23 Sept enber 2005 Head Loadi ng/ Unl oadi ng Control System For Use in A Disk
Drive Apparatus CROSS-REFERENCE. TO RELATED APPLI CADB®NGtdrhber 200! i cat i on
clainms the benefit of priority from Japanese Patent Applications No.

+ 2001- 137052, filed on May 8, 2001. This application is hereby incorporated
by reference in its entirety. BACKGROUND OF THE | NVENTION Field of the
invention The present invention relates to a disk drive apparatus having a
head 1 oadi ngl unl oadi ng control systemand a nethod for controlling head

| oadi ngl unl oadi ng operations in the apparatus: Mre particularly, it
relates to an apparatus and a nethod for performng reliable head

| oad. i ngl ual oadi ng operations even when a shutdown of a primary power
source occurs during the operation of the disk drive apparatus. Description
of the Related Art Conventionally, a magnetic disk drive apparatus, such as
a hard disk drive apparatus, (hereinafter sinply referred to as a "disk
drive" is used for witing and/or reading data on and froma data

r ecor dHegd doatingfdufoadingCreiroltstem ok dfseria dh DBkaBride Afpakaths by | 0ad- t ug
magnetic head elenents onto a target track in the disk when the rotation
speed of the disk 23 Septenber 2005 reaches a steady state. A spindle notor
(SPM rot at es ¢ROSSBEFERIMNORN D dm@ﬁ(@%ﬂ‘ﬁ@ﬁﬁdi ng operations are
controlled by a central processing unit (! in ed in the apparatus.
The writing/reading head elenents are initially rested upon a

This application claims the benefit of priority from Japanese
~ Patent Applications No. 2001-137052, filed on May 8, 2001. This application

- 18 hereby incarporated by reference in its entirety.

- BACKGROUND OF THE INVENTION

" Field of the Invention

) " The present invention relates to a disk drive apparatus hatiirug
a head loadingfunloading control system and a method for controlling head
loading/unloading opgrations ta the apparﬁtus: More particu[arljlr, it relates
to an apparatus and a method for performing reliable head
_ 1oading!uﬂ[oadi-ng operations even when a shutdown of a primary pewer

. SOULce OCCurs du.riﬁg the operation of the disk drive apparatué. Ny

Description of the Related Art

Codventiona-liy, a magnetic disk drive apparatus, suchasa
‘hard disk drive apparatus, (hereinaﬁxar simply réferr?ed'to as a “disk drive”) .
15 used for writing and/or reading data on and from a data recording disk’
~ medium (hereinafter referred to as a “disk™) by loading magnetic head

elements anto a target track in the disk when the rotation speed of the disk




rest position- During the witinglreading operations, the head el enents are
- loaded fromthe rest position so as to float closel y230sdterabsiobgce of the
di sk when the rotation speed of the disk reaches a steady state in order
to avoid a possible damage of data areas in the disk due to a contact
between a head surface and a disk surface In order to prevent the head
surface fromcontacting the rotating disk surface during 'the head drive
operations, usually, the disk drive applies a contact-start-stop (CSS)
system or a | oadi nglunloading system In the CSS system the head el enents

are placed,on_a,retrac one CSS a in the disk during when the disk
PSSR AR el A iedh patiet MY tptatendhardine. Bievheadi t he CSS
syst em |aghinElgsd/Br LhRddsiaARed r inner side of. the data zone
of the disﬁggla the di sk cdrive oi‘P%ég_‘ﬁﬁﬁﬁﬁ%gdfﬁdﬁﬁﬁr%ga?ﬂg system the
head el en#{CPIBrestubled ¢ tiodagpuhoaded) onto a rest unit (hereinafter,
sinply referred to as a "ranp .unit") provided at near the outer edge. of
the di sk during when the disk is in. anon-rotation state- In both systens,

t he head el ement sqpre pmv the raotation of. a. yoice coil notor (VCM _
A-VCM dri ve crrch?egﬁg%?q%?R%%ﬂﬁﬁ?{%@WEB PENPE Y TS5iRetPedar ot at e the
VCM | nresopésitioh ODuAGEERS evrtdaeﬁ;/'d@huﬁl sAbRY cHeRShy i sk, the
head surface is floated very c oselffﬁ%che i sk sur%g%%?&gﬁﬂg, the data
r ecor di lgded frem thegfest pesidor ko eatr floatrdmsly mitblr selueiofighd Haskhead f1 oati ng

-2 23 Septenper 2005 hei ver, the damages_due to a contact the head
surf ace PR arseta ﬁ?ﬁﬁ%ﬁﬂgﬁéﬁ iicieaghesa strady stage Frearler|te avpdg pover s

r educed_posﬂlﬂ!@ dai.uﬁig@-of data areas in the disk due to a contact between a head

surface and a disk surface.

“In order to prevent the head surface from contacting the
- lioli:'iting disk surface during the head drive operations, usually, the disk
drive applies a contact-start-stop (CSS) sys£em or a loading/unloading
system. In the CSS systém, the head elements are placed on a retract zone
(CSS area) in the disk during when the disk is if a non-rotation state.

- Conventionally, the disk drive of the CSS system includes a ring shéped CSS
area at an inner side of the data zone of the djsk. In the disk drive of the
head loading/unloading system, the head elements are retracted (unloaded)
onto a rest unit (hereinaftér, simply referred to as a“ramp unit”} provided at

 mear the outer edge of the disk during when the disk is in a non-rotation.
state. In both systems, the head elements are moved by the rotation of a
voice coil motor (VCM). A -VCM drive circuit éupplies VCM drive currents in
order to rot;albe the VCM.: A

In order to increase the data r‘e.cordiug. density of the disk, the
_heéld surface is floated very closely to the disk surface. Thus, the data

- recording densily of the disk can increase with reducing the head foating




shutdown of the primary power source for the apparatus occurs during the
operations of the disk drive, the head surface is easideptanisardooes to the
disk surface due to the inertia rotation of the spindle notor (SPM _ In
order to avoid this defect in the disk drive, it needs to retract the head
elements to the CSS area or.the ranmp unit before stopping the spindle
notor (SPM . However, since the primary power source has already shutdown,
there is a need to supply the VCM drive current in order to nove the head
elenments to the rest position froma reserve power source. Conventionally,

it has kg rforma stabilized head retracting operation at
a tine of ?éahtgﬁlggdgﬁﬁg tfs“gﬁtp'g% & ore Fh%o%[}ﬁaﬁéﬁﬁ? heﬁa/ﬁéﬂ’f%ﬁ?éégk For exanpl e],c
Japanes gubhice Blso g hedtv idh Bldhd £ d2h ] hodE, @SSl ghee o
this invention) has -propoesed to acqui re@%pn%%%?zﬁ(%gﬁgﬁ’qg%t rolTing the
head r etshatdavonofithe gainaryopdveadtsoness fok el hpip a4 takEs@nnd A&ihPuPr ocess during.

a.normal operation of the disk drive. Thus, in order to inmmediately

perf or mePREAtiaRs@f Fhn diskdrivg, hechend snfare ineatilyt ainonbed Gonphe dEsk heI Povver
_source W a.lo electric ., power, the anount data for <controlling a
head. ref“rlg% ; due %E%&?ﬁtm E’&W@“g’g&tﬁ%@'&m%(&?m{ﬁmnﬁem dri vi g
- control abbidBhidNEa. ) 0f -4 he orinar r _qource occurs, the hea
el emrent S are moved tﬁg%ag_}rl%?\rl}%g%' 6%nﬁda&r%fxﬁfﬁ%§at#%ﬂ&ﬁ tan. auxiliary
pover stipCES atéa bhehnin ualihBSNRoppin Phy spiddRORIRRTEPNYT the Dback

el ectronotive voltages of the SPM are proposed. The proposed head

r et r act Hogrespo since dhe pyimmiymgwen soatseilasailseadp @hatdowd Rhyse ifgWEVer ,

i ncl udes spme defects, For exanple, if the primary -3 23 Septenber 2005.
-neecP to supply the VCM drive cmrlrg'ent in order to move the head elements to

the rest position from a reserve power source.

Conventionally, it has been pro_poséd to perform a stabilized
head retracting operation at a time of a suddenly shutdown of the primary
power source. For example, dapanese Patept Application P ublication

20002 1073 (the same assignee of this inveation) has proposed to acquire
amount data for controlling the head .rétraqtion based on a head position in a
determination process during a normal opefation of the disk drivé.' Thus, in
~order to immediately pecform the head retractiﬁg operation at a shutdown
‘time of the power source with a lower electric power, the amount data f'or
' o;mtrolh'ng a head retraction 1s periodically acquired during a normal head :
: &ﬁviqg coﬁtrol.time.. Witen ﬁ shutdéwﬁ 6f the primary poﬁrer Source oCCurs,
the head elements are moved to a retraction place by driving through an
au'x’iliary power supply. As the aﬁxi[iar-y power supply, a condenser or the

back electromotive voltages of the SPM are proposed.

The proposed head retracting operation by using the auxiliary

power supply, however, includes some defects. For example, if the primary




power source is shut -down at. imrediately after when the disk drive is
operated, it is inpossible. for retracting the head 2giSymmisertzooshar ge a
sufficient battery voltage in the condenser nor to obtain a sufficient
auxiliary. power by rectifying the back el ectronotive force of the inertia
rotation-of the SPl ki_ Mreover, there is a possibility to find out a
“failure of the coeideuser,even after when a shutdown of the primary power
source has occurred.. If the- primary power source has shutdown in such a
state, -it IS inpossi eahp retract Eﬁﬁgiegggelenents to the rest position.
SUMVARYPR¥ECH 52 N9 B, 3 Srmedipiel after Fhate fbe shisl driyppisr at us and
met hod bgerat@d,! AblsY idpsdsMHIE) Br NSRFhEil’ AR HA0d WERBRLLY, (Rargd BF €dEt €rmi ned
rest position when a shutdown of the primary power ‘source curs during

t he opesfiicmé batteriy olfamkinditie\condduses vampd ebtaiba diffidntearilkayve t he

-aforenment i ongd pr.gbl e nd efects.of _.the conventional  disk drive
appar at B_%W%rngy tt%é:ﬁ%é‘gg&? 3’&8‘( ﬁg‘?cﬁﬁ‘i'l“b‘%‘f en@%rtgf ingttia rofadiongf thginel v, t he
exanpl espnbhodi ment can provide a disk drive and.a nethod for reliably

perform ng head retracting operation when a shutdown of the primary-power
source for the apparatus occurs. According to a first aspect of the present

i nvention, there j Vi inam i C i sk drive.apparafus having
head 23 Septenberhéﬁﬁégﬁbg%?ﬁd?d%ﬂ%?g#ﬁ%ﬁfﬂhgfadﬁg 3 ﬂﬁﬁgggéh?etracting
funct i coonidensgrdever after ailiciCh dRadowhesEHeS plithaty PoRAR Qefidgdsr st

posi tion when a.shutdown of a- Primary, power source occurs; the apparatus
i ncl uditeguregdy 4 Ehe, Brimas postisr 2astred ips ghubdpwm i kuelye stapoviers from t he

impossible to retract the head elements to the rest position.

