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- 1 TITLE OF THE | NVENTI ON METHOD FOR RETRACTI NG HEAD
UPON | NTERRUPTI ON OF PONER, AND DI SK DRI VE Ewmmmm“ |“l"||"“|
THE METHOD BACKGROUND OF THE I NVENTION 5 The p

invention relates to a disk drive wth a head used,s s«
read and wite data fromand to a disk. Mre

particularly, it relates to a nethod for retracting

the head to a ranp provided reat the disk, upon the
interruption of power to the disk drive, and 10

relates to the disk drive enploying the nethod. As

typical disk drives USITIgE 0K T=HE a=NVENTEROr di ng

medi um hard di sk drives (HDDs) are well known. HDDs
conpMESEOD Hdd RETRGESIING Hoehd) WRRY INTERREER 0N OF POWER,
wite data fromand to a disk, and a spindle 15 notor

used AN LGSkt SFRIVE EMALOYIAK ﬁfé@d ME'STI‘Eprort ed by an

actuator so that it _can npve over the disk.

The actuator has aPO&EREBOFHP O%FHE %%IEENFéONdri ve the
SR AR i B0 20
RAthl 0B AR the sk, WDLg SRedlddLallyy 408 w0 &

he dis floating over I h ‘accor dance W

r ot alji@ ,of Mtoti% @a&lﬁlc\ﬁvlea'}ltwe 1@%1%6545“{85 £ Iﬁéaf.ar{jod for

or wite operatlon it Is noved to a target position
retracting the head to a ramp provided near the disk,

upon the interruption of power to the disk drive, and
relates to the disk drive employing the method.

As typical disk drives using a disk as a
recording medium, hard disk drives (HDDs) are well
known. HDDs comprise a head (magnetic head) used to
read and write data from and to a disk, and a spindle
motor used to rotate the disk. The head is supported
by an actuator so that it can move radially over the
disk. The actuator has a voice coil motor used to
drive the actuator.

When the HDD is in a state in which the head is
ready for a read or write operation, the head is
positioned above the disk. More specifically, the
head is floating over the disk in accordance with the
rotation of the disk. When the head performs a read
or write operation, it is moved to a target position
on the disk by the actuator. 1In contrast, when the
HDD is in the inoperative state, the head is retracted

on a particular place (retraction area) called a ramp.
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25 on the disk by the actuator. In contrast, when the
HDD is in the inoperative state, the head is retracted
on a particular place (retraction area) called a.ranp.
- 2 The ranp is located outside the recording area of
the disk. If unintentional interruption of power
occurs when the head is floating over the disk, it is
5 strongly possible that the—head will stick to the
di sk. To avoid this, various head retracti on nmet hods
for automatically retracting the head to the ranp upon
t he FAEerAlpt iion lotasedeouts idee tHBD reave diegn area of the
proposed so far. Jpn. Pat. Appln. KOKAI Publication
10 N8153002- 298530 dlscloses one (hereinafter referred
such retractlon met hods.

%ge a;r;g&%éﬁﬁlgééagil 1ﬁ? LRy QﬁuPQ%%ﬂnoccurs
I EME t i.ndl e ,not,or
anc%hgﬂgkg%ge acgﬁn£%39351n9)8%85p %ﬁ gﬁ G¥F1 i zed
f t t| LQr B
ﬁgongﬁﬁgﬁ?ﬁ‘%’eﬁﬁgﬁbgﬁn%@etﬁ%aﬂ&rﬂ?c@éed% Lo S

art, di ki pby akeaki 284 sy vhiri St saRd 252 GeRG Je L, %P%ethods
operatlons In the first retract operation, the voic

coi | fobt autbmapovaneq bytthethagk tkMFnekdt ke %an@d%p upon
20 notor. As a result, the head is npbved to the

p05|thenlnteetuatuponoiwpbwbmngopm&etH@@)hﬁ@@rbbﬁﬁ

ranp. In the second retract operation, the voice coi

nmot oPrPBospdwepedaby t Hench&ege applmul KOKATI Fubldcation

CapaﬁngZOOZ 298530 discloses one (hereinafter referred to
as “the prior art”) of such retraction methods. The
prior art is characterized in that the back
electromotive force (back EMF) of the spindle motor
and the charge accumulated in a capacitor are utilized
for head retraction. The head retraction performed
upon the interruption of power, disclosed in the prior
art, is mainly realized by first and second retract
operations. 1In the first retract operation, the voice
coil motor is powered by the back EMF of the spindle
motor. As a result, the head is moved to the position
(retraction switching position) near the ramp. In the
second retract operation, the voice coil motor is
powered by the charge accumulated in the capacitor,
whereby the head is moved to the ramp.

In accordance with the recent development of

microfabrication of HDDs (microfabrication of disks),

1.8-inch HDDs, 1l-inch HDDs and even 0.85-inch HDDs



10

15

20

25

whereby the head is noved to the ranp. 25 In

accordance with the recent devel opnent of

m crof abri cati on of HDDs (m crofabrication of disks),
1.8-inch HDDs, 1-inch HDDs and even 0.85-inch HDDs

have cone to be available. In accordance with the
reduction of the HDD size, the torque (inertia) of the
spi ndl e notor inevitably reduces. Accordingly, when

the power to the HDD is interrupted, the smaller the 5
HDD (the smaller the diameter of the disk of the HDD),

t he Ve GOMEKkIty bige avgiidieibdeal Jpeed coirdaneespiindi ehe
notor reduces. Therefore, in the prior art, it is
possFEPECERRR BEr she HRD Bé&@ r sAehdonave rdmerttige of the
rot at.i on H speed of, the spindle nmotor wi_ll becone |ess
10 tﬁgﬁn§ &aﬁﬁgofh&PeW§tPE&m FEGUCE Sk ee fCRE NG ngrhen

levekhgf Bugrh%gdtﬁgnﬁbﬁngs.gggﬁggﬁﬁﬁg%pgﬁ%gggﬁgﬁﬂﬁr the

tenperattre, the nore conspi

t he beoﬂtﬁétSPEQQQFtQ%eS#g@hﬁt%E %%rﬁkﬁi%&%2¥%%r%%%?%DD),

at, in particular, ow tenperat ure, S icult to

15 pravenbrehguiead f taw ¢orbagbhag i i .+ nBRIER
SUMMVARY OF TH uINVE ION In accordan?gemd?E gR% S%lndle

enbodbnent retiutbe .i nraBre@bret hehethe Provirdadta it is

nmet hod of retracting a head to a ranp upon

i nt eppaptibde thapoherfote ahdi akad2@edchee. thee rhead ithe

used to read and wite data from and to a di sk when

t he 8PSRtL8N3puRPBpdacépihel spaptide. mPherr aipli become less

| ocated near the disk. The nmethod conprises supplying -

a cuFPahtat B2tHe §PRRdILE KBEBiredpbR kBepi kher fupaitdmg

of tEe Rover Eg the di sk drive,

ev of e head constant. The lower the ambient
temperature, the more conspicuous this tendency. 1In
the prior art, when the supply of power is interrupted
at, in particular, low temperature, it is difficult to
prevent the head from contacting the disk.
BRIEF SUMMARY OF THE INVENTION
In accordance with an embodiment of the

invention, there is provided a method of retracting a
head to a ramp upon interruption of power to a disk
drive. The head is used to read and write data from
and to a disk when the disk is spun by a spindle
motor. The ramp is located near the disk. The method
comprises supplying a current to the spindle motor
upon the interruption of the power to the disk drive,
using discharge of a capacitor charged with the power,

and performing retract control for retracting the head

to the ramp upon the interruption of the power. The
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25 using discharge of a capacitor charged with the
power, and performng retract control for retracting
the head to the ranp upon the interruption of the
power. The performng the retract control includes
supplying a current to a voice coil notor which

drives an actuator supporting the head, using the

di scharge of the capacitor.-5 BRI £F DESCRI PTI ON OF

THE SEVERAL VI EWs OF THE DRAW NG The acconpanyi ng

draw ngs, which are incorporated in and constitute a
par t P§F EORBIgFedinE catirast idonfsodatiacdmsesi weppd yahg a
the invention, and together wth the genera
descfpErafh §°vénVQBG@ec§ﬁ& Fﬁ@ofowéé 'Wédves an actuator

ol AP REPRGL R hiFoPaa el CENGG ApenFroRn2tercOt] e o

bl ock b@g& E\lllustratlng the configuration of a hard
disk Ive ? DD) according to an enbodi nent of t he

I nvenERP@F BRsER 2ol SoR BPLECKrGhRRE, 20T ki USE' /Y "ERANTNG

along wth the peripheral circuit, the configura

of the nuher adido an%an@p@%%Wﬂﬂéé Nl Gn %reFﬁgcd%ﬂd%ated
acircuit dlagran1lllustrat|ng the structure of _

char e and dbashatgeecanpaek! e 184 sgacam@eatuaa |n

FIG 2; FIG 4 is aviewillustrating changes in { he
rota@ﬂénatrspeedmRSSpmbotsaofpthélénnah@ﬂo@$P&hdl$o@@dher
a VCM current IVCMw th respect to the period ranging
fron¥ike £hfeganenailndescupriténnofipenerboveursd the2s

the time when head retracti on has been fini shed, which
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 (HDD) according to
an embodiment of the invention;

FIG. 2 is a block diagram illustrating, along
with the peripheral circuit, the configuration of the
motor driver 18 appearing in FIG. 1;

FIG. 3 is a circuit diagram illustrating the
structure of the charge and discharge controller 184
appearing in FIG. 2;

FIG. 4 is a view illustrating changes in the
rotational speed RSgpym of a spindle motor (SPM) 13 and
a VCM current Iycy with respect to the period ranging
from the time when interruption of power occurs, to
the time when head retraction has been finished, which
are detected in the embodiment;

FIG. 5 is a view illustrating changes in the
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are detected in the enbodinent; FIG 5 is a view

illustrating changes in the states of the circuits
incorporated in the notor driver 18 in the
enbodinent; FIG 6 is a block diagramillustrating,
along wth the peripheral circuit, the configuration
of a 5 notor driver 28 according to a nodification of

the enbodinent; FIG 7 is a~ciPcurt diagram

illustrating the structure of the charge and
di scharge controller 284 appearing in FIG 6; 10 FIG
8 i s S&kakeswaif] [thst cdttiovg tehdmgesHaraties imottdtd ameor
speeg RSSpM_qf .an SPM 13 and a VCM current [1VCM w th
respEEtVES e PetifSd FRRGiAE Friom the time when

to the tine when head

i nt ti f .
retract i of s bedh 1 FHHHedLL A e tercingy F5-9n8

the W@.@'hf !t?l@t %%Qigfhetr!g“i ﬁthe}%%iil{emt;heF:cGo'tr@ggsrﬁc 'yc{ngvc\éf a

illustrating changes in stdtes o

i NncCompebat ge ikt (SENYa (¥ 28 | : ;

nodi fi@cati on g%rt Eg g%rr‘tg%dridr%glr?lt ?é%gr?d%l%ftl tllsonaof the
mat r embvidewehkl;ustrati ng how to 20 conbi ne VCM

current sources for powering the VCM 15, along with

i nf or mat i 1Gas 7t d swhetdiercutihe SRYrkd iiS 1awertthg the
DETAI LED DESCRI PTI ON OF THE | NVENTI ON An enbodi ment in
whi cRttHetpreseft theveheirge iasd 25 sapplriged cdontadldred 284
disk drive (HDD) will be described wth reference to

the 3PEBAPARGi A HEGw Rds. FIG 1

FIG. 8 is a view illustrating changes in the
rotational speed RSgpy of an SPM 13 and a VCM current
IycM with respect to the period ranging from the time
when interruption of power occurs, to the time when
head retraction has been finished, which are detected
in the modification of the embodiment;

FIG. 9 is a view illustrating changes in the
states of the circuits incorporated in the motor
driver 28 in the modification of the embodiment; and

FIG. 10 is a matrix view illustrating how to
combine VCM current sources for powering the VCM 15,
along with information as to whether the SPM 13 is
powered.

DETAILED DESCRIPTION OF THE INVENTION

An embodiment in which the present invention is
applied to a hard disk drive (HDD) will be described
with reference to the accompanying drawings. FIG. 1

is a block diagram illustrating the configuration of
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Is a block diagramillustrating the configuration of

the HDD according to the enbodi nent of the invention.

In FIG 1, a disk (magnetic disk) 11 has two, i.e.

upper and |l ower, surfaces. At |east one of the disk

surfaces serves as a recording surface for 5

magnetically recording data. The disk 11 is, for

exanple, a small disk nediunrw 6h a dianeter of 0.85

inches. A head (magnetic head) 12 is provided

opposi ng the recording surface of the disk 11. The :

headthe H®Dygegordingadcandewembeddakeatf bdmtard ihoehite on.

