz t%%% %%‘E 1?[2 ?%1 @E%e SPM 10 13
at the interrupti fes r I T tsac h POSH t 4 4 S

set, for xanpl é:%%(glqc‘)fg‘%%%qi;i%?aér?pnri%&%e%@s%?%i ﬁg%he%érle%?g)ctgghange

PO L1 OTdC%, IO N0 B POLS) ot ¥ Cobp dpre ot Lisstopotné 1
retracted onto tRemarKki ng, RHd ibdPimtt | hehéRn® d¥rrent flows

through the VCM 15 from the end 151 to the end 152,

the head 12 is moved toward the outer periphery of the

10 - disk 11, while when a current flows through the VCM 15
from the end 152 to the end 151, the head 12 is moved
toward the inner periphery; The 2nd-retract switch
189 has one end and the other end thereof connected to
the cathode of a diode 19a and the end 151 of the VCM

15 15,_respective1y. The switches 186a, 186b, 186c and
189 are formed of, for example, FETs (Field Effect
Transistors), and are turned on and off.if the control
signal from the controller 184 is at low level and at
high level, respectively.

20 Referring then to FIG. 5, a description will be
given of the feature of head retraction assumed at the
interruption of power supply; At the interruption of
power supply, the controller 183 in the driver IC 18
executes the lst-retract so as to move the head 12

25 from its present position to the predetermined retract
change position 403 on the disk 11. The controller

183 performs the lst-retract by flowing the output



when the 2nd-retract has been executed by flowng a current fromthe
capacitor 19 to the VCM coil 150 of the VCM 15. The second point is to set
the retract 20 change position so that the amount of rebound of the head
12 to the disk 11 side, which occurs when the support franme 143 of the
actuator 14 has been brought into contact wth the outer periphery stopper
17a as a result of the 2nd-retract, can be fi nim zed. The 25 rebound of
the head 12 to the disk 11 side will be described later. The 1st-retract
time period is set at.a value required for_ noving, by the lst-rﬁt% ct, 20

the head 12 fromCanFsEIt Yh &hrorrestifken il kot M eFPtpt 19 power
supply, to the retract change pqsition 403. In the enbodi nent, . the,
position (radial thsodi@ o TR t1he N 5ot RSt nEHGRAE 1A atbigkotS14 5
IS i tact with th t ' 7 i1l .be h i naft
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referred taq. M ' t St . ' th
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ti f 72| J - 200 ' 15 i

PG 5. AT first S nai By (e REled Iy A RASL BIE SoCREt LA R "

ginzkt ﬁé dingch | $r R e f410mhd hentOstuSyssebY i Bokd8 Sesp1interface 24

Hereinafter, a current from the SPM 13 indicates a
current generated by a back EMF that occurs in the SPM
10 13 at the interruption of power supply.

The retract change position 403 is set, for
example, close to the ramp 16. When setting the
retract change position 403, the following two points
are considered. The first point is to set the retract

15 change position so that the head 12 can be always
retracted onto the parking portion 161 of the ramp 16
when the 2nd-retract has been executed by flowing a. |
current from the capacitor 19 to the VCM coil 150 of
the VCM 15. The second point is to set the retract

20 change position so that the amount of rebound of the
head 12 to the disk 11 side, which occurs when the
support frame 143 of the actuator 14 has been brought
into contact with the outer periphery stopper 17a as a
result of the 2nd—r§tract, can be minimized. The

25 rebound of the head 12 to the disk 11 side will be
described later. The lst-retract time period is set

at a value required for moving, by the lst-retract,
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controller 23, it executes seek control for noving the- head 12 to a target
track on the disk 11 designated by 20 the conmand (step Si). Specifically,
as well known, the CPU 25 periodically detects a cylinder (track)

position in which the head 12 is positioned, thereby executing, using the
VCM driver 182, velocity control corresponding to the difference between
the cylinder 25 position and a target tréckz%osTtion. Each time the CPU 25
detects a new head position (indicated by a cylinder position) during the
seek 21 control (steps Sli and S12), it calculates the 1st-retract
time.period on tkdebdsiad dF2 thromia Rt 1ordheerefi Assed Rt the

L T G i L i e
posi tion 403 by £°§$ﬁﬁﬂﬂn4Qinn1’hé§§ﬁﬁqé§5%WFQﬁ+m§h?wﬁ%ﬁ%t{%% ££?$;§f
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Suppose here that“%%hle%%oﬁ]tgerxcés)i&%%]?%’P%nﬁgggéhégn%??%%%ié%?ef¥ t he

ﬂg‘gff'o” det ect U hfRer PUULNIAPUERT S JHLLPVRE SEPDE Yo Ol tageaDf the
position) of the head 12 assumed when the actuator 14
is in contact with the inner periphery Stopper 17b
10 will be ﬁereinafter referred to as an "inner periphery
stopper position 401".
Referring then to the flowcharts of FIGS. 6 and 7,
a description will be given of operations for
realizing the 1lst-retract and 2nd-retract illustrated
15 in FIG. 5. At first, when the CPU 25 has received a
command to access the disk 11, which is supplied from
the host system via the host interface 24 and the disk
controller 23, it executes seek control for moving the
head 12 to a target track on the disk 11 designated by
20 the command (step S1). Specifically, as well known,
the CPU 25 pefiodically detects a cylinder (track)
position in which the head 12 is positioned, thereby
executing, using the VCM driver 182, velocity control
corresponding to the difference between the cylinder
25 position and a targét track position.
| Each time the CPU 25 detects a new head position

(indicated by a cylinder position) during the seek



detects that the power-supply voltage is not nore than 20 a predeterm ned
value, it determnes that the power supply to the HDD has been
interrupted, and activates the controller 183. The controller 183 is
operable even after the interruption of power supply to the HDD, using,
as a backup power supply, the capacitor 184_25 charged with the power
supply voltage of the HDD. Further, i nform&ti ofi on the 1st-retract time
period set in a register in the controller 183 by the CPU 25 4 f 22 is
mai nt ai ned therein. Wien the controller 183 has been activated by the-
pover - of f det ect sronta® 1 t (rEermtShbl 1and 1882} urkk ealcehatesithet ract
switches 186a - 186c¢c (step S21). The 5 controller 183 akso neasures the
1st-retract tinme 1§feriofeEadisigne ReFEPd (R pRe223SI8nRh the %ﬁ?gFg?Pact
switches 186a - 186c¢_ have, peen turned on, .currents .genegrated at_the coils
13U, 13V and L%N%ﬁdtRR?%#*RQE9?¢Q£b?cP?#@FF%%T%??%rrigﬁaig 9$3n9ﬁe di ode

R ae et ) o8 AElid | Pood R TS (PRE' 959 DY BHTHESEL Mgt 0 o
CAPILS 15 Lo ISl e et O b S YK EorL JERi0 e
et e oot " oL Yot eRE R Yookt e Y,
outeg periphery<H°§{ann to the retract change position 403 by a
current from the SPM 13. 1In other words, the 1lst-
retract time period indicates a time period required
10 for supplying the VCM 15 with a current from the SPM
13. The CPU 25 sets the calculated lst-retract time
period in the controller 183 contained in the driver
IC 18 (step S14). Accordingly, the controller 183
always stores an updated lst-retract time period
15 corresponding to an updated head position.
Suppose here that the power supply to the HDD has
been interrupted. If the powef-off detectbr 185,
which monitors the power.supply voltage of the HDD,
detects that the power supply voltage is not more than
20 a predetermined value, it determines that the power
supply to the HDD-has.been interrupted, and activates
the controller 183. The controller 183 is operable
even after the interruption of power supply to the HDD,
using, as a backup power supply, the capacitor 184
25 charged with the power supply voltage of the HDD.
Further, information on the lst-retract time period

set in a register in the controller 183 by the CPU 25
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disk 11 is started. 20 After the 1lst-retract tine period el apses, the -
controller 183 turns off the 1st-retract swtches '186a - 186¢c, and at
the-sane time, turns on the 2nd- retract switch 189 (step S23). At this
time, the head 12 is positioned near the retract change position 403 25
(see FIG 5) on the disk 11. After the smﬁtgges 186a - 186¢c are turned off
and the switch 189 is turned on, di scharge“6f the charge 23 accunul at ed
in the capacitor 19 is started. As.a result, the current to be supplied to
the coil end 151  of the VCM 15 is switched froma current fromthe SPM 13
to a current gendratRaimiaiRetHheet: the 5 capacitor 19.' Thus, the

2nd-retract f t ti t he head f j ti
change posi ht Zoézlfvssr'lé‘ etp?_r‘?%ﬁ%r?ifsféﬁﬁéShgs‘%ﬁ%%éﬁBa%??8#@ﬁgﬁﬁééﬁét
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fromthe quter perlphelyestoppes ddaniodhfaleens pREDIEERARL! Bikd whi ch

when the support Trafe he actuat or as been brought into

contact with thed%#%§§%bp§§i£ ef al & PPPSEep /822) Ne tip of the actuator 14

is rebounded to I nnef.. periphery of the disk 11 since the
nmovenent speed of the geiyatRe 14tl{i8€ract switches 186a - 186c have

been turned on, currents generated at the coils 13U,_
13V and 13W of the SPM 13 flow to the rectifier 188

10~ via the diode 187. The rectifier 188 rectifies a
current obtained by subjecting, to an OR process, the
currents generated at the coils 13U, 13V and 13W, and
outputs.tﬁe rectified current to the end 151 of the
VCM coil 150 of the VCM 15. The VCM 15, in turn,

15 supplies the actuatbf 14 with a driving force for
moving it toward -the outer.periphery of the disk 11.
Thereby, the 1st—retrac£ of moving the head 12 from
its presént position towéid the outer, periphery of the
disk 11 is started. |

20 After the lst-retract time period elapses, the
controller 183 turns off the lst-retract switches
186a - 186c, and at the same time, turns on the 2nd-
retract switch 189 (step S23). At this time, the head
12 is positioned near the retract change position 403

25 (see FIG. 5) on the disk 11.