SUMMARY OF THE INVENTION

Therefore, there is a need for an apparatus and method to
reliably perform a head retra‘cﬁng operation foa predetermined rest position
 when a shutdown. of the primary power source occurs during the operations
of the disk drive. An example embodiment can solve the aforementioned problems and

. defects of the conventional disk drive apparatus and the head loading/unloading operations

thereof. Namely, the example embodiment can provide a

disk drive al}d_.a method for reliably performing head tetraéting operation

- when a shutdown of the primary power source for the apparatus occurs.

According to a first aspect of the present invention, there is provided in a magnetic -

 disk drive apparatus having head




primary power source; a detector configured to detect the power charged in
the reserve power source; a judging unit configure@3tSepidmiies 20bst her the
reserve power source has charged a necessary power for retracting the head
el enents to the rest position when a shutdown of the primary power source
occurs, based on the detected power; and a control unit configured to

al l ow head | oadi ng operation only when it is. judged that the reserve

power source- ; h d t he. necessary power According to a second aspect
of the presenkggﬁﬂgﬁﬁ%%ﬁ?“ﬁé#ﬁ@@@%amiedwdédeamﬂﬁg@ﬁhﬁﬁanH§K¢Qﬁhve

appar at us for rasraddeiHagdi . ' data through - head elenments to and froma
recordi ng medi um i ncl Sﬁ%“;@gé" ?ﬁrﬁ‘%ﬁt@"ﬁﬂledrfeébmﬁlgenwﬁehagma&@nbhﬁ

recordi ng nmedpumady poRer sélata ligpa/ weiting operations; a voice coil
notor configured to nove the hea éﬁgﬁgﬁ?nﬁ ﬁﬁa&duﬁadius direction of the

recordi ng medi um aah@adwwpmﬁerséﬂhkugm@%hQQQ - redet er.m ned head rest
position and _ confi gured to retract the. heaﬁﬁ‘éﬁ%ﬁ%ﬁﬁ’oméﬁr“f‘h@"r ecordi ng

medi um i s in AMOPB EeYYrsouseesp state; 5 23 September 2005 a primary power

source confi gured tqmﬁggﬁl . power voltage to the apparatus, a detector
configured to det et Ao ERY e te Hetept theepowqrah@rged in the reserve

‘power source;
a judging unit configured to Judge whether the reserve power source

has charged a necessary power for retracting the head elements to the rest

position when a shutdown of the primary pewer source occurs, hased on the
detected power; and

a control unit configured to allow head loéding operatioﬁ only when

1t 1s judged that the reserve power source has charged the necessary
power. |

According o a second aspect of the present invention, there is provided a magnetic
disk drive apparatus for writing/reading data through

head elen_lents to and from a recording medium, including;

a spindle motor configured to rotate the record

ing medium during
data reading/writing operations; . | |

. & voice coil motor configured to move the head element along a -
‘radius direction of the recording medium; -

a head rest.unit provided at-a predetermined head rest position and

configured to retract the head element when the recording medium is in a

frotation stop state;




source; .. a: controller -configured to nove the head elenent to a target
position on the recording medium by controlling thes3WikaniRizoos
notor-during the data reading/witing operations; and a reserve power
source configured to supply a power necessary for at |east retracting the-
head el ements to the predeterm ned head rest position Wen. the detector
detects a shutdown of the, primary power source; wherein, the controller is
configured to ret P&F@WW&H“@P@H@%@“{%W%PWMW@Wﬁ&t ®adr est
position byacoglt{t%.l ing the voice coil notor when the detector detects the
‘shut down of *PR% primary power source; and the controller is further

configured to j Udg%e%%hﬁkﬁ?e&'lﬁ%w&a&%&wﬁ@ﬂﬁ&%d&ﬁh@;ﬁp&w@ﬂf ficient
power voltage necessary. to retract the head elenent to the predeterm ned

head rest pesirdckon before starting an unloading control of the head
el ement and to start the unloading control of the head el enent only when
it judges that. thecpatelerconbguredsiouneye thsl lpadelementiios targebpomitionol t age.

According to third _aspeci of the esent invention, there is provided a
met hod for "’Eg“ﬁ rsPrding ‘W‘%‘E‘d‘“llgeﬁ?f‘ W ‘B’b[e‘P%tf’FgHrﬁ’&p'%hrec. etoa
magnetic dig LA e 1gyigng a head retracting function in order
to retract E%ggﬁ%%gﬁeﬁ%o@e?%&‘gﬂ%%%eterm ned rest position by using a
reserve power Souj gesedhiepowersddulcbQsnfighrdd (dupplya PONE n6RYsAE foBacurs; the

met hod i ncluding. 6 23 Septenber 2005 charging a power in the reserve power
sour ce fr onlebblergsrdctimgythe head elements to the predetermined head rest position

Eﬁeq the detector detects a shutdown of the Pprimary power Source; Whereini

the controller is configured to retract the head element to the
predetermined head rest position by controlling the voice coil motor when
the detector detects the shutdown of the primary power source; and
o the controller is further configured to judge whether the reserve

_povire—r sﬁurce holds a sufficient power voltage necessary to relract the head

élement to the predetermined head rest position before starting an |

unloading control of the head element and to start the unloading control of

the head element only when it judges that the reserve power source holds a

sufficient power voltage.

* According to a third aspect of the present invention, there is provided a method for
~-controlling head loading/unloading operation

- applicable to a magnetic disk drive apparatus having a head retracting .
function in order to retract head elements to a predetermined rest position
by using a reserve power source when a shutdown of a primary power source

occurs; the method including:




power source; detecting the power charged in the reserve power source;
judgi ng whether the reserve power source has chargegsadpesmass20ys power for
retracting the head el enents to the rest position when a shutdown of the
primary power source occurs, based on the detected power; allow ng head

| oadi ng operation only when it is judged that the reserve power source has
charged the necessary power. 23 Septenber 2005 The exanpl e enbodi nent can

j udge whet her the C&h@ingiaipaweahpah«ataﬁrd*mpdvaemhm&sﬂtth@qﬁgﬁg@ power
supply for performng the -head retracting operation to a rest position
prior to stdPP°R§OYs® head | oadi ng operation in the apparatus starts- The
magheti c di sk drive, apparatus of the exanple enbodi nent includes; a

det ect or for.detgﬁ??ﬁggﬁg%ﬁﬂFﬂaﬁﬁug?dép 19 FRSeyveraNEaT seuLece; a control |l er

for controlling t - venepnts onto a‘target, posjtio in a recording
medi um by control flﬁiﬁg&‘&{aﬁ’gggﬁtv © HFSCAVS B e %‘B&I‘-’e kBt shareed @ necgHrs| | er .
per f or ms. hepgwéelor fE4ch& rad.J ' gsi tdon.when,the .detector
detects a sﬁut down of t%leéggfei l?réhé@&ﬁ%ﬁgrﬁé%}o@re crgséo‘g?s %?ﬂ?vgf’flianﬂ“&ﬂ‘éw“-dri ve

of the voi cef theipridiRiyowedbol@SUckEr) BU8Ld SOUIL FetbQlaPURRLYI NY @ necessary
power for .performng the head retracting operation to the rest =position
“when the det ect oraléstieg head lsiding oparationtdidy RiticdHE i jodped tisphee; wher ein,
the controller judges whether the reserve power soufce has-charged the
necessary p epgiver puuse hds chasesdithageopssaat powepri or to start the head

| oadi ng control - Thus, the controller starts the head | oading control only
When the controller has judged that the reserve power source has charged a

6a




sufficient power for performng the head retracting operation The magnetic
di sk drive apparatus of the exanpl e enbodi ment can agipwsnir28bsabl e head
retracting operation even when a 6b 23 Sept enber 2005 :shutdown of a
primary power source occurs just after when the disk drive apparatus has
started its operation, since the controller judges whether the reserve
power source has secured a necessary power for performng the head
retracting operation to a predeterm ned rest position prior to start the
head - | oadi ng control. Thus, the magnetic disk drive apparatus of the
exanpl e enbodi nent can reliably performthe head | oadi ng/ unl oadi ng
operations in a primary power-off tinme. An exanple enbodi nent relates to a
magneti c di sk drive apparatus including a condenser for charging an

el ectric power as the reserve power source- Thus, the controller in the
enbodi ment j udges whet her the -condenser has charged a necessary power- for
perfornming a head retracting operation at a time when a shutdown of the
primary power source occurs, prior to start the head | oadi ng operation.
Anot her exanpl e enbodi ment relates to a nmagnetic di sk drive apparatus

i ncludi ng a condenser, for .charging a | egtr| ower and a rectifying
circuit _gor re@?‘? amplg W@d'mé?ténggﬁ%%e@@rﬁ’ﬁﬂﬁg dEYe WPYBUAdl e notor as the

| gl ng RaER R s e <WREV TR Peratirmec e o GsbRoB Bower has
obt ai nedopdratibn'eda3ba fodifisn BEBLo 40NN RS AL B o IS il @Per FOr M the

head retracting operation at a
_ ‘apparatus starts.

