y; N " ae3e, $>d6T,t _.. APPARATUS AND METHOD FOR CONTROLLI NG HEAD UNLQOAD
OPERATI ON I N DI SK DRI VE BACKGROUND OF THE | NVENTI ON 5 The ' tion
relates to a disk drive having a head that reads data mmit%&ﬁ@ﬂﬁmmmmmﬁﬂ
recording surface of a disk. In particular, the present in I"at es

to an apparatus and nethod for controlling a head unl oad operatis®f*in a
di sk drive, 10 the apparatus and nethod being suitable for detecting an

error in unloading of the head in a partichlar retract area Immmﬂmm. mmmm
fromthe recording surface of the disk. Recent disk drives, f
hard di sk 15 drives, commonly conprise a ranp. The ranp provi des -aob@t r act

area to which the head is retradtf@dE( par K&d) INVEYTION act area partly
serves as a stﬁgger that | ocks the head in the retract area, the head being

retracted to t APFARREEP ANRAMEFHRDpBESRt FONTBPLLANGS HERReFN2EADonst it ut es a
termnal positi t The ra is |located away from a
recordingpsurfa§gEgéTiﬁ§ éﬁsb?gghgﬁﬁggd IS sugBorted by a suspgnsion. The
suspension is formed at a ti T. or noves in a

radi ally across the disk. ZS&ﬁﬁﬁéﬁgqﬁﬁtﬁ%?ﬁ% ug§%§§£§§$ce coil motor (VCM
that drives the actushgro-8sbab s EaETRE 3513cH:P Lol o hE JUspARY On.

Actually, the tab is retracte retract area o ranp,

where it is | OCIKEGiQ?! Lhge8hoPREE. rEAWBVELtal QL iskBRl bhi GatieRrqd ngomon
description is that the head is retracted to the ranp or the head iI's | ocked

by the stopper.shrfhecoperat 498kof ratpactinglthe headpresthe retract area
of the ranp is called an "unload" (head unload). In contrast, the operation

of nmoving the headehbidvhereteordi ng sur bpaparatushendi skthedcdldred a "l oad”
(head load). A large nunber of concentric 10 tracks are fornmed on the
recordi ng surfaeenbfothéndi skhefdr thépadsepesatabor dat koniisk glréwsi,tt en
(enbedded) in each track discretely at regular intervals. The servo

i nf or mat1®6n conthfn3PPasptisnandf BeERPFoRSERICPLIRALE ec Q&) diek@ictdtiong t he
position 15 of a cylinder (track) ,on the disk in which the servo
information is Fi FFEAT Blr FRgCA91B9dPhnic85dNEREr &1 6nPEE tHiRe 1Rdad, the

head t b t t di f f _the disk. In thi
State, the head”CBRROr P68 LHE=56058MGS FAPEr MAEI OF SREFLTEn S JEHE di sk

In this case, tgg @ﬁgddggﬁk drive cannot detect the position of the head on
the basis of the posrtion information contained in the servo information.

Conseiert b hoe ORI lchyesanagt il syl mRUETE gesd, 2° (head
(back'ENf5V0|ta&?iv@@PeE@ﬁﬁgnhp ERRPYQLEe aCokp Ot @ When f heReadd s, 11
retract area to which the head is retracted (parked).
The retract area partly serves as a stopper that locks
the head in the retract area, the head being retracted
to the retract area. The position of the stopper
20 constitutes a terminal position of the retract area.
The ramp 1s located away from a recording surface
of the disk. The head is supported by a suspension.
The suspension is formed at a tip of an actuator.
The actuator moves in a radially across the disk.
25 The actuator includes a voice coil motor (VCM) that

drives the actuator. A tab is formed at a tip of the

suspension. Actually, the tab is retracted to the



,- 3 ,noved represents the speed of the head (the speed of the actuator).
Jpn. Pat. Appln. KOKAI Publication No. 2001-30745] discloses a technique to
perform a | oad/ unl oad operation by speed control (this technique 5 will
herei nafter referred to as the "conventional technique"). Wth this
conventional technique, for exanple, in a head unl oad operation, the head
speed is calculated fromthe back- EM~voltage of the voice coil notor
Then, feedback control is performed so 40 4s to nake the head speed
detected appropriate. The distance that the head has noved is al so detected
(cal cul ated) on the basis of the head speed. In a head unl oad operation,
the head nust rEftabEy rEaehofh&hst spper posicei éf. iFhdockekeblyether not the
head 15 has reached the stopper position (the termnal position of the
retract area) iSt@BPEFm nB@WBHerhelBaspimplifhcakdan  mvERBRON] st ance

det ect ed. Fbmevgr if the speed is ngt gorrectly detected and t he speed
detected is thuSSaffEBFERP froflfhetBs BERHal SoRerreréR ke A& LRBPenent

di stance is alsgrdLR%F§g§5 Egogbgﬁ§ﬁg§%ggh8?gﬁgpln this case, it is

i npossible to correc et érnine PFfie head has reached the

terninal gosition of rhieJbelnaghnaled Ak Lhe sramhn Theny i, My, be

erroneously 25 determ ned that the head has re e e termnal position

of the retract aceaaevenrthreeghntheahgadshasinely ast vahlvaeaghed he
termnal position. If the t f - 4 head unload operation is conpleted in

accordance w t huhbbadgrrongousndensr naki epeandivh HIr meyampl ehet he hard
di sk drive is subsequently externally inpacted or vibrated, then the head
may fall onto theadetordhagrbcsudfiagesaf-fehe ditskhel aigenersalaltike head
unl oad operation is performed to shift the head disk drive (disk drive) to
an inoperative 8tateadThéheaidf laabdst doésrget npmbeirdefanpncemrarids for a
specified tine after the head unl oad operation has been conpl eted, 10
rotati ont®f thet8prsksi aref fermsdoppedhel rechadhagd siug fpresaft the t he
recording surface of the disk while the rotation of the disk remains
stopped, the heQdS&ti ck4TEBtneSEF¥R. IBRPEPASURNARS OF SYRE LERVENTI ON 15 In
accordance wth, 6 an eaﬁogknent of the invention, there is provided a disk
drive having a heRQSGHFCH FBaBeCRatiafri FLERTERCAYr BE0rEONG 3Cur f ace of a

K cone O] K IhLYEEOUPTT 368 80,96' YREBLMaR 108 RondaTRE P25 eE" 2
information (a cylinder code) indicating the position
15 of a cylinder (track) on the disk in which the servo
information is written.

During a load/unload operation of the head, the
head may not be present on the recording surface of
the disk. 1In this state, the head cannot read the

20 servo information written on the disk. 1In this case,
the hard disk drive cannot detect the position of
the head on the basis of the position information
contained in the servo information. Consequently,
the hard disk drive cannot detect the movement speed

25 (head speed) of the head either. However, a back

electromotive force voltage (back-EMF-voltage)

generated in the voice coil motor when the head is



y 20 a, speed feedback control device, an estinmation device, and a head unl oad
operation determ ning device. The actuator supports the head such that the
head is novable in a radial direction of the disk. The ranp is | ocated away
fromthe recording surface of the 25 disk. The ranp has a retract area to
which the head is retracted. The speed detector detects a novenent speed of
the head at predeterm ned sanpling intervals. - 5 The seek control
devi ce noves the head to a particular radial position on the recording
surface of the disk before a head unl oad operation of retracting the head
to the retract area of the ranp. The speed feedback 5 control device
perforns speed PeBEBatRPEBAEREF £BE FRecHead GREoAGadpdihei 6pe6d e basis

of the novenent speed of the head detected bi t he sgfed detectqr. The speed
f eedback controfFs2pEFfbPRRd t dPRakE2theARBYBmeAPEEFe &4 Cfd ORead equal

t t t | ye. h d f back trol i f d

Speci f1eq numbehSor 200 ad0FBRT: ALACTBoPEt PalP PR HEaGt BFRE el act ar ea
f th . Th ' ' LCe ' t . di.st f th

nead, The Gt | neeron-Aoor Geober BEr ool Yl RBCREr PR R museHan e ¥ hnce

of the head by %Difgﬁékéﬂﬁa%@érsE%ggrQEBGSEerbxh%hac%B%%%tQ%%%qtOr- The

head unl oad operation determ ning device determ nes whether the head unl oad

operation has beesngoghecily @eenl ehed esntBathasiad ekchhe queyenrRi
di stance of the head estinmated by the 20 estinmation device after the speed

f eedback controtxbaslbeennper hendednibadppeespecichi, edhrumlar @lelddres.

BRI EF DESCRI PTI ON OF THE SEVERAL VI EWS OF THE DRAW NG The accompanyi ng

dr awi ngs, whi chiarealaubapedatfedm nhhantdac@GrEMEtubé tageartt dahet heice
specification, 25 illustrate enbodi nents of the invention, and together

wi th the generafodéssptpri onThevenfgbdbecingonisodets ped fdesed 9 on of

t he enbodi nents given bel ow, serve to explain the principles of the
inventi oh? FIG 2% £ BakPobRedhaglafPerewingechedc 6RPIrGPTA aticon of a hard
di sk drive according,to an enpodi ment of the present .invention; 5 FIG 2 is
a sectional vieW'8f3astaRfe16n8hokASi RERAGHEE, MENE itewaleondetaed el ong a
radial direction of a.disk 11: FIG 3 is a_flowhart, show ng the procedure
of a process of<ﬁﬁggﬂ}?h85é ﬂ@agkﬁoséﬁéﬁtoéi§B§nE§aﬂA§pﬁﬁ@'lo&Er5bess bei ng
appl i ed accordi o] i s.e Loent; E 4 is_a flowshart, show ng the
procedure of heg a%n?%gaggoggggﬁtaB%ViEhg;ggggdpﬁﬁtt5g§ﬁ%?%¥ﬂ§%ﬁ%%nt; FI G
5 is a diagram showipg bhe pekatigpshi b ead posgid i nd both
a variation in Eead spggg aﬁg a vgriap?Sﬁgfn%bgﬁﬁgﬁffghﬁgﬁhgéﬁ ;E éﬁionship
is observed if the headnunl ead apeg %FkoﬁpbitQ%heH%h%ﬁQe&QdHéMﬁ succeeded

according to this enbodinent; 20 F 6 is a diagram show ng the
rel ati onship bepweepnibheolieatdlepesiirhen ameahotily aetarndinedn dm the
basis of the head movement distance detected.
However, if the speed is not correctly detected
and the speed detected is thus different from the
20 actual one, then the head movement distance is also
different from the actual one. In this case, it is
impossible to correctly determine whether or not the
head has reached the terminal position of the retract
area of the ramp. Then, it may be erroneously
25 determined that the head has reached the terminal

position of the retract area even through the head has

not actually reached the terminal position. If the



. head, speed and a variation in VCM current which relationship is observed if
the head unl oad operation is determned to have failed according to this 25
enbodiment; FIG 7 is a diagram show ng how a m ni mum head speed regi ster
212b applied according to _ ~ _anodification of this enbodinent is
provided in a RAM 212; FIGS. 8A and 8B are flowharts show ng the procedure
of head unl oad control applied according to 5 this nodification; and FIG 9
is ais a diagram showing the rel ationshipbetween a head position and both
a variation in head speed and a variation in VCM current which relationship
is observed in an unusual case in which the head 10 unl oad operation is
determ ned to hB9adsupieadedrgaEadianngst 6cnRLstrBdiN egcossanpETALLED
DESCRI PTI ON OF TEE | NVENTION Wth reference to the draw ngs, _description
will be given ofPaR BREBAFREAt IPheWRiBRLLRE prEsaht To5 er@ERticon the appli ed

to a hard disk drive..F|G, 1 is.a block di howi ng .t h fi ti
of a hard di sk DPFUGCE SO ARE0r i ALCEOTHR CHBoBFBROoGR # RECAREENEs
invention. In F di ic disk t o _di faces:

op 20 di sk sur {aRE5a o Bor: BASarent. fevatatt PRRe BRGRESSHIRE o0 G

surfaces of thesdiskcdlogerkesqasykd I eROLEHAGIUr kRceHAR IMYGhdata is
magnetically recorded. A head (magnetic head) 1s placed in association with

the recording sgpéageioh thepdigkrhdd 28 TherheadelRehy Wsad Weikead and
wite data fromand to the disk 11. It is assuned in the configuration

shown in FIG 1(8bhak thevbardodaskidbpeeatngbudesata.si méled, if & hodtsk 11.
However, the drive may have a plurality of disks 11 that are stacked one
above anot her. dAcokargetnpmbeidef acgncemimbihndst facks 5becadrfd eldortied on t he
recording surface of the disk 11. 5 Further, servo information is
pre-written (preféeabetibedperd vadhadf opheatiaokbasldeginscosdlefreat, regul ar
intervals, The servo information contains position information required to
positi ont¥he hehdtadien aft hPgefiekadr. ofhenpsEPPPEA i nildr S &eacoritsai ns

10 a cylinder code indicating acylinder (track) jon the disk 11.in yhich
rotation of the disk remains stopped, the head sticks
to the disk.

BRIEF SUMMARY OF THE INVENTION

15 In accordance with an embodiment of the
invention, there is provided a disk drive having
a head which reads data written on a recording surface
of a disk. The disk drive comprises an actuator,
a ramp, a speed detector, a seek control device,

20 a speed feedback control device, an estimation device,
and a head unload operation determining device.
The actuator supports the head such that the head is
movable in a radial direction of the disk. The ramp
is located away from the recording surface of the

25 disk. The ramp has a retract area to which the head

is retracted. The speed detector detects a movement

speed of the head at predetermined sampling intervals.