10 disk 11. In the configuration of FIG 1, it is

assufBdFtRat lvhé AbDXhdgagnetagl digiksk 111 hasowweer i.e.,

the HDD na axe a plurality of disks stacked on each

othePPpﬁrléPae RURBer SBEL@6REent Atc lepraskone10fatbelsisk
e _recaording surfac the disk _11. Each

f ,of

t?;gggf?gc%%pfﬁaggsngvs FﬁF8F§égﬁoﬁuFF8ﬁ§ BPE-written

(embrdgRdl;dbssLeteby.alnbeaular | hervaly. JFach = cor
| udes p R

servo informati Oon itemin osition informti

necegsamylbor at BRaGONHEQK AEARARI KRR B94t NRPead }2
20 to a target track. The position information

i ncl 0des iachgki ndar heade (magheatcngehhe ROSiLI PRoVIRAEd
the disk 11, of the cylinder (track) on which each
servoprppalognbheonecbeming wnrttaes. ofhehduakskl1iS The
spun_at high'speed by a spindle 25 notor (SPM 13.
The SPRA132) &5 Beedekanpked anthweétepHase brushbessto the
motor, The head 12 is attached to an act uator .
(carft8fe}l14. INoFBespeBfipuaREONt AE FéGd 1, it is
assumed that the HDD has a single disk 11. However,
the HDD may have a plurality of disks stacked on each
other.

A large number of concentric tracks 110 are
formed on the recording surface of the disk 11. Each
track 110 includes servo information items pre-written
(embedded) discretely at regular intervals. Each
servo information item includes position information
necessary for the control of positioning the head 12
to a target track. The position information includes
a cylinder code indicating the position, on the disk
11, of the cylinder (track) on which each servo
information item is written.

The dusk 11 is spun at high speed by a spindle
motor (SPM) 13. The SPM 13 is, for example, a three-

phase brushless motor. The head 12 is attached to an

actuator (carriage) 14. More specifically, the head
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12 is attached to a suspension 141 extending from an

arm 140 that is incorporated in the actuator 14. The
head 12 is noved radially over the disk 11 in

accordance with the pivoting operation of the actuator

5 14. As aresult, the head 12 is positioned on a

target track. The actuator 14 has a voice coil notor

WCM) 15 for driving the actuator 14. The disk 11 has

i nner and outer peripheries. A ranp 16 is provided,

di spl.aced fromthe recording 10 surface of the disk

11, fér isxakhachasede ehevusieasiqrerliffhastasfdirie figk an

11. Alternatively, the ranp 16 may be provided near
the PRflerl seriaitory oRcoReomaded i Tho acifptrg 14. The

Pront BB 2L SHLRY L AR P g,
t ' HDD is.i.n_t
| opaEkgatis MAAR MR BN IR it by (A phe actuator

i nconpor ahed Al Relshg thead 12 -3 Rl2GRd g;réi & 1AM, LG,
R mp 16

i nstead of the head 12, and the ra s provi ded at

a | ogatrigert emalche nMavemart uede 10f Hahe o i k446110 motor
20 avoid a conplicated expression, it may be descri be

t hat (VB®)head £52 dyivehached ace e anp 16. On the

ot her hand, when the HDD is in the operative state,

t he head Theexiistks ldvéduast Hangdirslantl .ouBasi galdiphdhies. A
I noperative state of the HDD neans 25 a state in

whi ch2PRe LADDS| rovégpdd. dbspdadiedy funeon thehe soppel iofy
HDD, a Iuralit¥ of power-saving states corresponding
to pOWEFrassyPhgtheyEis knay /bd oFeBXaa®L el n n@s rHdbepfouter

thiSpg¥ggheggeo?e%ﬂeléigi E%{ra% %%r%%tively, the ramp 16
may be provided near the inner periphery of the disk
11. The ramp 16 provides a retraction area (parking
area), displaced from the recording surface of the
disk 11, for retracting the head 12 when the HDD is in
the inoperative state. Actually, however, a tab 144
incorporated in the head 12 is placed on the ramp 16,
instead of the head 12, and the ramp 16 is provided at
a location on the movement route of the tab 144. To
avoid a complicated expression, it may be described
that the head 12 is retracted to the ramp 16. On the
other hand, when the HDD is in the operative state,
the head 12 exists over the disk 11.

Basically, the inoperative state of the HDD means
a state in which the HDD is stopped. Depending upon
the type of HDD, a plurality of power-saving states

corresponding to power-saving levels may be defined.
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the ranmp 16 in s particul ar power-saving state that

exceeds a preset power-saving level. In other words,

in this type of HDD, the inoperative state includes a

5 particular power-saving state, as well as the

HDD-stop state. On the other hand, the operative

state of the HDD neans a state in which reading or

witing of data fromor to the8disk 11 can be

performed at once. This state may include

power - savi ng states other than the 10 above-nenti oned

part Teukar Hpowef- shviisng ypeat €heAheladolgh ibolretiracted to

formed in the substantially center of the actuator

14. Bhea¥pyP1d5 is fi peedicularheowkrosghing etafet hbat

actuator 14 so that the actuator 14 can pivot about

t he SXFE§°¥H4223 REegetsPPustreaviing Reygli2 &anophest words,
e_arm suspensi on 141, whereby it

| ith 1 ]
o IevEbdsaPRpR) B BPo, fRE G eRPTTating Bhaba anciades a
f : i . e, V-sh d
franeeTgSCTRRE BB wE ey k8bn8 3UBL8;  £oaPLL: Panhg FRR-stop
ar”1éﬂéteTheOEUEHQrEtﬁé@nﬁagg,1%§eh§?e§a¥9bgefggkks%%othe

integrally enbedded therein. "The vofce cCOi _
| nt eApDSAdahet weeBatePiANghibAl FAAHYAKCSr RELYRHCEF data
coil 150, the yokes and a permanent nagnet (not

showAyohi medtbothbedbekt o yakebeppevirdembAea¥C¥hds., This
25 The HDD of FIG 1 includes an outer-periphery

~ stoppeate7maThénoltee- pewepheayiatoppated7otbetts€dahothe

restrict the operation of the actuator 14 so that the
head2R9oveoesnheenpdnparbichéasupsivde-ebvihg sampel6
when it is retracted to the retraction area of the
A through hole is formed in the substantially
center of the actuator 14. An axis 142 is fitted in
the through hole of the actuator 14 so that the
actuator 14 can pivot about the axis 142. As a
result, the head 12 can pivot along with the arm 140
and suspension 141, whereby it can move radially over
the disk 11. The actuator 14 further comprises a, for
example, V-shaped support frame 143 extending in the
opposite direction to the arm 141. The support frame
143 has a voice éoil 150 integrally embedded therein.
The voice coil 150 is interposed between top and
bottom yokes. The voice coil 150, the yokes and a
permanent magnet (not shown) fixed to the bottom yoke
provide the VCM 15.
The HDD of FIG. 1 includes an outer-periphery

stopper 17. The outer-periphery stopper 17 is used to

restrict the operation of the actuator 14 so that the



ranp 16. To this end, the outer-periphery stopper 17

is placed at a location at which it. is brought into 5
contact with a distal end 143a of the V-shaped support
frame 143 closer to the disk 11 when the head 12 is
urged to junp to the outside of the ranp 16. The SPM

13 and VCM 15 are powered by an SPM current and a VCM
current supplied thereto fromtBe -10 notor driver 18,
respectively. The notor driver 18 sequentially

executes 1st and 2nd retract operations, .described

| at eReagpdr tleesi mosr dup ¢ dhepowerside tdfe thdDRambhe 6
notor _driver 18 is connected to capacitors d, C2 and
C3. YhENcapadict §es rested? tanghes rateacagonisraa ofe the
power supRIy vglta e +V of the HDD in the HDD

oper afWe 18t at ¢° Fhd Sc&psci the outes-pegdrhsry someper 17

i I f A t he SPM 13,
whon b6 ZEse < FE PadeSBBaPH Abn “ha cbortoried TaBN t RETO
i nt ' tq the ,HDD. _Th ot
capac Tor ol “hap 2 828Ry Bt 14785 o RaecirpBRER AgeRort

capagirbfe €u%. 178 capaci t.of i d a .
power supply (Séwﬁggu??e%PEsgég y;ﬁfgbégo%égiﬁggghéz 8

VCM tibgddr t8gjLkig Est theebuast gapgrathan afie 15st
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retract operation neans 25 the operation of noving the

head 12 i Fhe 6@M dBnandi NVEOL iGN ake dopeTield @Y R@akpMhe

retract swtching position for a 1st retract period

i mrednareny ahtdea YOMt heriraher suppildadothpeeed Feomh€he

HDD. The retract switching position is set as, for

exan%pggradgéyggihB, respectively. The motor driver 18
sequentially executes 15t and 2nd retract operations,
~described later, upon the interruption of power to the
HDD. The motor driver 18 is connected to capacitors
Cl, C2 and C3. The capacitors Cl, C2 and C3 are kept
at the power supply voltage +V of the HDD in the HDD
operative state.

The capacitor Cl is used as a power supply (SPM
current supply) for powering the SPM 13, when the 1St
retract operation is performed upon the interruption
of power to the HDD. Therefore, the capacitor Cl may
be referred to as “the SPM-powering capacitor C1”.
The capacitor Cl is. also used as a power supply (VCM
current supply) for powering the VCM 15 during the 1St
retract operation. The 1St retract operation means
the operation of moving the head 12 in a certain

direction to a position near the retract switching

position for a 1St retract period immediately after
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position near the ranp 16. In the enbodi nent, the
retract switching position is a preset position over 5
an outer peripheral portion of the disk 11. The
capacitor C2 is used as a power supply (current
supply) for powering the VCM 15 during the 2nd

retract operation. Therefore, the capacitor C2 nay be
referred to as "the 2nd-retractlGapacitor C2". 10 The
2nd retract operation neans the operation of

retracting the head 12 to the ranp 16 after the | st
retr&8€ dpEeATIEhicd ednploaead tq the Hifh.er Thee redtract

retracttp riod el apses fromthe start tine of the Ist
retr 8¢t SgépgtPBEthgnTHé S&FadiSrorf o&3 Sxampded @ Gertain

back Nl I for _the operation of the notor
dri VE?S%W,%FS%%? el §a”iph36|°gt Iéhi!f%?n&“\bé’tcm?tntr the
i ; . f . th i t.or, C3
moy S e r oAt Bopt bR i = KR s PO Lopver

oper ahi 8age@f pthepARLAR %@r@&bﬁe%fl%hit%@%& gan the
operations (notor driving control) oF, or exanpl e,

an SPM comheokheaci®brand iketisdel G0N B 851
descri bed later. Thus, the capacitor IS not uséﬁ

for fouorepowenppdyopébat borerify. €he WeSNaBi eRlring the
operati,ons), unlike the capacitor G 25 or C2.
Acco?ﬁ?n@ﬁ??aﬁheoéﬁe@tiostatEheaaﬁambtamhe ehpaldig or C2
capacitor C3 nmay be sufficiently smaller than that of
the Papabrt seferred tp. as 1theTRB%heatrazti sapamiectred2” .
to ead 4C (head anplifier circuit) 19. The head IC
19 ﬁg €4reall tract operation means the operation of
retracting the head 12 to the ramp 16 after the 1St
retract operation is completed, i.e., after the 18t
retract period elapses from the start time of the 1st
retract operation.

The capacitor C3 is used as a backup power supply
for the operation of the motor driver 18 itself, while
the 1St and 2nd retract operations are executed.
Therefore, the capacitor C3 may be referred to as “the
backup capacitor C3”. The operations of the motor
driver 18 itself mean the operations (motor driving
control) of, for example, an SPM controller 181 and
retract controller 182, described later. Thus, the
capacitor C3 is not used for motor powering operations
(i.e., mechanical operations), unlike the capacitor C1
or C2. Accordingly, the electrostatic capacitance of

the capacitor C3 may be sufficiently smaller than that

of the capacitor Cl or C2.
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anplifier for anplifying a read signal read by the
head 12, and a wite anplifier for converting wite 5
data into a wite current. The head IC 19 is

connected to a read/wite IC (read/wite circuit) 20.
The read/wite IC 20 is a signal processing device for
perform ng various types of processing, such as

anal og-to-digital conversionm oflla read signal, 10
encodi ng of wite data and decoding of read data. The
read/ wite IC 20 is connected to a disk controller
(HDO) 21 dWe¢ read déhtirsoldeemezz.edTie HDBea2ll IG (head
connected to the main controller 22 and a host (host
syst 8MPLifiehedrqud ta di%i t Sheddgace ICsddh has 5 read
persona&.%onpu%er, whi.ch ytilizes the HDD of FIG 1
The BBB211Rds T8% PAPd{i8%ontedl sd9edloFepst by the

L L N f d . 0., ,
Conc B 220 LT R R IRETERS (oo e
datagkeansheh belpeen e hast and.tng KDC-21, The 20

has a di A F

HDC 21 al so sk control’ functio

cont eshhibgedata br 2RakeL Hekwaen (the dish L1 gﬁ%%si'é‘?cz 0.