The magnetic disk drive apparatus of the example embodiment includes; a detector

for detecting a shutdown of a primary power
| source; a controller for controlling. the head movements onto a target position
in a recording medium by controlling the drive of a voice coil motor; the
controller performs head retracting operation a rest pOSitiOl:_l. when the |
detector detects a shutdown of the primary powér source by controlling the
drive of the voice coil motor; an reserve Apow‘er source for s‘uppl-ying a
necessary power for performing the head retracting operation to the rest
-position when the detector detects a-shutdown of the primary power source;
wherein, the controller judges whether the reserve power source has charged
" the necessary power for the head retracting operation prior to start the head
loading control. Thus, the controller starts the head loading control only
whean the controller has judged that the reserve power source has charged a

. sufficient power for performing the head retracting operation.

| The magpetic disk drive apparatus of the example embodiment can achieve a reliable
head retracting operation even when a

6b



when a shutdown of the primary power source occurs The magnetic disk drive
apparatus of the exanpl e enbodi nent includes head boadihpgidenhpeasli ng
functions and a head retracting 6¢c 23 Septenber 2005 function in order to
retract -head elenents to a predeternined rest position when a shutdown of
a primary power source occurs; the apparatus including: a reserve power
source configured-to charge a power fromthe primry power source; a
detector configured to detect the power charged in the reserve power
source; a judging unit configured to judge whether the reserve power

: sour ce ‘Shatdohal fethbrimBBE SRS SouPQNIcut Pfust SibArhiNthd S8KEAL el enents to
the rest_ position when a shutdown of the primary. power source occurs,

based onappiratdchavstatteddwoperatich, Hia@rthe ehnttolldr jaopds Yhe@@rithe al | ow head
| oadi-ng operation only when it is judged that the reserve power source has
char ged TEREVNRAEESLedmmeecurbonme OERTRIPPTEOfr QErfFHEIRRAW NaBl The

acconpanying.drawi ngs. which are i.ncorporated in and constitute part of
this spe%%tf%éh '%’r?,r%llq"f %\%Pﬁdg%ﬁ}"f‘ﬁ &mﬁpﬁ@ﬁ%t‘éﬁﬁ’fﬁhﬁhéﬂures of tHhe
i nvent i oleadingicantrgbtives, thd migrietie didle sieive pppatitus STathy exdnplecdbaitent tche

i nventi bl e he sane reference nunbers will be used

t hr OUthlE{iabtgﬂe r%ﬁél\}.eﬁg%ﬁ?%ﬂ'r{gﬁuéﬁog‘gﬂ%O%efatfoﬂ%'“laipﬁ'@aﬁ’wgr.‘d?Hmf"hga dr awi ngs
Figure 1 is a functional block diagramof an exenplary configuration for
magneti ¢ di sk drive apparatus in which nmethods and apparatus consi stent

with the present invention may be inplenented  Figure 2 depicts a partially
enlarged view illustrating the main .

An example embodiment relates

o 2 magnetic disk drive apparatus including a condenser for charging an
¢leetric power as the reserve power source. Thus, the controller in the

o A embodiment - udgés whether the
condenser has charged a necessary power for performing a head retracting
operation at a time when a shutdown of the primary bower source 0CCurs,

- prior to start the head loading operation.

Another example embodiment

- relates to a magnetic disk drive apparatus including a condenser for
charging an electric power and a rectifying circuit for rectifying the

- electro-motive force of a spindle motor as the reserve power source. Further
the magnetic disk drive apparatus includes a j udging mechanism for judging
whether a sufficient reserve power has obtained prior to stact the head
loading operation in order to perform the head retracting operation at a time

when a shutdown of the primary power source occurs.

e The magnetic disk drive apparatus of the example embodiment includes head

loading/unloading functions and a head retracting

6c




conponents of the magnetic disk drive apparatus as depicted in Figure | in
order to explain the retracting operation of head ebgmptsmie? 2806anp unit
23 Septenber 2005 'Figure 3 is a functional block diagramof an exenplary
~configuration for reserve. power.so urce f.or achieving a reliable head

unl oadi ng operation at 'a shutdown of the power source of the magnetic disk
drive apparatus in which nethods and apparatus consistent with the present
i nvention may be inplenented Figure 4 is a flow chart for explaining
operations for judging- control propriety of head |loading in the
configuration.illystrated ipn Figure 3_ Figure 5 is a flowhart for

measur i rﬁ‘bn‘ﬁmﬁaff‘t"éa‘ff todetragbhend elements fnje hredetenmined reatawsitivori gure 3.

Fi gure N perm ssi bl e voltage curve in order to explain a
net hod - e%r&lﬁjdégﬁt’ﬁg Oﬁ%P grla FANOT TP B RS e pparaisderiudiag’i | | ustrat ed
| . 1 gUGedarvh piieesourbScdhilghited bo DRlrgl OteelieRh R hRMAPLURE CXeMPl ary
configuration tor reserve power source for achieving a re P3BFE head

unl oadi senueper détiector adnftzuabd tel dwiecbthd fPrdtAMBFIaW (e Bia e magnetic di sk
dri ve apparatus. DETAI LED DESCRI PTI ON Reference 'wil|l now be nade in detai
‘to the BRERpFUNGe: agpdoagimit codigurhed to fuden iwlmthesthempbase pbwehi ch are

i1 lustrated iln tlt]e, a%corrggsggi ngodra ings- Figure | illustrates the 'main
conmponef? S oA Haghame B P {98 refspeitog the bead elamentsttethe with t he

- inventi g pligiofivdlen ALANA0RE RS bHISS, DoTRINSLLS oL SSQ! g odi Sk medi um

.10 of which surfaces :
the detected power; and a control unit configured to allow head loading

operation only when it is judged that the reserve power source has charged

the necessary power.
BRIEF DESCRIPTION OF THE DRAWINGS

" The accompanying drawings, which are incorporated in and

constitute part of this specification, illustrate various embodiments and/or
 features of the invention and together with the description, serve to explain
the invention. Wherever possible, the same referencé numbers will he used

throughout the drawings to the same or the like parts. I'n the drawings:

Figure 1 is a functional block diagram of an exemplary
_configuration for magnetic disk drive a[iparatus in which methods and

- ‘apparatus consistent with the present invention may be implemented.

Figure 2 depicts a partially enlarged view illustrating the main
- components of the magnetic disk drive apparafus as depiéted in Figure 1in

order to explain the retracting :operation of head elements to a ramp unit.




-9 23 Septenber 2005 are coated'with magnetic material, a spindle notor
(SPM 20 for rotating-the disk 10, and a rotary acbg&epterdftrbossdriving a
head slider 40 along a radius direction of the disk 10_ The actuator 30
i ncl udes a suspension armfor holding the head slider 40 and a voice coi
‘notor (VCM 50 for rotating the head slider 40. The head slider 40
supports a pair of magnetic head elenents, i-e , a wite head for witing
data into the disk 10 and a read head for reading data fromthe disk 10.
Al t hough only a first head slider 40 is illustrated in order to sinplify
- .the drawing, a practical. disk drive apparatus includes a second head
slider facing-a bE%Ws‘ﬁlaf@é‘éhPﬁaltm‘éCW@Kr%Of%'eﬁﬁnﬂfﬂg’. and readi ng
data. F it s also possihble to stack: | yralityof disks 10_
Dur | ng.‘g{oe&atl oélfg’fr rﬁeeé' ?i'ipgﬁlearg?‘\l/rece YoJor:1 ‘i‘i}ggi‘dﬁ,ﬁa@ﬁg‘eﬁém 20 rotates the
di sk 10uhldadin® HReSRRES , i ' el enent s
supported-oﬁﬂt%lﬁ%ehead sI?gggé%ﬂaﬁhg%gvﬁ%g&glégggi%\%fagﬁgﬁ(??%ge of the
rot at i ndrivé sppa@tusiinughichheethods anll apgpirsQs Bnsese @R the PRedangur f ace of
the disk 10 along generally a radius direction of the disk 10 by. rotation
of the ‘F’é’?ﬁ?‘?“m?ﬁﬁm'mplsmnbﬁir otary actuator 30 nobves the heads and

determnes a head. position on a target track of the disks 10 under a
servo control. After seeking and positioning on a target track in the disk

10, the head. el er ! he 1 jon.of .the disk 10 in
order to read seﬁ%ﬁtﬁ%ﬁ?%ﬁ%?fﬁ%ﬁ%eg%gmgnfg'fHé‘i]gi‘?%ck in the -
di sk. Aontiol prpasdy bEhesd Badadpin € Qnfighaltgrl illdaératSERl Plrukd 3t he di sk 10.
The disk drive 100 further includes a head anplifier circuit 2, a
read/wite (li/V) circuit 3, a CPU 4, a prinmary power source shutdown

Figure 5 is a flowchart for measuring a battery voltage of the

condenser illustrated in Figure 3.

" Figure 6 illustrates a- permissible voltage curve in order to
" explain a method for judging normalfabnormal states of the condenser

dlustrated in Figure 3.