., The disk 11 is rotated at high speed by a spindle notor (SPM 13. The head
12 is attached to an actuator (carriage)l4. Mre specifically, the head 12
15 is attached to a suspension 14l extending froman arm 140 of the
actuator 14. The head 12 noves in the direction of the radius of the disk
11 in accordance with the rotation of the actuator 14. Thus, the head 12 is
positioned on the target track. The actuator 20 14 includes a voice coi
motor (VCM) 15 serving as a driving source>of-the actuator 14. The actuator
14 is driven by the VCM 15. A through-hole is forned in an al nost central
portion of the actuator 14. A pivot 142 is fitted 25 into the through-hole
in the actuatorTha, sggk é@ﬂﬁé@gr dexices mapper tbe hepdt &bl ¢ BrstAc¢ulhe pi vot
142. This allows the head,12 to nove in the radial - 9 direction of the
di sk 11 while rbeatpvePShbiPRgOPNEEEr APFPTAitE eHETacm £40 tasd dde&pensi on
141. The actuator .14 has, a augggrt frame 143 extending in a diregﬁion
opposite to thatSfArGnfcheffe BLRPE4PPETERIERIST ASTEPEE18GI Ehesheps
integrally enbedded, in_the support fra 143. The_yoice cojl. 150 is |ocated

SReCarar 5 Bl ORT5 6= The Garee cOre FB6% G58ARa N th

between a top yoke and & bot
bot h yokes and a,pergmrngnt ; ARY i-xed h o GORSLI es the
VOM 15. 10 The disk 11 haglgﬁ P %%5%%‘% FE%SPy%%g%%@oét%ﬁrﬁgr ?%Efet%‘lte A
ranp 16 is pl acrda@way1bh@mbbeateear dhngneubhase ok the dioshenbhe for
exanple, in proximty to the outer periphery of the disk 11. The ranp 16
may be | ocated speprosEnthy heatheekareedlbypenicphperdoticthetanp 16. The
ranp 16 is used to retract the head to an area |ocated away fromthe
recordi ng surfateeofpthe deskbitkandnteoimiist pemfohechead imakiehithear ea
while the HDD is in a power save node. However, actually, a tab 144 is

| ocat ed on the ROveaaptl18preadt eddtbk thkedhegdal2toThusarpee mardmel6 is
placed at a predeterm ned position on a novenent path of the tab 144. Here,
the expr¥$si on Thaeshead feefbaghl saaédodnisheerdepmed” an@yebe used in
order to avoid conB[icated expressions. In contrast, while the HDD 25 is in
a read/wite noRSCLheSHeRHMRST| §fpLeBERt TEAVLEEI Ok LB aThe thead/ wri t e
node i s a non-power,- save, node_ i n ich data,can be i iately read from or
witten - 10 h?%dtﬁg gpgkrTEFa péﬁﬁ?nﬁ%oﬁ%Fh§aWFpgn§%eHSBFlgaﬁﬂﬁpality
of power save fined in accordance with_ the |evel of power
consunpti on saC?%gicgﬁésgﬁﬂrgﬁﬁtg 89V68%8? §é§ aﬁﬁ&egfnﬁﬁeiﬁgﬁﬁde €in5
whi ch the head k ese t { . US,. 41 r

enbodi nment , theéég3g?9%§§e8%%ggeiEg%ngﬁt%%etﬁga Sfi%ﬁégﬁe F&%ﬁ%ﬂtto t he
ranp 16 is call gdsa;pact heukar LRQRERAt iy 4 il 2 I Vi ew
of the ramp 16 taﬁe% 10 a?ong the ra ?aﬁ gfgggﬁﬁgﬁ gPetﬁE%ﬁgééﬁ%%¢f§ﬁ

concave parki ngbpothk0Bpd6d Hetkersrd i Mha pakl @hi1bhe ymataophich is
farther fromthe disk 11. The parking portion 161 serves as a retract area

in which the tabtetd4miaipgr KediceeteaetradhesAwdicdewal lthef Hdael parldary 15
portion 161 which is farther fromthe disk 11 serves as a stopper 162 that
stops (Il ocks) thepetrabi®ddhdar brgnacheaectilyoadnpiertaid omn tAesitdesia lofof the
par ki ng portion 161 which is closer to the disk 11 serves as an inclined
surface 163 thathal neWsmené dabstaaget of20hsmbsiEll wsédoaged rymtthee par ki ng
portion 161 during a head | oad operation. A surface of the ranmp 161 which
is closetOto th@sgil?}ﬂtH”séﬁ\‘/éé}ea§fz§ﬁri &l §@ged feedback control has

been performed the pre-specified number of times.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,
25 illustrate embodiments of the invention, and together
with the general deséription given above and the

detailed description of the embodiments given below,



+surface 164 that guides the tab 144 fromthe disk 11 to the ranp 16 during
head unl oad. 25 The HDD shown in FIG 1 has a |latch nmechanism (not shown).
The |l atch nechanismis used to latch the actuator 14 using for exanple, a
magnetic attraction - 11 force when the head 12 (tab 144) reaches the
parking portion 161 of the ranp 16 during a head unl oad operation. The
| at ch nmechani smis conposed of a nagnet supported by a case of the HDD and
a magnetic 5 nenber consisting of for exanpler netal and fixed to an end of
the support franme 143 of the actuator 14 which is closest to the disk 11.
The SPM 13 and VCM 15 are driven by respective drive currents (an SPM
current and a VERFEEBr Eenexprieisupplei odlpyinleési wér the invemid adr.i ver 1C 17
includes an SPM driver 171, a VCMdriver 172, and a back- EMFvol t age
detector 173. The SPREEri verd 121 Pd@5H iddagmse SMAWERdritlte HPrSHMWIAT ent
correspondi ng to,.the anmoupnt of control, provided by a CPU 21 descri bed
| ater. The 15 Vi BrPgeF E?fdsgﬁﬁﬁi§§1Wﬁea999rfgnﬂiFW EDVENRGHMERE
correspondi ng t8ftgﬁeannunt f .control provided by the CPU 21. The

et e

back- EMF- vol t age det 8ctor - I73 d8U&Et4°R back- EVF-vol tage (back- ENF)

gener at edg by the VCI;/Lg%%. thshgagéjc%éio%a oq,g%g} ed to éﬁ)glall _IS%O(V%t}g?Hl 20

anplifier circuit) The hea I ncl udes a rea ier

amplifying a rGQ@G$'gﬂakhEGQQerb%@%gh%%Qe%zal%%% & Wﬁ%%ﬁ%;ﬂgyf485¥bﬁ(”
converting wite data into a wite current. The head I'C 18 is connected to
aread/wite | Cofreadivki te;channel) 19. 25 The read/wite IC 19 is a
signal processing device for perform ng various kinds of signal processing
such as anal og-to-di gital 3casver Silowcbiara rsdatisiggnale proceireengOd ng of
wite data, decoding of read data, etc. The read/wite IC 19 is connected
to a di sk contrpkbeesEHDC) mge@samdnghe BRYA2hovEmentDG12Q arsec@medtted to a
host (host system) and the CPU 21. 5 The host is a digital apparatus such
as a persdnal cBhEpPEEEF RAiLpH 8PpPiligds arke rAbDgsowthils ErBodimeftie HDC 20
has an interface control function to control reception of commands
(read/wite commandsFafd fhesl pkélopchadtesheding tthe msiceghtre %ontrol
data 10 transfeﬁs getMEen t he hosg and_t he HDC 20. The HDC 20 al so has a
di sk control funGffol"t82EoRPPEE CdafRPLAASPELS TR &R (thd Sdi sk 11 and the
HDC 20. The CPU %% &§ a gain controller of the HDD shown in FIG 1. The CPU
21 includes a frash r@ga-bnly 15 nmenory (FROV) 211 and a random access
menory (RAM 212. Th 1.is:a.r i . nvol atiil.e menory in which
a control progran121§§62§§13%e3 ?ﬁagﬁgw%ﬁb%%k%ﬁg%&ﬁyﬁﬁ%ﬁQifn contro
program{4la co I a,h u .COon | . rautin .1h .and .a head
rmverrent?%o di s?gﬁggéﬁegsﬁr@?gg%%ggﬁ%g %%%c@?’ﬁe ahggéjltjja%llg)gld l?lont r ol
routine 211b ish8afr9gess kAt kNQak®Btion in VCM current which

relationship is observed if the head unload operation
is determined to have succeeded according to this
embodiment;

20 FIG. 6 is a diagram showing the relationship
between the head position and both a variation in
head speed and a variation in VCM current which
relationship is observed if the head unload operation
is determined to have failed according to this

25 embodiment;

FIG. 7 is a diagram showing how a minimum

head speed register 212b applied according to



,controlling a head unl oad operation of unloading the head 12 | ocated on the
recording surface of the disk 11 to the ranp 16. The head novenent di stance
25 neasuring routine 211c is a process routine for neasuring the novenent
di stance of the head during a head unl oad operation. A storage area of the
FROM 211 - 13 is partly used as a head novenent di stance saving area
211d to which a reference head novenent di stance DA neasured in accordance
with the head novenent distance nmeasuring foutine 211c is saved. A storage
area of 5 the RAM 212 is partly used as a work area for the CPU 21.

Further, the storage area of the RAM 212 includes an integral value

regi ster 212a thamoféfdsasivenpdr hisneafrdimealtué sf provhieedbviement speed
(head speed) of _the head 12. 10 Now, operations performed by the HDD shown
in FIG 1 will BBMséddéntially described taking the measurenent of the head

novenent di stance an% t he head unl cad control (normal head unl oad control)
by way of exanple. FEr§E; Wt Refdr 8fce HOWHE HhSowe AN S 5 FIG 3,

description wl j,ven _aof a_process of asyri_ng.t.he head movement

di stance DA. Th ggg?ggggsogshg? CHF§8aFncgg§5Pgaﬁ8§lﬁthaFﬁgrﬁégﬁ ement
di stance geasurifgsr ki Re2116,0f Jthe control program 21la during an

i nspection step executed during 20 manufacture of the HDD, the control
program 21la being stacedsdi Ast he i1ERAMa3LLratheigatgmvenent: Miis3raicg DA
measured during this process is used as a reference for the head novenent
di stance (referpateesnvenasbddbskanceh whenpblhe Readrlidtiisnunhoaded from a
25 particular track on the disk 11 to the parking portion 161 of the ranp
16. First, the EPtedlasdts matrdrmgebnspeed¥CMorutrrent whi4h heddtlidn-act uat or
14) (step SO . The process of neasuring the head novenent distance nust
ensure that theshap is4opheasted2)inr eachesstihé sbeppen W62 obf thiee hearp 16.
Thus, the target speed Vt is set at a value 5 Vtl |arger than a normal one
Vt0 so as0to preRéAgdt ReeKasdon2 ipr gattsroppieng tonhee isncldess®dsur f ace 164.
Further, the CPU 21 cl ears the,inte%naL val ue regi ster 212a in the RAM
212.to "0" (stePcS2F9itHehC théscpOdsfisatdoq -counter C at an initial 10
val ue of "1" (step S2). C t I d.to_manage _the time (the
nunber of sanpling tinesggﬁ%ﬁﬁgﬁe§£$§$£ﬁggﬁﬁuﬂ?oEﬂEc ﬁygﬁTIQﬂen t he head 12
i s unl oaded on the r 16 i rder .t o neasure .the head novenent di.stance.
Then, the CPU 21 COH?EEPSQngg% %%StgpgpgtF&ﬁw&Pgﬁdvﬂ%fqﬁ%§ éﬁHVTf' o the

particul ar track.op: esk 1 .S, :pe r at__i |l ed seek
control (step S§§:a*kgﬁsggk580%Fpgpabghge%go%hggﬁﬁﬁ“?hgrggfﬁg of position
| nformatign contaveadibi 98ruBHNALAr B! LoRaLEAdLiOmLRe di sk 11 by the

head 20 12.. Here, the particular track is a predetermned track in the

vicinity of the ranpri@, thak iaSb1ddk ak JraGRledding gL deiarigued radi al
position on the outer peripheral side of the disk 11.” The particular track
is the sane as aibar gét at haek Baskseek veonuool) 2% cpediegned ain t he

begi nni ng of head unl oad control (normal head unl oad control) described

| at er. Thus, inemhedpmesénbfenbedpmesentat ntvieatiegi.nniImg FIG. 1, a

disk (magnetic disk) 11 has two disk surfaces: a top
20 disk surface and a bottom disk surface. At least one

of the two disk surfaces of the disk 11 serves as

a recording surface on which data is magnetically

recorded. A head (magnetic head) is placed in

association with the recording surface of the disk 12.
25 The head 12 is used to read and write data from and to

the disk 11. It is assumed in the configuration shown

in FIG. 1 that the hard disk drive includes a single



,- 15. of the head unload control perfornmed during the process of measuring
t he head novenent distance, processing in step S3 noves the head 12 to the
particular track on the disk 11. Thus, the novenent 5 distance of the head
12 during a head unload operation is fixed. Here, it is assuned that
f eedback control (speed feedback control) is performed at regul ar sanpling
intervals to unload the head 12 fromthe particular track to the. parking
portion 161 of the 10 ranp 16 at the targe? speed Vt. In this case, the
head 12 is expected to reach the stopper 162 of the ranp 16 after feedback
control for a predeterm ned nunber of sanpling tines COO C (~ Cis a
di fference). ThosSki alt helpre¥ent ERBodirAEat Maynhavewaopluga 11% vdiokf er ence

D C, the nunber  of sanPligg times COD Cis used as a specified nunber of
tinmes Cref requfitr@lStblnblett REShEaCke% PBM BREVEaPIPEREEr track to the

st opper 162 of the r 16. Then, the CPU 21 determn nes ther or not 20 a

valgg inthe countergggﬁfﬁﬁtnP?gefhg%nEﬁﬁ&ﬁn6F1§a§§PF§§ ﬁgﬁb§“%5 exceeds

the specified n of tipes .=COx O st L.oten.S4 i s executed

to de?ernine mhg @%dtég kggdréﬁﬁgggngoﬁng%C%soggtgg?965%1gﬁéd or

continueds (perfpp;pedd Ige%g% gHgg?ﬁaQEP%5igagBELQQiEEg%S¢§r%§ at most the
g cycl

speci fied value Cref, the 1 waits tor one sanplin e (step S5) in
order to continggpépeefor i thenheadcHpl eadcgantngl qiscrife1(SReed feedback
control for the head unload control). Then, the CPU 21 detects the novenent
speed (head speedyuVaof ihberhead.l2Thackuator ih4prstepnSebntEieshead speed
V is detected by converting the back-EMF 5 voltage of the VCM 15 detected
by the back- EMpusitage tefecmeridB3renuarehetspeediafichhéhkredcdat?.12The CPU
21 determ nes whether the head speed V detected is zero, or the anount of
control for desPgnatFagdehetvevkeur Féat phasttihe dafiormatiainueondaitG
neither of these conditions is net (step S7). |f the head speed V detected
is not zE o and2t @Bl anBanAt Coflecbntiortdpes aneylhadert HE rawk) mem rdleue, the
CPU 21 calcul ates the tenporal integral value for the head speed between
the start of th@ifkadluhnosBiebnthsl sgrdo18nEREMAGEPENE SsHFAILTSE ti me (step
S8). In step S8, the %engor | integral value for the head speed currently
detected i s added toltf féﬁpéﬂaniﬁpéﬁFEQ F&l feIorPard Ryad SRddfle
integrated unti I S i time to,calculate the tenporal integra
val ue for the H@%%ggo(gggédﬁsgtegggtéﬁage?%eéﬁ FﬁgaEngttSfaPhe head unl oad
control and the r I kpe. t ral, integral val f t he
head speed is s%%?gég?% ?%gP%%Egaé%??vaﬁggergggggg%cfgégf §P§v% ggiﬂﬁgthe
RAM 212.1 4\ thei§'£§ﬁa§ﬁ€8|thatbﬂgpeﬁQin'ﬁﬁgle&%%ﬂ%iﬁf Z51h 2% 5§ﬂrsed as
the tenporal integral value for the head spee |ntegratéh unti | the | ast
sanpling time. ThosofophstartiiRBoa PuUQCEsHcOhcBBAIY! G elsha rhea@d movenent