After the switches 186a - 186c are turned off and

the switch 189 is turned on, discharge of the charge



20 acceleration of the head) is too high, wth the result that the head
12 falls on the disk 11. In an HDD in which the power supply voltage is

| ow and hence the capacitor 19 cannot provide a sufficient voltage at the
start of discharge, it would be better to use a 25 booster circuit. It is
sufficient if the power supply voltage of ge HDD is increased by the
booster circuit, and the capacitor 19 iS charged with the increased 24 -
vol tage. As described above, in the enbodinent, the back EM- of the SPM 13
is used as the current source of the VCM, 15 fgr the lst-retract, which is
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e current sogfces of ‘the Vi %5 or retracting the.
nead 12 onto thecghedd YPORrbfical Bb8iEIBH ARA0! tRANGEr raidblchaRyd he

HDD. More specifically, the charge o the capacitor 19 is supplied to the
VCM 15 i medi at el y,20r abhenobhecbapk ElMmp 1bi 3 sesabreedd r aheallapacitor
19 has a capacitance that enables a reliable
retraction, by the 2nd-retract, of the head 12 from
10 the retract change position 403 to the parking portion
161 of the iamp 16, with the reboﬁnd amount of the
- head 12 from the outer periphery stopper 1l7a kept at a
minimum value. The_rebound'of the head 12 from the
outer periphery stopper 17a indicates a phenomenon in
15 which when the support frame 143 of the actuator 14
has been brought into contact with the outer
peripheral stopper i7a, the tip of the actuator 14 is
rebounded toward the inner periphery of the disk 11
since the movement speed of the actuator 14 (the
20 acceleration of the head) is too high, with the result
that the head 12 falls on the disk 11. In an HDD in
which the power supply voltage is low and hence the
capacitor 19 cannot provide a sufficient voltage at
the start of discharge, it would be better to'use a
25 booster éircuit. It is sufficient if the power supply
voltage of the HDD is'increased by the booster circuit,

and the capacitor 19 is charged with the increased
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retraction of the head 12 onto the parking portion 161 of the ranp 16.
Moreover, it is not necessary for the capacitor 19 to have a |l arge

capaci tance. Therefore, the HDD configuration of the enbodi nment is
applicable 25 to a conpact HDD, such as a 1.8-inch HDD, which enploys just
a conpact SPM 13 and hence cannot retract .Ege head 12 onto the ranp 16
only by a current from25 - the SPM 13. The“dbove-described 2nd-retract is
open-loop control in which the charge of a capacitor is discharged. In
general, head retraction based on the 5 open-loop control nmay involve these
di sadvant ages: ﬁ%@%nent speed of the actuator is too lowto retract

he head : It i i vel, ' .
&aidbgzr eﬁﬁbﬁdégeb;afp;@s °éa'Eéri§s ?%ﬁ%?f'ﬁibépsgk?y SRR, SR 2R e
ea ma an t ti it ' '
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head 12 fromthe Outer periphéery stopper I7a and enables a rel1rable and

safe retracyion ofpiheigath 12 ok 29Dy LRebB8eeubatgANGe dui g e

seek control, the 25 cal culates"the Ist-retract time period each tine
the cylinder pos'iﬁEE&rﬁﬁtf@hﬁBft%Swegeéﬂpb§¥p96'Eh@nﬁ@D,'%od%tﬁ@%QQi%& t he

present head's 20 position, thereby setting the calculation result in the
controller 183. HoyevefhetPEtiho® ERANGE HBEULEBH 403. Further, in the

embodimeﬁt, a charge accumulated in the capacitor
(2nd-retract capacitor) 19 is used as the current

10 source of the VCM 15 for the 2nd-retract, which is
executed to move the head 12.from the position near
the retract change position 403 to the parking portion
161 of the ramp 16. In other words, in the embodiment,
the back EMF of the SPM 13 and the charge of the

15 capécitor 19 are used, at different times, as the
current sources of the VCM 15 for retracting the head
12 onto the rémp 16 upon the interruption of power
éupply to the HDD. More specifically, the charge of
the capacitor 19 is supplied to the VCM 15 immediately

20 after the back EMF. This enables a reliable
retraction of the head 12 onto the parking portion 161
of the ramp 16. Moreover, it is not necessary for the
capacitor 19 to have a large capacitance. Therefore,
the HDD configuration of the embodiment is applicable

25 to a compact HDD, such as a l1.8-inch HDD, which
employs just a cémpact SPM 13 and hence cannot retract

the head 12 onto the ramp 16 only by a current from



for the seek control operation is negligibly short, conpared to that in
which the HDDis in the ON state. 1In other words, in the HDD, during
alnost all the time 25 period in which the HDD is operable, the head 12 is
positioned in a target position. In Iight of this, the lst-retract tine
period may be nodified such that - It set once for one command. In
this case, the CPU 25 calculates a tlne peipod—required for noving the
head froma target track designated by a coomand (read/wite command) from
the host system to the 5 retract change position 403, when a seek control
operation of novitHe t$Mhkdd 12 to the target track has finished. The CPU
25 sets, in the controller 183, _.the cal hated E me period as.the
1ﬁt-retracf|t|ne peri b@e ?ﬂ%vgegﬁﬁﬁﬁlgﬁ BdTZetractads PPﬁB’&@PPbd in 10
the controller 183 only. opce for. one lifies, the,process and
rﬁduces the | oad TPt LWQB?hAF?ﬁoﬁggggﬁ PﬁengﬁBBSFﬁﬁﬁf she retract
change position 403 is |located near th 1 b C d
{enotedfron1thefr%h% H%rg?éMng? g??efﬁg sgggagFtE%&ﬁgénpggﬁ%?ohﬁ4g§%
ocated renmpte fromth ra e a
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) act switch
simlar to the refLafri-fWMhEMEEd bat8dehki 2R, Yor it is excessively
high and hence the actuator may be rebounded by the
outer periphery stopper. In the latter case, the head
10 may land on the disk and stick to it. However, in the
embodiment, the start position of the 2nd-retract is
set near the predetermined retract change position 403,
which minimizes the amount of rebound of the head 12
from the outer periphery stopper 17a and enables a
15 reliable and safe retraction of the head 12.

In addition, in the embodiment, during the seek
control; the CPU.25 calculates the lst—fetréct time
period each time the cylinder position, in which the
head is positioned, is detected as the present'head‘s

20 position, thereby setting the calculation result in
the controlier 183. However, the time period required
for the seek control operation is negligibly short,
compared to that in which the HDD is in the ON state.
In other words, in the HDD, during almost all the time

25 period in which the HDD is operable, the head 12 is
positioned in a target position. In light of this,

the lst-retract time period may be modified such that



provi ded, for exanple, between the rectifier 188 and the coil end 151 of
the VCM 15 and between the 25 rectifier 188 and the coil end 152 of the VCM
15. In this case, a selected one of the two retract switches needs to be
turned on by the controller 183. 27 - [Flrst Modi fication] In the
above-descri bed enbodi nent, each tine a cylinder position in which t he.
head 12 is. positioned is detected during ?he Seek control 5 operation,

the 1st retract time period is calculated on the basis of the detected

cyl i nder position. However, in | i ght of variations in current Lro bhe
SPM 13 it |hs notltalld%ﬁe‘he‘é%%%aﬁ?lrt%n%a?%’&m%’ﬂ‘é th@n ng‘srgﬁﬁﬁet Frrg%
period on the baS|s of . the c |nder 10 position. ription wll now be
given of a first 5nﬁﬂ¥?¥%&? {F LA % ﬁﬁqPﬁrE ofpmpﬁlﬁﬁlghe
1st-retract tine % &? required for the h
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has finished. The CPU 25 sets, in the controller 183,
the calculated time period as the lst-retract time
period. The setting of the lst-retract time period in

10 the controller 183 only once for one command
simplifies the process and reduces the load on the
CPU 25.

Although in the embodiment, the retract change

| position 403 is located near the ramp 16, it may be

15 located remote from the ramp 16. Howeﬁer, if the
. retract change position 403 is located remote from the
ramp 16, for example, if it is located on a radially
middle portion of the disk 11, it is necessary to
change the direction in which the lst-retract is

20 executed, depending upon the position of the head 12.
To this end, it is sufficient if a retract switch
similar to the retract switeh 189 is additionally
provided, for example, between the rectifier 188 and
the coil end 151 of the VCM 15 and between the

25 rectifier 188 and the coil end 152 of the VCM 15. 1In
this case, a selected one of the two retract switches

needs to be turned on by the controller 183.