Figure 7 is a functional block diagram for another exemplary
configuration for reserve power source for achieving a reliable head
" unloading operation at a shutdown of the power source of the magnetic disk

+

drive apparatus.
DETAILED DESCRIPTION

._ Reference will now be made in detail to the exemplary
_emb{)d'i-ments. of the invention, exauiples of which are illustrated in the
accompanying drawings. Figure 1 illustrates the main components of a

magnetic -dis_k;dﬁv,e apparatus 100 consistent with the invention. The disk

drive 100 include's a magnetic recording disk medium 10 of which surfaces
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detecting circuit 5 a D/A converter 6, and a notor driver 7. Each of head
el ements on the head slider 40 is coupled to the head spRntdreposircu-it 2_
Usual ly the head anplifier circuit 2 is provided on a flexible printing
circuit -9 23 Septenber 2005 board (FPC). The head anplifier circuit 2
anplifies.anal og output signals -reproduced by the read head fromthe disk
10-The head anplifier 2 further includes a wite anplifier for converting
wite data supplied fromthe -read/Wite circuit 3. The read/wite (R W)
circuit 3 decodes data fromthe reproduced signals. The RIR'Wcircuit 3

i ncludes a servo patterns reproducing circuit- Thus, the decoded data from
t he repamedyated isitgna?*&eithamm@lsesmdlepabmr(ﬁBW‘mﬁoRkaﬁimg&uht 3 includes
an auto [ ain control (A .f.unction fqr_anplifying the anal og (read)
“si gnal s‘i%%;}@f Had afﬁOB%ﬁYt%“ﬂ@%b for drigtig 2 dead slideg 40 ijP“tgba sadBst ai n vol't age
and. a dgeadiond Q167 ey r.f or m na. .gnal processing
necessary fg)rl?l gfrrpt?‘%f yi ng}b’t Eglq arl(g;ggaﬂs#%ﬁa@gld?%raogﬁgtn%g%ﬁfgf%ﬁct Il on, such

- as a r cpolaigothiediead sliddZ 400061 a d@id. collinbbRr(VONMESHRIEYY rithHptthd has an
encoding function (wite channel) for recording data into the disk 10 and
a ser voheagslider 19nThe head shdergtO supperlistd prjr of magvepahicad pleniandsn t he

read-signal s The- taor .driver 7.includ a - SPM dri v 71 for driving the
SPM 20 %ﬁHA gr‘-\g‘éﬁﬁ rlo\fe“frngﬂgf%%a rt? \%%énsgﬁlg %?df'ﬂw%rﬁﬁ?gfgﬁm "%s rotated
i n-a_hiddia SpRRALLAIS 19] ABhbREH 69@15%@1&4&&%&“&?# Aflshia20 (e SPM driver

71- Thus, the disk 10 is rotated in.a high speed- The VCMdriver 72
suppl i ewdex ke sgoplifyothecdraveng, & rabcalisbdrive syentioigiades 4 he rotary
actuat Osrecgi(l)d hlezrtld shider facing a bottem surface if the disk 10 for writing. and =

reading data. Furthermore, it is also possible to stack a plurality of disks 10..

) During operation of the disk drive apparatus 100, the SPM 20
rotates the disk 10 in a high-speed counterclockwise. The readfwrite head
. elements supported.on the head slider 40 are floating close to a éurface of the
rotating disk 10. Thus, the head slider 40 moves closely on a sx.lrface of the
flisk 10 along generally a radius direction of the disk 10 by rotation of the
rofary actuator 30. The rotary acfuator 30 moves the heads and determines a
head position on a target track of the disks 10 under a servo control. After
seeking and positioning on a target track in the disk 10, the head elements
‘scan the track by the rotation of the disk 10 in order to read serve patterns
recorded in servo areas on the track in the disk. A write head records data

onto a target data sector in the disk 10.

The disk drive 100 further includes a head amplifier circuit 2,
a readfwrite (RIW) circuit 3, a CPU 4, a.brimaf—y power source shutdown
detec_ting circuit 5, a D/A converter 6, and a motor driver 7. Kach of head
elements on the head slider 40 is coupled to the head ampﬁﬁel: circuit 2.

Usually the head amplifier circuit 2 is provided on a flexible printing circuit




this enbodi ment, the notor driver 7 is made as an integrated circuit of
1-chip. Each of the control anpunts of the control oggpRintherespsctively
supplied fromthe SMP driver 71 and.VCM driver 72 is determ ned by the CPU
4. 23 Septenber 2005 The CPU 4 is a main controller for the disk drive 100_
The CPU 4 includes a read only nenory (ROM (not shown) for storing . '
control prograns for perform ng various operations in the disk drive 100_
For exanple, a head control program perforns head seeki ng and head
positioning based on the servo patterns extracted by the RIWcircuit 3_ As

il lustrated J igure 1. -CPU 4 jncludes a head control circuit 41, a
switch’ aa%aﬁl;@’é 'EE? F‘ﬁ?d f*mllcgy‘u’#'ée'écw% amplifgaanplagiowvt stemads rcuit 41
provi degesQakédd by AU rl i CM driver,.72 | der to drive

t he headq%ﬁenentgr ontgag@ggP%g%&%%%%%pgh n ?%%mﬁPs eiggﬂ3hﬁﬁlculating a
di st ancénclodisweenité heplifieg 6r PSR WA dRtDE@TRRE fRadnPosi tion. During a
normal. condition, the switch 44 connects between the output termnal 45 of
the hea@iedd¥yriterireyit 3 The repil/wyrite (RW)Slircait 3 Fonodes dhta romtthel

anmount - cal cul at.ed by the d.control, circuit 41 is supplied to the VCM
dri ver rt%ﬁ?%e&gﬁ%g%&iﬁi@ﬁ Q@?aﬁav%é EJURPS ASERYAPAETING TepaduRe CPU 4

i ncl Udegir8uih OTHE, thlu!di&ﬁdéc{lsgﬁ%&&he%,'E;fadhke&gignﬂlﬁﬂcﬁﬂ@s Blidga’y POower
source shutdown detecting circuit 5 detects an~ occurrence of a shutdown of
the pri paftgrggower source, the switch 44-is changed to connect between the
output-termnal 46 of the normal unloading control circuit 42 and the 5144 _
The primary power source shutdown detecting circuit 5 detects the shutdown

by‘ monitoring a .VQ!hL FIF GRS 3 ¥EFuds an automatic gain control (AGC)
~ function for amplifying the analog (read) signals supplied from the head
.ampliﬁer circuit 19 to a certain voltage and a decoding function (read
" channel) for perfofming a signal prooéséing necessary for amplifying the
‘read signals through the AGC fun;:tion, suéh as a reproduction of NRZ code
data. Further, the R/W circuit 3 has an encoding function (write chanxel) for
recording data into the disk 10 and a servo extraction function for extracting

servo patterns from the read:signa[_s_

_ . The motor driver 7 includes a SPM driver 71 for driving the
SPM 20 and a VCM driver 72 for driving the VCM 50. The SPM 20 is rotated:
"in a high sp_éed by driving the control current supplied from the SPM driver
71. Thus, the disk 10 is rotated in a high speed. The VCM driv.rer 72 supplies
. the control current to the VCM_50 in order to cirive the rotary actuator 30. In
this embodiment, the motqr driver 7 is made as an wtegrated circuit of
_I-chip. Each of the contro{ amounts of the contral currents respectively
supplied from the SMP driver 71 and VCM driver 72 is determined by the
CPU4.

- £G -




t he power source CPU 4 further includes a head unl oading function for
performng the. head retracting operation to the rappdapbRpihcpOomdien a

shut down of the primary power source occurs.. For the head unl oadi ng
control at a shutdown of the prinmary power source, the control anount
‘necessary=for retracting the head elements froma presently | oaded position
-1t 23 Septenber 2005 to the ranp block 14 is cal cul ated based on a

di stance between a retracting position and a presently | oaded position.
Thus; €CPU 4 includes an equival ent -abnornmal head unl oading control circuit

42 and a switch cifcuj 4 for switching the outputs of the nornal head
~control circuit 4?5‘5%}‘{ és%6‘%@&‘!“-"89?“’{1%@55@ﬁi’ﬁk(‘;‘é&’?’?ﬂé‘p-'@hﬁ&ﬂq . 42- Thus,
when t hg ;b d&Y ¥ 129 ®OHp : Lpg- circuit 5 detects a
shut dovvnlof t he Brlﬁl?{/ﬁ%oﬁv\%? sour c%fﬁ@éﬁmﬁg lcnléréc?ﬁl?foth I's connected to
an out pptogteEnsifnglerfimihg thtionevpératiohs initheadick dgive WOY! Pbe Ci rcuit 42. The

D/ Aconverter 6 converts a digital control anount s_ugpl led through the ST
43 in CPEwpleca headieonte nrostam peslhvus hepd senkaeg and beadipply -to  the- VCM

driver-72... n shut down of the prinar r rce occurs, it needs to

ret-ractgﬁté%glﬁ&%‘é‘#;%n eg%%“?ﬁ%?%ﬁ?%%‘i%@‘%¢%%@' g a reserve

pover . silisa@téDinBFRaad]1 LoPoadineudant Lald &he&vbﬁcﬁv%%ﬁ@g% the CPU 4,
ea

the D/ A converter 6 and the VCM driver 72 construct the unl oadi ng

cont r ol 2ud 2 serial ingerfann (SHS. Rtedidadsonbiol crenib#t] phevides@nvalpover  sour ce
o XD PROSAL fof GBlving WE VEMCHTVE T2 b Srder 5 adv D& ead dloments o O
' onto a target position in the disk 10 by calculating a distance between the
target position and a p[‘e-SéI-lt bead posttion. During: a normal conditioﬁ, the
switch 44 connects between the output terminal 45 of the head control circuit
41 and the ST 43. Thus, the control amount calculated by the head control
circuit 41 is supplied to the VCM driver 72 through a digitalfanalog (D/A)

converter 6.

- Further, CPU 4 includes a normal unleading control circuit 42.
When the primary power source shutdown detecting circuit § detects an |
occurrence of a shutdown of the primary power source, the s;witch 44 1s
changed to connect between the output terminal 46 of the normai unloading
. control circuit 42 and the SI 44. The primary power source shutdown -
-detecting circuit § detects the shﬁtdown by monitoring a voltage level Vee of

the power source.