21. The main controller 22 controls the entir

Cont Thk byatiferigien 1conr @kl ar s2gnknchdecsagkCoRL i@ for
25 for noving the head 12 to a target track designated

by aresfimandngr sadiwnist € ypesmatidprberesstihg, hesich Thke
main controller 22 includes a retract-period - 12
det ePRRAABOr6A-Eilgétirl 2ROvamdipanddnracees's sigmaily
(RAN%ﬁggéingag% 82iggedgEgDg%dagggoggnghngﬁzgézéaEZ.
The read/write IC 20 is connected to a disk
controller (HDC) 21 and main controller 22. The HDC
21 is connected to the main controller 22 and a host
(host system). The host is a 'digital device, such as
a personal computer, which utilizes the HDD of FIG. 1.
The HDC 21 has an interface control function for
controlling the reception of a command (e.g., a
read/write command) from the host, and controlling
data transfer between the host and the HDC 21. The
HDC 21 also has a disk control function for
controlling data transfer between the disk 11 and
HDC 21.
The main controller 22 controls the entire HDD.
Control by the main controller 22 include seek control
for moving the head 12 to a target track designated by

a command (read/write command) from the host. The

main_controller 22 includes a retract-period
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used as a work area for the main controller 22. The
retract-period determnation circuit 221 5 operates

when the main controller 22 perforns seek control.

Each tinme a new head position is detected by the seek
control of the main controller 22, the retract-period
determnation circuit 221 conputes the 1st retract
period. The 1st retract period ihdicates 10 the period
necessary to nove the head 12 fromthe detected head
position to the preset retract switching position.

The Ssiteraripadtiqrediaguis 91 jand heandaet raamtess memory
contraoller 182 of the notor driver 1C 18 (see FIG

2). TheMedd posifarén ofndincatmenanie asfa mferthis RAM 222 is
posih%%% og the head 12. FI G, 2 .shows the

conf i'Giratifol SPThETRGt FPT dhey 8318 Contdm) Mk R4t s

peri pheralmcircuit. As _sho t he notor driver 18
conprisesqgg %ﬁﬁ%ﬁ%ﬁﬁ%ﬁdMaﬁiﬁrW%ﬂqgﬁﬁn(ﬁﬂﬁ?%ﬂqeﬁzl
182, uppl itar 1 C e d

i schaeae eontron o LBt TSR o [5ndr STaTEY S9Rk
HDD ic®nitRod .NOEARN iRl %I%%%Vh%%%t§©§ﬂ¥i5ﬂwWS detected by
controller 181 is powered by the power supply vgitage

+V otheheebRDcapRiroad ofi @ha mpAWEcRRIM dY 2,185
The SPM control ler 181 25 perforns control for

r ot aretgathepSPioti3 dat exmiaked onspaeduith@ 23PMomputes the
controller 181 is al so powered by the charge of the
backdp “capaERES PESiddri nGhehe SE3 reitntertr peiiiond didicates
power to the HDD (1st retract operation). At the

i ni t FAP Beagedonecresesy et eye the head 12 from the

detected head position to the preset retract switching
position. The 1St retract period is set in the
retract controller 182 of the motor driver IC 18 (see
FIG. 2). The head position indicates the cylinder
position of the head 12.

FIG. 2 shows the configuration of the moﬁor
driver 18, along with its peripheral circuit. As
shown, the motor driver 18 comprises an SPM controller
181, retract controller 182, power supply monitor 183
and charge and discharge controller 184,

When the power supply of the HDD is in a normal

. Or steady state, the SPM controller 181 is powered by
the power supply voltage +V of the HDD applied via a
power supply line 185. The SPM controller 181
performs control for rotating the SPM 13 at a rated
speed. The SPM controller 181 is also powered by the

charge of the backup capacitor C3 during the



operation, the SPMcontroller 181 supplies, to the SPM
13 as an SPM current, the current (part of the 5
current) supplied fromthe SPM powering capacitor Cl
under the control of the charge and di scharge
controller 184. After the discharge of the capacitor

C is advanced during the 1st retract operation, the
SPM control l er 181 supplies,~td3he VCM 15 as a VCM 10
current, the current generated by the back EMF of the
SPM 13. To this end, the SPMcontroller 181 contains

a reéfiterappEipaurt paverstowthef 8PDr ddSitf yieng acte
current generated_by the back EMF of the SPM 13. The
ret r QBETEEAPPON | ePt18Recdpisind atreer aét thes Iftnwetract

RT) 182a, ,Each_ti he osition is K detected,
Uhe) TBE7R5!Phot ChEr PBH FONGEOLIRE BALr SPPRALCSei ey the SPY

h ' LI . h I ,
3ﬁ§a%§¥%%c?nggﬁﬂr%ﬁ?%%gisiEbézgyégséa?<%%#330£h%§%§ﬁe
. s .
> ot o ERatarUeRgi5hG e, ke SEM BUBFELpRe PaR ser o1

cont pabker th82cbatperenedthy LRg Y@l Lage qicpusedby
the electric charge accunul ated 1 n the backup

capacbhoroCBerAtl8tthe Aﬁtékathéta@@cﬁﬁrgaeoisthéebbéﬁhitor
operation, the retract controller 182 25 supplies, to
t he YCM §5adsanc¥@Miauningnthet hétcuerentt cparttdbnthehe
current) supplied fromthe SPM powering capacitor Cl
undePP¥heosbhetbbrol8iheuphdige, ahd. the HCMcharge a VCM
controller 184. After the discharge of the capacitor

10 g jSurranshethauFbhrgenhegeserpéefaby the back EMF of the

SPM 13. To this end, the SPM controller 181 contains
a rectifier circuit (not shown) for rectifying the
current generated by the back EMF of the SPM 13.
The retract controller 182 contains a retract

15 timer (RT) 182a. Each time a new head position is
detected, the 1St retract period is set in the retract
timer 182a by the main controller 22. In the normal
state, the retract controller 182 is stopped. Only
when the supply of power to the HDD is interrupted

20 (only during the 1St and 2nd retract periods), the
retract controller 182 is powered by the voltage
caused by the electric charge accumulated in the
backup capacitor C3. At the initial stage of the 1St
retract operation, the retract controller 182

25 supplies, to the VCM 15 as a VCM current, the current
(part of the current) supplied from the SPM-powering

capacitor Cl under the control of the charge and
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operation, the retract controller 182 supplies, to the
VCM 15 as a VCM current, the current generated by the

5 back EMF of the SPM 13. Further, during the 2nd

retract period, the retract controller 182 supplies,

to the VCM 15 as a VCM current, the current discharged
fromthe 2nd-retract capacitor C2. The power supply
nonitor. 183 nonitors the state 140 -of the power supply

of the HDD to detect the' interruption of the power
supply. Specifically, the power supply nonitor 183

det edtis chhe dientcontuptlilex df84. powit ewhehet lig spdsige of the
supply voltage +V of the HDD applied thereto via the
poweFagapplterl Cle 1885 iing shewe duks nichdmea Site detteramitned
voltag Alternatively, the interruption of power nmay

be d& SEF@&%eﬁhﬁhé’eﬁé\R@l‘t consFioy Lesl f8ge shppdfieshe to the

HDD | d
povey CEUBS! 7onBnNChr “UERE Wandra: 6514 BawdeaRLEet by the
S' Q”BEC%SEQF' ¢ ¢aL ag)2Q 5t he %og%gtr”}’g(}e} loré{gg h ef; tdhe

noni tor si gnal 183a

CFF §E€E§Et“6@@1bge Eﬂ@e ZQEQ'%o%@r%ﬁ%e@DQ8bsshgplq%s,

normal or stéady sfat

ON stat ehewWhren QBea§UBpWEM el.rRewer %%e'%h%&%ﬂ&t%QSc%érged
The charge and di scharge control l'ef 184 controls

char eomndhdi 2BHatrgerat-tt hapaapaeirt op.Cl. Nanely, in

the steady state of the power supply (in which the -

15 power Thenipreersisgpall yl 88a iite ratl 8l3owdndtelr)s, thike state

charge and discharge controller 184 causes the

Capaeﬁtgpecpower supply of the HDD to detect the
interruption of the power supply. Specifically, the
power supply monitor 183 detects the interruption of
power when the power supply voltage +V of the HDD
applied thereto via the power supply line 185 is lower
than a predetermined §oltage. Alternatively, the
interruption of power may be detected when the power
supply voltage +V of the HDD is lowered by a
predetermined ratio or more. The power supply monitor
183 generates a power monitor signal 183a indicating
the power monitoring result. The power monitor signal
183a is at low level (in the OFF state) when the power
supply of the HDD is in the normal or steady state,
and is at high level (in the ON state) when the supply
of power is interrupted.

The charge and discharge controller 184 controls

the charge and discharge of the capacitor Cl. Namely,

in the steady state of the power supply (in which the
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to be kept at the power supply voltage +V. In

contrast, in the power-interrupted state (in which the

5 power nonitor signal 183a is at high level), the
charge and di scharge control |l er 184 causes the

capacitor Cl to discharge. FIG 2 does not show a VCM
controller. The VCM controller operates in the steady
state of the power 10 supplvy, thd'supplles the VCM 15
with a VCM current designated by the main controller

22. As well known, the VCM controller is used for
seekPEUﬁFr@Pnﬂéprnévgﬁ@l tlifsahédad atto 1wt dregyetl )t,r ddle charge
and for OSI |on|n conirol &tracklng control) for
pOS|FP8n nge ﬁegﬁe 8nf§° 5 et §4t§@§éﬁsp&ﬂq|QﬁPaﬂiﬁQQaC1

targe é prack, shows the s ruct re of the charge
and -di SChar £r8 P&refgxuP yéﬂ dVchar'de

and “7B%pcF EE’O% Otk gomuiaEs %33&184 ich the
184dﬁo@@raﬁgnh@5§rE@@né§4§ Zh%SFE$ %3%& ﬁ%v%ﬁ 3§,

di scharge start switch the 'S us as a

powethauppl ¥nawhiebhathe @Ba@%oQﬁe&hQBQI%@%s%%4%h's
connected to the power supply line 185, and

cat hodpaofitbheCdi adedi84aargeconnected to one end of

25 the capacitor O and the source of the FET 184c.

The ot heFléndZ2ofoekencapabiowor GCM sogtawlded.. Tithe VCM
drain of the FET 184c is connected to the anode of

the 8PBHECLL1eE opgaBteandnt hheanseedyf sthsedioddeht8power

is also connegted to,the drain of the FET 184d. The
cat hogRPlY, and supplies the VCM 15 with a VCM current

designated by the main controller 22. As well known,
the VCM controller is used for seek control for moving
the head to a target track, and for positioning
control (tracking control) for positioning the head 12
at a target position on the tafget track.

FIG. 3 shows the structure of the charge and
discharge controller 184. As shown, the charge and
discharge controller 184 comprises diodes 184a and
184b, field effect transistors (FETs) 184c and 184d
and inverter 184e. The FET 184c is used as a
discharge start switch, and the FET 184d is used as a
power supply switch. The anode of the diode 184a is
connected to the power supply line 185, and the
cathode of the diode 184a is connected to one end of
the capacitor Cl and the source of the FET 184c. The
other end of the capacitor Cl is grounded. The drain

of the FET 184c is connected to the anode of the diode
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of the diode 184b is connected to the SPM controll er

181 and retract controller 182. The source of the FET

5 184d is connected to the power supply |ine 185. The
gate of the FET 184c is supplied with the power

noni tor signal 183a fromthe power supply nonitor 183.
The power nonitor signal 183a is also supplied to the

i nput of the inverter 184e. -Thd@utput of the 10
inverter 184e is connected to the gate of the FET

184d. Referring to FIGS. 4 and 5, the operation of the
enbodBibnt andl fthise adesier idfedtheFHiGodé 18 4d \isewlso
illustrating chan%es in the rotational speed RSSpM of

15 t Ren8pPpIced &Rd thevawiadtr péntheVERTWLEH dres f&et caghode
t he %er'od rangi ng fromthe time when interruption of
powef ogbﬁrg}o 9%ébtPﬁecWﬁéﬁcﬁégdtPeﬁhécﬁfghCﬁﬂ§r°ller

b L Nni d. . FILG 5 ' il ti h

e RELSPRReEo5F oFe COPTE RIS T AEGr porireda %@ﬁ% “3ge FET
[ h h ‘

Vol { Age LR eneRiRr Rl ek bofkr RECRR T ERY,  The

The r o$u y | t [ I a e [
pover eapary e a8 rs {he SRRt dnarh ikl Bekitas

and mbaigerasdgdischange reont Lokl bwd4 sebptiRedRtiebr 183.
25 driver 18 installed in the HDD of FIG f. The power

suppfzenpoiweor md83 theepighbe pedar isuppky BRRplGed to the
signal 183a at |ow | evel when the power supply voltage
- 17inpvtapfl kbe dnaerherpddde.sufpkyolitpatl8® ithei n
the normal or steady state. '
inverter 184e is connected to the gate of the
FET 184d.