In the first nodification, during the seek 25 control operation, the
Ist-retract tinme period is set in accordance with the flowhart of FIG 9,
using the table 251a. Specifically, upon receiving a command to 28 access
the disk 11, output fromthe host system the CPU 25 first executes seek
control to nove the head 12 to a target trgﬁk on the disk 11 designated by
the command (step S31). During the seek cofitrol, the CPU 5 25 detects a
zone, in which the head 12 is positioned, each tinme it detects the
position of the head 12 (indicated by a cylinder position). In other
words, the CPU AFigstedfadbi 1@Reiem! which the head 12 is presently
positioned (steps S41 and S42). The,zone,jn_ 10 i,ch the hea 2_1S
positioned is a kind of? he3d gB%E?f¢%ﬁ9r¥hﬁ§eﬁﬂgggﬁ??an Fﬁggdiﬁg@tgd zone
differs froma zone detected in the last |00 i.e..if.a.ge zone is
detected (step SAHY & 2%°%£?%9%1h%swﬁﬁgh ﬁE?-PS??a%? ?%ne period by
referring to the portion of 15 the table jC r s to the
zone nunber of tHRSHAPLT elfsé%ﬁﬁ%§%§.d%%éﬁ? pﬁé %ﬁ%RZESQE?Qche

determ ned 1st-retract, {] g i g r aijged hp)1LReq
contrpller5183gﬁoq_e§%ﬁéﬁzr€$%:g§k %%§€%£§4E§?8286;§Bge%§rggeg above, in
the first modificyio pofly yheinE gevezpos L91thueh pbaibead 12 is
presently positione as been detected, the table 25la'is referred to,
thereby determ nig,dher 1sinrelgRetot i ¥BriReibAd aAdaselibirelti Exbom the

controller 183. This

SPM 13, it is not always necessary to calculate the
lst-retract time period on the basis of the cylinder

10 position. A description will now be given of a first
modification of the HDD shown in FIG. 1, in which a
lst-retract time period required for moving the head
12 from a zone, in which the head 12 is presenfly
positioned, to the retract change position is

15 determined.

In the first modification, the ROM 251 shown in

FIG. 1 prestores a table 25la of a data configuration
as shown in FIG. 8. The table 25l1a prestores, for
respective zone numbers, lst-retract time periods each

20 required for moving the head 12 from a corresponding:
one of zones Z0 - Zn of the disk 11 to the retract
change position 403 (see FIG. 5), using a current from
the SPM 13.

In the first modification, during the seek

25 control operation, the lst-retract time period is set

in accordance with the flowchart of FIG. 9, using the

table 251a. Specifically, upon receiving a command to



25 configuration enables a reduction ef the load on the CPU 25, conpared
to the enbodi nent where the 1st retract tinme period is calculated and set
in the 29 controller 183, each tinme a new head position (indicated by a
cylinder position) is detected. In addition, the table 251a is used'to
determne the Ist- retract time period, mhigh further reduces the load on 5
the CPU 25 than in. the case of determ ning fhe™ 1st-retract tinme period by
calculation. Instead of setting the lst-retract tinme period each tine a
new zone is detected, the 1st-retract tine geriod nax be set only once for
one conmand in t RCABES Fhovihgk rbhnePutBREntraR Ehek €§ﬁtﬁdﬁt88er§gﬁon of
noving the head 12 to a target track desigpated by.a, command, out put, from
the host system KU f4i t ??@Fu?ﬁﬁl§%gPe?8?Er¥6 FﬁemBXFtSBﬁ aghgz

t abl e 251a, which ds to th f e to which the 15
Larget Urack bel iR HEIShy ATk o oG ShER1LL. dPEEPRRLER ¥ BUFI od. The

CPU 25 th h d ' - ' ' ' h
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Modi fi cati on] A‘%%ﬁ§j%i$§OQ%t&gté%%%é§%3L§§§5958He°9fth@ehggw 135 and the

resi stance of the \ col 0 vary I ng upon. tenperature.
Accordingly, the di 3ifff€ed by a cylinder position). In other words,

the CPU 25 detects a zone in which the head 12 is
presently positioned (steps S41 and S42). The zone in

10 which the head 12 is positioned is a kind of head
position. Subsequently, if the detected zone differs
from a zone detected in the last loop, i.e. if a new
zone is detected (steé S43), the CPU 25 determines the
lst-retract time period by referring to the portion of

15 the table 25l1a, which corresponds to the zone number -
of the new zone (step S44). Then, the CPU 25 sets the
determined lst-retract time period in (a register
contained in) the controller 183 of the driver IC 18
(step S45).

20 As described above, in the first modification,
only when a new zone in which the héad 12 is presently
positioned has been detected, the table 25la is
referred to, thereby determining the lst-retract time
period and setting it in the controller 183. This

25 configuration enables a reduction of the load on the
CPU 25, compared to the embodiment where the 1lst-’

retract time period is calculated and set in the



t hrough which the head 12 noves for the sanme 1st- retract time period
vari es dependi ng upon tenperature. 30 Referring nowto the flowhart . of
FIG 10, a description will be given of a second nodification in which
the 1st-retract time period.is calculated in light of a change in the
tenperature of the HDD. 5 Upon receiving a mrmand to access the disk 11,
out put fromthe host system the CPU 25 éxeggte§, as described in the
enbodi nent, seek control for noving the head 12 to a target track on the
di sk 11 designated by the command. During the seek caontrol,, 10 whenever
detecting a new lRenEnkier okB3i reRcht bif®ya aneryReadePosdtirRon) (steps
S51. and S52), the CPU 25 converts_ (a_ voltage, indjcative of

tenperature, detEiELHLG kf%rﬁ)e?%&%ﬁ‘%egeﬂgg}t?g? iﬁ?odﬁtﬁf:lg'ieaal Ipal ve,

ing the A/D ter 253, and hol ds_the, 15 i | S53) .
Subsequent |y, on A6k GHS (FRP IR 251 BaLo pPESAnEOnBabopaLlE SHS TRE

h 1t 403 . . .
Lemperat ur o, 1 he 235595 wie dret beds itief FerPhef “FERLERaT FBR hadh ey

20 ot the det ect o eTReral g, o8 FRI ageLNGehgade2ihE AR Lhg present

ract ange ~posrtron using a-current from of

the SPM 13 (step 4 f%g?%%#fwti&@upeffgdcg$13§l§ﬁ§§gﬁgﬁ-deter”ined 1st -

retract time perio e register contafne ne 25. controller 183
of the driver IC 18 (sigp-S23) ofSeflesnli PR aBeveetirAckNe isRCRREG10d

nmodi fi cati on,

each time a new zone is detected, the lst-retract time
period may be set only once for one command in the

10 following manner. When the seek control operation of
moving the head 12 to a target track designated by a
command output from the host system has finished, the
CPU 25 refers to the portion of the table 25l1a, which
corresponds to the zone number of a zone to which the

15 target track belongs, thereby determining the 1lst-
retract time period. The CPU 25 then sets the
détermined lst-retract time period in the controller
183. This configuration enables a reduction of the
load on the CPU 25, compared to the case where the

20 1st-retract time period is determined and set in the
controller 183, each time a new zone is detected.
[Second Modification]

A current from the SPM 13, the torque of the VCM

15 and the resistance of the VCM coil 150 vary

25 depending upon temperature. Accordingly, the distance
through which the head 12 moves for the-same 1st-

retract time period varies depending upon temperature.



the 1st-retract time period is set inlight of a 31 change in tenperature,
whi ch enables the head 12 to be accurately noved to the retract change
position 403 by the 1st-retract. The nethod of setting the 1st- retract
time period in light of a tenperature change 5 can be al so applicable to
the first nodification. In this case, the %@ -retract.tine period obtained
with reference to the table 25la is correct’ed to a value corresponding to
a present tenperature. [Third Nbdification] 10 Wth reference to the
conceptual view of FIG ,6 11, a desc f a third

nmodi fi cation of E%EeFEE?ShBﬂH PR E Ei 1°WFﬁ%%ﬁ|8% %ﬁ "ot ér erlphery
t t d h hi r.d
modi 11 cat ?E'n PRI e e ptiath %xsagﬁxﬁﬁ?g ® #heererdl mori RO g

t t hat t g
etract change potifFBrcRS S8LCREGRAREP B e Bekufh, 2 s§§&%§“ﬂﬁ-§?§&?’er  zi ng
poini is that a 1gfqtelogcl Lhc20:ReEhadsLiloiacsel e thal o head 12

can be noved to per|p €ry st opper position by a current from

the SPM 13,5 0n whi chevg OHOE‘EEQEVQF’Agt Qec@hﬁlénhl tof hedagad th i Y0sitt,i oned

at the interruption of power supp HDD.” The 1st-retract time

period tll is 25 g Vﬁfpﬁf‘ £1-6R EﬁG'ﬁBEE SQBEéhne@h'eanWQ5C%&Terc@t|e%r 183 of

the driver 1C 18 for exanpl e, .25 executes an initialization
process. - described in the embodlment, seek control for moving

the head 12 to a target track on the disk 11
designated by the command. - During the seek control,
10 whenever detecting a new head position (indicated by a
cylinder position) (steps S51 and S52), the CPU 25
converts (a veltage indicative of) a temperature,
detected by a temperature sensor 26, into a digital
value, using the A/D converter 253, and holds the
15 conversion result (step S53).
Subsequently, on the ba31s of the detected
present head position, the retract change position 403
(see FIG. 5) and the detected present temperature, the
CPU 25 calculates the lst-retract time period required,
20 at the detected temperature, for moving the head 12
| from the present head position to the retract change
position 403, using a current from of the SPM 13 (step
S54). After that, the CPU 25 sets the determined lst-
retract time period in (the register contained in) the
25 controller 183 of the driver IC 18 (step S55).
As described above, in the second modification,

the lst-retract time period is set in light of a



32 In the third nodification, during the interruption of power supply,
the controller 183 executes the sane operation as in the above-described
enbodi ment. The operation of the-controller 183 5 executed during the
interruption of power supply in the third nodification will be described
briefly with reference to the flowhart of _FIG 7. During the interruption
of power supply, the controller 183 turns 3h tRe 1st-retract switches 10
186a - 186¢c (step S21). At this tinme, a current from the SPM 13 is
supplied to the coil end 151 of the VCM coil 150 of the VCNIéS t her eby
movi ng the head Thangsard Gempe¥aeirperVhhehyenabiae Bhekhead YRehot RE
1st-retract tinme period tll has elapsed 15 fromthe start OL.sup?bﬁigg t he
VCM 15 with a curdeshratelbmmpied stothe ¥ebratheCRERPE BPSLTHBRer Yot P3
state, the contrqller 183 turns off the lst-retraci, swt S 86a - 186¢C
and turns on the -i%ﬁ?%ﬁ§r§ﬁﬁtcﬁiq%gmeéﬁ?gpg S§§£5ﬁﬂgsgg§.l “a result,