_CPU 4 furl:he_r includes a head unloading function for
performing the head retracting operation to the ramp block 60 when a
shutdown of the primary power source occurs. For the head unloading
control at a shutdown of the primary power source, the control amount

necessary for retracting the head elements from a presently loaded position
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servo areas and a multiplicity of tracks- The reference servo patterns
include track address codes for detecting each of Eéggbkﬂﬂﬁﬁbb@? and servo
burst signals for detecting a head position in each of tracks. In this
enboedi nent  shown in.Figure 1, the disk.10 includes an unl oad head waiting
area 11.0 at a mddle portion between a nost .outer data track and a nost
inner data track for waiting the head el enents during when any command i s
not given from the host systemfor a certain tinme. 23 Septenber 2005 As
illustrated in Figure 2, when a shutdown of the primary power source is
detected, the -head slider 40 is retracted onto the ranp block 60_ During
t he heat® theitean hlgchddriacilonlatedbamdasi 4 distaicedecwcdenietractifle  head

| oadi ng_opgratiqn is supplied,to the VCM 50 By supplying the head

unl oadi g“?tg‘ﬁ'% F"Bﬁtﬂ R‘&S‘Fﬁg’? {%EF‘%B?&{“HE- Fotsa GP U teplndes Boequivalentd to out si de
of the shsls 4 cgﬁgglﬁﬁﬁpg i [ 10. re s the ranp bl ock
60.- The Hﬁggﬁgjgﬁgﬁgg%ﬁﬁ§€n13l I nc dﬁ%%gga%gb ggﬁtgﬁ?ﬁpgf gui di ng and

r et r act$wigching the adtputs petisd morntalhiedd Qok Qok AR ukAPa b AdpHfer-off€ ranp bl-ock
60 i's pr_vigfd on the rotation path of the top tab 311 and positioned -

cl ose tYrlPAdng foptrobeigenibh2; Fausndieufhd ipaimary powbheowaapshitdiedan 60 i ncl udes

a S| ant goDot LONEAGeL 0 Uy J1Re0B, 430, 3L and L) ding the head

el ements away fromthe Surrace o £ ranp bl ock 60

i ncl udeswviech bishapad i066ReedA8 dnSutphotediigaiie iting pRa of the outer
edge of the disk. Wien the top tab gll of the sUspgﬁgfgﬁﬁgrn1310 reaches

“the sl anleadiggrepneml grauit e 1CM driving force slides the top tab 311
upward-al ong the slanted portion 610 in order to separate the head.
el ements fromthe disk surface so that thé head reaches a

The D/A converter 6 converts a digital control amount supplied
_thi'cugh the 51 43 in CPU 4 to an aﬁalog control amount in order to supply to
the VCM driver72. When a shutdown of the primalry POWEr S0Urge occurs, it
I__lee'ds to retract the head elements to the ramp block 60 with supplying a
reserve power source fo a head unloading coantroel circuit system. Thus, the
.CPU 4, the D/A converter 6 and the VCM driver 72 construct the head
unloading control circuit system. The detail structure of the reserve power

' source is explained later:

| ¢ A disk surface includes a predetermined number of réference
servo areas and a mdltiplicity,t;f tracks. The reference servo patterns include
track address codes for det:ectingleach of track position and servo burst |
-signals for detecting a head positibn in each of tracks. In this embodiment
. . shown in Figure 1, the disk 10 includes an unload head waiting area 110 at a
- middle portion between a most outer data track and a most inner data track
for v;{aiting the head elements during when any command is not givén from

the host system for a certain time.
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“retract position 630 on the ranp block 60. Figure 3 illustrates an

enbodi nent of the reserve power source systen1inplggg@%@gﬁkngy§k drive
apparatus consistent with the invention. As explained above, the reserve
_power source supplies a necessary source voltage for perforning.the head
unl oadi ng operation in order to retract the head elenents. to a
predeterm ned rest position when a shutdown.of the primary power source
occurs. As illustrated in Figure 3, the reserve power source system

i ncludes CPU 4, primary power source shutdown detecting . -13 23 Septenber
2005 circuit 5, D A converter 6, VCMdriver 72, a condenser 66, and.a Al D

converter 8_ 1n tAbsHesTRARUTR Figudlele vARRICERQM0GS GTYRP pkBSag T €SErVe.
source .-voltage necessary foor automatically retracting the head el ements

to. a Powersdares widebatteddthe hosd slider Mhsretmetidibuto whe 8fmplidodoner source
Thus. - 14 e the oblroadineaporasion epiappamigdeive oworonbtd thenl oading
20er ce Bl o3 aB LS S oplifif1o GO CEREER, B Puiblyiiathe shitary” pover
Sour ce MIsaAREsHbat th ESVCAPISTUBIUEES dek Mo 80 10 Hod |5 3lsPRVET SOUT e

line 91 is coupled to the VCM dri ver ftrrsts *h unit 81 and

a secomf thewésk Hbss tdeatlthe bed? suspeas®acand 3 PPYRIiches B £6n) IRL92 transfers
the source voltage Vcc to the head unloading control circuit systemthat
i nicl udei0-dhg headpuapensiearn 319 indndes 4 éop/EU 3T foe puiding and

retracting the head suspensionarm 310 to the ramp block 60. The ramp
black 60 is provided on the rotation path of the top tab 311 aad positioned

“close to the outer edge of the disk medium 11.

| . . The ramp black 60 includes a slanted portion 610 for guiding
the top tab 311 and sliding the head elements awz;ly from the surface of the
- disk medium 10. The ramp block 60 includes a U-éhaped groove 620 for
holding a non-data area of the outer edge of the disk. When the top tab 311 of
-'t.he suspenston arm. 310 reaches the slanted portion 610, the VCM driving
force slides the top tab 311 upward aloag the slanted portion 610 in order to
- separate the head e[eme_nts from the disk surface so that the head reaches a

retract position 630 on the ramp block 60.

Figure 3 illustrates an embodiment of the reserve power source
_ _Syst'eni implemented in disk drive apparatus consistent with l:hé fu_1ve_nti<§n-
As explained above, the reserve power source supplies a necessary source
B voltage for performing the head unloading operation in order to retract the
head elemgnt_s.to a predetermined rest position when a shutdown of the - |
‘Primary power SQUIce 0CCurs. As ilustrated in Figure 3, the reserve power

source system includes CPU 4, primary power source shutdown detecting




The first switch unit 81 is nade of a sem conductor, such as, for exanple a
field effect transistor (FET)_ Wen the primary powss S%Bféfwﬁfer'bém?“pp' ied to
the disk drive 100, CPU 4 provides a. first control signhal 810 of a high
‘level so. as to set the first switch unit 81 in a closed (ON) state. Thus,:
during when the primary power source supplies the source voltage Vec, the
first switch wunit 81 is closed (ON) in order to transfer the source
voltage Vcc to the VCM driver 72. |If a, shutdown of the primary power

. source occurs, Le , the primary power source shutdown detecting circuit
5.detects as abnormal state of the power source, the CPU 4 sets the first

cont-rol chicgitetl, IBAQoAterterd WEM drived37HeloadbRer $802nd &ED i N order to open
(OFF) the first switch unit 81_ Thus, when a shutdown of the primary power
source @eBR®er§.he first switch unit 81 disconnects the second power -
source line 92 fromthe first power source line 91_ CPU 4 is connected to

t he second power source line 92 CPU 4 further is coupled to the condenser

9 through a secong,,$kiste Al ' r rce |ine 93_ Thus,
_ s %&%&nﬁ%h@ nsgpbgglé&g 2 redeive s

the second switch unit 82 and tHe condenser sequent ar 'S pr ovi ded
bet ween voltags ac@pshrp e utsgintiallyireGaclds Shdht e BRWadidY. (G\ND). The

second switch unit 82 also made of a sem conductor, such as, for exanple a
FET_ Dumiredetermmedapstaonition when alsbutdmopolibswioneh somict: i8detested! 0sed (ON)
SO as tﬁﬁc arge the condenser 9 by the .Pri mary source voltage Vcc_ Wien
the pri & eBﬁ\WH’@H’PE@“%?BB@W%#@@E g ceryié d Thes, thetresargea shut down
of _ the: %Bh@?&éh@@% I’pe Px'ﬁ%?g‘ a E)Qv%etd 8&%%{')2{2&115 })genr?xltiolnis supplied from

l_:he. condenser 66 only.

The primary power source shutdown detecting_éifcuit Sis
qonnecbeti to the primary power source Vec through a first power source line .
" 91 The ﬁ;st power sourcé line 91 isrcoupled to the VCM driver 72 through a
first switch unit 81 and a second power source _line 92. The second power
source line 92 i;ransfers the source voltage Voc ’to‘ the head unloading eontrol
_éimuit system that includes CPU 4, D/A converter 6, and the VCM driver 72.
The first switch unit 81‘ is made of a semiconductor, such as, for example a
~ field effect transistor (FET). When the primary bower source is supplied to
the disk drive 100, CPU 4 provides a first control signal 810 of a high level so.
" as to set the first switch unit 81 in a closed (ON) state. Thus, during when
| the primary power source supplies the source voltage Vec, the first swit:ch‘
umit 81 is closed (ON) in order to transfer the soﬁrce voltage Vec to the VCM
driver 72. |

. If a shutdown of the primary power source occurs, ie., the
prumary power source shutdown detecting circuit 5.detects an abnormal

state oﬁ the power source, the CPU 4 sets the first oontl.jol signal 810 at a low
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supplied to CPU 4_ Then, CPU 4 sets a second control signal 820 at a | ow

| evel in order to open (OFF) the second switch unit reserve
power charged in the condenser 9 is used for the he%%%ﬁﬁ%%g%{%g@%ontrol
circuit. The third power source line 93 is coupled to a forth power source
line 94 through a third swtch. unit 83. The forth power source line 94

is. coupled to CPU 4 through the anal og/digital (Al D) converter 8. Further,
the forth power source line 94 is grounded through a resister 12. The third
switch unit 83 also is nmade of a sem conductor, such as, for exanple a FET_
During the normal condition of the disk drive 100, the third switch unit 83
is. :opdtead inepter towhem QPP thedipst switehbatit 8. \Thue| ¥ hge aGhutdiRegondenser 9,
CPU _15_% -Sept enber 2005 4 sets a third control signal 830 at a high |eve
in order™ Eﬁ&?@ PERIFT sHErce perurg. theifirehswiteh wois 81 disngenedtséhé ort h powver

source lgLof, | r plyi the battery voltage charged in the
condenser 9dﬁ%w%%éﬁiﬁ%lL%ﬁﬁ%%ﬁ@gé%ﬁﬁggpﬁﬁ?r?W“ﬁﬁ@%ﬁgk the battery vol tage
charged in the condenser 9. During a nornmal condition, CPU 4 sets both the
first and second control signals 810 and 820 at a high level in order to
close both the fiGRY 4dsdomeronbitosthielséfondiduier SouBlindd2. @pry e ot her hand,

when CP? 4 judges the reserve power voltage of the condenser 9, the first
and. secydhetisrenpleddp fherandengend thivpgh arsecatbswiod toit 320 4 evel in or der

to open,the first and second switch units 81 and 82. Further CPU 4 sets
the 't hi F%“@SHWBF‘-’“%? g‘ﬂﬁ?ge@g“%% seood bl unig8dpadthe o cl ose the third