- 17 distance, the CPU 21 clears the integral value register 212a to "0"
in step S1. Aftetrexetuhi 8@ sheprs8iukhefCPle2lipkoaaeds ecdians® In
contrast, if the head speed V detected is 5 zero or the anount of control
has the maxi numvvghuehe rotation of the actuator 14. Thus, the head

12 is positioned on the target track. The actuator
20 14 includes a voice coil motor (VCM) 15 serving as
a driving source of the actuator 14. The actuator 14
is driven by the VCM 15,
A through-hole is formed in an almost central
portion of the actuator 14. A pivot 142 is fitted
25 into the through-hole in the actuator 14. The
actuator 14 is supported rotatably around the pivot

142. This allows the head 12 to move in the radial



,the CPU 21 determ nes that the head 12 has reached the stopper 162 of the
ranp 16 (step S7). In this case, the CPU 21 skips step S8 to proceed to
step S9. Description will be given of the effect of skipping of 10 step S8
based on the result of the determ nation in step S7. First, depending on

t he detection accuracy of the back-EM--voltage detector 173, the head speed
V detected nay not be zero even though the head 12 has reached the stopper
162 of the ranp 16. In this case, 15 wren $tep S8 is executed to integrate
t he head speed V, an erroneous head novenent distance is neasured. On the
ot her hand, once the head 12 reaches the stopper 162 of the ranp 16 and
stops, the anoudirefttéont pdl the dhekedsewhiidet hetatstiveim valviegso as 20 to
mai ntain the head speed_V at the target value. Thus, in the present

enbodi ment, eveh"tR8tghlyheirBalhspaéd V4Psanet spepgnsipnt Bdlampunt of
control has theT xingn1valu§, khe head 12 is consi%ered to have reached
the stopper 162T0F fReUFLAP 18. PRR PhFEPRRLE, £38mer 1AS F3E&NEIE% d easur e

head ,r di . L ppi, o S9, th
GPU 21 cal cul at BCLHEEBT A neep oo 6180 PRaCRiBURD RSBt PO prdvi ded 1o
the VCM dfi t he,basi - Wt t d Vv
and the (or get . VSTOG\1 PoUPIy=(SPeR SO, “ne SRBnAL ST CEBACAE HAS

val ue required tQomaK pEP@ §rQﬁ@?1§§¢edTNeGGB§#ﬁ288E%e%%%VQ%t1§%%%%3Vt by

wel | known proportional I ntegra Pl') control provi des the VCM
driver 172 w thptbgeanountopf yerat kAl gabeukahedokthe @R 2L itdus.qauses
the VCM driver 172 to output a VCM current corresponding to the anount of
10 control, to the, VEMyabhést eptR1lBpLthAbeEspaaY di be rinadeVEMrdigineer 172
with the anount of control calculated in step S9, the CPU 21 increnents the
counter C by onéikstepoSthy. bFheoBPyYoRe,t henstétutes thet NEMpridcessing in
step S4. In step 15 S4, the CPU 21 determ nes whether or not the value in
the count@r C (that T8e thekndAbépsoRnsanpleirngetrilpber@) asmd eedouter
specified nunber of times Cref. If _the nunber of sampling times Cis at
nost the speci fPeBIRALHE- Cr Bf ralRelEPUS2P1pEBEeaHS YL & FOHe thEocessing in 20
step S5 as with the above praqgcess. In contrast, if the nunber of sanpling
times C exceedsr?ﬁgrgbgﬁi? 58268l A& EPef dasKallesdiPt 6KaMBEEri tifon of the

Read 12 Shoul d REVE-PEEENEH FRE GROBROPCIR S8 oPFt RO% BHEMGL I n thi s

, the CPU 2 t th d. trol t d t,
I e e T e ot
i nt | | : d i he i nt | | i st
2123 0f The RAW DTS Beof nE Reka hoyBient 61 SPARca o her Srened hoad
movement S5 di stapeeycPAcndhgebgadomauenent dhshapee aka detenmded

represents the distance fromthe particular track to the stopper 162 of the

ranp 16. The CPkk2drgamgssipEarBRbiroRhandile headnepyvenait ndi-Stangs
determned to the head novenent distance saving area 10 211d of FROM 211

(step S13). Nowhetbeinothak head whlioadteenHpol iwi lih ke pdaser iseeet with

reference to the flowhart in FIG 4. The normal head unload control is
performed to unhodd.t hBohemdrl2aohubhéyr aaptd® \WHddn itshe odbesh@mn thre 15
FIG 1 is set in a particular inoperative node.

20 ramp 16 instead of the head 12. Thus, the ramp 16 is
placed at a predetermined position on a movement path
of the tab 144. Here, the expression "the head 12 is
unloaded on the ramp 16" may be used in order to avoid
complicated expressions. In contrast, while the HDD

25 is in a read/write mode, the head 12 is present on the

disk 11. The read/write mode is a non-power—-save mode

in which data can be immediately read from or written



. the anount of c

. The head unl oad control is performed by the CPU 21 as descri bed below in
accordance with the head unload control routine 211b of the control program
211a, stored in the control FROM 211. 20 First, the CPU 21 sets the target
speed Vt for the head 12 (actuator 14) (step S20). The nornmal head unl oad
control is frequently perfornmed unli ke head unl oad control perfornmed during
a process of neasuring the head novenent distance. Accordingly, every tine
25 the head unload control is to be perforl¥ed,- the target speed Wt is
preferably set at a smaller value Vt0O (M O<Vtl) in order to prevent the
head 12 from - 20 colliding against the stopper 162 of the ranp 16 at
hi gh speed. Theho Bbei diskeldaseDepenhéngr ooesseot ypeasdr HRG,t e head
movenment distance, the CPU 21 clears the integral value register 212a in
the RAM 212 5 tBlupelisyepfspeyerThavepyogdesaray bet sefhaccodnter C at an
initial value of "1" %step SZ%). Thﬁn, hhe CPU 21 perfornms seek control to
move the head 12°F8FEABRCHaltFBuFaP LRYER 6F PRESi SRNEYTPLLeH S83YNIFhen,
the CPU 21 dete&ggne mgftger gr not the_ 10 vglue in the.counter C (the
nunber of sanpllhg PIREELESYeREeBAYSFhE2YFelPHEEI ™Yl GECEHEF PEfep S24) .

St S24 §s d L Be . he_h I l.is.to b
compl ot ed or oot Rued T parFar madl - P oCRE naRber “of et ng ke 1€ | s a

most the 15 Spe’éhé!§9e¥@hﬁee%gﬁiﬁ%nitr,‘ the 5858 rokallll moBsanRl Gnithe CPU 21
waits for pre-specified one sanpling cycle (step S25) 1 n order to continue

(perform the hend Hehgad2ceBt kekrathen, tbhenePYagd det ect $atihedhead speed
V on the basis of the back-EM--voltage of the 20 VCM 15 detected by the
back- EMF-vol t age detectalat73nbpbeptd2e) molke CPU integrates the head speed
V detected to cal cul ate the tenporal integral value for the head speed
bet ween the start of FiiGe Bead anlsead icortlr olieand 2% heheraoyr rientt adapl i ng
time (step S27). This tenporal integral value for the head speed is stored
in the ihgegralaQQDGeth@gréﬂéﬁ12d2aepﬁipheORANhElQiSkhéd, A- c@hcatiee CPU
21 cal cul ates (determ nes) the anount of control provided to the VCMdriver
172 on the basiB2bfiRfeParfierchbe Bét kesRethd hea@aspeed hendane lttar get
value Vt.(=Vt0) (step,S28). The U 21 provides. the 5 VCM driver 172 with
B&%FBIlEa?%ﬁFQ?édgg?Wetépudéf%tH&s catrSe®rd PICM dri ver 172
to output a VCNI§uErent1%9rresgonding to EQ% %nnunt of ¢ he VCM
i

trol t
15 (step S29). RPter providirng tRe®vCh dFivEF 172 R R Wﬁgckgtgﬁbﬁ of

control calcul a&gguaglatggae§2§gewsc@'éﬁg2.1 WNGLeIRNLS the t%%g%%‘ﬂgiﬂgﬁy one

(step S30). The enreturns to the processing in ste step

S24, thelgrmj21p??%?5ﬂiT@?.Wﬂ?&ﬁe&soraggheEh r l%%ei@iggfé ount, &l £ (that

is, the nunber o 5 sanmpling tinmes C) exceeds the speci nunber of

times Cref. If pheanyabppeol 182MphihRg skibfRS (Gocksat MRSt A8 PRl
value Cref, the CPU 21 proceeds to the processing in step S25 as wth the

above process. &nheedt tasbad bpkhetiwmher rofs isRARILIING £t ivMRS farakereds 20
the specified value Cref as a result of repetition of
portion 161 which is closer to the disk 11 serves as
an inclined surface 163 that allows the tab 144 to
20 smoothly escape from the parking portion 161 during
a head load operation. A surface of the ramp 161
which is closer to the disk 11 serves as an inclined
surface 164 that guides the tab 144 from the disk 11
to the ramp 16 during head unload.
25 fhe HDD shown in FIG. 1 has a latch mechanism

(not shown). The latch mechanism is used to latch the

actuator 14 using for example, a magnetic attraction



. the processing between the steps S25 and S30, the CPU 21 determ nes that
the head 12 shoul d have reached the stopper 162 of the ranp 16. In this
case, the CPU 21 conpl etes the head unload control to proceed to 25
processing in step S31. In step S31, the CPU 21 determ nes the tenporal
integral value for the head speed stored in the - 22 integral value
regi ster 212a of the RAM 212 to be the current head novenent di stance DB.
The CPU 21 cal cul ates FDA-DBE on the basi sllof the current head novenent
di stance DB and the reference head novenent 5 distance DA, indicated by the
information saved to the head novenent distance saving area 211d of the
FROM 211. The vaPuecFPReDBEheeperededs (the dBd0l meachalsuehef parkidid f er ence
bet ween the head noyenent di stance DA and the head novenent di stance DB.
The CPU 21 thenP28tdefethilne@d W8t KéFPor ondluring vahgadrpAloRE i s snal | er
than the preset difference E D gs&eﬁtSSZ . _ILn other words, the CPU 21
det er mi nes whet RBFT8F1RBt t RBScAAFER TRERA MSTerhSnCoaPSEE&IDB i s equal to

th f h St DAt it hi 15 val ~.D. Here,
he head movemoht ACet SNEBCBRSS) B S PRSST shnbll "k €3Fal VHUTE 14 ¢ he
head , ; .St £t timated

dur i ng  the cur EetCRGad el b5t ontr G ReGRPaFAgh - DA B3 M Khoul d be

est abli shed if hgadnd0o,¥nkgad | £ erfar ned n r,+f . tiymes equa
to the nunmber of sanpling t?nggggéggqgfég% Eégrgﬁiggﬁyggﬁﬁgg%rfﬁé head 12
in the parking phithonslelcebkstheorapp 46sand1if the head 12 (tab 144) has
correctly reached the stopper 162 of the parking portion 161. 25 The

rel ati onshi p FDA- DB~Zhe BPM ilBe aBsCvel, 1iSs aaekidrd vefn egndidspattfiore

determ ning that head unload is conpleted. - 23 Thus, if the val ue

FDA- DBE is snul figtvehanrrhptdi her 8RMecDrbefst epdS3a2VCM loa rERd t21

determ nes that the head unload operation has succeeded, that is, the head
12 has bken rel PaBPyiad| brdeddraveke Ipatki-ngThepartiven 161 19f itnwd ucem 16
(step S33). In contrast, if the value FDA-DBE is_at |east the difference 0D
(step S32), thedPEF¥1dgéverninés Bh¥EM: HE1NEdd LURl oaddogebatkoMEs | i kel y
to have failed, tggt is, the heaﬂa 2 is unlikely to have unl oaded in the
parki ng portion'95%38% JFLERECFamps16 (5€eSPM3gYiveRi 4 Tlaistprd 168 (e when
for exanple, th e 12 (tab ) is_stopped on the . inclined surface 164
of the ranp 16.§%ﬁe?SanE eaal%gﬁosgﬁfgnﬁhgﬁrfﬁépﬁggdngpﬁédt RGO
correctly detected 1 t cl. i ck- ENE-val t 15 detector
173 and when th%gtgﬁﬁ%?g% ?ﬁ?éggéﬁ %X|§ek?§r9 héeﬁgg %ggegg%fﬁhs 65 not

[ epr esentsthe C@@Me&hb@@dlwvgﬁﬁﬁiiQisSTtﬁecch?Bi5' BikRI S GRREc /YRR T the
ead unl oad control is perfornmed a nunber of tines
corresponding to the amount of control provided by the
CPU 21. The back-EMF-voltage detector 173 detects a
back-EMF-voltage (back-EMF) generated by the VCM 15.
The head 12 is connected to a head IC (head
20 amplifier circuit) 18. The head IC 18 includes a read
amplifier for amplifying a read signal read by the
head 12, and a write amplifier for converting write
data intoc a write current. The head IC 18 is
connected to a read/write IC (read/write channel) 19.
25 The read/write IC 19 is a signal processing device for

performing various kinds of signal processing such

as analog-to-digital conversion of a read signal,



,equal to the nunber of sanmpling times Crequired to 20 reliably unload the
head 12 in the parking portion 161 of the ranp 16, the val ue FDA- DBE nay be
at least the difference 0 D. If the head unl oad operation fails, the CPU 21
executes an error process, for exanple, retries a head unl oad operation. 25
The head unl oad control may be continued until the relationship FDA-DB~< 0O
Dis established. In this case, the head unl oad operation can be determ ned
to - 24 be successful if the nunber -of 18anpling tines Cis within the
range of CO D C when the rel ationship FDA-DBE<~~ D is established. However,
with this method, the head unload control is permanently 5 performed once
the head 12 (taéntadjngtopswontehdaktnel dreddsunf aferééd dhtbheetanp 16.