Referring to FIGS. 4 and 5, the operation of the
embodiment will be described. FIG. 4 is a view
illustrating changes in the rotational speed RSgpm of
the SPM 13 and a VCM current Iycy with respect to the
period ranging from the time when interruption of
power occurs, to the time when head retraction has
been finished. FIG. 5 is a view illustrating changes
in the states of the circuits incorporated in the
motor driver 18. Assume here that the power supply
voltage +V is normally applied to the HDD of FIG. 1.
The power supply voltage +V is also applied via the
power supply line 185 to the power supply monitor 183
and charge and discharge controller 184 of the motor
driver 18 installed in the HDD of FIG. 1. The power
supply monitor 183 keeps the power supply monitor

signal 183a at low level when the power supply voltage
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When the power supply nonitor signal 183a is at | ow

| evel, the gate of the FET 184c of the charge and 5
di scharge controller 184 is at lowlevel. In this
state, the FET (discharge start switch) 184c is in the
OFF state. The inverter 184e of the charge and

di scharge controller 184 inverts the level of the
power supply nonitor signal -183al Accordingly, the 10
out put of the inverter 184e, i.e., the gate of the FET
184d of the charge and discharge controller 184, is at
hi gh"Ve¢@Plitsl ¥lgeiths s@vwarhisierlie Jgowerl Sup yin the
nonitor signal 183a is at | ow level, the FET (power
suppFy TGt OF) stEadY Stiakerhe ON state. 15 As

descri bed above, when the power supply nonitor _ signa
183a is at 1 owi& &ovsE é@%eﬁ“ot%%vﬁ-ﬁgn%]u 32 is at

It is in,th tate,  th
ggmf;ﬂggﬁggfye;gﬁ«%g%a?g? atE‘?ﬁ ?@?ﬁﬂ?%&f@ﬁgi Yharge and
con Vi .
poweF@suy’iﬂ%ﬁrfiT TS fé’%,le%alg%sgté’ Sy T devish,! Thednis

t he Bﬁﬂté,sﬁﬂ@|FETOUHQQ%hEYg%Ss%%QEi%@iﬁkﬁﬁ SBMc- is in the
controll er 181 operates in accordance with 'the power

suppbyFvekbage +VheAsnaeresul t184he rSRMC @harQld @hnd
181 controls the SPM 13 to rotate it at a rated 25

rot agiephkrgpecdnR8R1 16 f1Bd dhhvertkantie tlR&dletgfadthe
controller 182 is kept inoperative when the power

nmoni PBVesi gaRPlygBanisost sigwalleddBa.- Bgcolmlimdy, the
above-descri bed steady state, the FET 184c 1is in the

OFF SHEPEL AfcbREi AgVerterel84wer iseppl $he gate of the FET

184d of the charge and discharge controller 184, is at
high level. This being so, while the power supply
monitor signal 183a is at low level, the FET (power
supply switch) 184d is in the ON state.

As described above, when the power supply monitor
signal 183a is at low level, i.e., when the power
supply voltage +V is in the normal or steady state,
the power supply voltage +V is applied to the SPM
controller 181 and retract controller 182 via the
power supply line 185, FET 184d and diode 184b. When
the power supply voltage +V is applied, the SPM
controller 181 operates iﬁ accordance with the power
supply voltage +V. As a result, the SPM controller
181 controls the SPM 13 to rotate it at a rated
rotational speed RSr. On the other hand, the retract
controller 182 is kept inoperative when the power

monitor signal 183a is at low level.
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voltage +V is applied by the diode 184e to the SPM
powering capacitor O, therefore the capacitor Cl is 5
kept at the voltage +V. Further, in the steady state,
the power supply voltage +V is also applied to the
2nd-retract capacitor C2 and backup capacitor C3, and
hence the capacitors C2 and C3 are kept at the voltage
+V. FIG 2 does not show power upply lines for 10
appl yi ng the power supply voltage +V to the capacitors
C2 and C3. In the above state, assume that the supply
of power Iio thise akpY e —sldsnraeub et aaty tstratd,|l [trandET 184c¢
the  power supply voltage +V applied via the power
supply 15 [Pge© 5 sitg teedudegorsiagial ug hee poweham udpd y
preset . val ue, At thii time, the 1st retract period is

|

set 'RALEEAE Pt ticEPPLAeA ?Széhéfdéﬁéeré@ﬂgtﬁo the EPM‘
. 182.. The 1 t ' i ndi cat.es the |
cori Bl i nt, Baratt ety b n ReRRTs %?‘S:rqncﬁﬁ’é‘cﬁrté?eﬁtl is
[ i1 | t h to, retract
ChrREBE BosthoncEOagh e TRgelsl oSk bitthy scace,

peri @Hei pokdr WABR1LNGoROWEE IYPRLY 5 Bi%g?&égg E@SFge

detected reduction of the power supply v

a vaE0@—rb€88cthaﬁprQtB&e@QtaM@'Bﬁckhﬁ @%B%EEE%%SC3, and
that the 25 interruption of power to the HDD is

det ebtede ther ebpacdwbtehCagahbecpovee %upRl ¥tMRiet @oltage
signal 183a from low |evel (OFF state) to high |evel

(ON sVat eFIGAt 21doeshhett Bhveyw powthesabailge lands for
dischar%e|controller 184, +the gate of the FET 184c '
becofBBIKiBH FBPePOWaAdSHARlY voltage +V to the capacitors

C2 and C3.

In the above state, assume that the supply of
power to the HDD is interrupted at time tll and the
power supply voltage +V applied via the power supply
line 185 is reduced to a value less than the preset
value. At this time, the 15t retract period is set in
the retract timer 182a of the retract controller 182.
The 15t retract period indicates the period required
to move the head 12 from the present cylinder position
of the head 12 to the retract switching position.
Assume that the 1St retract period is T1.

When the pdwer supply monitor 183 has detected
reduction of the power supply voltage +V to a value
less than the preset value, it determines that the
interruption of power to the HDD is detected, thereby
switching the power supply monitor signal 183a from

low level (OFF state) to high level (ON state). At



gate of the FET 184d becones |ow | evel. Nanely, the
FET 184c is turned on, and the FET 184d is turned off.
5 As aresult, the application of the power supply
voltage +V to the SPMcontroller 181 (and retract
controller 182) via the FET 184d and di ode 184b is
interrupted. At the sane tinme, accunul ation of
electricity in the capacitor CL3s -stopped and the 10
electricity charged in the capacitor Cl in the steady
state is discharged. Thus, a current corresponding to
the &Rddntide t K@ dhectahiagioey adids cisched gfer conttirel ler 184,
capa%'tor Cl is generated. This current is supplied

to t hEBSSBRICCoRtr Hief ET8 1 8415d besorest hieht deiviedr, #82 the
15 via, the .FET 1 diode 184h. At this tine, the
dioéég£§48fcEﬁﬁegﬁid%%ngE@ﬁopﬁé g&ﬁa&@W§@~ClN&ﬁ@lﬂhethe
el EE BB n e R BBt B L W] 9 hpet ot
S [ . U ; i;nterr-upti o f _power .to
ChorRBoy PEtoEy,fle RRR LR e R R B o DBV

as avbaekyp +power tsepRipY, c3Rd rSthakt-s 189 RehLOLE30
operation (control operation) in accordance with the

vol t agetoblleheléapaeitorh€3rESpegisti aabl Wiokke 182M is

controller 25 181 supplies the SPM 13 with the

curr eptefrroptede caApatheosafé. tAsea mesuhllagven bf

the supply of power to the HDD is interrupted at tine

t11, e{Retrigdtyr épathenarrspasdrRESpIEoEtbhpe8PNhE3 the

mai ntai ned, at  the rated speed RSR as far as possible

(seee @$rﬁ§}ty charged in the capacitor Cl in the steady
state is discharged. Thus, a current corresponding to
the amount of the electricity discharged from the
capacitor Cl is generated. This current is supplied
to the SPM controller 181 and rétract controller 182
via the FET 184c and diode 184b. At this time, the
diode 184a connected between the capacitor Cl and the
power supply line 185 prevents the current from
reversely flowing from the capacitor C1 té the power
supply line 185.

Upon the interruption of power to the HDD, the

SPM controller 181 uses the capacitor C3 as a backup
power supply, and starts to perform an operation
(control operation) in accordance with the voltage of
the capacitor C3. Specifically, the SPM controller
181 supplies the SPM 13 with the current from the

capacitor Cl. As a result, even if the supply of

power to the HDD is interrupted at time tll, the
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whi ch prevents the floating | evel of the head 12 from
becom ng | ower than a preset level. 5 On the other

hand, the retract controller 182 is set in a 1st
retract node when the supply of power to the HDDis
interrupted and the power supply nonitor signal 183a
becones high. In this state, the retract controller

182 uses the capacitor C3 as a Hackup power 10 supply
and starts an operation (control operation) in
accordance with the charge of the capacitor C3.
SpecitPit@&liopalt weaest RateM iafert B EZPM 1 X Hes metiractined at
controller 12& starts to neasure tinme when the power
suppltyemBRItESr SPEGRaIRSE 3 ife I \iist GIRse itkd ehi (gred &gt 4),

t
por SO PFEV SRR SO GeRREh JCHL. 15 & heds ) £rom
oper at.i - retract operation, the current
fromB%Egmégﬁagioy%% é%talns asé)ﬁﬁlsle d €3 %he VoM 15 so

that the agt yalohtld s ﬁfﬁ%ﬁt Scﬁeh%et{q:%dctlzc{or?%q]gh%\g ?}382 is

20 drives the actuator n a direction

headsdéZ is betisacted rbett R deaiRelb + 1Al o %FiyiJ?%pgdg% to
SPM 13 is supplied with the current fromth

capathtoHDOl iby ihke roBMteadnthal kake g%%%r %y monitor
descri bed above. As a result, the 25 rotational spee

RSSp#i gfiai ha8SRVbEBome sihilhai nEd &hi st ke atat ed hePeedt ract
RSR In this state, at least at the initial stage of

the ¥8ptreliast 18genasisonhet hephedt o2l C312scanhelcku® power
retracted using the back EMF, unlike the prior art. '
TherEPBPg}’ fRE ehBEEENERt OBABRSYSNa (control operation) in

accordance with the charge of the capacitor C3.
Specifically,; the retract timer 182a of the retract
éontroller 182 starts to measure time when the power
supply monitor signal 183a is switched to high level.
Further, the retract controller 182 starts to perform
a 15t retract operation (18t retract control
operation). 1In the 1St retract operation, the current
from the capacitor Cl is supplied to the VCM 15 so
that the actuator 14 retracts the head 12. The VCM 15
drives the actuator 14 in a direction in which the
head 12 is retracted to the ramp 16.

At this time, the SPM 13 is supplied with the
current from the capacitor Cl by the SPM controller
181, as is described above. As a result, the
rotational speed RSgpy of the SPM 13 is maintained at
the rated speed RSR. 1In this state, at least at the

initial stage of the 15t retract operation, the head
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structure in which the current resulting fromthe

di scharge of the capacitor C is supplied to the VCM 5
15 by the retract controller 182. This structure
enabl es the retract operation of retracting the head
12 to be perfornmed even if the SPM 13 is spun by the
current resulting fromthe di scharge of the capacitor
Cl. 10 Wen the discharge of-tld capacitor d is
started wupon the interruption of power to the HDD,
i.e., at tinme tl1ll, the potential of the capacitor C
(| el? Pﬁ@noﬁob@nﬁﬁawaateﬁh@saagh@de bhcikh&@Mdi, od@mlike the
184a) gradually decreases with tinme. Assune that at
tlnepFieréFér 18hergh orieme thel eppogdmead TRPLETS a<
Ti), ot ent,i al the capacitor O _is reduced to

a vaf @uF §§etﬁ3nWhﬁﬁg ﬁgﬁeﬁPFéﬁnéeﬁéﬁ&ﬁédnﬁyfﬁ@@ Bé@k
At _this t har ge of

Eggacﬁﬁéggéigwk%stﬁlSRESClﬁﬂéngaylﬁhéugﬁg t@ytpﬁeVCM
charge gpdaQ gb%%ﬁ@%?%oﬁ%?%ﬁ? ENFC%84’g$ESY %%%%gng

fromthe” capacitor ontr

retragbp1egntkal d. el [
t12, thé currgn%@gé%EEaF§g§%$E?ﬁ Ogagékg%gtlb %@%Sg%ad

13 i s2suppbeegek@othedr eveact rCeALr gblen 3183 %?ﬁntﬁ% the
25 rectifying circuit of the SPM controller

desceibednaboeenlitnyhérenbetdendischukge bliethe

di scharge of the capacitor O is advanced, and the -

22 poreatikar 6fi.the capacitor d is reduced to a

value lower than the potential generated by the back

EVF of When the discharge of the capacitor Cl is started
upon the interruption of power to the HDD, i.e., at
time tll, the potential of the capacitor Cl (i.e., the
potential at the cathode of the diode 184a) gradually
decreases with time. Assume that at time tl2 later
than time tll by period T1l (T11 < T1), the potential
at the capacitor Cl is reduced to a value less than
the potential generated by the back EMF of the SPM 13.
At this time, the discharge of the capacitor Cl is
finished, whereby the supply, by the charge and
discharge controller 184, of a current from the
capacitor Cl to the SPM controller 181 and retract
controller 182 is stopped. Instead, from time t12,
the current generated by the back EMF of the SPM 13 is
supplied to the retract controller 182 via the
rectifying circuit of the SPM controller 181.