SWi 0N ldondy 9 ardBRehlEF FEAAHeA R A0 Re boo R GRS, Sl IS 11T rd Sw teh

92 and the grounding (GND). The second switch unit 82 also made of a.
_semioqnductot, such as, for e).(ample a FET. During a normal condition, the
second switch unit 82 is closed (ON) so as to charge the condenser 9 by the
._primary source voltage Vec. |

Ny . When the primary power source shutdown detéctiqg (;ircuii: 5
detects a shutdown of the primary power source, the detecting signal is |
supplied to CPU 4. Then, CPU 4 sets a second control signal 820 at a low
level in order to open (OFF) the second switch unit 82. Thus, the reserve
power c'hzirge_d in the condenser 9 is used for the head unloading control

¢ircuit.

| Ti:le third power source line 93 is codp[ed to a forth power .
soﬁr_'ce line 94 through a third switch unit 83. The forth power source line 94
. 15.coupled to CPU 4 through the analogfdigital (A/D) converter 8. Further,
the forth power 'source ling 94 is grounded (_:hréﬁgh a resister 12. The‘tbird :
switch unit 83 also is made of a semi_condﬁctor, such as, for example a F'ET.I
During the normal condition of the disk drive 100, the thixd switch unit 83 is
-opened (OFF). When CPU judges the battery voltage of the condenser 9, CPU
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cl osed, the battery voltage charged in the condenser 9 is supplied to CPU 4
t hrough the AID converter 8. The analog value of th age of the
"condenser 9 is converted to a digital value in orde?‘3'lt%%b£eﬁ§)%1r;éa¢% CPU 4 _
Based on the. digital value of the battery voltage supplied fromthe AD
converter 8, the CPU 4 judges whether the battery voltage of the condenser
"9 is ina normal state or in an abnormal state. Figure 4 explains how
CPU judges as to the head |oading propriety. In the disk drive consistent .
with the invention, CPU 4 judges as to .the head | oading propriety prior
to CPU 4 actually starts the head | oading control. Either when the _
pri mar y-$peaten thindreoutrebiigngb8ifrat a bighuppiliiadrder thbksdi(ON) ghé ve 100, or when
a host system gives_an instruction to the SPM 71 for rotating the. disk
.10, in spwilch yugh §3 1B, dhe fabh govensauice bng Qtisoaseddei tion - 16 23

Sept enb ; nto. the disk 1 CPU 4 starts a request for starting head

| oadi ng%élgﬁ&qgg ghe(gs)zi‘%epryﬁ 't.“"g%\ﬁg?fgfaﬁé@ F]é‘b‘ﬁf@é’f*“?‘%r 93110%{3(&{0 CPU-4 j udges

whet her bR eerted s i Rkitd phyed.d | oadin soci at ed
with the re’questq{rg&fbgolﬁé%ggé%g%%ﬂyﬁgﬁg%%éﬁ %@ﬁfﬂﬁ 3r?%§%-“ﬁ?rres (1 oop) N
“(step S2) _If the prohibition tines do not exceed'to the predeterm ned
~loop tines N (step S2, Yes), -CPU 4 neasures a-battery voltage of the

" condenser 9 (step B9ing Bawonal omditien, S drsetnith tha&rdRladd. | udges whet her

the battery voltage. of th condenser. 9. is a normal state (step S4)_ Wen
CPU 4 | ‘Pﬂg'i"glf‘ﬁ@ajﬁaﬁ i 440 2tz bishdevel i ordenda slose bath the a nor nal

porat | anet aFLsodfid bifeh ity SEe G e dydhad B e, vo 0 ™
© - judges the reserve power voltage of the condenser 9, the first and second -
.oo'ntrol.signal;s 810 and 820 are changed to a low level in order to open the
- first and second switch un_its 81 and 82. Further CPU 4 sets the thmi control
. signal 830 at a high level in order to close the third switch unit 83.

| . When the second switch 82 is opened and the third switch 83 is
clo.s__e-d,- the battery voltag(_a charged in the condenser 9 is supplied to CPU 4
through the A/D converter 8. The analog value of the battery voltage of the
condenser 9 is converted to a digita[ value in ogder to-supply to CPU 4. B:-ised
on the digital_ value of the battery voltage.su{iplied from the A/D converter 8,
‘the CPU 4 judges whether the battery voltage of the condense;:'ﬂ 1S in a

I'}ormal state or in an abnormal state.

Figure 4 explains how CPU judges as to the head loading
propriety. In the disk drive consistent with the invention, CPU 4 judges as to
‘the head loading propriety prior to CPU 4 actually starts the .hea_d; loading
: _coritrfol.Either- when the primary power source voltage Ve is supplied to the
disk drive 100, or'when a host system gives an instruction to the SPM 71 for

_r‘:'dtating the disk 10, in order to load head elements from a retracted position
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‘power source has a sufficient power voltage for unloading the head to the
retract position, CPU 4 allows the start of the hea I i ation.

the contrary, if the battery voltage of the condenser S%%n%%&@gged as an
abnormal state (step 84, No), CPU 4 tenporarily prohibits the start of the
head | oadi ng operation (step S6). By tenporarily prohibiting the head

| oadi ng operation, CPU 4 again nonitors the battery voltage of the

condenser 9- Since a predeterm ned processing tinme is needed for each
measuring of the battery voltage of the condenser 9, it may possible to
charge a sufficient battery voltage in the condenser 9 through the prinary

source Omm ﬂaglbsld‘dﬁdﬂl’{hg stalrena GRphgsE PR SHHAChRBRYHIRG0RErol e battery
vol t age veral tinmes if the associated circuits keep its nornmal

condi t i (S?F§P nViRe thepaueshisstatied SCBY 4 judges wttetle: thichewdblpidafry  vol t age
nmore than edet , nunber-of-times N, if the battery -t7 23
Septenbg’ lﬁ'g%'géﬁeﬁé’ghlﬁ R‘fagf’eﬂ"ég aciatedayith the sequesbis natach to a nor mal
Val ue ( nﬁlﬁrror S in the condenser
9- (step%g'Scﬁ%é grﬁuﬂs}l@aemr&g&ﬁéaﬁgﬁ {l eft’('i%ﬁ% Agp S&Zdﬁzb econtrol, bat it
sends apostiibitig ek @8 o0 eRceed 36 thd Pf&u%}uﬁﬁsd 'Mb@tu&é§ Netked 80,07 der to

ns

judge whether the battery voltage of the conde I's a nor'mal state or

an- abnor¥es). (E’t[étien%ﬁswmbaapqsayltagelafghéemﬂden@iaQst@pm;irmfseahe measur ed
battery vo tage of the condenser to a predeterm ned set value. Figure 5

expl ai n§o¢ “}ﬁﬁ‘aﬁ?‘ﬂ’g‘*%ﬁﬂﬂ %1#11883 Né@éhﬁreﬁiﬁrhatwmbammhw vol t age of
t he con X-{ 9 Lsa%ar#& %ﬁ{o é‘%l CPU 4 provides instructions to
change t secong"' i in an

~ When CPU 4 judges that the battery voltage of the condenser 9

15 a normal stafe (step S4, Yes), CPU 4 allows actually to start the head
loading operation (_step 55). Thus, only when CPU judges that the re-serve
power source has a sufficient power voltage for unloading the head to the

retract position, CPU 4 allows the start of the head leading operation.

On the contrary, if the battery voltage of the condenser 9 is
judged as an abnormal state (step S4, No), CPU 4 teinporarily prohibits the
start of the head loading operation (step S6). By temporarily prohibiting the
head loading o;’retation, CPU 4 again monitors the ba-tte'ry-voltage of the

" condenser 9. Since a predetermined processing time is needed for each
measuring of the battery voltage of I:hé condenser 9, it may possible to charge
a sufficient battery voltage in the condenser 9 through the primary source
voltage Vee during when CPU repeats the measuring of the hatterf voltage -

at several times if the associated circuits keep its normal conditions.

: Even when CPU 4 has repeatedly monitored the battery '

volt‘age more than the predetermi_ned loop number-of-times N, if the battery
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OFF (open) state and also the third switch element 83 in an ON (cl osed)

state (step S22)_ At the nonent of the sw tching m?@s‘%ﬁfe%b%\“’g%@ el enent s
82 and 83 are changed, CPU 4 may obtain an initially neasured voltage VO
of the condenser 9 through the Al D converter 8 (step S23). After a
predetermined tine Tl has passed fromthe changing the switches, CPU 4

agai n obtains a second neasured voltage VI of the condenser 9 (step S24)
Here, the second and third switch elenents 82 and 83 are respectively
changed to an opposite state. Thus, the second switch 82 is changed to an
ON (close) state and the third switch elenent 83 is changed an COFF (open)
state (golpeeSifihe chinkmseCPstillalnnp adeedch o aMidringll k)1 UBBEaE S8 No)vol t age VO
of the condenser 9 with the primary power source voltage Vcc (step S26) _ If
the .i n%ﬁ%ﬁlméhwwme&Qmodemaﬁs@ SNeThas, GPY  power

sour ce tage, e (st 6,,.No), CPU 4 judges as that the condenser .9
may i'nc%?&%%g%to‘?%ﬂftz’leﬁ%agi‘”’(d&f‘ﬁﬁ“@g@') bupy sepds grmingipgticd o a he i niti al

condensgteM@ld hY the primary power source voltage Vcc (step -ts
23 Septerr%:er 2%5 52 0,%\%5 E‘ CPU 4 conpares the second neasured vol tage Vi

of -the condenser 9 -at the time Ti with a required m ninumvoltage Vt at
the same tine Ti step S27) _ |If the second neasured condenser -voltage Vt

does not reach toln ¢ier tefulgesdhathai thenbatoddya@itays ofthd ddehs®d T1 (step
827, Noé CPU 4 -judges as that the capacity of the condenser 9 still falls
shor t - (283 nepal stagn or apabnammal state m the atoprSbincBigueade€PUDA t age V1

oPU 4 ; e S B eey BallEY TGRS e aondenhe comdenser (5 in a nor
state (ﬁ&ﬁ@m@&ﬁﬂgd A U431E  Figlure 5 explains the judging method. Whex a
' -ﬁleasu;'ement of the battery voltage of the condenser 9 is started (step S21),
' CPU 4 provides instruct:io_ns to change the second switch elerent 82in an |
OFF (open) state and also the third switch element 83 in an ON (closed) state
(st:ep S22). At the moment of the switching when bpth switch elements 82
and 83 are changed, CPU 4 may obtain an initially measured voltage VO of
the condenser 9 through the A /D converter 8 (step 523). After a
predetermined time T'1 has passed from the chanéing the switches, CPU 4

again obtains a second measured voltage V1 of the condenser 9 (step 524).