(e SUrLent 12 DA A ASLO8 F6LLSHP O lactehdEUCEESchangp oo
o {0 canae, LT il 48 S IR 08t hesLrlEbe b egEaRtant sty
D e o oo 61064 ORI RSB IEL Rk PorHbACBh AR bech™ 12
reference to the table 25la is corrected to a value
corresponding to a present temperature.
[Third Modification]
10 With reférence to the conceptual view of FIG. 11,
a description will be given of a third modification of
the HDD shown in FIG. 1, in which the outer periphery
stopper position is used as the retract change
position.
15 The third modification is characterized in two
points. The first characterizing point is that an
outer periphery stopper position A2 is used.és a
retract change position A3 as shown in FIG. 11l. The
second chéracterizing point is that a lst-retract time
20 period tl1l is set so that the head 12 can be moved to
the outer periphery stopper position AZ by a current
from the SPM 13, on whichever portion of the disk 11
the head 12 is positioned at the interruption of power
supply to the HDD. The lst-retract time period tll is
25 set in (the register contained in) the controller 183

of the driver IC 18 when, for example, the CPU 25

executes an initialization process.



33 positioned. Accordingly, after the 1st-retract tinme period til
el apses, the head 12 is usually positioned near the outer periphery
stopper position A2. That is, the head 12 is positioned on the ranp 16.
More 5 specifically, (the support frame 143 of) the actuator 14 is pressed
agai nst the outer periphery stopper 17a. I{ in this state, the 2nd-retract
is executed using a current fromthe capaci 2r 19, the head 12 will be
pl aced onto the parking portion 161 of the 1.0 ranp 16, whereby the rebound
of the head 12 toward the disk 11 can be suppressed, when the actuator 14
}s brﬁught into contda the rhimd A iratitrr VA PHerP87a. The current
romthe SPM 13 varies in intensity. 15 Therefqre, even if t st-retract
tinme period til Afteygupddamat Refest 36'arﬁ'bee ?ﬂﬂ)é‘%?llt]oelf Eﬁe%ut er

peri phery stopper position A2 by a current fromth SPM 13 n_whi,chever
etk

portion of the dfXecHfesh&NfefFMe PRY Yo idheth T35 102 bl e

Lhat, e, 20, ead 1b dRSRAICL g il A PR B opRE s 2 20 2
oL LB 1%, RN, SIS R el A et
o SUPTY o sHIE P AT et N6 VB4 i Fort poisun = 10
reference to the flowchart of FIG. 7.
During the interruption of power supply,'the
controller 183 turns on the lst-retract switches
10 186a - 186c (step S21). At this time, a current from
the SPM 13 is supplied to the coil end 151 of the VCM
coil 150 of the VCM 15, thereby moving the head 12
toward the outer periphery of.the disk 11.
When the lst-retract time period tll has elapsed
15 from the start of supplying the VCM 15 with a current
from SPM 13, i.e. from the start of a power-off state,
the controller 183 turns off the lst-retract switches
186a - 186c aﬁd turns on the 2nd-retract switch 189
(steps S22 and S23). As a result, the current to be
20 supplied to the coil end 151 of the VCM 15 is switched
from the current from the SPM 13 to a current
generated by the discharge of the capacitor 19.
As aforementioned, the lst-retract time period
tl1ll is set so that the head 12 can be moved to the
25 outer periphery stopper position A2 as the retract
change position A3 by a current from the SPM 13, on

whichever portion of the disk 11 the head 12 is



In the third nodification, consideration is gi-ven to a case where the head
12 does not reach the outer periphery stopper position A2 but stops at the
end A of the ranp 16 after the 1st-retract. Therefore, the 5 capacitor
(2nd-retract capacitor) 19 enployed in this nodification is of a

capaci tance that enables the amount of rebggnd of the head 12 fromthe
outer periphery stopper 17a to be nininized”even if the 2nd-retract is
executed where the head 12 is 10 positioned at the ranp end A4, and al so
enables reliable retraction of the head 12 onto the rklng g %IOH 161
of the ranp 16. 'Hﬁ%#?%ﬁﬁ@¢torA%ﬁ%B¢é§gl¥heaﬁE§H the Fcﬁe FBB o [
ranp end A4 after the ract, to the Ki n rtion 161
of 15 the ranp 16P%#KAehet é%de WFETt . t?? Pﬁ% 1@? }Et?ﬁngi 855?%88333 set
for each head positio indjcated b nder . posi ti e ein
whi ch i he head L94f ke PokER BeETPReryhetBRRsa RaR: taph, A (| daet 1
nodi fi cation, the_actuator. 20,14 can b r y1Brres agai nst the
out er perlphery 59%5% 8 %% b§ ?ﬂ%lﬁé ggt nagﬁngéﬁé 18 cgﬁg Be said of a

case where dhe 1si 1ol fa d&él%g,f @grg&g Sf%ﬁfng iw%g? tethggggaewre

change as i™n the:%econ e reboun head 12

over e, 05k U heoSRAg 4EhAsEL e BRCES B RALEHE SRR T,
stopper 17a as a resu'ifointﬂﬁlésﬁtéﬁéﬁaﬁhe 2nd-retract is executed
using a current from the capacitor 19, the head 12
will be placed onto the parking portion 161 of the
10 ramp 16, whereby the rebound of the head 12 toward the
disk 11 can be Suppfessed when the actuator 14 is
brouéht into contact with the outer periphery
stopper 1l7a.
The current from the SPM 13 varies in intensity.
15 Therefore, even if the lst-retract time period tll is
set so that the head 12 can be moved to the outer
perlphery stopper position A2 by a current from the
SPM 13, on whichever portion of the disk 11 the head
12 is positioned, it is actually possible that the
20 head 12 does not reach the outer periphery stopper 17a
as a result of the lst-retract. For example, the head
12 may stop at an end A4 of the ramp 16. However,
even in this state, a force presses the actuator 14 of
the head 12 toward the outer periphery of the disk 11l
- 25 as a result of the supply of the SPM's éurrent to the
VCM 15. Therefore, there is no danger of the head 12

falling onto the disk 11.



[ Fourth Modification] A description will be given of a fourth nodification
of the HDD shown in FIG 1, in which the 5 inner periphery stopper
position is used as the retract change position. In the fourth

nodi fication, a driver IC 18 of a configuration as shown in FIG 12 is
used in place of the driver IC 18 shown_in EIG 1. The driver 1C 18" 10 is
characterized in that the output of the rec?lfier 188 is connected to the
coil end 152 (not to the coil end 151) of the VCM 15. In this case, when

t he 1st- t t i tch 186a - 186¢c . .h d f
the ﬁémdlfz,zi ;aéupSY“geﬁnﬁitrme%% BARLELCTRSoR,  PRESUeRPasTonc s Blksht ™"
e hea IS nmove t owa the i I ph h L.k . f
nodifipatiﬁn i s éﬁbﬁ%dﬁ%ﬁ?; ?% #@%eﬂ%%ﬁaig_§§%%O%?%Sfe%%§r%% e?gggﬁgourth
point is that an _inner rj bty ' 2
retract change pcPs?ﬁ% e%g a %%ﬁ?%Pf%%Rg%%cﬂé‘ggugﬁobgi g?veg?.élszle%d %LZ% The
second charact er ig} ng, Lty i fe LPely alst18eLE8EEaLE ™ PREEBECEL] the St
& noved fo the i ¢ "positi

so that the hea 2-can e inner periphery stopper position

Bl by the current from e ?E%léetpgc@%%?éeb@a@y POr éhplogEat hg €hsk 11

the head 12 is positioned at the interruption of power supply to the HDD.
The 1st-retract tjd@iPrEdOfohids 68 staplcithfc8bthatybfibBlesoBhai ned in)

the controller 183 of the driver I1C 18 when, for exanple, the CPU 25
executes an amount of rebound of the head 12 from the outer
. periphery stopper 17a to be minimized even if the
2nd—retraét is exeguted where the head.12 is
10 positioned at the ramp end A4, and.also enables
reliable retraction of the head 12 onto the parking
portion 161 of the ramp 16. This capacitor enables
the head 12, which stops at the ramp end A4 after the
1st-retract, to be moved to the parking portion 161 of
15 the ramp 16 by the 2nd-retract.