[ Modi fication] Now, a nodification of the above enbodi ment will be
descri bed. This nodi Fheatrsd/wsitradqcildr iseg¢onnetdechsr a fdislkure (error)

in head unl oad o eratign i s _determ ned gerror determ pation) utilizing a
change in head EBEEHOH £8r MiREd £FPoAPEheNBaERVERE- volPEg8PHetcidd by t he

back- EMF-vol t d t 173. | | pad [ li,ed d
Lot he pr esent 18 IBALPRCATI anoCho ([aPget VSPERd ITCt bPot REChedd 12 1 sel
t th Vit Lotk h [ t | oad
operati on'i ncl u6ae A SEept f WAPGR L ne REAA 1S (PaD 1447 FESERCE and -

contacts with tBgnparerlfniin QeﬁiagggaEhetthhgﬁgw%Z'ﬁ'ﬁﬁ@s 40 the
inclined surface 164 of the ranp 16). In this step, the head speed V

tenporarily decreasesc EbGha® showsttheakel abhershi puhetweentbhe head
position and both a variation in the head speed and a variation in VCM

current which rebatrobhshepepsidh olbisepwmednib darbeadwunlkeadocepahnals emd s
correctly performed. As shown in FIG 5, imediately after a tine tl1l at

whi ch the head thtoailkepetaahefiersed by25heshastedndatbarget¥oM dartrent is
gener ated because there is a |large difference between the head speed V and
the targe? speeBiramsfsgpsegteachythanbasthendestiesfo6d29.befbresiDal Adst
equal to the target value Vt, 5 the VCM current decreases. Then, at a time
t2, the head 122t8aches &nhelpknponbrahdfbRehispatesceptepiinbatie inclined

surface 164 of the rgnP 16. The hegd sgeed V thus decreases to increase the
VCM current. Subb@GBeRfFyPetHESRebf® 191 Fknildn8EcERRLIRG £Re 10 incli ned

Valuo Vi, that is. {REPNERH 13718 PeBBAB EPHEEAL Lo NOMEUFEEhERNEn
decreases. Then,akrg thme b3, EB Head,12,588C0e%, 408 $42BRRN 1y
15 memory (FROM) 211 and a random access memory (RAM)
212. The FROM 211 is a rewritable nonvolatile memory
in which a control program 2lla executed by fhe CPU 21
is pre-stored. The control program 21la contains a
head unload control routine 211lb and a head movement
20 distance measuring routine 21lc. The head unload
control routine 211b is a process routine for
controlling a head unload operation of unloading
the head 12 located on the recording surface of the
disk 11 to the ramp 16. The head movement distance
25 measuring routine 21lc is a process routine for
measuring the movement distance of the head during a

head unload operation. A storage area of the FROM 211



. 162 of the ranp 16. The head speed V then becones 15 zero. At the head
speed V of zero, the VCM current is maxi m zed. According to the

nodi fication of the enmbodi nent, a change in head speed Vis utilized to
determ ne whether or not a head unl oad operation has failed. 20 First, as
in the case of the exanple shown in FIG 5, if the head 12 reaccel erates
after the head speed V has decreased, it is estimted to have conpletely
clinbed the inclined surface 164 of the radp 6. It is then assumed in this
situation that head unload 25 control (speed feedback control for the head
unl ock control) has been perfornmed a nunber of times equal to the nunber of
sanpling tinmes T reauttedusedrabi abhpad moyemephl gadtehecheading imeehe
parking portion_161 of the ranp 16. In this case, the head 12 is expected
to have reached?th@ barXPhghpdrEF6RTEBECONCRReMPEAPEDE. IESKSBGEeRA y, the
head unl oad operation e ternigggoto have aucceeded. In contrast,

be 5 d
't the head 12 BoRERREOULTy°0ERERBRGECY bheA Sl PERt ROVABSH s fOSE 20 %as

d d, it i ' : [ d inclined f 164 of
the ranp 12 1 nER &FEatorop LA RN il BaA 0REr ot foR B4R oo L0 d6ter m nod

to have failed ofLGpb shoves!t he telanianshipobeLyren Lhe chead gosictj on and

both a variation i n the arration 1n V current whic

relationship isppbsepyednit, atﬁéaQtHE'E%@daﬁ?Bgr aki epchaanf aiibedncladelsG 6
shows that after a time t12 at which the head 12 reaches the ramp 16, it

fails to conpl etel ynebypblthelibckepedtsur bace t64tohollhe wamembdrand
remai ns stopped on the inclined surface 164. In the exanple shown in FIG
6, at the tine tdRegtht headespeedtNe2flodeneaasepetd i(heneaspecchle WEM
current. Then, when the head 12 is stopped on the inclined surface 164 of
the ranp 16 to tkeeohehd head speed, the VCM current is maxim zed. In the
nodi fi cati on of the enbodinent, a m nimum 25 head speed Vm n detected
during al®eriod of hBad.umPezatiengt peirfedred &ot éhei H@DMsdher iy not a

head unl oad operation has_failed. Thus, a storage area of
FIG. 1 will be sequentially described taking the

measurement of the head movement distance and the head
unload control (normal head unload control) by way of
example. First, with reference to the flowchart in

15 FIG. 3, description will be given of a process of
measuring the head movement distance DA. This process
is executed in accordance with the head movement
distance measuring routine 211lc of the control program
21la during an inspection step executed during

20 manufacture of the HDD, the control program 21la being
stored in the FROM 211. The head movement distance DA
measured during this process is used as a reference
for the head movement distance (reference movement
distance) when the head 12 is unloaded from a

25 particular track on the disk 11 to the parking
portion 161 of the ramp 16.

First, the CPU 21 sets a target speed for the



- 27.- the RAM 212 is used as a m ni mum head speed regi ster 212b as shown in
FIG 7. The register 212b is used to store information on the m ni num head
speed Vmn. Now, with reference to the flowharts in FIGS. 8A 5 and 8B
description will be given of operations of the HDD according to the

nodi fication of the enbodi nent taking, by way of exanple, the head unl oad
control that utilizes a change in head speed V to determ ne whether or not
a head unl oad operation has failed. 10 Firkt the CPU 21 sets the target
speed Vt for the head 12 (actuator 14) (step S40). Here, the target speed
Vt is set at the value VtO. The CPU 21 initializes the m ni num head speed
regi ster 212b i ReeRe 1RANRZERAtSIe 4341 temersd) t h&hearinagasmlafe (all bits
are 15 "1") is set for, the mnimum head speed register 212b. Then, the CPU
21 sets a flag FERGUES"EndNEndeaGumcarmerdt i tiadiag dusfalafs wie "tvat st eps

S$42 and S43). The flag F,i.ndicates. the status of the head 12 during head
unl oad. The flaﬁ?]lg F{‘Sg ﬁi%e%\?ﬁéisigf) f@af?lﬁsug%lgo,swquz,l@,oér%qm. FO
represents the eqi:n i t h e V pof,.the head 12 has nhot
reached the tar gglﬁlbvél%ewgllth%rsgi’ngglet %%qgt%%r t%%oefedgvﬁeal& usnacoa‘ii oapevraa n. F1

represents the giat @air@te)e%itﬁlént e nead 1SReRd W 0T e E_%a k4IRS ffached

the target 25 value Vt "but has not reached the inclined surface 164 of the
ranp 16 yet. F2neepr @9eBkont B%o%%@h% loh WNeCh {18 epd has deeached the
inclined surface 164 of the - 28 Tranp 16 and has been decel erated but
has not been reaaeehetrat etleyelry B3 epreserthe tihe csfratie van uehidy the head
12 has been reaccelerated with its speed returning to the target value Vt.
F4 represents tRé28 snatéei RAWhI2GR the "lddad shhap rsagched the inclined
surface 164 of the ranp 16 and has been reaccel erated but has not returned
to the target speed Viheyet thaf CéU édecdtting tdmindtesps $42 amdirg43ial he CPU
21 perfoién; seek (iontrol L0 nmove the head 12 to the 10 particular track on
the di sk*11 (st Ep18%4PL THen,(stre €AV -21 Thet omntes whétshersast ot t he
value in the counter C_(the,nunb of sanpling tines C) exceeds the

speci fi ed val ueMeFEEe( §§“§p%§ﬂ‘§) .(% PH@%ﬁ&nﬁé}g SGFPdams itigasSimes Cis at

h i fi I Cr 1 i he. f thi .. the CPU 21

Waits Tor pre.shegitiet 6RE SSiRI CRg By rerEerap "m) thF fer 1% onti nue
f the h I ... T .. the CPU 21 detect he .h d
Von the basis o PRECRagh: ENE. 0aIPade aff CrevOCIERAEE & by Tite 20
back: ENF- vol t agpodelent of: L3-8t €D - . e (GFUZA1 st s et her or

not the head speed V has reac the target val ue _

determ nasi on i speRdeidaperdiBe 9y Whet hehon el tthe head sspeed V is
within the range of the target 25°value Vt~ V (0 Vis a difference). If the
head speed V hasraek beacheddiBe targehatalige Werfdiemn<CRU AL idetelmides
whet her the status of the flag Fis F1 or - 29 F2 (step $49 or S50). In

this exanpl e, theekl agnErod R8tebf suhe stateuseefk tdemtfidcdg ifs ise tfuisnaei t her
F1 nor F2, the CPU 21 cal cul ates the amobunt of control provided to the VCM
driver 172 on the basi baefist bé Bodiiffienenced chratamsem tdven theackds pged V
detected and the target value Vt (step S51). The CPU 21 provides the VCM
driver 172 wi t hSek&caabdnrmetioontreeld calooulticedliskhd ICRY Xhd hsadauses
the VCM driver 172 to output a VCM current corresponding to the anount of
control ,2490 to tRe VERFES (8Cepass2FulAaft & astovisdiondudsenramidisder 172
wi th.the anount _of control calculated in step S51, the CPU 21 increments

the counter C by BAE E8t EpCSEAFINthy~-CBUtIE tRER réuriie & o 3hed prereksi ng
I slen S 1o bRastep 249, e UL deleL g s ier ot ol he val ue
705t 1 he spec f PRI SaP e LN EE T R EPO DT HorHat's The S0 hditt SHEEEY one
sanpling cycle Lagek 38 kRt RELGASE 4 target track for seek control
25 performed at the beginning of head unload control
(normal head unload control) described later.

Thus, in the present embodiment, at the beginning



.of the above process (steps S46 and S47). It is assuned that the head speed
V detected then reaches the target value Vt. |If the head speed V has
reached the target value VMt (step S48), the CPU 21 25 deternmines that the
status of the flag Fis FO (step S54). If F=F0, the CPU 21 determ nes that
t he head speed V of the head 12 has just reached the target - 30 value
Vt for the first tine since the start of the head unl oad and that the head
12 has not reached the inclined surface 164 of- the ranp 16. In this case,
the CPU 21 changes the status of the flag F fromFOto 5 F1 (step S55) and
then proceeds to the processing in step S51. It is assuned that the head 12
subsequent |y rea@éhébet Reapnenilprad sgrtied pe4fermene duaipgléheThen, the
head speed V of the head_12 decreases below 10 the target value Vt as shown
in FIG 5 or 6.PFRCERPsOEaBEasPrénepbhel hgeferRivRES L& sthackead speed V

has not reached_the target value Vt _(step S48). The U 21 then proceeds to
t he processing PHOS?SBlgﬁg?? Fﬁegtéa §2§?StﬁgecbeaglggeFQrﬁpﬁes whet her or

not the 15 stat §5{£§.85B§rf £§QCEt Iﬁ?l Eg\ﬁeIdESEzﬁj_[ 'asa‘h@Sf’g%P%\?\.@?)V%hgltthIt ﬁe

exanpl e, the etermnes at éad "Spee

mi ni mum head spgedt¥ate brdigat gdaby 1bha ¥iRigMim head £egi kgl 212b
(step S56) . 20 If V<Vmn, the CP@ 21 upgafggngﬂggggnygﬁgggofﬁg g%gégﬁster

212b to a val ueiforikbe.cuneent headsspeedm¥d(shap $8éhbathe CRYr2L then
det erm nes whether or not the m ninum head speed Vm n indicated by the

updat ed registefsgédab (ebdbatk, cobherelnr eat phead rapaedtVieigs 133 | ower than
a deceleration level Vd (step S58). The deceleration level Vd is set as
shown in: Vd = gdmplany Vhtétyals- t3lunhbearetaei headpadgi ffirve takue smal |l er
than 1 (0< a <1), for exanmple, 0.1. That is, the deceleration level Vd is
set at a val ue Batntierleahahrahé tar §oe paklenyt pbytaospadilf ogd thal ue. 5 |f
the speed Vmn is lower than the level Vd (step S58), the CPU 21 determ nes
that thetthead 152HaslPedkbhtbet RarpRE|I FREQISUER ac@n1bhisf cole r &l 16 (step
S59). In this case e, CPU 21 chgnges the status of the flag F fromFl to
p