_ "Here, the second and third switch elements 82 and 83 are
respectively changed to an opposite state. Thus, the second switch 82 is
changed to an ON (close) state and the third switch element 83 is changed an

OFF (open) state (step $25). Then, CPU 4 compares the initially. measured
‘__VOIt_age VO of fhe condenser 9 with the primary power source voltage Vee
 (step 526). If the initial condenser voltage VO does not reach to the primary
power source vo[ta_lge Vee (step 526, No), CPU 4 judges as that the condenser
-9 may includes some failures (step S30). On the other hand, if the initial

cendenser voltage VO exceeds the primary power source voltage Ve (step
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judges that a sufficient voltage for perform ng power-off head unl oadi ng
operation has been charged in the condenser 9 .as anf@agfHhcPOB@® source
Figure 6 illustrates a perm ssible voltage curve 'for explaining howto

j udge the normal/abnornmal state of the condenser as the reserve power
source. In Figure 6, an abscissa axis shows the tinme T and an ordinates
axi s shows the voltage V charged in the condenser 9- if the condenser 9 is
a normal state, the allowabl e condenser voltage curve On descends
gradually fromthe primary power source battery voltage W at the tinme TO
according to a progress of the tine. On the contrary, if the neasured

condens e526; HesROP W/Dciapiil the BBcokd HeRRBP Vol SROVT bf thid Gl 8B Y POVer
source voltage Vcc, as illustrated as the nmeasured condenser voltage curve

Cm it i%atthegerie 19 withia reheirvd hiiageushalged Vimtithe saardonsar 9 i s not -
~suf ficient f% plgrform' ng a head unl oadi ng operation- Even if the battery
vol t age 213 1 thasseong gregsured ¢adapsesyoltazeV 1 Hoes nhbreasihttage cur ve

descend ith tings d.at t.he 1] Ti.,, | fall down-tower
t han thzthrgte%% |l?'!é&/dm\£nélrﬂ“n%r¥lg@%$‘iggé‘t@i‘eéf“etﬁeg?‘?%@%ﬁaméwﬁhe condenser -9
, 1 ncl udgadsQym thai i e _ onde t age shows
- -19. 23 gegt emg}laggﬂ(%&gﬁ(%?ﬁglg?tgrﬁaa?%%?gﬂ I ne %%ﬂ rﬁg&t& ne%zi%@ysi gce t he

vol t age whemtlte sebardgadasuied bendaRBE esl5hte V1 elde8l ﬁ1e7réq'[u|i1léat rates anot her
embodi ment of the reserve power system applicable to the magnetic disk
drive appanzugsvoltagedftatshe tinia B (dtep SR\ ¥erd GPU 4 judizhi as elbioghienent , a

reserve volta oyer necessary for performng the-power-off head unl oadi ng
oper at i ovr?ﬁﬁa ¢ gﬁgg?*ﬁhﬂﬁ‘ﬁﬂa%‘b‘ieﬁ if Hpa normal state (step 538). Thus CPU 4 .
judges that a sufficient voltage for performing power-off head unloading |

operatton has been charged in the condenser 9 as a reserve power source.

Figure 6 illustrates a permissible voltage curve for explaining
how to judge the normal/abnormal state of the condenser as the reserve
power source. In Figure 6, an abscissa axis shows the time T and an
ordinates axis shows the voltage V charged in the condenser 9. If the
condenser 9 is a normal state, the allowable condenser voltage curve Cn
descet_lds gradually from the primary power soﬁrce battery voltage Vec at the
time TO according to a progress of the time. On the contrary, if the measured

| condenser voltage VO at the time TO d.oes not reach fo the primary power
source voltage Ve, as illustrated as the measureci condenser volfage curve
| Cum, it 15 judged as that thelvoltage charged in the condenser 9 is not -
. sufficient for performing a head unloading operation. Even if the battery
| Voltage Vec has been charged at the moment time TO, the voltage curve
descends abrupély with times, and at the time‘TI, it may fall down lower
than the required minimum voltage Vt at the time T1. When the coudenser 9

includes some failures, or damages, the measured condenser voltage shows
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condenser-9 and the back el ectronotive voltage of the SPM 20. As

illustrated in Figure 7, the SPM 20 includes three -PREBtentidr Yoand W
coils. The SPMdriver 71 rotates the SPM 20 at a predeterm ned speed

by-controlling current currents. passing through each of the coils of the
'SPM 20. Wth rotation of the three phase coils in the SPM 20, it generates
an induced alternate back el ectronotive voltage- In order to obtain the
reserve power by using the back el ectronotive voltage, the reserve power
‘system includes a rectifying circuit 13 for rectifying the back

el ectronotive voltage and a.power source stabilizing circuit 15 for

st abi | i Zlmyst Astradghddine cof thietene agit dihyd the voltagelid ndthaFel ROWRY Sour ce
stabili zi‘ng circuit 13 is conprised of a DC-DC converter .'A forth switch
uni t. 84 2IMHEIded bet ween the output of the power source stabilizing
circuit .15 and the second power source line 92. CPU 4 delivers a.forth -
control signal 840 for controlling ONI OFF operations -of the forth switch
unit 84. Further e dol PRI i b S i bet ween the output of
the rectifying ci'?gg?{e ggﬁﬁ%%gﬂ%%ﬁggmgmeyﬁg% TSP cuit 15. CPU

4 del i vesystem hpplidablootthe hnfpn@tieldisio@it @ hpsaa 0 bhhiGe G paPer ati ons of
‘the fifth switch unit 85_ Both the forth and fifth swtch units 84,,.85 may

be 23 Sapraviuy In¢ps eodwdiientd agksarve eoltagnphvodirarecessaeh f@s, for exanple, a
PET- When %he- é)ri mary p r source for the apparatus is put on, CPU 4
suppl i ePeFRED{RG e pogiego wdardige operptionds suppligdifrgaobath thehi gh | evel

for setty af forth swt units. nd 84 are respectively
cl osed- I{e&aésgﬁgtaggan&eggaf%lgctﬁ?'inﬂgl?’?/v%oétgﬁﬁﬁdg@curs, the first and
forth switch units 81 and 84 are changed to an ON (closed) state and the

fifth swtch unit 85 is opened in
' As tlustrated in Figure 7, the SPM 20 includes three phase

(U.V and W) coils. The SPM driver 71 rotates the SPM 20 at a predetermined
| " speed by-contrdiling current currents, passing through each of the coils of the
* SPM 20. With rotation of the three phase coils in the SPM 20, it generates an
induced alternate back electromotive voltage. In order to obtain the reserve
power by using the back electromotive voltage, the reserve power system
includes a rectifying circuit 13 for rectifying the back eléctromotive voltage
- and a power seurce stabilizing (:_i.rcﬁit 15 for stabilizing the outputs of the
rectifying circuit 13. The power source stabilizing circuit 13 is oomi)rised of a

DC-DC converter.

-'A forth switch unit 84 is provided between the outpuf of the
.jimWer source stabilizing circuit 15 and th_é second power source line 92. VCP.U
4 delivers a forth contm[.signal 840 for controlling ON/OFF operations of the
-forth switch unit 84. Further a fifth switch unit 85 iéjprovided‘ﬁetween the -
. output of the recf:ifyi_ng circuit 68 and the power source st;lbi.lizilig circuit 15.
CPU 4 delivers a fifth control signal 850 for (:;)utrolling, ON/OFF operations |
of the fifth switch unit 85. Both the fprt.h and fifth switch units 84,.8‘5 may be




accordance with the respective first, forth and fifth switch control
signals 810, 840 and 850 supplied fromCPU 4_. \We 3%(3?%5%2%0@ t he
primary power source occurs, since the -power supply f the power source
line 91 to the SPMdriver 71 is cut off the output fromthe SPMdriver 17

i s disabl ed- However, the SPM 15 still continues to rotate by an inertia
force after when the output fromthe SPM driver 71 is disabled. --
Consequently, each coil in the SPM 20 generates a back electronotive

voltage for a while-, after occurring the shutdown-of the power source.
The back el ectronotive voltages generated at each coils of the ~SPM 20 are

rectifi %gmﬁﬁge(gw%&%gg{igctppS\(@%%&g@geggm %?alﬁﬁmhgﬂ‘éd rcuit- 13. The

forth and Tifth swtc ermert's are -cl'osed ° primary = power

sour ce ipinsdiytpod@pRodite etV fpakaRlsa Bt o 00P LK sﬁ;%ﬂ%l%ltﬁe%ﬂgt 850 of a
ectify

| ow I-evel - Then, the DC voltage output fromthe r ing-clircuit 13 is
conver t @agdiferth cantabl siguald 801G and| 844094 at ighdgdeltfhiesepting the fivstGamdst abi | i zi ng
circuit 15 The stabilized DC voltage is sgqefl ied only to the head .

unl oadi fYth ewHch gt iliand $4arerssaertoply dosed: §(yshutdswosidhesour ce | i ne
-92. equently, the head ynloadi ng_.control systemin¢luding CPU 4 can
23 Sep'::g’ eaﬁyfé'ﬁrgﬁ(é%f)ﬁ?frﬁe&’ﬁe%ﬁ?ﬁﬂ‘gg%ggﬁg‘@&ﬁ%‘fﬁg;o‘b'é‘iﬁfliaﬁﬁ, even i f the
primary S U O (RLed) LeatdRRA" ; GO okl 4 Ble embodi ment

il ustrgte i n-Fi gur e(£7, dian ad itl%%l%mtgﬁleéﬂ%%{tery \Pgﬁ?’%bne of the

condens atcoddarddaavibiatie Rispedtiveist, \6rtH AntITEh Sfritbh 8onteH sigfats 818 SO used as
the reserve power source Wien a shutdown of-the prinmary “power source -
occur s- 8¢ and §o@mupylied froweCBles. possi bl e for the condenser 9 to

‘When a shutdown of the primarf POWeEr source occurs, since
-l;he power supply from the power source line 91 to the SPM driver 71 is cut
off, the output from the SPM driver 17 is disabled. However, the SPM 15 still
continues to rotate by an inertia force after when the output from the SPM -
— t;lri,ver 71 is disabled. Consequently, each coil in the SPM 20 generates a back -
electromotive voltage for a while after occurring thé shutdown of the power

sgurce.