If the lst-retract time period is set for each
head poéition (indicated by a cylinder position) or
each zone in which the head 12 is positioned, as in
the embodiment or the first modification, the actuator

20 14 can be more accurately pressed against the outer
periphery stbpper_17a by the lst-retract. The same
can be said of a case where the lst-retract time
period is set in light of a temperature change as in
the second modification. Thus, the rebound of the

25 head 12 toward the disk 11 can be more reliably
suppressed by executing the 2nd-retract with the

actuator 14 pressed against the outer peripheral



initialization process. In the fourth nodification, during the 5

I nterruption of power supply, the controller 183 executes the sane
operation as in the above-described enbodinent. The operation of the
controller 183 executed during the interruption of power supply in the
fourth nodification will be described briefI% with 10 reference to the
flowhart of FIG 7. During the interrupfioﬁ of "power supply, the
controller 183 of the driver IC 18 turns on the 1st- retract sw tches 186a
- 186¢c (step S21). At this_tine, a cu ren% fgo the SPM 13 is supplied
to'the coil end 15taBRepiliReaFch 185UthePeny ﬁghFﬁﬁFF &2ftkad 12 toward

the i nner periphe of 1 sk 11, en the 1lst-retract tinme period t11'
has el apsed froni%ﬂ%rg?gﬁ?gb?lFﬂélgggply of the SPMs current to the VCM
15, the controller 183,tyrns_off.the_l retract | 186a - 186¢C
and turns on the 2nd- PetPSEFLR 'PEhwigg %%t8§§e§25f3%hE§ Pas a result,
the supply of the SPMs ng -t h o] d;15 f athe  VCM: '
stopped. At the s%%%%%%ﬁ%giégcéFrgﬁ% ﬁPPoﬁbPﬁg %épgg?fo}'lgnigygﬁﬁpkﬁga to

the coil end 151di§§egggég§p%%%%1§to£?§glébéﬁfﬁbﬁcﬁsthgﬁdpﬁ%i@%él|' s set

so that the hea dto nner periphery V 37 stopper
position Bl as thgefefEacthehgadpoR98ibhon B3 Dby the current fromthe SPM

13, on whi chever portion - _
In the fourth modification, a driver IC 18' of a
configuration as shown in FIG. 12 is used in place 6f
the driver IC 18 shown in FIG. 1. The driver IC 18'
.10 is characterized in that the output of the rectifier
188 is connected to fhe coil end 152 (not to the coil
end 151) of the VCM 15. In this case, when the lst-
retract switches 186a - 186c have been turned on, a
current from the SPM 13 is supplied to the coil end
15 152 of the VCM 15. As a result, the head 12 is moved
toward the inner periphery of the disk 11.
The fourth modification is characterized in two
points. The first characterizing point is that an
inner periphery stopper position Bl is used as a
20 retract change position B3 as shown in the conceptual
view of FIG. 13. The second characterizing point is
that a lst-retract time period t11l' is set so that the
head 12 can be moved to the inner périphery stopper
position Bl by the current frdm the SPM 13, on
25 whichever portion of the disk 11 thé head 12 is
positioned at the interruption of power supply to the

HDD. The 1lst-retract time period tll' is set in (the



of t he dISk 11 the head 12 is positioned. Accordingly, after the
Ist-retract tinme period t11l' elapses, the 5 head 12 is usually p03|t|oned
near the inner periphery stopper position Bi. Mre specifically, (the
support franme 143 of) the actuator 14 is pressed against the outer

peri phery stopper 17b. In the fourth nDdei§ tion, the capacitor (2nd- 10
retract capacitor) 19 is of a capacitance that enables the anobunt of
rebound of the head 12 fromthe outer periphery stopper-l?a to be

d wh he 2npd- b d 12 i
0si U1 oned i n ¢ hereAHEFSpeFPRERLIod: SpperABoSPPEOR 8o 18588 4€o enabl es
l'i abl t t f t ad, 12 to th Kij o
;:nLa16e Lﬁr[ﬁgrl +ﬁefh£8 ggrwheﬂbd ?Fggﬁﬁﬁﬁggr gﬂ%ngg rac%%£UQ ex%%Uted
using a current fy f{%@f%%ggfﬁ goég after the 1st-retract time

peri od-retract t| apses fromthe start of the supply of

.the SPM's current to &Hetkgm%éﬁ ﬁgdWQEEaEE%nhe@%, %d:%hémsltloned in

t he i nner periphery stoppéer posi |on result of "t he execution of

the 1st-retgact t cabpg tQﬁ db%h%@gqlg&oq@@he 25
position ofgthe h%gﬁe%nggggﬁnggnggw%kegsP c he 2nd-retract, to the

ranp 16 is constagkecdés Hﬁén§améh§beEB€1Bﬁa€slan whieC BbioV ePaIsisidramed i n
the inner 38. periphery stopper position Bl at the start of the 2nd-

retract, can be.rehbsinenel r ath@doperhigonadki ke pontiron1dsl 183 the ranp
16 by the 2nd- retract, and

executed during the interruption of power supply in

the fourth modification will be described briefly with

10 reference to the flowchart of FIG. 7.

During the interruption of power supply, the
controller 183 of the driver IC 18' turns on the lst-
retract switches 186a - 186c (step S21). At this time,
a current from the SPM 13 is supplied to the coil end:

15 152 of the VCM 15, thereby moving. the head 12 toward

| the inner periphery of the disk 11l.

When the lst-retract time period t11l' has elapsed
from the start of the supply of the SPM's current to
the VCM 15, the controller 183 turns off the lst-

20 retract switches 186a - 186c and turns on the 2nd-
retract switch 189 (steps S22 and S23). As a result,
the supply of the SPM's current to the coil end 152 of
the VCM 15 is stopped. At the same time, a current
from the capacitor 19 is supplied to the coil end 151

25 of the VCM 15.

The lst-retract time period tll' is set so that

the head 12 can be moved to the inner periphery



al so that the rebound of the head 12 toward the disk 5 11, occurring then
the actuator 14 is in contact with the outer periphery stopper 17a, can be
suppressed. [Fifth Mdification] In the enbodinent and first to fourth

nodi fications, a current fromthe SPM 13 is used for 10 the 1st-retract,
while a current fromthe capacitor (2nd-ret5 ct _capacitor) 19 is used for
the 2nd-retract. However, as a current for griving the VCM 15 during the
2nd-retract, the sumof a current fromthe capacitor 19 and a current from

t he SPM 13 can be ed 15 Ref to t hart of FLG 1
description will lﬁ%ﬁ%&w??ﬁléaég;éﬁ 8%%?85? Bﬁcg?mﬁﬁﬁéeHgﬁséhéﬁﬁ éﬁ FIG

g?ri%nrgi?Euﬁrﬁg%?geﬁﬁ%ggﬁéféﬁFo &ﬁgu Bﬁeéb@uégﬁgsggﬁéxc %bggng EQHERG183
sk (it s SEAE ] WIS B

- 186¢Cc (step 861 ren S supp
the VCM 15, thereby npving {he_h g% _&a§g¥&g8 Eggnagga g@g?etﬁg5|t|on.

25 When a 1st-retrac tlne perio rom e staft o e supply

of the SPMEE curngd gt eruélv%ii'g %bsftléﬁﬁga hBgrlshe ¢hhaet gi‘%fhery

finished e 39 control s on. the 2nd-retract sw

s e ooy PSS RS - RSBt 1910 Reteshpbons S0,
frame 143 of) the actuator 14 is pressed against the
outer periphery stopper 17b.

In the fourth modification, the capacitor (2nd-
10 retract capacifor) 19 is of a capacitance that enables
the amount of rebound of the head 12 from the outer
periphery stopper 17a to be minimized when the 2nd-
retract has been exécufed where the head 12 is
positioned in the inner periphery stopper position Bl,
15 and also enables reliable retraction of the head 12
onto the parking portion 161 of the ramp 16. Further,
in the fourth modification, the 2nd-retract is
executed using a current from the capacitor 18, after
the lst-retract time period-retract time period tll'
20 .elapses from the start of the supply of the SPM's
current to the VCM 15, i.e. when the head 12 is
positioned in the inner periphery stopper position Bl
as a result of the execution of the 1lst-retract. In
the fourth modification, the distance from the
25 position of the head 12, assumed at the start of the
2nd-retract, to the ramp 16 is constant. This means

that the head 12, which is positioned in the inner



5 capacitor 19 are sinultaneously supplied to the VCM 15. This being so,
even if the 1st-retract operation cannot achieve sufficient retract, or
even if the capacitance of the capacitor 19 is insufficient for the
2nd-retract, the head 12 can be reliably retracted 10 onto the ranmp 16. In
t he enbodi nent and first to fifth nodifications, the present invention is
applied to an .HDD (hard disk drive) eqﬂip%éd with a head used to
Lead/rwite d?ta.brbmever, the present invention is 15 not limted to this,
ut also applicable to a disk drive other than the HDD, spch_.as, an,Qptica
disk drive, if BRERISHY FHARPES RRFH Y tﬂtag?ﬁnit?BE ?£t?88t?ﬂ§‘a

head th . Th t i ' .S, f | . dj '

Aﬁd Fpeﬁr :58”ém- ¢ h BEYTARH sceaa; o Pa ALy Fer EhcBER bEPRE RRRRIALTS, 06V
iti onal advantages an ifi,cati 1 L1 [

Ski1 1 ea in the aEbTCIe e oF fe THTR i oy | ERE, PXIPECELE, 2880

inited to 28 1he spechlde gl 3’%&&?&.5@{&&9@'&?&yze&é@aﬁan’egésdiénom

and descri bed herei'n. Accor vari ous no cations may be nade

wi t hout de%arti ng 4f r%é‘-ﬂ%jg‘%)en g%iﬁrré’_raéfﬁé@o?f1¥1h§sgfﬂeééht58’éeﬁ§i:ﬁ VAT

concept as” defined byt clainms and their equivalents. 41 -

IS CLAIMED I'S: L.opfs MRIOH (S r SURDEHY | Si0pp@e N1 PRYeEaff be OsuBpressed.
[Fifth Modification]
In the embodiment and first to fourth
modifications, a current from the SPM 13 is used for
10 the lst-retract, while a current from the capacitor
(2nd-retract capacitor) 19 is used for the 2nd-retract.
However, as a current for driving the VCM 15 during
the 2nd-retract, the sum of a current from the
" capacitor 19 and a current from the SPM 13 can be used.
15  Referring now to the flowchart of FIG. 14, a
description will be given of a fifth modification of
the HDD shown in FIG. 1, in which the 2nd-retract is
executed simultaneously using both the currents.
During the interruption of power supply, the
20 controller 183 of the driver IC 18 shown in FIG. 2
turns on the lst-retract éw;tches 186a ~ 186¢ (step
S61). At this time, a current from the SPM 13 is
supplied to the VCM 15, thereby moving the head 12
toward the retract change position.
25 ' When a lst-retract time period has elapsed erm
the start of the supply of the SPM's current to the