F2 (step S60). thedcht 3 FKBACEBCpFBcEEaSNt 5DEh&tAPBEES SRy Offn tofep S51.
032 oLer hapd L oBEE0; ELLLES ' shERSLy Ul VBl ftap0E); e
SS1. Tne, U 2hyahag: Poecestsy ol PnELocssalan ki sieh, Siifeafe s
the current regtgh8! 212Phe present embodiment, in view of the
15 difference AC, the number of sampling times CO+AC is
used as a specified number of times Cref required to
move the head 12 from the particular track to the
stopper 162 of the ramp 16.
Then, the CPU 21 determines whether or not
20 a value in the counter C (that is, the number of
sampling times C) exceeds the specified number of
times Cref (=C0+AC) (step S4). Step S4 is executed
to determine whether the head unload control is to be
completed or continued (performed). If the number of
25 sampling times C is at most the specified value Cref,
the CPU 21 waits for one sampling cycle (step S5) in

order to continue (perform) the head unload control



. (step S56) . Once the head 12 reaches the inclined surface 164 of the ranp
16, it is reaccelerated as showmn in FIG 5 20 if it is in a nornmal state.
Then, the head 12 returns to the target speed Vt and is then stopped by the
stopper 162 of the ranp 16. Then, according to the present nodification, to
determne this state to be a success in the head unl oad operation, the
process 25 described below is executed after the head 12 has been
determined to reach the inclined surface 164 of the ranp 16 (that is, after
the status of the flag F has - 32 been changed fromFl to F2). First, if
the head speed V detected in step S47 has reached the target value Vt (step
S48), the CPU 2{seeedr itndbagkechErol for the seatusndpacheohtaglfF.is 5 FO
(step S54). In this case, the status of the flag F is F2 and not FO. Then,
the CPU 21 proctl®R: fFof SPEp255detgchpotbesmryemanst épesel.(Peadst ep S61,
the CPU 21 deterningz mhe%heﬁ o& nqt éhe status of the flag F is EF2 or F4.
If F=F2 as in tAR®EALeVoP t hi'§ ?aapﬂ , (26tPRECEPY421 (§é€Er MfRes RS the

head 12 h hed the ingli 164 of th 16 _and b
ool er at 60 and FRan PSSUCI bFat BREFboT ol HoL8EHe"Bar §6t "epel U (st op

S62). |f &=F4, \r,gftgigy g& ehéovgﬁt eENy0es L hat b%?%?%?%%c%%&?ﬂls—ﬁggﬁgge

reaccel erated to 15 Feturn to the target speed

determ ning thaget8erbead732;has brenspeagcekerakedehe Kt Urn to the target
speed Vt, the CPU 21 changes the status of the flag F to F3 (step S63). The

CPU 21 then proceedsThe the proeessirgncd shephSeli+h0 e Copdaasty if the
status of the flag F is neither F2 nor F4, the CPU 21 skips the steps S62
and S63 to procéedetoedt &p S5to, Oort heeotheunhand, cohe rbeadok?2 nay becone
i movabl e after stopping on the inclined surface |64 25 of the ranp 16 as
in the case of déeigrahphe shewdCMncErGen6. hks thiesmeasewnt valdRly 2k nust
determ ne that the head unl oad operation has failed. Further, after - 33
reachi ngt@ he i ne¢ikledrsaff hbesesgonflithensap M6t t(ssechesd)12 My thai | to
return to the target value Vt in spite of reacceleration. This exanple is
shown in FIG 92eadstReedslicAchsctfe dfengho®ArPnapPAGthe papumtoedur if a

high torque is §8£{£§f égeghgogcﬁg320£h%4maximum value, the CPU 21
calculates the temporal integral value for the head
speed between the start of the head unload control and

15 the current sampling time (step S8). 1In step S8, the
temporal integral value for the head speed currently
detected is added to the temporal integral value for
the head speed integrated until the last sampling time
to calculate the temporal integral value for the head

20 speed integrated between the start of the head unload
control and the current sampling time. The temporal
integral value for the head speed is stored in the
integral value register 212a, provided in the RAM 212.
At the first sampling time, an initial value of zero

25 is used as the temporal integral value for the head
speed integrated until the last sampling time. Thus,

on starting a process of measuring the head movement



-when the head 12 is noved fromthe inclined surface 164 of the ranp 16 to
the parking portion 161 or if a control gain in the feedback control is

| ow. The torque applied to the actuator 14 increases if for 10 exanple, a

| arge frictional force acts between the head 12 (tab 144) and the inclined
surface 164 of the ranmp 16. If the head 12 is reaccel erated, even though it
fails to reach the target speed Vt, the head 12 generally reaches the
stopper 162 of the ranp 16 as 15 in the cdde of the exanple shown in FIG

9. This nust be determned to be a success in the head unl oad operati on.
Thus, according to the present nodification, after the status of the flag F
has changed frofi F1apgep0t ke GBUa2leslpersf thReidseerailnasilon that the head
12 has reached inclined surface 164 of the ranp 16, the process described
bel ow i s execut 8891 FLeheshéadt22"Pai L8 £5SPedéh the target speed Vt. First,

if the head speed V ected in ste not c d the 25 target
val ue Mt (steB $48) , gﬁﬁgrcﬁﬁeﬁft&EPEFﬁgﬁeg égﬁep%ﬁ ﬁoPrPﬁge aﬁﬁg of the

flag Fis F1 (Sgﬁﬁgség) kgy%ﬁhﬁrgg§e éh%Pst% of tge fIa F2 -

34 and not F1 f he Fotes ron1s ¥od p eSS|ng in

step S50.51n st 50+ t t t atus of
The flag F 1 o 510 &) ﬁ%%%ﬁﬁ%é%%%%%%é%ﬁﬂm%%%$21

det er mi nes thattﬁ@ecbﬁaglSagﬁérMiﬁé§e€H§tatE@aﬁegheﬁ§thQB keyeheMa (step
S64). The reacceleration level Va is deternmned at |east fromthe target

speed Vt. In thtsecaseppthelcpacgetpeatbfp hevekt¥p 59)set rasth@sshown in:
Va = Vmn + ~ (Vt - Vmn) (2) where a is a positive value smaller than 1
(0<~i<1), for exaspleth®d. 8PUTRAt skspst heepeddcebepabrendl evekbt¥p IS9.set at
a speed higher than the head speed 15 (m ni num head speed) Vm n obtai ned
when the head 1Pessriéptéeni wedlt ber gavhnt Ré thel efifdcsurfaskippdngf ctthe
ranp 16, by a specified fraction of the difference between the target speed
Vt and the ni ni AEAPhERAC3pEEdOYNTRe TREULBaeEekbratrbRTMEREE1VA Ay be set
at a 20 value snaller_than ,the target value Vt by a specified value. If the
head speed V exte®bs>{he FéﬁéEelg?nggﬁngeQQItVS dsteptapn) acerEacry 21

determnes Lhal § e heade A2, Dok LE i0ed Lo 115 LaLgeh speed M gt 25
status of the fhag ELROfLEZnL0 54 (316PF8Y) cnllignBHe2Aelhon Prageeds to
reached the stopper 162 of the ramp 16. In this case,
15 when step S8 is executed to integrate the head speed
V, an erroneous head movement distance is measured.
On the other hand, once the head 12 reaches the
stopper 162 of the ramp 16 and stops, the amount
of control is increased to the maximum value so as
20 to maintain the head speed V at the target value.
Thus, in the present embodiment, even though the head
speed V 1s not zero, if the amount of control has the
maximum value, the head 12 is considered to have
reached the stopper 162 of the ramp 16. In this case,
25 it is possible to measure an erroneous head movement

distance by skipping step S8.

In step 59, the CPU 21 calculates (determines)



.- 35 processing in step S51. In contrast, if the head speed V does not
exceed the reacceleration |level Va (step S64), the CPU 21 skips the steps
S65 and S66 to proceed to the processing in step S51. It is then 5 assuned
that after the status of the flag F has been changed to F4 in step 66, the
head speed V reaches the target value Vt. In this case, the CPU 21 proceeds
to processing in step S63 via the steps $48, S54, 561, and S62 to change
the status of the flag F fromF4 10 to-F318It 5 s then assuned that the
nunber of sanpling tines C exceeds the specified value Cref as a result of
repetition of the feedback control for nmaking the head speed V of the head
12 equal to thetharaweughl aé ¢snVrol| preHédadnter toe ¥&Mplirdgeti de2 C
exceeds the specified value Cref (step S45), the CPU 21 determnes that the
head 12 shoul d HavehfeRehéd PhRetBEoppéferencss bekepanpheshgad srere case
of the above em?odigent. In this case, the CPg 21 conpl etes the head unl oad
20 control to pfotRed fs prEEessVAGUPnVEt d5VE67T. (FhSBt 8F)S67 ThEhe CPU 21
checks the stat 308£ th% flag F tg det er mi ne whet her .or not tthFtatus of
the flag F is 3P E4° T FPPR Fo%t P§ 4s¥AAHE CRILLERE EBUTSLCdENEr mi nes

t hat the status t a I.s1F3 .0 4 Lficall it .i,S assuned
that the Tead- 13oRdtBBEbng Balid 1 BotknElcatnetheay Loy Bl =dks 16 and

has been decel exaépd §ngébéﬂpﬁ§§0§ﬁk@?§5§d%Pﬁ@ EBhErol. 3&neCage ohe CPU
12 determ nes that the conditions for the determnation that head unload is

conpl eted have peeniaes. tibevORU4dE2vEhus7delernl rae bhatunthe fheashturlioad
operation has succeeded (step S68). In 5 contrast, it is assuned that the

status of the ftapcGlasedet eThenedut albehnei thesek3ther VEM diriviehi 9 7case,
the CPU 21 determ nes that the head unl oad operation has failed (step S69).
Then, the CPU 2cexetptesaalMClr corrpnocessyretponeiagplte, thet mimesina head

unl oad 10 operation. A first or second condition described bel ow may be
used to Heterm gentpost epoSaBewdethéb detmpt SRé .head speed V has reached
the target value Vt. _The first condition is that the_head speed V
consecutively 15 fal PEEREt RERVERANLakGE HFM K ltvgrgdt/ v aligd he- v a

pre-specified nunber of _sa ing tioges, The second condition is that an
aver age head sp%@ﬁuHEtEFnFaBgr ? ﬁ?EEBlﬁFﬁdsﬁEC?FF@dS unBb&e 6F% e | at est

sanplings falls,within the range o& th arget val ue g = W %ﬁTQ# al so
applies to cond%??ﬁ%@e?%? Fh@ g@PB ﬁfngthgngpﬁ dEEFPs glﬂhat% e Zhd speed
Vis lower than,th 1 Nj ad speed _Vm n_indicated. b e mmni num head
speed register %%ZE?g}tngg%nggPiggetgrggﬁaﬁfpgnénf5Fe%h§qdetgﬁh¥#§¥?on_in
step S58 4 hat the ”’cﬂé”HFU@thQ‘ée%@EﬁQsV%gth%fr' Qper, han f he decaleration
level Vd. It further applires™to conditrons tor the determnation in step
S64 that the hegdeSp88AtY¥r C (that is, the number of sampling times
C) exceeds the specified number of times Cref. If the
number of sampling times C is at most the specified
value Cref, the CPU 21 proceeds to the processing in
20 step S5 as with the above process. 1In contrast, if
the number of sampling times C exceeds the specified
value Cref as a result of repetition of the processing
between the steps S5 and S11, the CPU 21 determines
that the head 12 should have reached the stopper 162
25 of the ramp 16. 1In this case, the CPU 21 completes

the head unload control to proceed to processing in

step S12.



- 37. exceeds the reacceleration level Va. In the above nodification, if
the status of the flag F is F4 when the nunber of sanpling tinmes C exceeds
the specified value Cref, the control gain in 5 the next head unl oad
control (feedback control for the head unload control) may be increased.
Moreover, it is possible to conbine the determ nation for head unl oad
conpletion utilizing the head novenent distance applied according to the
above enbodi nent, with the 10 determinati é? for head unl oad conpl etion
utilizing a change in head speed on the inclined surface 164 of the ranp 16
applied according to the above nodification. That is, the head unl oad
operation can be det éPniSHEE® 63 2hatdes GESe dedeitle mtiaesoridiet itemPAIL t he 15
determ nati on of head unl oad caonpletion are nmet by all of the nunber of
sanpling tinmes € FﬂéaﬁegélHﬁvéﬁéthél§€é€cépe§ﬁdsﬁﬁée§té@u§h§f the flag F.

I n thi t he, _det t f t b d
fUrther reliabl SiERBALedoL6% RETABETE AHBGdPTertcrBhind 12 Soneil {1 cat | on.
I th b dit t th t t

bl 100 Lo 8 ReaERt PRYehe Rtk BbLn Fe kit SaRes DA RSRMEST i o
appl i cabl ¢ to ay g E gg ngoth§BetH§gdamg@rﬂqus 1@%%%%e %ﬂph as 25 a

magnet o- opti cal rive rovid that 't rive enploys the head unl oad
control for unl gagipg:hbe Q@egegeﬁege@h@ndtl@%ah%gorfq'oﬁgtw actelathe di sk
toa - 38 position located away fromthe recordi ng surface. éltlonal

advant ages and tedcki €at taBSswbpbereadbl yroeeuwr rhgypt hese siid gt ion the
art. Therefore, the invention in its broader aspects is not limted to 5

t he specific detavks anformptésanbat tvie ashadmoerinenshodrtamdedescri bed
herein. Accordingly, various nodifications my be nade w thout departing
fromthe spiritderessvbpedoftot hbegbreramoverenti ve stenceptsaas ndefdrmeed by t he

appended. cl ai ns_and their equival ents. - 39 WAT IS CLAIMEDIS: 1. A
di sk dri¥® haviAgld ﬁéaBRﬁﬁléﬁlré§§§Pd§ﬂ§ written on a recording surface of
a disk, the disk drive conprising an actuator which supports the head

such that the head i ¥oHpv& ?enPﬁmélrQ&@QIW&%@&Q|QQ$PﬂOHJWéL&:§€ a ranp

| ocat ed away frﬁnlthe r cordb g ?urface of tge di.sk and haV|n a retract
area to which tA&SHEARSFsWLERr REEEHSNES ﬁosﬁ &d 1dEPERRSTE donfitGur éd to

detect 3, TovereteShSHelnhLs IERdELcBRESRISLY BRY R 1A, Mgl >
position on the.feCRLULNY2 on the ramp 16 when the HDD shown in

15 FIG. 1 is set in a particular inoperative mode.

The head unload control is performed by the CPU 21 as
described below in accordance with the head unload
control routine 211b of the contrdl program 211la,
stored in the control FROM 211.