As described above, in the embodiment, when the

discharge of the capacitor Cl is advanced, and the
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the SPM 13, the current supply source (VCM current
source) for powering the VCM 15 is automatically 5
switched fromthe capacitor d to the back EMF of the
SPM 13. Nanely, the enbodi mrent does not require any
speci al nmechanismto switch the use of the VCM current
source fromthe electricity discharged fromthe
capacitor O to the back EMF of22 he SPM 13. 10 The
retract controller 182 continues the 1st retract
operation even after tine t12, by supplying the VCM

15 wPPhethd aduriethegsadasid@mhElt He ackidadF toofa thed ue

SPM %3. Th hdiogﬁ 184b i s provided across the path
f or gSWSFnS 87 ifPe P teNGhath gsdggadiecolyct o bes kt FMF of

SPM t | 1 d t troll 182). Th

i 00C o R prdvent's TN Ehi SHPRGSnErtiEs ty heunsdnt
EMF S 1 £l i to th '
capacr Lo el T Ups Bowe el EhES POl 15 e Rl cad b

has sﬁ@t@h@ﬁSQQORrQﬂbtbgﬁakﬁkorN%qEE%’t%%s%%%Tégﬁﬁéégethe

retract timer 182a of the retract controlle

nmeasaPEd1peri Nemély, | RhkhempeasRenth@obisMibt1823u1 re any
generate a timeout. Upon generation of the tineout,

the sperael wenhroliker td82wischwchehedel bEMehbe vEst A% rent

retract node to the 2nd retract node. Assune that

t hi sSSWFEehfrgMi shpeeflochudcat yt diechaget firome thk3,

i.e., when the 1st retract operation is conpleted, the
23°3RR3G4te2 3 pesthrohegknEMF phethet &Mt 18wi t chi ng

position AR result of the_ | st retract operation.
€ retract controller 182 continues the 1St

retract operation even after time t12, by supplying
the VCM 15 with the current generated by the back EMF
of the SPM 13. The diode 184b is provided across the
path for guiding a current from the capacitor Cl to
the SPM controller 181 (and retract controller 182).
The diode 184b prevents the current generated by the
back EMF of the SPM 13 from reversely flowing to the
capacitor Cl1. |

Assume here that 15t retract period T1 has
elapsed from time tll. Namely, assume that the
retract timer 182a of the retract controller 182 has
measured period Tl. 1In this case, the timer 182a
generate a timeout. Upon generation of the timeout,
the retract controller 182 is switched from the 1S5t
retract mode to the 2Nd retract mode. Assume that
this switching is performed at time t13. At time t13,

i.e., when the 1S5t retract operation is completed, the
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In the 2nd retract node, the retract controller 182
executes a 2nd retract operation (2nd retract 5
control operation) using the capacitor C2 as the VCM
current source. Specifically, the retract controller
182 causes the capacitor C2 to discharge, and supplies
the VCM 15 with the current resulting fromthe

di scharge, the current servingZas a VCMcurrent. As a
10 result, the retract controller 182 retracts the
head 12 fromthe position near the retract swtching
posi Pegd 18 tike Posis iBedhenrt hdeheat rb2ti Switching
retracted to the retract area of the ranp 16, the tip
143aPEF1tReNsBpér L epudie cf4Ehef 1Sihe radcraattoopbt aits obs

| at ched by the o - peri phery stopper 17. As
described%§b5$§,%%ﬁrﬁ%§1€ﬁﬂo&Qﬂﬁn,tWﬁMQQﬂfaqﬁNQQﬂifQEﬂer

i [ t t i 12 d. .incl d i
TR BT 1 B
f ' ' L . th PM_13 i.s 20 n
(FombTech! bkt | LTk S s 2000 3 v

curregtreHpPkbadckr 0 - ht,or L. i i i
t he Istrretract ﬁodenggggég?eggé&beFﬁ%drgﬁ%agg Eﬁgtf%ller

begi hB2ngapeeki @Reotapheitst CQtﬁécﬁiggﬁgrﬁgﬂ'QQ§ supplies
Assunme here that the period ranging fromtinme t12 to

25 tthe VI8 1§ FiRh(¥hE zuFtentTidpulPenyodrbh2the the
remai ni ng period of the 1st retract node period. In

t he ékBelprEnAt, tHar cngrpeti edr¥ifg thealV¥CMr etr@ent24 As a
operation is continued by the current generated by the
backTERELBf the opiragt Feahreildert h822mdtrettacthe head

12 from the position near the retract switching
position to the ramp 16. When the head 12 is
retracted to the retract area of the ramp 16, the tip
143a of the support frame 143 of the actuator 14 is
latched by the outer-periphery stopper 17.

As described above, in the embodiment, during
period T1l ranging from time tll to time 12 and
included in period T1 (the 1St retract mode period)
that ranges from time t11 ﬁo time tl13, the SPM 13 is
spun and the 18t retract operation is.performed, using
the current supplied from the capacitor Cl. Period T1
is the 1St retract mode period, and period T11l is the
beginning portion of the 1St retract mode period.
Assume here that the period ranging from time tl12 to
time t13 is T12 (T12 = T1 - T1l). Period T12 is the
remaining period of the 15t retract mode period. 1In

the embodiment, during period T12, the 1St retract



10

15

20

25

operation is perfornmed using the current supplied from

the 2nd retract capacitor C2. 5 In the enbodi nent,
fromtime t12, the spin of the SPM 13 is continued

using the inertia of the spin. Namely, unlike the

prior art, the SPM 13 continues its spin fromtine

t12 later than tinme tll by period T1l, wusing the

inertia. As a result, the pericdd required 10 for the
rotational speed RSSpM of the SPM 13 to be reduced to
alower limt value (lower-limt rotational speed)

RSM RPeEKatirs Aecessadyuedr byaitheaicuirmgnthgenklradkidndpy the
Ieveg of the head 12 at a preset |evel can_bed made

| ongBACKy E¥EpetakteaSPY 13- t Hxem & LBhe thei 8P 5 eamact
Therefore, .in the _abqove enbodiment, the rotational
spee8p§§§5ﬁp8fl?h86§%MrT§di§S&P8v§h€e&uFF§ﬁF F&PRgied from

-Limt [ | d RSMN
bt o B0t P h8BATAEEr AEPASHEPAL (N (the on

bef or h re n (the 2nd 20 retract
oper ati on 1f,0kl,@Wi.nG (1&gt E?%%P%Hn%P%ﬁ%tl%%) in of the
of p i s Eénpl et 8§

performed upon interruaptiof ower 1s np

regapdiiess 9k whathanebhasSRY! %ﬁeh§§e§t§%gkgn%ﬂgrgb§n.

S
(torque), or regardless of whether the a

t enpramelye LAliew. tAs priesubire,tRechedd 13 t8n2%3nues its
prevented fromcontacting the disk 11 during the-

retrapinopeermt tome and dekeabkyjanetimet edlt byt beriadpTil,

16. It is preferable to design the electrostatic 25

capagfinfcehef inpstéapachson Cesihtactbedarcéodi rhquieed

S“”‘?er%ﬁgtrgggtigﬁgfdsggggckggg§e§f Igg EE&SEB to be
reduced to a lower limit value (lower-limit rotational
speed) RSyry that is necessary for maintaining the
floating level of the head 12 at a preset level can be
made longer by substantially T11 than in the prior
art.

Therefore, in the above embodiment, the
rotational speed RSgpy of the SPM 13 is prevented from
being reduced to the lower-limit rotational speed
RSMIN before the head retract operation (the 2nd

' retract operation following the 1St retract operation)
performed upon interruption of power is completed,
regardless of whether the SPM 13 has a small inertia
(torque), or regardless of whether the ambient
temperature is low. As a result, the head 12 is
prevented from contacting the disk 11 during the

retract operation, and reliably retracted to the ramp

l6. It is preferable to design the electrostatic
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capacitance i s the capacitance necessary to nmaintain
the lower-limt rotational speed RSM N at the | owest 5
tenperature at which the HDD operation is guaranteed
by the specification, until the head retraction is
conpleted. The lower-limt rotational speed RSMN i s,
as nentioned above; the | owest rotational speed RSSPM
of the SPM 13 necessary to guardntee the floating 10

| evel of the head 12. Further, the second capacitance
I's the capacitance necessary to supply the VCM 15 wi th
t he §apﬁ§mtar1§qupﬁedhﬁopapﬁ@m@m &3t ippercairolanc@ndrith the
retract operation) and generated by the back EMF of
the ZBMI T% fiGSFfaPﬁes@éﬁéélF@Pagltﬁ@§e§ gr Sdeifirst

electrosta% capac¢ tance than that enployed in the
above2PenboartentS i b |§a88§§FBP§et8eG§éS@ﬁ§ Epaingain

A fehe @gw@%@qmt BokR 20N 135208 YOV ot line) 1uest

end retract “mo

thi Stggpeageurél 50 QH&'zfﬂgtB%r g Eg;%ra% ging f rem, aﬁ'E%

t12 to tine tl retract era I"on~usi’ng

capapit eheCh ealgeebtmaﬁd henel yin th% ESteeh Lt
oper ati on uang t he back EEF of thg SP& 1Beca%c%9%n is

om ttemipl@betin t PheebRdirFBAkiti bokatassunedehal RiNG ) is,
outer- periphery stopper 17 is forned of a nagnet

| at chs hantibhedcabeyeywhenet hewbead rdZaits onallr agpked RSqpy
t he rang 26 16, the tip 143a of the support frane
143 of the SBYt b3t pecesashsyl Abched rbpteke thrgfdbating

forCf of _the
evel of the head 12. Further, the second capacitance

ls the capacitance necessary to supply the VCM 15 with
the current required for the retract operation (2nd
retract operation) and generated by the back EMF of
the SPM 13. |

If the capacitor Cl has a greater electrostatic
capacitance than that employed in the above
embodiment, it is possible to use the capacitor Cl for
powering both the SPM 13 and VCM 15 till the end of
the 15t retract mode (i.e., till time t13). 1In this
case, also during period T12 ranging from time t12 to
time t13, the 1St retract operation using the
capacitor Cl is continued. Namely, the 1St retract
operation using the back EMF of the SPM 13 can be
omitted.

In the embodiment, it is assumed that the outer-
periphery stopper 17 is formed of a magnet latch. 1In

this case, when the head 12 is retracted to the ramp
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out er-peri phery stopper 17. Therefore, if the magnet
latch is used as the stopper 17, the VCM current 5
necessary for the 2nd retract operation can be
reduced, conpared to the case where no magnetic |atch
is used as the stopper 17. In this case, the 1st
retract operation using the capacitor ClL can be al so
continued during period T12 Takfing fromtime t12 to
10 time t13. Furthernore, fromtinme t13, the 2nd

retract operation can al so be executed using the back
EMF &/ the Sphm 133a pft iihe sapporthérame ldtr adt the
capaci i s not necessary. In the enbodinent, it

i s aélg%%&ogﬁ&ﬂ e LRéCh&ast bY1shewmegmiekd cpdsirceow i $he
ai ok L eSS BReT b2 ¥ Pbridod T s wiehERG o b Ghemdpanet
R g
A N b i

thi sreaseedpecofgatéd teamhbecagk WABYEN noWhklPWkic 1atch
reducing the rotational speed RSSpM of the SPM 13 to

t he LeweseHi abt theokabppaal 19peednRENIN eBskessneAs sa

result, at tinme 25 t13 later than tine tll by period

T1 (reTract PpRyatipheukéad tRecanpheimadeCtliocaeabk also

the retract area of the ranp 16, or a position near

t he FeRfapiedrdaring2peryndnTilRerhegdny? firomptamedtdd to

the retract _area of the ranp 16 or the position near

it Fh@etpﬁ314sgugphpﬁ@ore, from time tl13, the 2NA retract
operation can also be executed using the back EMF of
the SPM 13. 1In this case, the 2nd retract capacitor
C2 is not necessary.