VCM 15, i.e. when the lst-retract has finished, the



power supply for a disk'drive, a current to a-voice <coil notor to drive a
head actuator that supports a 5 head, thereby retracting the head onto a
ranp provided outside a disk medium near an outer periphery of the disk
medi um conprising: determ ning, during operation of the disk drive, a
retract time period required to nove the_he g froma 10 position of the
head to a predeterm ned retract change posi?'on, using a back el ectronotive
force that occurs, upon. the power-off of the power supply, in a spindle

t dt tate t di di [ h [ il ith
Z‘Jr?reni’sel.ﬁ"g;ﬁec?%ﬁwe S Do oot Bh: POa FErERchr sERECgEdm & |
notor for the ret t t. ' f t -of f ly,
ther eby movi ng AP THEr AEEFACH chvhEEneRofEa G 1 Bbg, REpE HR tREPP!Y
su i ng, nt ' [ h 0 f -of f
o TThy pover euphy STAEE ot 4F 867" BfaN88aF?, CHREEEBLE! bEEN, BREDOVEY -

di scharge of ar . C i tqQc a h th
supply, thereby ﬁ%%#%%&%hgp eadﬁén%gﬁtﬁg %g§3% Eggrg?Enggﬁe%hgg]accgrgfﬁgr

toclaim1.q wher ebibddfeoPOrstapl Qinkleaeddshy SuppiieloRoline i nis!
positioned. | 1111111111111 | I 111111 111111 CL
MS - 42 3. The y@{ ot fc§058I NGvéR £katAe21stukbBehct operation
cannot achieve sufficient retract, or even if the
capacitance of the capacitor 19 is insufficient for
the 2nd-retract, the head 12 can be reliably retracted
10 - onto the ramp 16.
In thé embodiment and first to fifth
modifications, the present invention is applied to an
'HDD (hard disk drive) equipped with a head used £o
read/write data. However, the present.inventioh is
15 - not limited to this, but also applicable to a disk
drive other than the HDD, such as an optical disk
drive, if this disk drive is equipped with a ramp
for retracting a head thereon. The present invention
is further applicable to a disk drive equipped
20 with a head used only to read data, such as a CD-ROM
drive. |
Additional advantages and modifications will
readily occur to thése skilled in the art. Therefore,
the invention in its broader aspects is not limited to
25 the specific details and representative embodiments
shown and described herein. Accordingly, various

modifications may be made without departing from the



conprising detecting the position of the cylinder on which the. head is
positioned, during seek control executed to nove the head to a target
“track on the 5 disk nedium and wherein said determning the retract tine
period is executed each tinme a position of a new cylinder, which differs
fromthe detected cylinder, is detected in Eaid detecting the position of
the cylinder on which the head is positibneﬁ. 10 4. The met hod according to
claim1l1l, wherein said determining the retract tine period is executed,
using the target track as the position of the head, each tine £ seek
control, which i $Pdrdduttdd SPRWRE tH};e Q‘I%Té%lr*i]o %rh‘éeri‘%ﬁ%tc??ﬁa? oﬁst he

di sk nedlun1 is 15 finished. .5. The acc r

the position of d&fdneehPy Lhe FRRYN ‘F "’fngg‘b}h Jejﬁt?il‘él‘féﬁﬁg i'nt 0
whi ch a recording surface of the disk nediumis divided, the head.belng
positioned 20 in the one of the concentric zones. 6. The nethod according
to claim5, further conprising: detecting a position of a cylinder on
which the head is positioned, during seek control executed to 25 nove the
head to a target track on the disk nedium and detecting, each time the
position of the cylinder 1111111 ~I111i 121121 [(lill Il ~~~~ - 43 on which
the head is positioned is detected, the



position of the one of the zones, in which the head is positioned; on the
basis of the detected position of the cylinder, 5 and wherein said
determning the retract time period is executed each tine a position of a
new zone, which differs fromthe detected zone, is detected in said
detecting the position of the zone in which.the head is positioned. 10 7.
The met hod according to claim6, wherein said determning the retract tine
period determ nes the retract tinme period corresponding to the detected

position of the new zone, VEferrifﬁﬁéf)fgtéfgfhﬁ@if§. stores retract tine

periods, for respective zone 15 nunbers,” edch required for noving the head

froma position of al?orAeﬁgﬁﬂghngfzgﬂﬁghggégﬁdPgbh§%%V%Q%%&$ Jrosi tion

usi ng the back el ectronotive 1orce of t . The net hod

according to C|a§§%%r %gﬁgf&”féPea QQSEgQEQGE,CEQEﬂﬁrEHEiEBOQ voigR the

di sk medi um near 9. The. net according to claim1, wherein the

retract change pgsiiigPtbs- BoPQeitk08 REalihgchfador BhathisebpbReshgad -
actuator is brought into contact with 25 an outer periphery stopper that

limts an 9perth@Qdethéf@b??ﬁétﬁ&bﬂih%rthbhﬁeadt@htaeéiQB& Y pFoiiked
being located in a position in which the outer periphery IITITIT 1111U
FEEEE TEEEE 1L Tdutsfdé M &iskdfledium near an outer periphery of the
disk medium, comprising:
determining, during operation of the disk drive,
a retract time period required to move the head from a
10 position of the head to.a predeterminéd retract change
position, using a back electromotive force that occurs,
upon. the power-off of the power supply, in a spindle
-motor used to rotate the disk medium;
supplying the voice_coil motor with a current
15 generated by the back electromotive force of the
spindle motor for the retract time period after the
power—-off of the power supply, thereby moving the head
toward the retract change position; and
supplying, when the retract time périod'has
20 elapsed after the power-off of the power supply, the
voice coil motor with a current generated by discharge
of a retract capacitor that accumulates a charge from
the power supply, thereby moving the head onto the
ramp. |
25 2. The method according to claim 1, wherein the
position of the head is a position of a cylinder on

which the head is positioned.

* [ L M S *



sfoppef prevents the head fron1jUﬁping.over the ranp to an outside of the
di sk nedium 10. The nethod according to claiml1l, wherein the retract
change position is a position of the head, in 5 which the head actuator is
brought into contact with an inner periphery stopper that limts an
operation of the head actuator, the inger4Eeerhery stopper being |ocated
In a position in which the inner periphery "stopper prevents the head from
junpi ng over an inner 10 periphery of the disk nmediumtoward the spindle
motor. 11. The nethod acgpording tq claim,l. further. cgnprisi

si mul t aneousl y supply?hg fﬁ% W%?%%gcaFF°rﬁ6P8r%&aF aﬁﬁegéuFP%ﬁggﬁénerated
by the back el ec |ve f h o Mt QF, 44 Lt 5to
the current geneéééﬁ%ﬁ%@ﬁ?H@égggg%%éggh%fbggéglggt?chhgaggngggg géen

after. the pomerw§y§@g%hésheggrﬁgeg%géfiaﬁg?;h§H£§h?ﬁg%ﬁgiggnegahod

el apses. 12. The ne . accor alm ere retract _
capacitor is of &x&apach ey ofotfatnenaobastd0aothPYErOtrackUbhelhe! equi T ed
ea

for retracting the fromthe retract change position to the ranp. 13.

The net hods accorgli §g h&dthm) Nida ThEE8ER s&0APEEEEPRIIAShECEhBIratract
tenperature of the disk drive, and wherein said determning the retract

time period 25 deimés b@ebod hesréekéadtedi 88cheting anpastaiganeg w hew the
detected tenperature. 14. A nethod of supplying, upon power-off of a
LEEE ~1 1 Teylihdét, whidh|diffeds Sfrom the detected cylinder, is
detected in said detecting the position of the
cylinder on which the head is positioned.

10 4. The method according to claim 1, wherein said
determining the retract time period is executed, using
the target track as the position of the head, each
time the.séek control, which is executed to move the
head to the target track on the disk medium, is

15 finished.

5. The method according to claim 1, wherein the
position of the head is a position bf one of
concentric zones, into which a recording surface of
the disk medium is divided, the head being positioned

20 in the one of the concentric zones.

6. The method according to claim 5, further
comprising:

detecting a position of a cylinder on which the
head is positioned, during seek control executed to_l

25 move the head to a target track on the disk medium;
and

detecting, each time the position of the cylinder

R




45 power supply for a disk drive, a current to a voice coil notor to
drirve a head actuator that supports a head, thereby retracting the head
onto a ranp provided outside a disk nmedium near an outer periphery of the
5 di sk medi um conprising: supplying, for a predetermned retract tine
period after the power-off of the pomer_sugglyh the voice coil notor with
a current generated by a back electronotiveé force that occurs, upon the
power -of f of 10 the power supply, in a spindle notor used to rotate the

di sk nedium thereb Vi the head toward a .predegternined retract change
posi tion, the FPhdlEri e PERPabe RRARGECREE! tFoRChELRga FOSi tion  of
the head in whi . | u Lhte. 15 cant ]

out er peripherygg?%%€%$§?ﬁgﬁe$€ﬁ§§é gﬁ ?%%e?ngéh_g ?Rggﬁegggag%égtgg, t he
outer periphery psipppSiedei 8 {RCAEIILNOR PRSI hEPACEBABLERLLBR BYL er
periphery stopper prevents the head fromjunping over the ranp to an
outside of the dipk &pip@Rrfhe 20 predetermned retract time period being

atime period required for nmoving the head to the predeterm ned retract

change posgtion irresgrgtiNer&inasfogi bbeBrAl nihfetheadetyawied imon the
power -of f of the power supply; and 25. supplying, when the retract tine

period -has el apsegicdtes ékecposereath oiméhe pesetistppfya hBe zvaige
coil notor with a current generated by discharge I 1 I I ~1 I HE1 111
1111 which differs from the detected zone, is detected in

said detecting the posifion of the zone in which the

head is positioned.