20 First, the CPU 21 sets the target speed Vt for
the head 12 (actuator 14) (step S20). The normal head
unload control is frequently performed unlike head
unload control performed during a process of measuring
the head movement distance. Accordingly, every time

25 the head unload control is to be performed, the target
speed Vt is preferably set at a smaller value VtQ

(Vt0<Vtl) in order to prevent the head 12 from



. surface of the disk before a head unl oad operation of 15 retracting the
head to the retract area of the ranp; a speed feedback control device
configured to perform speed feedback control for the head unl oad operation
on the basis of the novenent speed of the head detected by the speed
detector, the speed 20 feedback control being perforned to nmake the
novenment speed of the head equal to a tar%et val ue and being perforned a
pre-specified nunber of tinmes required-to<fetract the head to the retract
area of the ranp; an estinmation device configured to estimate a 25 novenent
di stance of the head, the estimation device calculating the estinated
nmovenent di staneelbiding agadnby theegrappbay Lhe abvehenraspedd ot the head
- 40 detected by the speed detector; and a head unl oad operation
det er mi ni ng dev?%%hc%ﬂ??ﬁureahFB'd@?eﬂﬁiHBemﬁéFﬁePftHéeh§5609ﬁ508§

ti has b | et ed t [ 5 t
(St ance of o RESACLAE | hAYeloBy TRECBNFnilt PORTBY cBoaFPhr he Spoed
f eedback t b d - [.fi b [ . 2.
The i Sk dr| ve SECorai ngt o CPAT 1" EF0FL FaP L okbr ParAgLh16nE RAME A ng
device configured tgrpyecopasyie, agnha E@Beéﬁngﬁsg?%ggﬁgggg'EBGHE%r the

novenent di stance of the head required to retract fromthe

particular radigt ghresttonitealie petract (pespt59n)of then!appe apg 15 a
nonvol atil e storage device which saves the reference novenent distance

measur ed by t he2 hrepsufédngs de¥ekecoandobhesenbvehenbeadadnhgoadoopaeat i on
determ ni ng devi ce determ nes whether the head unl oad operation 20 has been
correctly conpletetdionléahetbasksonf thhedmpketdnt sdept aA8¢.esti mated by the
estinmation device

Then, the CPU 21 determines whether or not the

10 value in the counter C (the number of sampling times
C) exceeds the specified value Cref (step S24). Step
S24 is executed to determine whether the head unload
control is to be completed or continued (performed).
If the number of sampling times C is at most the

15 specified value Cref as in the case of this example,
the CPU 21 waits for pre-specified one sampling cycle
(step S25) in order to continue (perform) the head
unload control. Then, the CPU 21 detects the head
speed V on the basis of the back-EMF-voltage of the

20 VCM 15 detected by the back-EMF-voltage detector 173
(step 526).

The CPU integrates the head speed V detected to
calculate the temporal integral value for the head
speed between the start of the head unload control and

25 the current sampling time (step S$S27). This temporal

integral value for the head speed is stored in the

integral value register 212a in the RAM 212. Then,



.and the reference novenent distance saved by the storage device. 3. The

di sk drive according to claim?2, wherein 25 the neasuring device includes:
a control device which causes the speed feedback control device to perform
speed feedback control at - 41 a target speed higher than that of speed
f eedback control for a normal head unl oad operation; and a reference
novenent di stance determ ni ng device which configured to determ ne the
movenent distance 5 estinmated by the esti @dti on neans after the speed

f eedback control has been perforned the pre-specified nunber of tines, to
be the reference novenent distance. 4. The disk drive according to claim1,
further 10 conpthglﬁgU alspedduthtinge (determineny déei emowhitclofdet erm nes a
state of a change in the novenent speed of the head detected by the speed
detector; and aC?%EE%EIEF@VF@ﬁddéPeghﬁnVﬁ§ dedives wirchnlshgebesdisnes

whet her the head%ha% gached the ra and has been decel erated and then
reaccel er at ed T hREFRCH PgtYEENI £hEf "ERE GBEEANVNnaRFoRk By tekEetpeed

ot ermi ni ng 20 Weree tod sV B hed SGRBt AP he AEal StnEoal 260 R Gi%has been
correctlyg coan@@@d?nggPelggsh§ fthgbaﬂgvcon g ﬁkgn ecgﬁ%hqa%%% by the

estimation device ter the s ee fee een per fored t he

pre-specified npgbecpof 211 aﬁésaegugag EﬁéU{/EMOE 29ethe 79eter wpagion by the
reaccel eration determ ning device. 5. di'sk drive accorglng ?o claim4,
wher ei n: a VCM current correspondlng to the amount of control,
to the VCM 15 (step S29).
After providing the VCM driver 172 with the
10 amount of control calculated in step S28, the CPU 21
increments the counter C by one (step S30). The CPU
21 then returns to the processing in step S24.
In step S24, the CPU 21 determines whether or not
the value in the counter C (that is, the number of
15 sampling times C) exceeds the specified number of
times Cref. If the ﬁumber of sampling times C is at
most the specified value Cref, the CPU 21 proceeds to
the processing in step S25 as with the above process.
In contrast, if the number of sampling times C exceeds
20 the specified value Cref as a result of repetition of
the processing between the steps 825 and 830, the CPU
21 determines that the head 12 should have reached
the stopper 162 of the ramp 16. 1In this case, the CPU
21 completes the head unload control to proceed to
25 processing in step S31.
In step S31, the CPU 21 determines the temporal

integral value for the head speed stored in the



.- 42 the speed change determ ning device determ nes the state of a change
in the novenent speed to be either a first speed change state in which
after reaching the target speed, the head reaches the ranp 5 and is

decel erated and then reaccelerated to return to the target speed or a
second speed change state in which after reaching the target speed, the
head reaches the ranp and is decel erated and then not reaccel erated; 10 the
reaccel eration determ ning device detern @€s that the head has been
reaccelerated if the speed change determ ning device determ nes the first
speed change state, and determ nes that the head has not been reaccel erated
if the speed changegdelevalnengetbstevi éé2devér hreBAMhEl8etonbespeed
change state; and if the reaccel erati on determ ning devi ce detern nes that
the head has nothBeeHr¥eREcBrafabederehé Héa820RFP0RE - op&hat FBH dét er ni ning

devi det ' ' he head d ion. 20 6. The disk

dri ve. accor ti ng Ebebharfns, DRRBRG An FhE Saasd BRaRBE HLFEPRENPAGdevi ce
includ fl ting.deyi ich t fl indi cat i he stat
of a change i n TRECHGVbnaht CSPEBaCD: ABST PG RaDPREPSA PRAC GEVETRols, a @ -
fi fl g .t . [ I h
iret 19 ot a e rancaarbho actrares; BVBnentris Rekdona S4B e whie”

target speed bufcRotnbeagbge Lbe«LamRR, gébﬁggcﬁgégéﬁ egopd thag etg@’ﬁ‘ us

indicating a state in which the head h has been el erated
but has not beepiieacepkevatad yeh-pandriBectBhid thagapkatusel RAIGRLI NG a
state in which the head has been 5 reaccelerated to return to the target
speed; if the heAdtheadhéseirbactabgetvespeete hbadf hageaparatiingatew ce
changes the flag to the first flag status when the flag has the initial
status and to tha &hilrthe| hgadt apusmehéndtiheahkcagDBas The S@forkd stharus, 10
and if the head decelerates fromthe target speed by a predeterm ned | evel
when thel§l ag h@sterBinppsvherhgrsest oL the VRageop®RabPigigewined leffanges
the flag to the second flag status; and after the speed feedback control
has been 15 perEBfRedlenerpretspeéiereacruiver (9tep| $2R) - t heNspERETchange
determ ni ng device determ nes the second speed change state if the flag has
t he second flagwgfﬁ?UStéﬁchEt tnfREETIRBEP; FEEtEF&e@ chRR g NSt ate if the

flag has the third fl status. 20 7. . The disk _dri,ve according.to claim4,
mhe?ein: t he sp%%ﬁr%ﬂggaga eteV Al gddégﬁBgengeﬁﬁiﬁ@gaghgosggFé of a

h inth t L.ther [ d. tate i
whi Ch i ter roath NGRS TargetodnEht Fhs bkl PRoRRoe FRETP IR 25 and i s

decel eraled andyLhgn NORCCAUS AL olhd O AUy IAh Ol 8L AR, SPRRTLOE 2

second speed change state in after reaching the target speed, fhe
head - 44 regrBeschpBrbaMn@Bgrhs ¢acakeratednandhbeneely, reaccel erated
or a third speed change state in"which after reaching the target speed, the
head reaches theepaspeatd thedgeekpeatediamdnihenfr eaecelatied but 5 does
not return to the target speed; the reaccel eration determ ning device
determ nes thateshémhead Hazihgenheeaceekatahedd funtilbedspesd rel1ange

determ ning device determnes the first or third speed change state, and
det er mi nes t hatAtherHéadly) haa-bat <Heknsheatdeberatedbilfshhd $fiebddadhange
determ ni ng device determ nes the second speed change state; and if the
reaccel e2@ti on delepdi aPngradviicepgetormedes rivmberrhe théddasasawstl Been
reaccel erated, 15 the head unl oad_operation determ ning device determ nes
an error in thetRheaButhrga@foperelisg. tameph€ dieskigidy & cadedridiig/ to cl ai m

7, wherein: the sEee cgan%e det%rnining devi_ce includes a
unload the head 12 in the parking portion 161 of the

ramp 16 and if the head 12 (tab 144) has correctly
reached the stopper 162 of the parking portion 161.

25 The relationship |DA-DB|<AD, like C<Cref, is a kind
of condition for determining that head unload is

completed.



.flag operating device which operates a flag indicating 20 the state of a
change in the novenent speed, the flag having an initial status, a first
flag status, a second flag status, a third flag status, or a fourth flag
status, the first flag status indicating a state in which the head has
reached the target speed but not 25 reached the ranp, the second fl ag
status indicating a state in which the head has reached the ranp and has
been decel erated but has not been reaccel €3ated yet, - 45 the third flag
status indicating a state in which the head has been reaccelerated to
return to the target speed, and the fourth flag status indicating a state
in which the head hashbéenife&beeVedaeed DButDBHag snemad lregt theed tthe t he
target speed; if the head reaches the target speed, the flag operating
devi ce changes TheLFFERCE0 A Me(F79R1SI2hg SeattRUwhendeherREAGShEBathe

initial status and to the third flag status when the f|ag, has ,the second
status, 10 and ??et%gaﬂeﬁﬂaaégePBFﬁgééoﬁr ﬁFtﬁHCF§F&§F's%§€& Bf'at%e

predeter i ned | pygl whenabhecLlagahgspthe itshell 38 Sl pendiis 1129

operating devi ce changes secon ag stat &S "and if the

head reacgel erabgse Whgn1ENeck! pgehagn h§6s?%QB% %b@Q.St%%U%onEQEs%'ag 15
ourt an

operating device changes the flag to the f l'ag st atus; af'ter the

'speed feedback centhel vhagebegn-penf osned thespr enepegirfreed enbep of
times, the speed change determ ning device determ nes the second speed 20

change state if (sbepfbag) hashthepsegondetkagiskat 4hatdeher Heres dhedd r st
speed chap has the third flag status, and speed change state if the flag

status. 25 9. Aodesktilohvéshavkagyater hbttrenfanlad,eedrdi ig,Swheacedri ve
conprising: zge state if the flag determnes the third has the fourth flag
head whi ch reads2dasauntikedlyskp hhwediskoaded4én aheapbudtion wointhon
supports the head such that the head is novable in a radial direction of
the disktVa ranp®loeht Eeataypes t6miekeprr 8841 di nghdgr fadd sk eeudissk and
having a retract aregago which the head 5 is retracted; a speed detector

configured to d&R8Rt BT nBYERBHE, shBEINER hé HERR dtt4pr édetS&OmPREY anpl i ng
intervals; a se kecontipl gevicE conii?ur%dt 0 nove gge he%% %o:
particul ar radi 81 pbsFtiBR%oRUFABCPeCEFdPAgtLE SAFPade of e fGiskiHef ore a

nead unl 0ad 994 8 o8l LeLBRLLDN, BUEEBRLeHO LBttt Y e

detected owing to a defect in the back-EMF-voltage

15 detector 173 and when the temporal integral value for
the head speed thus does not represent the correct
head movement distance DB. In this case, even if the
head unload control is performed a number of times
equal to the number of sampling times C required to

20 reliably unload the head 12 in the parking portion 161
of the ramp 16, the value |DA-DB| may be at least the
difference AD. If the head unload operation fails,
the CPU 21 executes an error process, for example,
retries a head unload operation.