In the embodiment, it is assumed that the retract
switching position is the preset position over the
outer periphery of the disk 11. However, the retract
switching position may be another position, for
example, a preset position on the retract area of the
ramp 16. To this end, it is sufficient if the
capacitor Cl has a greater capacitance than that
employed in the embodiment. In this case, period T11
can be set longer, without reducing the rotational
speed RSgpy of the SPM 13 to the lower-limit
rotational speed RSyiy or less. As a result, at time
tl3 later than time tll by period Tl (= T1l + T12),

the head 12 can be made to reach the retract area of

the ramp 16, or a position near the retract area.
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support frame 143 of the actuator 14 is positioned
near the outer-periphery stopper 17. At this tinme, if
5 acurrent is supplied to the VCM 15 by the 2nd
retract operation, .the support franme 143 of the
actuator 14 is pressed against the outer-periphery
stopper 17, with the had 12 placed on the ranp 16. In
this state, the 2nd retract™ ogeration can be
performed, using the back 10 EMF of the SPM 13 i nstead

of the capacitor C2. [Modification] A nodification of

t he WRBBACREnheRd [12ndw e acgss o . r'Eigact area of the
nodi fication is characterized in that the VCM current
sour E88Pu&d O n thRe PRRILEARN $edde H&nd ths tdinilfidfg of the
stage of the_1st retract eration are ., opposite to

t hos8"H884 i AEhE zﬁ808ﬁn%ﬁﬁ.aﬁ5P€t°§bééiFFbQQSﬁtHQ?ed

the H%%k{kﬁ@tbﬁgerL %rﬁ%&?r&ﬁ%tﬁ p%gel7$PN%%3€ éﬁ%¥%e, if

as a current Sourceé rtial” ‘stage of the

1st pethaekn@pekakigpl iaRd the neaRas her R0 ¢k inhdised ract

as another VCM current source during the “remalning

st agepetathen}stheekigpbrepPeiraieon 43Fl@ the actuator 14 is
illustrates,. along with the peripheral circuit, the

conf pgasatdoagafinatmather oditietepez8d phaegolstioppelro 1the with
nodi fi cati on of the enbodi nent. The 25 nodification

di f f 6he herdmlEhelegkddiomenhei mwatpatl 6t.he Inmidhdrs ditiaker, the
28 shown in FIG 6 is used instead of the motor

dri vél“18e§KaGl PReFREGion. cpn PeGRerZoameds, uadng ithe back
el ements are denoted by |ike reference nunerals. As
showhMFnCE| EesSPHhd 3ndisteds ¢&r the compcides C2.

[Modification]

A modification of the embodiment will now be
described. The modification is characterized in that
the VCM current sources used in the initiél stage and
remaining stage of the 1St retract operation are
opposite to those used in the embodiment. More
specifically, in the modification, the back EMF of the
SPM 13 is used as a VCM current source at the initial
stage of the 1St retract operation, and the capacitor
Cl is used as another VCM current source during the
remaining stage of the 15t retract operation.

FIG. 6 illustrates, along with the peripheral
circuit, the configuration of a motor driver 28
according to the modification of the embodiment. The
modification differs from the embodiment in that the

motor driver 28 shown in FIG. 6 is used instead of the

motor driver 18 shown in FIG. 2. In FIGS. 2 and 6,
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an SPM control Il er 181, retract controller 282, power
supply nonitor 183, charge and di scharge controller 5
284 and rotational speed nonitor 285. The retract
control l er 282 and charge and di scharge controller 284
correspond to the retract controller 182 and charge

and di scharge controller 184 shown in FIG 2,
respectively. 10 The retract c@8troller 282 differs
fromthe retract controller 182 in the foll ow ng two

poi nt s Firstl in the initial stage of the 1st
retréékeneé@men¥ﬁear@tdaapt@dnbwoﬂﬁéﬁ zgfezeppki asmergls.
the VCM 15 as. a VCM current, the current supplied

from the 3BVELSYRBoAFr SLFer 618§h§n61°§é>ﬁe|d&'tléf@rb)28t fomprises

gggiaf%%@fw%?frﬁeép#ﬁe-‘ﬁ% %Gcgﬁéggagﬂiﬁ%??%éhfﬁgwer
bt e s A R e AR
15 a§8@nQBHeEoVQWEoéglCHEEQBtmoBQ@oguﬁﬁgnt FURP @4 5 ot

fromthe capacitor der the control of the charge

and dbaeharger coptkakl enaz2gé. aEBedﬁaehbeger@bﬁE&%nqbr 284
speed RSMis set equal to or |lower than the rated

r ot atbonakpsnaedo BBR randabtgbentibanetrhesbowad- khairge
rotational speed 25 RSM N (RSM N < RSM _< RSR). The
retrant doathekberc@8lrotoatrailfd ahpehr aat FIGneR,182a,
like the retract <controller 182. - 29 The charge and
di schappectéretytl er 284 differs fromthe charge and

di scharge controller 184 in _the
The retract controller 282 differs from the

retract controller 182 in the following two points.
Firstly, in the initial stage of the 1S5t retract mode,
the retract controller 282 supplies, to the VCM 15 as
a VCM current, the current supplied from the SPM
controller 182 and generated by the back EMF of the
SPM 13. Secondly, when the rotational speed RSgpy of
the SPM 13 is reduced to a particular rotational speed
called a monitor rotational speed RSy, the retract
controller 282 supplies, to the VCM 15 as another VCM
current, the current supplied from the capacitor C1l
under the control of the charge and discharge
controller 284. The monitor rotational speed RSy is
set equal to or lower than the rated rotational speed
RSRr, and higher than the lower-limit rotational speed
RSN (RSMIN <€ RSy £ RSRr). The retract controller 282
contains a retract timer 182a, like the rétract

controller 182.
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di scharge start tine of the capacitor .

Specifically, the charge and discharge controller 284

5 causes the capacitor O to start to discharge not
upon the interruption of power, but when the
rotational speed RSSpM of the SPM 13 is reduced to the
monitor rotational speed RSM As a result, the SPM
controller 181 supplies, to tR® SPM 13 as an SPM
current, the 10 current supplied fromthe capacitor Cl
under the <control of the charge and di scharge

control | efhgggharget endt Hé scbeageotahntspddd rR8YMIdfEfers
the SPM 13 is reduced to the nonitor rotational speed
RSM ITRR EBBatherdr 3pdedifshprer 28BtEBAILESr $84 imsthe

[ I d si | 181 t by the SPM
ot goal speefslonal 1ola, eneraled by wie s
183a,i . hi I . Th t at,i gnal d
1292542k g Y8k, oT0akOhal 303k 20580 L0080 e 26
' f ~the S d .k f
00 2LiBeL ERE°0 E2ERURTchee SEUEE PR ORISR nB: uoon

det erptnedeEronpt henr 8kabhopal, speednBeSPNe TB€ational
rotational speed nonitor 285 nonitors the rotationa

speegpseg@nRbgpglart ehaopbhon 3t he retiatkanab speeflonitor
RSSpM of the SPM 13. The rotational speed nonitor 285

25 oudvpatsonahi ghekdvRBymDONAEOA rekalitpnahespeRdcontroller
detection signal (particular rotational-speed

det e&81 opuspghas) 2858hen&RMt hé set ahi 6AMI cepeedt RSSRM

30 of the SPM 13 is reduced to the nonitor rotationa
specdURERIt TREPHEL 8Et f6AMSEhRarapBSAtPE Sénungert hae

control of the charge and discharge controller 284,
after the rotational speed RSgpy of the SPM 13 is
reduced to the monitor rotational speed RSy.

The rotational speed monitor 285 monitors a
rotational speed signal 18la generated by the SPM
controller 181 when the power supply monitor signal
183a is at high level. The rotational speed signal
181a is a frequency signal proportional to the
rotational speed RSgpy of the SPM 13 and formed of a
sequence of pulses that appear at the cycles
determined from the rotational speed RSgpy. The
rotational speed monitor 285 monitors the rotational
speed signal 18la to monitor the rotational speed
RSgpm of the SPM 13. The rotational speed monitor 285
outputs a high-level monitor rotational-speed
detection signal (particular rotational-speed

detection signal) 285a when the rotational speed RSgpym
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retract controller 282 and charge and di scharge
controller 284. 5 FIG 7 shows the structure of the
charge and discharge controller 284. In FIG 7,

el enments simlar to those of FIG 3 are denoted by
corresponding reference nunerals. The charge and

di scharge controller 284 differs fromthe charge and

di scharge 10 controller 184-in30hat in the former, the
nonitor rotational-speed detection signal 285a is
supplied to the gate of the FET 184c, instead of the
powe?fstbpl §PMnbAi tor refdgnatl t83aheRmbeitiongrotakiesal

8 and 9, the operation of the 15 nodification will be
descPPped. Rfme Bhehedaseehangesionalt R8Spotat S6R&I to the
speed RSSpM of an M1 nd VCM current, IVCM w th
respbBETe ttﬁ%“ﬁé?fgﬁrrgﬂgiﬁ@ngBﬁFthén?iHésﬁﬁéﬁge
inte&gugté9g gf g wer occurs, to the tinme when head
retragtron Nas % nh finished. FIG 9 20 shows changes

in the st s of ClhEgui [ r par d e

not or dri@%?'zg_SE??StF§? ggzﬁﬁgﬂ?%a?%t%é%pg%%F%%u€€F§
moni § 05 cA83gehagndebeebedobhe | RHEETUPt HONQEMBAWES slidilar
the HDD at "tinme t21. At this tinme, the power supply

moni ter tA8se 25fSMGChSSaEBedEQWEédSprbErﬂ‘@\@/\EbﬁEiing
signal 183a fromlow Ilevel to high level. en the
powereSepphyge momeoalssi gk tB3agesaali Btiedhkrgm | ow

| evel to high level, 31 the retract tinmer 182a of the
retracntcohienl R84 d82festafteomt bhreabarget hedlsitischarge
retract period set therein.

controller 184 in that in the former, the monitor
rotational-speed detection signal 285a is supplied to
the gate of the FET 184c, instead of the power supply
ménitor signal 183a.

Referring to FIGS. 8 and 9, the operation of the
modification will be described. FIG. 8 shows changes
in the rotational speed RSgpy ©of an SPM 13 and a VCM
current Iycm with respect to the period ranging from
the time when interruption of power occurs, to the
time when head retraction has been finished. FIG. 9
shows changes in the states of the circuits
incorporated in the motor driver 28.

Firstly, assume that the power supply monitor 183
has detected the interruption of power to the HDD at
time t21. At this time, the power supply monitor 183
switches the power supply monitor signal 183a from low
level to high level. When the power supply monitor

signal 183a is shifted from low level to high level,
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Assune that the 1st retract period is T2, and the
retract switching position is the preset position over

5 the outer periphery of the disk 11, as in the

enbodi ment. \Wen the power supply nonitor. signal 183a
is shifted to high level, the retract controller 282
starts to performthe 1st retract operation (1st 10
retract control operation), théideby supplying, to the
VCM 15 as a VCM current, the current generated by the
back EMF of the SPM 13 and supplied fromthe SPM

cont Ebk| eetr8et Aimehi $82anef the veMrastnoostrphéer 282
actuator 14 to retract the head 12 to the ranp 16. 15
The ﬁE?r§84E°oFeFﬁér€hEF@elgﬁdr8F§éﬁ5r@@rl€9n§P6lFéﬁreln-

ﬁﬁﬁié%Fﬁé%g%aﬁtl%Eé TEC eFraat BoRtgn Poger. SFRUSTe
noni t aor 83a

ShTFERERctE RONRE R SUBRLY cTRR' 181 £oB B3R5 EORBs1Ripn over
262 shar LscLheodsiongtrage opgratbaniathe, dhseharoe

of the capacit rs*not started. case
SPNIQMEBgQﬁehg.SUpp|Ied fromthe SPM controller 181

to the SPM 13, and the SPM 13 keeps spinning by

inertia. Rbhenthbepoi/ser shapdy waentbhe spowan SBppl ¥ s
monitor signal 183a is shifted to high level, the

rot ashofiakd spebdghohetvei , 28benmorittars thetrofatirofal
speed RSSPM 32 of the SPM 13 based on the rotatlona
speedtakrgmato perfogmnohat édtbyethecsPrresatiohl dist

181. Assune here
retract control operation), thereby supplying, to the

VCM 15 as a VCM current, the current generated by the
back EMF of the SPM 13 and supplied from the SPM
controller 181. At this time, the VCM 15 moves the
actuator 14 to retract the head 12 to the ramp 16.

The FET 184c of the charge and discharge
controller 284 is still in the OFF state when the
power supply monitor signal 183a is shifted to high
level. Thus, even when the power supply monitor
signal 183a is shifted to high level, and the retract
controller 282 starts the 1St retract operation, the
discharge of the capacitor Cl is not started. In this
case, no SPM current is supplied from the SPM
controller 181 to the SPM 13, and the SPM 13 keeps
spinning by inertia.