10 7. The method according to claim 6, wherein said
determining the retract time period determines the
rétract time period corresponding to the detected
position of the new zone, referring to a table which
stores retract time periods, for respective zone

15 numbers, each required for moving thé head from a

~position of a corresponding zone to the retract change
positibn using the back electromotive force.of the
spindle motor.

8. The method according to claim 1, wherein the

20 retract change position is on the disk medium near the
ramp.

9. The method according to claim 1, wherein the
retract change position is a position of the head, in
which the head actuator is.bfought into contact with

25 an outer periphery stoppef that limits an operation of
the head actuator, the outer periphery stopper being

located in a position in which the outer periphery

A




|l I'Il" L Mg - 46 of aretract capacitor that accunutates a charge from
t he power supply, thereby pressing the head actuator against the outer
periphery stopper. 15. The nethod according to claim14, further 5

conpri sing simul taneously supplying the voice coil mptor with the current
generated by the back electromotive force,gf the spindle notor, in
addition to the current generated by the éischarge of the retract
capacitor, even after the power supply is 10 powered off and the

D e e e bt fhet | PP O S  BD2E  £rof SyulBEndELYOH PREOLERO 10

claim 14, wherein rac capacitor is o enabl es

output of a current_re f r head 15 froma
di sk- nedlun}5|dé§2n éﬁﬁééﬁ%éﬁg %ﬁ%d§¥%%n@%%%&m 17. A method of supplying,

upon power-of f of a jPOWefh& URPENod 0fcéo FliSKg dEbVE1aBnCl! I fRErE PnaL el ce
coil notor to drive a head actuator that supports a head, t her eby

retracting the hesghH8t CcRan@dPods Pivi @8 di 202 Ogbsi €eoR QfSKhé’eHéHw ngar an
outer periphery of the disk nmedium conprising: supplying, for a

predet ernimed rejfibch théEheeraOuatderis hBr@@%ﬂt-Dﬁfo oéohbgchoMethsuppl y,
the voice coil nmotor with a current generated by a back 25 el ectronotive

force that occursn imesr tierpsiery ostoppert tikapolbmi ssipphyopenatdisni ofll e
nmotor used to rotate the.disk nmedium so that the head will be noved to a
the head actuator, the inner periphery stopper being
located in a position in which the inner periphery
stopper prevenﬁs the head from jumping over an inner
10 periphery of the disk medium toward the spindle motor.

11. The method according to claim 1, further
comprising simultaneously supplying the voice coil
motor with the current generated by the back
eleqtromotive force of the spindle motoi, in addition

| 15 to the current generated by the discharge of the
retract capacitor, even after_thé power Supply is
poweréd off and the retraét time period elapses.

12. The method according to claim 1, wherein the
retract capacitor is of a capacitance that enables

20 output of a current required for retracting tﬁe head
from the retract change position to the ramp.

13. The method according to claim 1, further
comprising detecting a temperature of the disk drive,
and wherein said determining the retract time period

25 determines the retract time period in accordance with
the detected temperature.

14. A method of supplying, upon power-off of a

AR O R




prrt et et rrrrt et e 1t C L 47 - predetermned retract change
position, the predetermined retract change position being a position of
the head, in which the head actuator is brought into contact with an inner
peri phery stopper that 5 limts an operation of the head actuator, the

I nner periphery stopper being |ocated in %spogjtion in which the inner
peri phery stopper prevents the head from jdnping over an inner periphery
of the disk nedium toward the spindle notor, the predeterm ned retract 10

[ i od bei [ i od Lred . f [ he h .th
TS s odet TRBTH A ETASRTH285IEK BB HECA MBI 1
head d . - . : [ ,
pecd, aseuned upoge, hge PP oKL 9L URSBRVEELEUBRLY AN suBRBRY 10, vher

supply, the voifg,§0i {hOPLA %{&Paétﬁﬂgrﬁﬂte ﬂEQﬁrt%hggprr% Cgﬁfo%deﬁ a

retract capacitor that accunul ates a charge from ower Supply, thereby

moving the head §a¥Ridet BedisRMAed?imlAcathenBlibed BeTIPHERY bEF &hal m 17,
further conprising sinmultaneously supplying the voice coil “notor with.the

current gemerat ediby hB@ibackcehpeisoAgti ve force of the spindle motor, in
addition to the current generated by the discharge of the 25 retract

capacitor, even afterstpplpong;, $opphypredeperaiiaedibtandtt hdme
predeterm ned retract time period _

period after the power-off of the power supply, the
voice coil motor with a current generated by a back
electromotive force that occurs, upon the power—-off of

10 the power supply, in a spindle motor used to rotate
the disk medium, thereby moving the head toward é
predetermined retract change position, the
predetermined retract chahge position being a position
of the head in which the head actuator is brought into

15 confact with an outer periphery stopper that limits an
operation of the head actuator, the outer periphery
stopper being located in a position in which the outer
periphery stopper prevents the head from jumping over
the ramp to an outside of the disk medium, the

20 predetermined retract time period being a time period
required for moving the head to the predetermined
retract change position irrespective of a position of
the head assumed upon the power-off of the power
supply:; and

25 . - supplying, when the retract time period has
elapsed after the power-off of the power supply, the

voice coil motor with a current generated by discharge
e

A



el apses. 48 19. The nmethod according to claim 17, wherein the retract
capacitor is"of a capacitance that enables output of a current required:
for retracting the head fromthe predeterm ned retract change position to
the 5 ranp. 20. A disk drive apparatus conprising: a disk medium on which
data is recorded; a spindle notor to roLatthhg di sk nedium a head to
read data fromthe di sk nmedium 10 a head actuator that supports the head
and noves the head in a radial direction of the disk medium a voice coi
motor to drive the head actuator. .E ragB rovided,outside the digk medi um
near an outer p2fiPhErPrartt RPAFEkohe ﬁﬁ]afguﬁuéﬁ 88 Pof"BhEFgéd°By a
power supply for e | sk LVE; 1 ich_ci ' fi e ply the
voice coil nDtoFﬁgﬁ?%Q%%esgﬁb%§bu??%%%ggeﬁg%égghbbgﬂg ngé ggkggﬁggnotive

force that occurggéfnggetﬁgiggk rggégﬁggggypggo?ggﬁpomer-off of the power

supply, and a curtTent generate ge o e capacitor, the switch

circutt supplying hesyol #fe CRbngR! QEcBkliingBoCHLAER! 141 ORULRRCEPI ndl e
notor in a first retract node, the current fromthe spindle notor having a

polarity 2% thatc6rpsesih§espatichResRY eyt SWBpUyRnBr €HEt @bRkBedoinet ract
change position, the swmtch circuit supprlng ?he voice coil nmotor with
the current fromébér with the current generated by the back
electromotive force of the spindle motor, in addition
to the current generated by the discharge of the
retract capacitor, even after the power supply is
10 powered off and the predetermined retract time period
elapses.

16. The method according to claim 14, wherein the
retract capacitor is of a capacitancelthat enables
output of a current required for retracting the head

15 from a disk-medium-side end of the ramp onto the ramp.

17. A method of supplyihg, ubon power-off of a
power supply for a disk diive, a current to a voice
coil motor to drive a ﬁead actuator that supports a
head, thereby retracting the head onto a ramp provided

20 outside a disk medium near an outer periphery of the
~ disk medium, comprising:
supplying, for a predetermined retract time
period after the power-off of the power supply, the
voice coil motor with a current generated by a back
25 electromotive force that occurs, upon the power-off of
the power supply, in a spindle motor used to rotate

the disk medium, so that the head will be moved to a
S —
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(rrrtil 111111 | ~~~~ (1111 ~= ~~~~ * C L 49 capacitor in a second retract
node, the current from the capacitor having a polarity that causes the
head to nove toward the ranp; neans for determ ning, during operation of
the 5 disk drive, a retract tine period required to nove the head froma
position of the head to the predeterm ned 4Het[ect_change posi tion, using
the current fromthe spindle notor; and a controller to control the switch
circuit, the 10 controller setting the switch circuit to the first

h ' [ d .ned_b he d I Ni
oS oSS BERAREC B R LY SHL I e
| h ci [ s | t { . ract..
SiLLCh el BEAREthES! ERLERE UG Rl SRCRALALEH el 1o

supply. 21. A digk ghbvReaBpaif! Hﬁiﬁﬁ”ﬂh‘esh%%gk%ﬁggﬁé%@qgg%‘é:%h% i ch data

I's recorded; a spindle notor to rotate the ad to read

data fromthe di i t I : I and noves
the head in a ragﬁgﬁeg?ﬁggf?oﬁggg ?%eE§P§§ %ggﬁﬁﬁ%ggofgﬁgkggbﬁﬁgﬁbtor to

drive the fead agiMai8ran apk2HPiBhO¥rdedconkaddacthatdirsk tiRdijRaear an
25 outer periphery of the disk nedium an outer periphery stopper to |imt
an operation periphery stopper being located in a position in which
the inner periphery stopper prevents the head from
jumping over an inner periphery of the disk medium
toward the spindle motor, the predetermined retract

10 -time period being a time period required for moving
the head to the predetermined retract change position
irrespective of a position of the head assumed upon -
the power-off of the power supply; and

. supplying, when‘the retract time period has

15 elapsed after the power—-off of the power supply, the
voice coil motor with a current generated by discharge
of a retract capaciter that accumulates a charge from
the power supply, thereby moving the head toward the
ramp.