25 The head unload control may be continued until

the relationship |DA-DB|<AD is established. 1In this

case, the head unload operation can be determined to



. perf.orm speed feedback control for the head unl oad operation on the basis
of the novenent speed of the 15 head detected by the speed detector, the
speed feedback control being perfornmed to nmake the novenent speed of the
head equal to a target value and being perfornmed a pre-specified nunber of
times required to retract the head to the retract area of the ranp; 20 a
speed change determ ning device which determnes a state of a change in the
movenent speed of the head detected by-thé@4speed detector; and a

reaccel eration determ ning device which operates after the speed feedback
control has been 25 perfornmed the predeterm ned nunber of tines, to
det er mi ne whet heg shecpeafuhasfrehehadmbhs panpamndihgstbaes fedél erat ed
and then reaccelerated, on the - 47 basis of a result of the

det er i nati on byt EhensphedraRdfgetdePEdf ifirn deve ceelanteashbad unl oad
operation determping, device which determ nes whet her the head unl oad
oBerati on has bg]%}r\"%géf)ﬁr%c]tsf Vahe ik on TR TRE sYbERathE8ult of the
determ nation QXEEdireg ge eggthg Og tern%nigg.device. 10.t A et hod of
control ling a head Unf oad° operat FBRC P heCREA8  uAroRE TBRBFAE N retracting a

head 10 |gcat echonea-eg o LRI AU age 0b 3:dbok k9 BLbeLl Aat ke of a

ranp placed awa romthe recording surface of the dis t he method

conpri si ng: nvviﬂglinsdh§a9fgeea1@@rBkceh@rraa%i@%.position on the
recordi ng surface of the disk before the head 15 unl oad operation;

detecting a novemeatirspeedonf the head at predeterm ned sanpling intervals
during a period of the head unl oad operation in which the head noved to the
particul ar radi al poSbwioa medictiractied bd the 20oret kabbddiwea tofwitllie ranp;
be described. This modification is characterized in
10 that a failure (error) in head unload operation is
determined (error determination) utilizing a change
in head speed determined from the back-EMF-voltage
detected by the back-EMF-voltage detector 173. 1In a
head unload operation applied according to the present
15 modification, the target speed Vt for the head 12 is
set at the value Vt0 as in the case of the above
embodiment. The head unload operation includes a step
in which the head 12 (tab 144) reaches and contacts
with the ramp 16 (in particular, the head 12 climbs
20 the inclined surface 164 of the ramp 16). In this
step, the head speed V temporarily decreases.
FIG. 5 shows the relationship between the head
position and both a variation in the head speed and
a variation in VCM current which relationship is
25 observed if a head unload operation is correctly
performed. As shown in FIG. 5, immediately after

a time tl at which the head unload operation is



. perform ng speed feedback control for the head unl oad operation at the
sanpling intervals on the basis of the detected novenent speed of the head,
t he speed feedback control being perforned to nmake the 25 novenent speed of
the head equal to a target value and being performed a pre-specified nunber
of times required to retract the head to the retract area of - 48 the
ranp; estimting a novenent distance of the head, the estimted novenent

di stance of the head being cal cul ated by RAtegrating the speed detected at
the 5 sanpling intervals; and determ ning whet her the head unl oad operation
has been correctly conpleted on the basis of the novenent distance of the
head esti mat ed ataetedheaspeedef BéMbavkreoht Lol ghnserbeed peckoseed t he
pre-specified 10 nunber of tines. 11. The method according to claim 10,
further conpristhgredeserniarag, daffenensanpetngennteevaesd arsedt & of a
change in the novenent speed of the head detected 15 by the speed detector
at the sanplinga?ﬁt5?9aF r98hdSBEEEr HFni ngURAEEHER tike HBSH ﬁg§ P&&ched the

ranp and has been decel erated and_then reaccel erate on the_basis of the
state of the ch? %%giﬁ ?ﬁ%oﬁﬁ§eﬁgﬂ?sgp888ageg8r ﬁegaéﬁférvﬁﬁgesgzéd
f eedback <ontr as~0 e he -speci ti upber _of tines;
and deter%iningéage?%%rc?ﬁggﬂgagggagggggQpe?égpéngﬁaé ggg% g%(ré@?ly
conpl eted on theehasis pbathesnenemenipdi gt anaecfshi BRLedsakber tihg speed

f eedback control has been performed the pre-specified nunber of tines 25
and the result ohethecteteansnathes 164 bAethe ramp 16. The head
speed V thus decreases to increase the VCM current.
Subsequently, the head 12 finishes climbing the

10 inclined surface 164 of the ramp 16. The head speed V
thus returns to the target value Vt, that is, the head
12 is reaccelerated. The VCM current then decreases.
Then, at a time t3, the head 12 reaches the stopper
162 of the ramp 16. The head speed V then becomes

15 zero. At the head speed V of zero, the VCM current is
maximized.

According to the modification of the embodiment,
a change in head speed V is utilized to determine
whether or not a head unload operation has failed.

20 First, as in the case of the example shown in FIG. 5,
if the head 12 reaccelerates after the head speed V
has decreased, it is estimated to have completely
climbed the inclined surface 164 of the ramp 16.

It is then assumed in this situation that head unload

25 control (speed feedback control for the head unlock
control) has been performed a number of times equal to

the number of sampling times C required to reliably



. reaccel eration. 12. A method of controlling a head unl oad - 49

operation, the head unl oad operation retracting a head | ocated on a
recording surface of a disk to a retract area of a ranp placed away from
the recording surface of the disk, the nethod conprising: 5 noving the head
to a particular radial position on the recording surface of the disk before
t he head unl oad operation; detecting a novenent speed of the head at
predeterm ned sanpling intervals during a$riod of 10 the head unl oad
operation in which the head noved to the particular-radial position is
retracted to the retract area of the ranp; perform ng speed feedback
control for theURéadduhhBabeaperat iidnthe Phe&kdagppoad lom dddalod e he 15
basi s of the detecteﬂénovenent speed of the head, the speed feedback

control being pEFfBriBd t " maReESt RESRovéREntesfedd éF EHPeRERd équal to a
Lo Petract the Hala FesPRBorENBoER R 8a" BPts0otnd Alaty, e ey, at the
[ i nt h in_t.h t d of the head
Got oot od by tneceneeluahPLs, ornd, SRR Tk RrknSolReE o SPRGR et e i ng
whether the headopasniaganed higeraiBoZaqsgad Nap BegR degel glalgd and then

reaccel erated, on the basis o result of the state of tHe change in the
novenent speed deher mhnednafhabuthe spegdefgedhacken wr3Qr ¢oRt HRlIzas been

performed the predeterm ned nunber of tines; and determ ning whet her the
head unl oad opesptednvhhAss decreased, it is estimated to remain

stopped on the inclined surface 164 of the ramp 12.

In this case, the head unload operation can be

10 determined to have failed.
FIG. 6 shows the relationship between the

head position and both a variation in the head and

a variation in VCM current which relationship is

observed if a head unload operation has failed.

15 FIG. 6 shows that after a time tl1l2 at which the head
12 reaches the ramp 16, it fails to completely climb
the inclined surface 164 of the ramp 12 and remains
stopped on the inclined surface 164. 1In the example
shown in FIG. 6, at the time t12, the head speed V

20 decreases to increase the VCM current. Then, when the
head 12 is stopped on the inclined surface 164 of_the
ramp 16 to zero the head speed, the VCM current is
maximized.

In the modification of the embodiment, a minimum

25 head speed Vmin detected during a period of head
unload is utilized to determine whether or not a head

unload operation has failed. Thus, a storage area of



. been correctly conpleted on the basis of a result of 5 determnation as to
whet her the head has reached the ranp and has been decel erated and then
reaccel erated. .AYL. AY;
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the head speed V of the head 12 has reached the target

25 value Vt but has not reached the inclined surface 164

of the ramp 16 yet. F2 represents the state in which

the head has reached the inclined surface 164 of the
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109& ()-F f109%& ()-4A $AELC i ! F % 0% ( RSF -
%40%0& ()-L$10% ()-, F"109& ()-F
ramp 16 and has been decelerated but has not been
reaccelerated yet. F3 represents the state in which
the head 12 has been reaccelerated with its speed
returning to the target value Vt. F4 represents the
5 state in which the head has reached the inclined
surface 164 of the ramp 16 and has been reaccelerated
but has not returned to the target speed Vt yet.
After executing the steps S42 and S43, the CPU 21
performs seek control to move the head 12 to the
10 particular track on the disk 11 (step S44). Then, the
CPU 21 determines whether or not the value in the
counter C (the number of sampling times C) exceeds the
specified value Cref (step S45). If the number of
sampling times C is at most the specified value Cref
15 as in the case of this example, the CPU 21 waits for
pre-specified one éampling cycle (step S46) in order
to continue (perform) the head unload control. Then,
the CPU 21 detects the head speed V on the basis of
the back-EMF-voltage of the VCM 15 detected by the
20 back-EMF-voltage detector 173 (step S47).
The CPU 21 determines whether or not the head
speed V has reached the target value Vt (step S48).
This determination is made depending on whéther or not
the head speed V is within the range of the target
25 value Vt+AV (AV is a difference). If the head speed
V has not reached the target value Vt, the CPU 21

determines whether the status of the flag F is Fl or
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109%& ()-F 510%&F¢) {2tern54948aBaVe) F 109u&h{ip- Fxampde, ( Fhed flagu® @e- F
FO. 1If the status of the flag F is thus neither F1
nor F2, the CPU 21 calculates the amount of control
provided to the VCM driver 172 on the basis of the
5 difference between the head speed V detected and the
target value Vt (step S51). The CPU 21 provides the
VCM driver 172 with the amount of control calculated.
The CPU 21 thus causes the VCM driver 172 to output
a VCM current corresponding to the amount of control,
10 to the VCM 15 (step S52).
After providing the VCM driver 172 with the
amount of control calculated in step S51, the CPU 21
increments the counter C by one (step S53). The CPU
21 then returns to the processing in step S45.
15 In step S45, the CPU 21 determines whether or not
the value in the counter C (that is, the number of
sampling times C) exceeds the specified number of
times Cref. If the number of sampling times C is at
most the specified value Cref, the CPU 21 detects the
20 head speed V one sampling cycle later as in the case
of the above process (steps S46 and S47).
It is assumed that the head speed V detected then
reaches the target value Vt. If the head speed V has
reached the target value Vt (step S48), the CPU 21
25 determines that the status of the flag F is FO (step
S54). If F=r0, the CPU 21 determines that the head

speed V of the head 12 has just reached the target
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2} oP1K 10%&' ()-yZ10e®kVE) for the first time since the start of the
. head unload and that the head 12 has not reached the
inclined surface 164 of the ramp 16. In this case,
the CPU 21 changes the status of the flag F from FO to
5 F1 (step S55) and then proceeds to the processing in
step S51.
It is assumed that the head 12 subsequently
reaches the inclined surface 164 of the ramp 16.
Then, the head speed V of the head 12 decreases below
10 the target value Vt as shown in FIG. 5 or 6. In this
case, the CPU 21 determines that the head speed V has
not reached the target value Vt (step S48). The CPU
21 then proceeds to the processing in step S49.
In step S49, the CPU 21 determines whether or not the
15 status of the flag F is Fl. If F=Fl as in the case of
this example, the CPU 21 determines that the head
speed V is lower than the minimum head speed Vmin
indicated by the minimum head speed register 212b
(step S56).
20 If V<Vmin, the CPU 21 updates the contents of the
register 212b to a value for the current head speed V
(step S57). The CPU 21 then determines whether or not
the minimum head speed Vmin indicated by the updated
register 212b (that is, the current head speed V) is
25 lower than a deceleration level Vd (step S58). The

deceleration level Vd is set as shown in:

vd = (1 - @) Vt (1)
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for example, 0.1. That is, the deceleration level Vd
is set at a value smaller than the target value Vt by
a specified value.

5 If the speed Vmin is lower than the level Vd
(step S58), the CPU 21 determines that the head 12 has
reached the inclined surface 164 of the ramp 16 (step
S59). 1In this case, the CPU 21 changes the status of
the flag F from Fl1 to F2 (step S60). The CPU 21 then

10 proceeds to the processing in step S51. On the other
hand, if speed Vmin is at least the level Vd (step
S58), the CPU 21 skips the steps S59 and S60 to
proceed to the processing in step S51. The CPU 21
also proceeds to the processing in step S51 if the

15 current head speed V is at least the minimum head
speed Vmin indicated by the current.register 212b
(step 856).

Once the head 12 reaches the inclined surface 164

of the ramp 16, it is reaccelerated as shown in FIG. 5

20 if it is in a normal state. Then, the head 12 returns
to the target speed Vt and is then stopped by the
stopper 162 of the ramp 16. Then, according to the
present modification, to determine this state to be
a success in the head unload operation, the process

25 described below is executed after the head 12 has been
determined to reach the inclined surface 164 of the

ramp 16 (that is, after the status of the flag F has
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has reached the target value Vt (step S48), the CPU 21
determines whether or not the status of the flag F is
FO (step S54). In this case, the status of the flag F
is F2 and not FO0. ' Then, the CPU 21 proceeds from step
S54 to processing in step S61. 1In step S61, the CPU
21 determines whether or not the status of the flag F
is F2 or F4. If F=F2 as in the case of this example,
the CPU 21 determines that the head 12 has reached

the inclined surface 164 of the ramp 16 and has been
decelerated and then reaccelerated to return to the
target speed Vt (step S62). If F=F4, the CPU 21 also
determines that the head 12 has been reaccelerated to
return to the target speed Vt (step S62). Upon
determining that the head 12 has been reaccelerated

to return to the target speed Vt, the CPU 21 changes
the status of the flag F to F3 (step S$63). The CPU

21 then proceeds to the processing in step S51.

In contrast, if the status of the flag F 1s neither F2
nor F4, the CPU 21 skips the steps S62 and S63 to
proceed to step S51.

On the other hand, the head 12 may become
immovable after stopping on the inclined surface 164
of the ramp 16 as in the case of the example shown in
FIG. 6. In this case, the CPU 21 must determine that

the head unlocad operation has failed. Further, after

10
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9. A state such as the one shown in FIG. 9 may
5 occur 1if a high torque is applied to the actuator 14
when the head 12 is moved from the inclined surface
164 of the ramp 16 to the parking portion 161 or if
a control gain in the feedback control is low. The
torque applied to the actuator 14 increases if for
10 example, a large frictional force acts between the
head 12'(tab 144) and the inclined surface 164 of the
ramp 16. TIf the head 12 is reaccelerated, even though
it fails to reach the target speed Vt, the head 12
generally reaches the stopper 162 of the ramp 16 as
15 ; in the case of the example shown in FIG. 9. This must
be determined to be a success in the head unload
operation.
Thus, according to the present modification,
after the status of the flag F has changed from Fl to
20 '~ F2 as a result of the determination that the head 12
has reached inclined surface 164 of the ramp 16, the
process described below is executed if the héad 12
fails to reach the target speed Vt. First, 1f the
head speed V detected in step S47 has not reached the
25 target value Vt (step S48), the CPU 21 determines
whether or not the status of the flag F is Fl (step

S49). In this case, the status of the flag F is F2
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10 10 10 !gnd not Fl. Then, the CPU 21 proceeds from step S49
to processing in step S850. In step S50, the CPU 21
determines whether or not the status of the flag F
is F2.
5 If F=F2 as in the case of this example, the CPU
21 determines that the head speed V exceeds a reaccel-
eration level Va (step S64). The reacceleration level
Va is determined at least from the target speed Vt.
In this case, the reacceleration level Va is set as
10 shown in:
Va = Vmin + B (Vt - Vmin) (2)
where B is a positive value smaller than 1 (0<f3<1),
for example, 0.8. That is, the reacceleration level
Va is set at a speed higher than the head speed
15 (minimum head speed) Vmin obtained when the head 12 is
determined to reach the inclined surface 164 of the
ramp 16, by a specified fraction of the difference
between the target speed Vt and the minimum head speed
Vmin. The reacceleration level Va may be set at a
20 value smaller than the target value Vt by a specified
value.
If the head speed V exceeds the reacceleration
level Va (step S64), the CPU 21 determines that the
head 12 has not returned to the target speed Vt but
25 = has been accelerated (step S65). In this case,

the CPU 21 changes the status of the flag F from F2

to F4 (step S66). The CPU 21 then proceeds to the
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(step S64), the CPU 21 skips the steps 565 and S66 to
proceed to the processing in step S51. It is then

5 assumed that after the status of the flag F has been
changed to F4 in step 66, the head speed V reaches the
target value Vt. 1In this case, the CPU 21 proceeds to
processing in step S63 via the steps S48, S54, Sé61,
and S62 to change the status of the flag F from F4

10 to F3.