On the other hand, when the power supbly monitor
signal 183a is shifted to high level, the rotational

speed monitor 285 monitors the rotational speed RSgpym
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that the rotational speed RSSpM of the SPM 13 that is
spinning by inertia fromtinme t21 is reduced to the 5
nonitor rotational speed RSMat tinme t22, tine 22
being different fromtine t21 by period T21 shorter
than the 1st retract period. At time t22, the

rotati onal speed nonitor 285 outputs the high-Ievel
moni tor rotational -speed detect3dZon —signal 285a. 10 The
FET 184c of the charge and discharge controller 284
is turned ON in accordance with the output of the

hi ghofetBe fBHMi fLdr bpsedt ponihes potd t idekdc Sipeedsisgaalal
285a. At this tine, i.e., at tinme t22, the discharge
of t h8la8PEEPEwELPAgPYabhaEi S8M contgold et dtled. A,ﬁss@e here

{he EABECETST TeF SrdobE TPt SOOR SEMENEoREbi el fha i
181 L 28 FET 184

ai 0aSPIBREnGTRY SRR Sopfof ] telaie cotEly B the
Spwlﬁén Eorzgoﬁﬁtggggﬁu% %QE R% a%uEr%%ttggarE19I b@e

current supp he cap esult,

t he bé@h@tﬁ@@@ér%ﬁ%e@r8§SQWh%ft@heb§Pye¥§oﬁe@@qe@Hd%ter
the nonitor rotational speed RSMi§ kept, as far as

possthkf, tak 1RE memirket petabidonahtspaeed RSM,afther 25
time t22 (see FIG 8). Thus, the floating | evel of

t he headdti2neansbeepr evented @@8énocaftpert st ithie hayhlewel
becom ng |ower than a preset level. On the other 33
handmoph&oretpiet iooairsbeed 282estipphn edgnied 288aVCM

15 as a VCM current, the current (part of the current)
he FET 184c of the charge and discharge

controller 284 is turned ON in accordance with the
output of the high-level monitor rotational—speed
detection signal 285a. At this time, i.e., at time
t22, the discharge of the SPM~powering capacitor Cl is
started. As a result, the current resulting from the
discharge of the capacitor Cl is supplied to the SPM
controller 181 and retract controller 282 via the FET
184c and diode 184b.

The SPM controller 181 supplies, to the SPM 13 as
an SPM current, the current (part of the current)
supplied from the capacitor Cl. As a result, the
rotational speed RSgpy of the SPM 13 reduced to the
monitor rotational speed RSy is kept, as far as
possible, at the monitor rotational speed RSy after
time t22 (see FIG. 8). Thus, the floating level of
the head 12 can be prevented even after time t22 from

becoming lower than a preset level. On the other
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supplied fromthe capacitor Cl when the nonitor

rotational -speed detection signal 285a becones high at

5time 22. As aresult, the Ist retract operation is

continued even after time t22. As described above, in

the nodification of the enbodinent, in period T21

ranging fromtinme t21 at which the interruption of

power to the HDD occurs, to~1038i me t22 at which the

rotational speed RSSpM of the SPM 13 is reduced to

the nonitor rotational speed RSM the 1st retract

oper BBn8n thepeptsprbdcastnglires B8ek supbities,t he SRR VCM

13. After tine t22, the 1st retract operatlon i's

cont tAUBA AsVRY FHErERBacFhEr Cerremhe (P3rispfr éheacurrent)
cont | nued

h d
A e R
h f ) ,
Nanets -2 ERhaE sBEbh e Bot AR B b8 BhRe potames: e =t
b T i 2
tC L L Bifensanueey PEShot Emgagu 88 RALRaT el aTRohds

182ac08€¥hEed6BNt Berbi-MeoME eﬁzt.he retract tiner
182a occurs, the retract controller 282 starts the

2nd retrapk dpecatibed EHBbRE,the 2R MRWLFGatGRAQE @he
C2 as a VCM current source, as in the 25 retract

cont enbbdiméB2, eipl pgedotnTRheranhhdgnEnbm kdmeother at

words, the retract controller 282 supplies, to the

VCM wBigh shyCinterreptionhefcpowent teuppki 88Df peru34, to

t he capaC|tor C2. In the nodification of the

enboBiMenE22j ptj which the rotational speed RSgpy of the
SPM 13 is reduced to the monitor rotational speed RSy,
the 1St retract operation is performed using the back
EMF of the SPM 13. After time t22, the 15t retract
operation is continued using the capacitor Cl. The
1St retract operation using the capacitor Cl is
continued by period T22 ranging from time t22 to time
t23 to which the 18t retract period T2 ranges from
time 21. Namely, the 1St retract operation using the
capacitor Cl is continued by period T22 ranging from
time t22 to time t23 at which the timeout of the
retract timer 182a occurs. When the timeout of the
retract timer 182a occurs, the retract controller 282
starts the 2nd retract operation using the 2019 retract
capacitor C2 as a VCM current source, as in the
retract controller 182 employed in the embodiment. 1In

other words, the retract controller 282 supplies, to

the VCM 15 as a VCM current, the current supplied from
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assuned that the retract switching position is the
preset position over the outer periphery of the disk 5
11. Alternatively, it nay be another position, for
exanpl e, a preset position on the retraction area of
the ranp 16. To this end, it is sufficient if a
capacitor having a greater electrostatic capacitance
than the capacitor O of the mddification is used. In
10 this case, the rotational speed RSSpM of the SPM 13
is prevented frombecom ng |lower than the lower-limt
rot athenafrspebdrRSRA N, and the head 12 can be nmde to

reach the_retraction area of the ranp 16 or reach a
posi ti on hBaFPEhBoféfigation afekhst erpRaiment, adér 185
th ti t.22. b d T22, At t
is""Qﬁs'ﬁﬁ‘ﬁsa FoRtnERSCRF 55265 fwé%ﬁ‘ainpeppai‘ﬁ%r?@ the

f 4 h .
P e ) L R A o

“‘thlihe ﬁf@grﬁgt§Oéﬁ93dlEom5gebEaHH éﬁerl OEEEEO%O for

case, the 2nd retract”Operation can execut ed, "usi ng

the baskpEM- af t:ese@P%é%theﬁt gadtAt tBerdpdibat haeh of
capaci t or C2. FIG 10 illustrates how to conbine VCM

currengé ramprtes foe ppwerkeng,the YeMstsridesaki bedai n
the 25 enbodinent and its nodification, along with

i nf ocapécdhoashtvinbebhgretherSEPMet8rbstponer edpakhitance
FIG 10, T*1 and T*2 represent the initial part and 35
renathaﬁgtbarﬂabacnh@r1§ﬂ pét thet mpdifddatrionl apsitmgd. In

fromthe |nterrugt|on of power, respectively.
this case, e rotational speed RSgpy of the SPM 13 is

prevented from becoming lower than the lower-limit
rotational speed RSy1N, and the head 12 can be made to
reach the retraction area of the ramp 16 or reach a
position near the retraction area at time t23 later
than time t22 by period T22. At time t23, a current
is supplied to the VCM 15 by the 2Nd retract
operation, and the support frame 143 of the actuator
14 is pushed against the outer-~periphery stopper 17,
with the head 12 shifted to the ramp 16. In this
case, the 2nd retract operation can be executed, using
the back EMF of the SPM 13 instead of the 2Rd retract
capacitor C2.

FIG. 10 illustrates how to combine VCM current
sources for powering the VCM 15, described in the
embodiment and its modification, along with
information as to whether the SPM 13 is powered. In

FIG. 10, T*1 and T*2 represent the initial part and



10

Addi ti onal advantages and nodifications will. readily
occur to those skilled in the art. Therefore, 5 the
invention in its broader aspects is not limted to the
specific details and representative enbodi nents shown
and described herein. Accordingly, various
nodi fi cati ons may be nade wi thout departing fromthe
spirit or scope of the general 3Pnventive concept as 10
defined by the appended clalns and their equival ents.
36 WHAT IS CLAIMED IS: 1. A nethod of retracting a
headreBaaniagprapsnofi aher LG5t refrettpereiodo T4 dilelpsing
drive, the head being used to read and wite data
fronf5AB FBealBfekTWREACH PﬁePGW§K'|§e§§GﬁtBVeéY

i ndl h I d he d
compr | oi nEEEBRaN G HoBLP PR 20 TRE ISR S AoraL L
Uppnrggg nEEEEEp%BOEhggetQ 189 1%0 hge %ESK %Hé@%fore,
usi n har e O a capacl OI‘ charg eE{ F

po“EEheaﬂgvéQt@gﬁfQBHHEQ E?BE@EE SQBEEQ' fiQrnot limited to
retracting the head to the ranp upon the interruption

of tbrepspetifithaepgtifior ehagrebeekehiatt veoBhbAldiments
including supplying a current to a voice coil notor

whi cbhdwhvesdadesaet batioheggppor t Ragotrbe ngegd, viasiings
the di scharge of 15 the capacitor. 2. The net hod
accomdihficetébasnmay Parmbhde webdhpritsidegadétiagnifmiony the
a retract period required to nove the head froma
pres8RLrpbsPri 8AOPRepEotheoggneprésénveatiset concept as

sw tching p03|t|on when the disk drive
defined by the appended claims and their equivalents.
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20 is operating, and wherein the performng the

retract control includes supplying a current to the

voi ce coil notor, wusing one of discharge of another
capacitor charged wth the power, and a back

el ectronotive force of the 25 spindle notor, after the
retract period elapses from the interruption of the
power. 3. The method according 3% claim 2, wherein the

37 performing the retract control includes supplying a
current to the voice coil notor, using the discharge

of the capacitor, duri®%drhtIfeabhIMBPtTIAt part of the
retract piriod el apsing fromthe interruption of the

5 power. 4. The™t1R6d Odc o didRding & &SR3 tavferréip upon
an electrostatic capacitance of th apacit [ .
sele&P%&rFBP 198|83 Eﬁwﬁfcﬁgn? F&Fitﬁglaﬁ$c%§Fgéegé being
Lhe GRRACKEOLCLA BRACONL AR AR RULLICLENG 1l BRen
10 head to reac e refract smntcﬁlng position, ~at

| eastneuptislk B sEEH B! PG 9@1%'%8%%?5 aRd ey being

i
1
supplying the current o the voice coil notor usSing

the dbsehangeeat the @@B&Qib@h?Eisﬁﬁ@QUted until the
retract period elapses. 15 5. The nmethod according to

claim 3, whepdiyinghen curiendi sehahge spfiridle erpad t@on the
is conpleted before the retract period el apses from

t he interruptiion off the ppower tot ibepdifdr miriget hesing
retract control includes supplying a current to the

voi c8ieshrrest 6f dufppgcitor charged with the power; and

performing retract control for retracting the
head to the ramp upon the interruption of the power,
the performing the retract control including supplying
a current to a voice coil motor which drives an
actuator supporting the head, using the discharge of
the capacitor.

2. The method according to claim 1, further
comprising determining a retract period required to
move the head from a present position thereof to a
preset retract switching position when the disk drive
is operating,

and wherein the performing the retract control
includes supplying a current to the voice coil motor,
using one of discharge of another capacitor charged
with the power, and a back electromotive force of the
spindle motor, after the retract period elapses from
the interruption of the power.

3. The method according to claim 2, wherein the
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20 remai ning part of the retract period, using the

back electronotive force of the spindle notor. 6. The
nmet hod according to claim2, wherein the perform ng
the retract control includes: supplying a current to
the voice coil notor 25 during initial part of the
retract period elapsing fromthe interruption of the
power, using the back electrodtive force of the
spindle notor; and - 38 supplying a current to the
voice coil nmotor during remaining part, except for

t he PArfpamipgar theofetrhetr epnaep lpénicdddelsapsiprd viingma
the interruption of the power, using the discharge of

t he E4pheNtoF® 5he. VeheenEPRddMREREY disd o tdkaidhsgharge

f h I Si, [ [ I onal, d of th

Spi rlf €0t BP=GpbH™ N FALE: ApLFaR Cof P AoREE tt 61 the
d . tati I d of . th i.ndl

ot of CtECF oBEBe o ch h P B0 B ah” PR o Ehsnar “Ehush, crnghe

10 pggfbgul ar rotational speed being higher than a
preset lower-limt rotational speed and | ower than a

rated royati eral nepeed akcbheiskl Rl @ 1MRLOR, W rein:
preset lower-limt rotational speed enabling a '

floating havellecekokhatheadabache afientd re@d dfapdicitor is
lower-limt level, 15 and wherein the supplying the
currealetbetiheo wowvedueoshffbtaentsifng the baskharge of

el ectronotive force of the spindle notor is executed

duri Blgeacpeatrdtiprasot he conttihakdparnd safdiigehtofior the
the interruption of the power to a tinme when the
rota@g@ﬁaposEgéghophghéetract switching position, at least

until the retract period elapses; and

the supplying the current to the voice coil motor
using the discharge of the capacitor is executed until
the retract period elapses.

5. The method according to claim 3, wherein when
the discharge of the capacitor is completed before the
retract period elapses from the interruption of the
power, the performing the retract control includes
supplying a current to the voice coil motor during
remaining part of the retract period, using the back
electromotive force of the spindle motor.