20 18. The method according to claim 17, further
comprising simultaneously supplying the voice coil
motor with .the current generated by the back
electromotive force ef the spindle motor, in addition
to the current generated by the discharge of the

25 retract capacitor, even.after the power supply is
powered off and the predetermined retract time period

elapses.



of the head actuator, the outer periphery stopper 1111111 11111! [JI 1111
1111, * CS. v 50 being located in a position in which the outer

peri phery stopper prevents the head fromjunping over the ranp to an

out side of the disk nedium a capacitor charged by a power supply for the
5 disk drive; a switch circuit configured t 4 supply the voice coil notor
with one of a current generated by a back | ectronotive force that occurs
in the spindle notor upon the power-off of the power supply, and a current

d by di f th h Ltch
he voi co. coi | mot o1 {RERAMEGRF %‘%%%ﬁ%v%ﬁgi%%e Wy Lﬁﬂﬁ%es“p%él "
. I [ hat
Causes. the head %t%%‘ée?%evaéﬂ%% 3d8Fof neRRRC T2Her, SRS RERBLERYsi 11 on.

he o ror S lepinb Y A9cul Pent/OhEGuERLY FBECLCELACLAG EHEM BlAT 1O

the capacitor in con ract e curren rom e capaci tor

having a . pol arifyodhhgte Hé& téﬂﬁl%@&dreEEé @teﬁaﬁgebEﬁBEEEEEdtagﬂhQSt the

out er perlphery 20 stoppe e pre etern1ne retract ange position
-being a positiongpthe head where the head actuator is in contact with
t he outer perlphery stopper and a controller to control the swtch

circuit, the contropder sedisnodihee SippahatiusClbhpt@sihg:first

a disk medium on which data is recorded;

a spindle motor to rotate the disk medium;

a head to read data from the disk medium;

10 ~ a head actuator that supports the head and moves
the head in a radial direction of the disk medium;

a voice coil motof to drive the head actuator;

e ramp provided outside the disk medium near an
outer periphery of the disk medium;

15 a eapacitor charged by a power'supply for the
disk drive;

a switch circuit configured to supply the voice
coil motor with one of a current generated by a back
electromotive force that occurs in the spindle motor

20 upon the power-off of the power supply, and a current
generated by discharge of the capacitor, the switch
circuit supplying the voice coil motor with the
current from the spindle motor in a first retract mode,
the current from the spindle motor having a polarity

25 that causes the head to move toward a predetermined

| retract change position, the switch circuit supplying

the voice coil motor with the current from the

L




25 retract node for a predetermned retract timeperiod after power-off of
t he power supply, the controller switching the swtch circuit fromthe
first retract L0t reererr et e *C~MS --------- --- 51

node to the second retract node when the predetermned retract tine period
has el apsed after the power-off of the_poW@r supply, the predeterm ned
retract time period being a tine period reqaired for noving the 5 head to
the predeterm ned retract change position irrespective of a position of

t he head assunmed_upon.,the,power-off ofﬁ%he power, sup ly. 22, @ %isk drive
appar at us conpri%?ﬁﬁ?lgpﬁiéﬁ RedPERNEnTRAFBRTABPEST s BSaSPEéSP Vhe'h

I ndl t t t ' ' aead t he di sk
medium o head abterepabhiet Siiuihd ket fedET rhar, Salo03, Bkl Aatn e, °

r adi al directiontgfmgpg Qbégﬁagghén%a voice coil nmptor to drive the head
|

actuator; 15 a ramp provi ded outside the di sk medi um near an outer

periphery of the di skpggdsURbrafetBPfEnRAL, PREFY NSt BPREELE®N bF khdn
operation of the head actuator, the i nner periphéry stopper being |ocated

e R i S A
spindle mbtor; head from a position of the head to the predetermined
retract change position, usihg the current from the
spindle motor; and
a controller to control the switch circuit, the
10 controller setting the switch circuit to the first
retract mode for the retract time period, determined
by the determining means, after power-off of the power
supply, the controller switching the switch circuit
from the first retract mode to the second retract mode
15 K when the retract time period has elapsed after the
power-off of the power supply.
21. A disk drive apparatus comprising:
a disk medium on which data is recorded;
a spindle motor to rotate the disk medium;
20 a head to read data from the disk medium;
| a head actuator that supports the head and moves
the head in a radial direction of the disk medium; |
a voice coil motor to drive the head actuator;
a ramp provided outside the disk medium near an
25 . outer periphery of the disk medium;
an outer periphery stopper to limit an operation

of the head actuator, the outer periphery stopper
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a capacitor charged by a power supply for the disk drive; 25 a switch
circuit configured to supply the voice <coil notor wwth one of a current
generated by a back electronotive force that occurs in the spindle notor
LI rrrerr™ rrrr 1 ittt €L n 52 upon the power-off of the power
supply, and a current generated by disghahge of the capacitor, the switch
circuit supplying the voice.coil notor wth”the current fromthe spindle
notor in a first retract node, 5 the current fromthe spindl e notor having
a polarity that, causes the head to noye,toward a.predetermned retract
change position, PEHRI shPERhedi 1R uRt PREHPEGNGD Vﬁégboggﬁ Sgkﬁrnntor with
the current fromthe . ca ac%tor i the.current from

n_a _secpnd, retyract de,
10 the capaci t orPREAPRETS POPEPPEyPERIEAER EDE PRECERA J5RRADE PESE o the
ranp, the predetﬁﬁg1p rg%rgﬁ;ouggfgge Eo?hg!?gsgehggiamp03|tlon of the
ead actuaf or Wi he

head where the IS rn contac rnnef periphery

stopper; and 15 a congrgg#g%i£§ﬁggﬁ%%§%dt?gt?gkbﬁgrcgh?§9&,fBQe peontrol | er

setting the switch circul 0 t nod a predeterm ned
retract tidre peripgh @fi¢L;power-off of the power supply, the controller
switching the swtch circuirt fromthe first retract 20 node to the second

retract node when theapgRéletRr Aipedit’ ebh&shukredetBesupp1Rashel Ipsed after
t he power-off of

coil motor with one of a current generated by a back
electromotive force that occurs in the spindle motor
upon the power-off of the power supply, and a current

10 generated by discharge of the capacitor, the switch
circuit supplying the voice coil motor with the
current from the spindle motor in é first retract mode,
the current from the spindle motor having a polarity
that causes the head to move toward a predetermined

15 retract change position, the switch circuit supplying
the voice coil motor with the current from the
capacitor in a second retract mode, the current from
the capacitor having a polarity that céuses the head
actuator to be pressed against the outerlperiphéry

20 'stopper, the predetermined retract change position
being a position of the head where the head actuator
is in contact with the outer periphery stopper; and

a controller to control the switch circuit, the

controlier setting the switch circuit to the first

25 retract modé for a predetermined retract time period
after power-off of thé power supply, the controller

switching the switch circuit from.the first retract
-
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tﬁé podér supply, the predetermned retract tine period being atime
period required for noving the head to the predeterm ned retract change

position 25 irrespective of a position of the head assunmed upon the
_ pomer-off of the pomer supply. 121111111 21121210 1 1 1 1 1 1111 1
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mode to the second retract mode when the predetermined

retract time period has elapsed after the power-off of

the power supply, the predetermined retract time

period being a time period required for.moving'the
head to the predetermined retract changelposition
irrespective of a position of the head assumed upon
the power-off of the power supply.
22. A disk drive épparatus comprising:
a disk medium on which data is recorded;
a spindle motor to rotate the disklmedium;
a head to read data from the disk medium;
a head actuator that supports the head and moves
the head in a radial direction of the disk medium;
1 a voice cbil motor to drive the head actuator;
a ramp provided outside the disk medium near an
outer periphery of the disk medium;
an inner periphery stopper to limit an operation
of the head actuator, the-inner periphery stopper
being located in a position in which the inner
periphery stopper prevents the head from jumping over
an inner periphery of the disk medium toward the
spindle motor;
a capacitor charged by a power supply for the
disk drive; |
a switch circuit configured to supply the voice
coil motor with one of a current generated by a back

electromotive force that occurs in the splndle motor
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upon the power-off of the power supply, and a current

generated by discharge of the capacitor, the switch

. circuit supplying the voice coil motor with the

current from the spindle motor in a first retract mode,
the current from the spindle motor having a polarity
that causes the head to move_toward a predetermined
retract change position, the switch circuit supplying
the voice coil motor with the current from the
capacitor in a second retract mode, thé current from
the capacitor having a polarity that causes the head
to move toward the ramp, the predetermined retract
change position being a position of the head where the
héad actuator is in contact Qith the inner periphery
stopper; and

a controller to control the switch circuit, the.
controller setting the switch circuit to the first
retract mode for a predetermined retract time.period
after power-off of the power supply, the controller
switching the switch circuit from the first retract
mode to the second retract mode when the predetermined
retract time period has elapsed after the power-off of
the power supply, the predetermined retract time
period being a time period required for moving the
head to the predetermined rétract change position

irfespective of a position of the head assumed upon

LT

the power-off of the power supply.