It is then assumed that the number of sampling
times C exceeds the specified value Cref as a result
of repetition of the feedback control for making the
head speed V of the head 12 equal to the target value

15 Vt. If the number of sampling times C exceeds the
specified value Cref (step S45), the CPU 21 determines
that the head 12 should have reached the stopper 162
of the ramp 16 as in the case of the above embodiment.
In this case, the CPU 21 completes the head unload.

20 control to proceed to processing in step S67. In step
S67, the CPU 21 checks.the status of the flag F to
determine whether or not the status of the flag F is
F3 or F4. First, it is assumed that the CPU 21

| determines that the status of the flag F is F3 or F4.

25 Specifically, it is assumed that the head 12 has

reached the inclined surface 164 of the ramp 16 and

has been decelerated and then reaccelerated. In this
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;0 1073 case, the CPU 12 determines that the conditions for

the determination that head unload is completed have

been met. The CPU 12 thus determines that the head

unload operation has succeeded (step S$S68). 1In
5 contrast, it is-assumed that the status of the flag G
is determined to be neither F3 nor F4. 1In this case,

the CPU 21 determines that the head unload operation
has failed (step S69). Then, the CPU 21 executes
an error process, for example, retries a head unload

10 operation.

A first or second condition described below may
be used to determine in step S48 whether or not the
head speed V has reached the target value Vt. The
first condition is that the head speed V consecutively

15 falls within the range of the target value Vt:tAV
a pre-specified number of sampling times. The second
condition is that an average head speed determined
from the pre-specified number of the latest samplings
falls within the range of the target value VtzAV.

20 This also applies to conditions for the determination
in step S56 that the head speed V is lower than the
minimum head speed Vmin indicated by the minimum head
speed register 212b. It also applies to conditions
for the determination in step S58 that the minimum

25 head speed Vmin is lower than the deceleration level
vd. It further applies to conditions for the

determination in step S64 that the head speed V
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' In the above modification, if the status of the
flag F is F4 when the number of sampling times C
exceeds the specified value Cref, the control gain in
5 the next head unload control (feedback control for
the head unload control) may be increased. Moreover,
it is possible to combine the determination for head
unload completion utilizing the head movement distance
applied according to the above embodiment, with the
10 determination for head unload completion utilizing a
change in head speed on the inclined surface 164 of
the ramp 16 applied according to the above modifica-
tion. That is, the head unload operation can be
determined to have succeeded if the conditions for the
15 determination of head unload completion are met by all
of the number of sampling times C, the head movement
distance, and the status of the flag F. In this case,
the determination of the head unload operation can be
made further reliable compared to the above embodiment
20 and its modification.
In the above embodiment and its modification,
the present invention is applied to a hard disk drive
(HDD) . However, the present invention is applicable
to a disk drive other than a hard disk drive, such as
25 a magneto-optical disk drive, provided that the drive

employs the head unload control for unloading the head

located on the recording surface of the disk to a
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position located away from the recording surface.
Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
5 the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A disk drive having a head which reads data
written on a recording surface of a disk, the disk
drive comprising:

an actuator which supports the head such that the
head is movable in a radial direction of the disk;

a ramp located away from the recording surface of
the disk and having a retract area to which the head
is retracted;

a speed detector configured to detect a movement
speed of the head at predetermined sampling intervals;

a seek control device configured to move the head
to a particular radial position on the recording
surface of the disk before a head unload operation of
retracting the head to the retract area of the ramp;

a speed feedback control device configured to
perform speed feedback control for the head unload
operation on the basis of the movement speed of the
head detected by the speed detector, the speed
feedback control being performed to make the movement
speed of the head equal to a target value and being
performed a pre-specified number of times required to
retract the head to the retract area of the ramp;

an estimation device configured to estimate a
movement distance of the head, the estimation device
calculating the estimated movement distance of the

head by integrating the movement speed of the head

10 10 10Y :109%& ()- }[<b@ 109 "109%& ()-'9 "109%& ()-!9
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detected by the speed detector; and
a head unload operation determining device
configured to determine whether the head unload
operation has been correctly completed on the basis of
5 the movement distance of the head estimated by the
estimation device after the speed feedback control has
been performed the pre-specified number of times.
2. The disk drive according to claim 1, further
comprising:
10 a measuring device configured to pre-measure, as
a reference movement distance, the movement distance
of the head required to retract the head from the
particular radial direction to the retract position of
the ramp; and
15 a nonvolatile storage device which saves the
reference movement distance measured by the measuring
device,
and wherein the head unload operation determining
device determines whether the head unioad operation
20 has been correctly completed on the basis of the
movement distance estimated by the estimation device
and the reference movement distance saved by the
Storage device.
3. The disk drive according to claim 2, wherein
25 the measuring device includes:

a control device which causes the speed feedback

control device to perform speed feedback control at
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control for a normal head unlocad operation; and

a reference movement distance determining device

which configured to determine the movement distance

5 estimated by the estimation means after the speed
feedback control has been performed the pre-specified
number of times, to be the reference movement
distance. |

4. The disk drive according to claim 1, further

10 comprising:

a speed change determining device which
determines a state of a change in the movement speed
of the head detected by the speéd detector; and

‘a reacceleration determining device which

15 determines whether the head has reached the ramp and
has been decelerated and then reaccelerated, on the
basis of a result of the determination by the speed
change determining device;

and wherein the head unload operation determining

20 device determines whether the head unload operation
has been correctly completed on the basis of the
movement distance estimated by the estimation device
after the speed feedback control has been performed
the pre-specified number of times and the result of

25 the determination by the reacceleration determining
device.

5. The disk drive according to claim 4, wherein:
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the speed change determining device determines
the state of a change in the movement speed to be
either a first speed change state in which after
reaching the target speed, the head reaches the ramp

5 and is decelerated and then reaccelerated to return to

the target speed or a second speed change state in
which after reaching the target speed, the head
reaches the ramp and is decelerated and then not
reaccelerated;

10 the reaéceleration determining device determines
that the head has been réaccelerated if the speed
change determining device determines the first speed
change state, and determines that the head has not
been reaccelerated if the speed change determining

15 device determines the second speed change state; and

if the reacceleration determining device
determines that the head has not been reaccelerated,
the head unload operation determining device
determines an error in the head unload operatién.

20 6. The disk drive according to claim 5, wherein:

the speed change determining device includes a
flag operating device which operates a flag indicating
the state of a change in the movement speed, the flag
having an initial status, a first flag status, a

25 second flag status, or a third flag status, the first
flag status indicating a state in which the head has

reached the target speed but not reached the ramp, the
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second flag status indicating a state in which the
head has reached and has been decelerated but has not
been reaccelerated yet, and the third flag status
indicating a state in which the head has been
5 reaccelerated to return to the target speed;
if the head reaches the target speed, the flag
operating device changes the flag to the first flag
status when the flag has the initial status and to the
third flag status when the flag has the second status,
10 and 1f the head decelerates from the target speed by
a predetermined level when the flag has the first flag
status, the flag operating device changes the flag to
the second flag status; and
after the speed feedback control has been
15 performed the pre-specified number of times, the speed
change determining device determines the second speed
change state if the flag has the second flag status
and determines the first speed change state if the
flag has the third flag status.
20 7. The disk drive according to claim 4, wherein:
the speed change determining device determines
the state of a change in the movement speed to be
either a first speed change state in which after
reaching the target speed, the head reaches the ramp
25 and 1s decelerated and then reaccelerated to return to
the target speed or a second speed change state in

which after reaching the target speed, the head
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reaches the ramp and is decelerated and then not
reaccelerated or a third speed change state in which
after reaching the target speed, the head reaches the
ramp and is decelerated and then reaccelerated but
5 does not return to the target speed:;
the reacceleration determining device determines
that the head has been reaccelerated if the speed
change determining device determines the first or
third speed change state, and determines that the head
10 has not been reaccelerated if the speed change
determining device determines the second speed change
state; and
if the reacceleration determining device
determines that the head has not been reaccelerated,
15 the head unload operation determining device
determines an error in the head unload operation.
8. The disk drive according to claim 7, wherein:
the speed change determining device includes a
flag operating device which operates a flag indicating
20 .the state of a change in the movement speed, the flag
having an initial status, a first flag status, a
second flag status, a third flég status, or a fourth
flag status, the first flag status indicating a state
in which the head has reached the target speed but not
25 reached the ramp, the second flag status indicating a
state in which the head has reached the ramp and has

been decelerated but has not been reaccelerated yet,
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head has been reaccelerated to return to the target
speed, and the fourth flag status indicating a state
in which the head has been reaccelerated but has not
5 returned to the target speed;
if the head reaches the target speed, the flag
operating device changes the flag to the first flag
status when the flag hés the initial status and to the
third flag status when the flag has the second status,
10 and if the head decelerates from the target speed by
a predetermined level when the flag has the first flag
status, the flag operating device changes the flag to
the second flag status, and if the head reaccelerates
when the flag has the second flag status, the flag
15 operating device changes the flag to the fourth flag
status; and
after the speed feedback control has been
performed the pre-specified number of times, the speed
change determining device determines the second speed
20 change state if the flag has the second flag status,
determines the first speed change state if the flag
has the third flag status, and determines the third
speed change state if the flag has the fourth flag
status.
25 9. A disk drive having a head which reads data

written on a recording surface of a disk, the disk

drive comprising:
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an actuator which supports the head such that the
head is movable in a radial direction of the disk;

a ramp located away from the recording surface of
the disk and having a retract area to which the head

5 is retracted;

a speed detector configured to detect a movement
speed of the head at predetermined sampling intervals;

a seek control device configured to move the head
to a particular radial position on the recording

10 surface of the disk before a head unload operation of
retracting the head to the retract area of the ramp;

a speed feedback control device configured to
perform speed feedback control for the head unload
operation on the basis of the movement speed of the

15 . head detected by the speed detector, the speed
feedback control being performed to make the movement
speed of the head equal to a target value and being
performed a pre-specified number of times required to
retract the head to the retract area of the ramp:;

20 a speed change determining device which
determines a state of a change in the movement speed
of the head detected by the speed detector; and

a reacceleration determining device which
operates after the speed feedback control has been

25 performed the predetermined number of times, to

determine whether the head has reached the ramp and

has been decelerated and then reaccelerated, on the
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basis of a result of the determination by the speed
change determining device; and

a head unload operation determining device which
determines whether the head unlocad operation has been
correctly completed on the basis of a result of the
determination by the reacceleration determining
device. _

10. A method of controlling a head unload
operation, the head unload operation retracting a head
located on a recording surface of a disk to a retract
area of a ramp placed away from the recording surface
of the disk, the method comprising:

moving the head to a particular radial position
on the recording surface of the disk before the head
unload operation;

detecting a movement speed of the head at
predetermined sampling intervals during a period of
the head unload operation in which the head moved to
the particular radial position is retracted to the
retract area of the ramp;

performing speed feedback control for the head
unload operation at the sampling intervals on the
basis of the detected movement speed of the head, the
speed feedback control being performed to make the
movement speed of the head equal to a target wvalue
and being performed a pre-specified number of times

required to retract the head to the retract area of
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the ramp;
estimating a movement distance of the head,
the estimated movement distance of the head being
calculated by integrating the speed detected at the
5 sampling intervals; and
determining whether the head unload operation has
been correctly completed on the basis of the movement
distance of the head estimated after the speed
feedback control has been performed the pre-specified
10 number of times.
11. The method according to claim 10, further
comprising:
determining, at the sampling intervals, a state
of a change in the movement speed of the head detected
15 by the speed detector at the sampling intervals; and
determining whether the head has reached the ramp
and has been decelerated and then reaccelerated, on
the basis of the state of the change in the movement
speed determined after the speed feedback control has
20 been performed the pre—spe;ified number of times; and
detérmining whether the head unload operation has
been correctly completed on the basis of the movement
distance estimated after the speed feedback control
has been performed the pre-specified number of times
25 and the result of the determination for the
reacceleration.

12. A method of controlling a head unload
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operation, the head unload operation retracting a head
located on a recording surface of a disk to a retract
area of a ramp placed away from the recording surface
of the disk, the method comprising:

5 moving the head to a particular radial position
on the recording surface of the disk before the head
unload operation;

detecting a movement speed of the head at
predetermined sampling intervals during a period of
10 the head unload operation in which the head moved to
the particular radial position is retracted to the
retract area of the ramp;
performing speed feedback control for the head
unload operation at the sampling intervals on the
15 basis of the detected movement speed of the head, the
speed feedback control being performed to make the
movement speed of the head equal to a target value
and being performed a pre-specified number of times
required to retract the head to the retract area of
20 the ramp;
determining, at the sampling intervals, a state
of a change in the movement speed of the head detected
by the speed detector at the sampling intervals; and
determining whether the head has reached the ramp
25 and has been decelerated and then reaccelerated, on
the basis of a result of the state of the change in

the movement speed determined after the speed feedback
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determining whether the head unload operation has
been correctly completed on the basis of a result of
5 determination as to whether the head has reached the

ramp and has been decelerated and then reaccelerated.