6. The method according to claim 2, wherein the
performing the retract control includes:

supplying a current to the voice coil motor
during initial part of the retract period elapsing
from the interruption of the power, using the back

electromotive force of the spindle motor; and
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20 spindle notor is detected to be reduced to the
particul ar rotational speed. 8. A disk drive in which
a head is used to read and wite data fromand to a
di sk, conprising: a spindle notor which spins the
di sk; 25 an actuator which supports the head to enable
the head to nove radially over the disk; a voice coi
nmot or whi ch drives the actuatos8 39 a ranp | ocated
near the disk and used to retract the head thereto; a
capaC|tor charged by a power supply to the disk
drive; aupéﬁg#ngugppyrﬁﬁﬁtt@p Ebsf ivgiced ced Lmeittcsy
a state of the ower sug to detect interruption of
by

poweFluFFBEh FRESABAEE BapBlyCKGoPhe fAFsk Gr ApdEial Part, of
h di sch 1, f d
the SBabrtor FoPbeLerarbar byS AESPoRE ?eega%swup%mn o
d t t d
w thehg: BekHen 3PofhcBhe, i PLREPER%Sr LB SBREF S e
power SUpﬁly @H%’h@%ho@ %QEQQHQ gDEQrCQQQEggll%hrther
configured to supply a current to the spin

in ageRpdaBeRgWnbAitBeihg ggEgﬁﬁbﬁﬁloépbgg of the spindle
interruption of the power by the power supply

moni motoruspog dhechatgeroptiba ofapaei poverafd detect
retract controller configured to perform retract
contwbether tbheraotahgohhé bpaddt oft hber appindie motor
decreases to a particular rotational speed, the
particular rotational speed being higher than a preset
lower-limit rotational speed and lower than a rated
rotational speed of the spindle motor, the preset
lower-limit rotational speed enabling a floating level
of the head to be maintained at a lower-limit level,
and wherein the supplying the current to the
voice coil motor using the back electromotive force of
the spindle motor is executed during a period, as the
initial part, ranging from the interruption of the
power to a time when the rotational speed of the
spindle motor is detected to be reduced to the
particular rotational speed.
B. A disk drive in which a head is used to read
and write data from and to a disk, comprising:
a spindle motor which spins the disk;
an actuator which supports the head to enable the

head to move radially over the disk;

a voice coll motor which drives the actuator:;
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20 accordance with the detection of the interruption
of the power, the retract controller supplying, during
the retract control, a current to the voice coil notor
usi ng the discharge of the capacitor. 9. The disk
drive according to claim@8, further 25 conprising a
backup power supply which enables the spindle notor
controller and the retract conBPol Fer to operate when
supply of the power fromthe power supply 40 to the
disk drive is interrupted. 10. The disk drive

accor di ngat sampailergtetluneher theodpsksieng: useet er retract
capacj tor charged by the power supply to 5 the disk
dri veleahgagd Fg?FﬁEPiperiod determ nation circuit

which determ nes _a retract riod required to nove ,
t he head astﬁ?Slﬁpésghﬁrﬁﬁgngoﬁ PREFELFUPRLY fPesbe disk

retrg?ivesmﬁtching position when the disk drive is
operating, 10 and wherein the retract controller

supplies g FSHEE?gthgytﬁ%n&gbgecggkhgg?%gﬁtfﬁibﬁgtor a

di scharge o sai her capaci tor,

retrg@&t@eefogheeﬁanagssﬁpgmytBs deteeti 9At@trbBeion of
interruption of the power. 15 11. The disk drive

accopowag feoml shen pOwerwbeppilny tbethet Hask aenyesl | er
supplies a current to the voice coil notor, using the

di schar geaoththge eapadiitcharder cogtablleastondiguaked to
part of the retract period elapsing fromthe
det ec2idf bhet pepbaibpruppi ba charged by the power supply,

and cause the capacitor to discharge in accordance
with detection of the interruption of the power by the
power supply monitor;

a spindle motor controller configured to supply a
current to the spindle motor in accordance with the
detection of the interruption of the power by the
power supply monitor, using discharge of the
capacitor; and

a retract controller configured to perform
retract control for retracting the head to the ramp in
accordance with the detection of the interruption of
the power, the retract controller supplying, during
the retract control, a current to the voice coil motor
using the discharge of the capacitor.

9. The disk drive according to claim 8, further
comprising a backup power supply which enables the
spindle motor controller and the retract controller to

operate when supply of the power from the power supply
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20 of the power. 12. The disk drive according to claim
11, wherein when the discharge of the capacitor is
conpl eted before the retract period elapses fromthe
detection of the interruption of the power, the 25
retract controller supplies a current to the voice

coil notor during remaining part of the retract

period, using the back el ectrodbti ve force of the 41
spindle notor. 13. The di sk drive according to claim
10, wherein the retract controller supplies a current
to ¥tpetheidéskofrinet 66 donkprgubtietial part of the 5
retract period el apsing fromthe detection of the

i nterrupt £8n of PEhELgEWEr 1VEsRRGOrReNFadle claim 8, further
el ectronmotive force of the spindle notor, the retract
cont FO'PEFSSUBpI ying a current to the voice coil notor

ToT iR | oERLEhEY Babhe1FAeRhaLORA BY LRl L unelly to

10 the re ragb@perl si'ng Prom the ection

the 18t 8ELUPLL9POf st Re power, using the discharge of
the <capacitor. 14. The disk drive according to claim

13, furthere€eRPELpeRE0A HRLAKHOAALiSPERd rRNitt @hich
which 15 nonitors rotational speed of the spindle

not odetipomnihbe derecknon pekribe rBHeitegt tonmefret RBe head
power to detect whether the rotational speed of the

spi nfifem appoesdetrpasésivo ahpaevifctibar poeseitomaltract
speed, the particular rotational speed being higher

t hanS¥lpgbipg position when the disk drive is operating,

and wherein the retract controller supplies a
current to the voice coil motor, using discharge of
said another capacitor, after the retract period
elapses from the detection of the interruption of the
power.

11. The disk drive according to claim 10,
wherein the retract controller supplies a current to
the voice coil motor, using the discharge of the
capacitor, during at least initial part of the retract
period elapsing from the detection of the interruption
of the power.

12. The disk drive according to claim 11,
wherein when the discharge of the capacitor is
completed before the retract period elapses from the
detection of the interruption of the power, the
retract controller supplies a current to the voice

coil motor during remaining part of the retract

period, using the back electromotive force of the
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20 lower-limt rotational speed and |ower than a rated
rotati onal speed of the spindle notor, the preset
lower-limt rotational speed enabling a floating |evel
of the head to be maintained at a lower-limt |evel,
and wherein the retract controller supplies the 25
current to the voice coil notor, using the back

el ectronotive force of the spirfdl e motor, during a
period, as the initial part, ranging fromthe - 42
detection of the interruption of the power to a tine
whensphadiet aoitenal speed nonitor detects that the
rotational _speed of the spindle notor is reduced to
the partiddl-ar Th6t &liSdn & i¥Fed¢Ccosding fi9e diddfr didive
according.to, claim14, further _conprising a backu
el PERRANy iR R EEASS BONtRsLES RUPR IaktoR CatTent to
cont ler,. the ret t._C rol | er ..and the ratationa
cpeedisoibige B e Ehs S o d bt BeRS oner?
fro pl t.he di sk 0 [ N
L e e
furthaeereQERRLSI BE @nkebbaeh-,Peking dekenai-Ration
circuit which determnes a retract "period required to
nmoveel Bet rbgad ifeofoacpr esethepepihidoe Wbebegf the @etract

preset 15 retract switching position when the disk

dri veonsrodperatsiupglydnd wheueirentheor eheactbice coil motor

controller supplies a current to the voice coi

mot ofuTisEngeaabadky pRatt r exceble foor tdeofintihéal part, of

splngkg gg%ggbtaggigoghglapsing from the detection of the
interruption of the power, using the discharge of the
capacitor.

14. The disk drive according to claim 13,
further comprising a rotational speed monitor which
monitors rotational speed of the spindle motor upon
the detection of the interruption of the power to
detect whether the rotational speed of the spindle
motor decreases to a particular rotational speed, the
particular rotational speed being higher than a preset
lower-limit rotational speed and lower than a rated
rotational speed of the spindle motor, the preset
lower-limit rotational speed enabling a floating level
of the head to be maintained at a lower-limit level,

and wherein the retract controller supplies the
current to the voice coil motor, using the back

electromotive force of the spindle motor, during a

period, as the initial part, ranging from the
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20 retract period elapses fromthe detection of the
interruption of the power. 17. The disk drive

according to claim 16, wherein the retract controller
supplies a current to the voice coil notor, using the
di scharge of the 25 capacitor, during at least initia
part of the retract period elagging fromthe

detection of the interruption tthe power. 43 18.

The disk drive according to claim17, wherein when

the discharge of the capacitor is conpleted before

t he Petesétoperifodhel dpdes rupdrhonhe fddthec taweofta lve time
interruption of the power, the 5 retract controller
suppWL@ &heurrént lopalhspesicc @onddiar gsttectdurihag the
remai_ning,part of the retract . period, using the back
eIecFPSﬁgﬁg9§Hf3P@§%ontﬁ@e SpiRgile ﬁﬁF&Fll%QFeﬂﬂfed to
d'Sktﬂ%‘ggrﬁi%%ﬁgkngok%tﬁb%%q‘%GEe%Q wherein the

retract controllTer supplies a EEFENt to  the voice

coi | notonsdurippg iflidd iR ta‘:?‘{]oé‘t&lﬁﬂ &S ract perg od

el apsing fromthe detection of erruption o

the paweherUsbhgrtiRe nBack paelkeet pemtl WedAnc&fcH Reables
spindle notor, and supplies is a current tothe voice

coi | thet spiddlengotefrBicdinfdolpant,, texcepl @t ditroller
initial part, of the retract period, using the

di schardgghef rothetdapadi spered2bdonite rditek ofieinate when
according to claim19, further conprising a

rotaﬁP@ﬁgV Spe&denmprivesr fwerclihe power supply to the disk

drive is interrupted.

l6. The disk drive according to claim 8, further
comprising a retract-period determination circuit
which determines a retract period required to move the
head from a present position thereof to a preset
retract switching position when the disk drive is
operating,

and wherein the retract controller supplies a
current to the voice coil motor, using a back
electromotive force of the spindle motor, after the
retract period elapses from the detection of the
interruption of the power.

17. The disk drive according to claim 16,
wherein the retract controller supplies a current to
the voide coil motor, using the discharge of the
capacitor, during at least initial part of the retract
period elapsing from the detection of the interruption

of the power.
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20 nonitors rotational speed of the spindle notor upon
the detection of the interruption of the power to
detect whether the rotational speed of the spindle
notor decreases to a particular rotational speed, the
particul ar rotational speed being higher than a preset
25 lower-limt rotational speed and | ower than a rated
rotational speed of the spinmdl &3 e notor, the preset
lower-limt rotational speed enabling a floating |evel
44 of the head to be maintained at a lower-limt
| evel , anrd -whéhe dlistke drdtveacccontting Iter Sl i 165
the current to the vojce coil notor, using the back
eIechSEﬁPPVEhFBr€Qeoﬁlﬁﬁ@a§ﬁﬁn@¢etﬁ§tG@Paﬁ&ﬁﬁﬁglé 5
eriod s.the initial part, ranging.from.the
SetegppgiegﬁgtRg%PﬁFerﬁpgﬁgﬁagf Pﬁ%lﬁﬁmﬁl%ﬂ§%§tqqﬁ¥ the
when ti.gn S it tects that th
ror arraasr tohe by aher RERE ST ol tre” o ite s
the paebbed! 8bnkbatk@nNahppRe8d a current to the voice

coil motor during remaining part of the retract
period, using the back electromotive force of the
spindle motor.

19. The disk drive according to claim 16,
wherein the retract controller supplies a current to
the voice coil motor during initial part of the
retract period elapsing from the detection of the
interruption of the power, using the back
electromotive force of the spindle motor, and supplies
a current to the voice coil motor during remaining
part, except for the initial part, of the retract
period, using the discharge of the capacitor.

20. The disk drive according to claim 19,
further comprising a rotational speed monitor which
monitors rotational speed of the spindle motor upon
the detection of the interruption of the power to
detect whether the rotational speed of the spindle
motor decreases to a particular rotational speed, the
particular rotational speed being higher than a preset
lower-limit rotational speed and lower than a rated
rotational speed of the spindle motor, the preset

lower-limit rotational speed enabling a floating level
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of the head to be maintained at a lower-limit level,
and wherein the retract controller supplies the
current to the voice coil motor, using the back
electromotive force of the spindle motor, during a
period, as the initial part, ranging from the
detection of the interruption of the power to a time
when the rotational speed monitor detects that the
rotational speed of the spindle motor is reduced to

the particular rotational speed.