The back electromotive voltages generamd at each coils of the

'SPM 20 are rectified and converted to DC voltages by the 'ré_ctifying_ circuit

13. The forth and fifth switch elemént-s 84, 85 are closed when the primary
power soucce is shut down by the switch element control signals 840, 850 of a
low level. Then; the DC voltage output from the rectifying circuit 13 is |
.conve.rted to a stabilized DC voltage through fhe power source stabilizing
circuit 15. The stabilized DC voltage is su;;;)plied only to the head unloading
control system including CPU 4 through the power source line 92. |

Consequently, the head unloading control system including CPU 4 can
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. -reduce its capacity- Thus, it may reduce a manufacturing cost- By addi ng
the battery voltage of the condenser 9 and the backseleed * pbxe vol tage
of the SPM 20, it may raise the certainty of power off unloadi ng operation
In the above enbodi nents, the nagnetic disk drive apparatus is explained
as a head | oadi ngl unl oadi ng apparatus. However, -the magnetic disk drive.
apparatus -may also allow to the magnetic disk drive apparatus of the CSS
system wherein the head elenents 12 are retracted on the CSS area on the
di sk 10.  As expl ai ned above, . prior to start the head | oading control, the

‘magnetic disk drive apparatus 100 and nmethod for controlling head

unl oadi periapethd hoad inldgdmaoatie bparadidd, ke ilithe pehhdlypdlRyer is secured
in-a reserve sg;ten1|n order to retract the head el eméents to a

pr edet efqtirpe Briths apppadins has shat dowhut down of the power source occurs.
Thus, it becones possible to performcertainly power off unloading of head
elenents at the tine of shut down of the power source. 23 Septenber 2005

VWhat I d h head
oat ngt unt ondi ng ik PERUTRR ThbfeateSarthits FRARSHI N o dor 1o
retr act bivead RIGHE ! the BuloRl L LRL ThALMelGBRoROS IR IFR spithur dovn of 2

pri rrary power Ssource OcCcurs; he apparat us I nc reserve power SOUI’CG
conf i guR@is 4lso akak gethe resmee pfolin@msbhﬁ:e WheriTREHu RN oflidipiAnady det ect or

configured to detect the power charged in the reserve -power source;
power source occurs. Consequently, it becomes possible for the condenser 9 to
reduce its capacaty Thus, it may reduce a manufacturmg cost. By addmg the
battery voltage of the condenser 9 and the back electromotive voltage of the

SPM 20, it may raise the certainty of power off unloading operation.

.. In the ahove embodzmenl:s the magnetic disk drive apparatus
is explained as a head loadmglunloadmg apparatus. However, the magnetic
disk drive apparatus may also allow to the magnetic disk drive apparatus of

. the CSS system wherein the head elements 12 are retracted on the CSS area
on the disk 10. |

As explained abave, priof to start the head-ioading control, the
: inagnetic disk drive apparatus 100 and method for controlling head
unloading operation judges whether a sufficient electtig power is secured in a
reserve system in order to retract the head elements to a predetermined rest
posttion if a shutdown of the pewer source occurs. Thus, it becomes {-:ossible
to perform oertainly-power off unldadin_g of head elém_ents at the time of

- shutdown of the power source.
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a judging unit configured to judge whether the reserve power source has
charged a necessary power for retracting the head ebgrBicmie? 2bb§ rest
position when a shutdown of the primary power source occurs, based on the
detected power; and a control unit configured to all ow head | oadi ng
operation only when it is. judged that the reserve power source- has
charged the necessary power. 2. The magnetic disk drive apparatus of claim
~1, wherein= the reserve power source includes a condenser configured to
store charges fromthe prinmary power source 3. A magnetic disk drive
apparatus for witinglreading data through heact elenments to and froma

r ecor di Whatesitlaimed is¢| udi ng; a spindle motor configured to rotate the
recordi ng nmediumduring data reading/witing operations; 23 Septenber 2005
a voice coil notor configured to nove the head el enment along a radius

direction of g | GGoNHOGN, A ARG, Lest yunj t provi ded at-a
h ,

predeterm ned head r position conlﬁﬁi' o retract the head

el enentlowiep/ddieadifg Puskicides BRA & RbiS r(i,t'i'_a&in% RIRLbRT Sl gt ate; a-primary
power source configured to supply-power voltage to the apparatus.; a

det ect ortoehbegdielethents thet poddetershinkd aust wisitidiewhén BRhY:ItQAVRGf SOUr Ce; a
controller configured to nove the head elenent to a target position
©  prnmary power sgurce occurs; the apparatus including: :
a reserve power source configuréd to charge a power from the
primary power source; |
a detector configured to detect the [.;ox.zver charged in the reserve
‘ i)ower source,
a judging unit coriﬁgured to judge whether the reserve power source
" has charged a necessary power for retracting the head elements to the rest
position when a shutdown of the primary pewer source occurs, based on the
detected power; and
B a contro! unit configured to allow head loéding Operatioﬁ only when
it 15 judged that the reserve power source has charged the neces#-a_ry

power,

2. The magnetic disk drive apparatus of claim 1, wherein:
the reserve power source includes a condenser configured to store

charges from the primary power source.

3. A magnetic disk drive apparatus for writing/reading data through
head elements to and from a recording medium, 1ncluding; | . '
a spindle motor configured to rotate the recording medium during

~data readingf/writing operations;
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on the recording nmedium by controlling the voice coil. nmotor-during the
data reading/witing operations; and a reserve power SEpumieere@obi gured to
supply a power necessary for at |east retracting the head elenents to the
predet erm ned head rest position Wen the detector detects a shutdown of
the primary power source; wherein: the controller is configured to retract
the-head el enent to. the predeterm ned head rest position by controlling
the voice coil notor when the detector detects the shutdown of the primary.
power source; and the controller is further configured to judge whether the
reserve power source holds a sufficient power voltage necessary to retract
the head el emsmicetcoiltopradiguediaadvh ehshéabélepRBL Ligiy pef ore starting
al | unl oay |n contro of the head elenment and to start the unl oading
cont r ol TS gﬁf@ ‘lﬁﬂ“? W#n it judges that the reserve power

source hol ds f vol t age gnetic, disk drive

appar at us. of géﬁ%g?#%tlﬁ%g%%edatﬁp @éﬂ’f‘@?fﬂ&@%@%l Pt ve power
sour ce souflgided tRrdtRnyehs Bbad SR e vafnt e $EQ8in gqhg@l? {0 the primary
power source 5., The magnetic disk drive apparat arm ['Saor 4, wher ei n:
the. coFttAbPRéEfopiskateher controls a power supplier-configured to suppl y a
back el ectrom)tlve force necessa to retract the head el enent to the

pr edet er ni ned I?é'é‘baﬁyé*é’f”‘?ﬁégﬁ‘?tﬁﬂﬂ%@fﬁémg“aplﬁa'@r(f_eeIvettage)nmtha/e vol t age of
the SpigghfabREor when the detector detects the shutdown of the primary
power source

a detector configured to detect a shutdown of the primary power
source, A
a controller configured to move the head element {o a target position
on the recording medium by controlling the voice coil motor during the data
reading/writing operations; and |
a reserve power source configured to supply a power necessary for at
lea.st retracting the head elements to the predetermmed head rest posx(:lon
When the detector detects a shutdown of the Prumary power source; Wherem-
the controller is configured to retract the head element to the -
predetermined head rest position by controlling the voice coil motor when
l:he detector detects the shutdown of the primary power source; and
the controller is further configured to judge whether the reserve
power source holds a sufficient power voltage necessary to retract the head
element to the predetermmed head rest position before starting an
unloading control of the head element and to start the unloading control of

the head element only when it judges that the reserve power source holds a

- sufficient power voltage

4. The magnetic disk drive apparatus of claim 3, wherein:
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6- The magnetic disk drive apparatus of daim3, 4 or 5, further including:
a first power source line configured to supply the phigERtamiRe'YEH5 Source; a
.second power source line configured to supply the primary power source
-supplied through the first power source |line to the controller; a third
power source line configured to supply the power source supplied through
t he second power source line to the condenser; a forth power source |ine
configured to supply a power charged in the condenser to the controller;
and-a switch unit provi ded between the first and second power -source
lines; wherein: the switch unit includes= a first swtch el enent

confi gured t ctheHasgyae ppwar aowice sicladestamecandegger eompfigieed thebopr i mary power
source Reiqghéu plied. through the first power, source line to an opening
stat € VIERETHE® KPRV SOVHE- - shut down of the power source; and -25
23 Septenber 2005 a second switch el ement provided.between the second and
third power source lines so as to change a closing state during when the

primary povveg_-so%qnégslegy@g;uﬁgatpp&gwg@f&%gggﬁﬁhggﬂ:second power source

lines to- an ‘opening state when. the controller |ddges the voltage of the
reserve powerthesoutroer Anthex cohtmols s powehswipdierbnfigensddedupplyieen t he
third and forth-power _source lines configured to switch to an open state
only withagkeleelsemeldyrg farce necessary to retract the head element to the

predetermined head rest position by using a back electromotive voltage of
- the spindle motor when the detector detects the shutdown of the primary’

- powWer source.

~ a first power souree line mqﬁg‘uréd to'supply the primat_.y:power
source; .
a secogd power source line configured to supply the primary power
-_S.OUI’L'CE supplied through the first power source line to the controller;
a third power source line configured to supply the power source
supplied through the second power source line to the condenser;
a forth power source line configured to supply a power charged in the
condenser to the controller: and |
a switch unit provided between the first and second power 'éoupce
lines: wherein:
the switch unit inc[ﬁdes?
a first switch element conﬁgnred to change from a closing state
duriilg when the primary‘power source being supplied through. the first
power source line to an opening strife when the detector detects the B

shutdown of the power source: and




‘judges the-voltage of the reserve power source; wherein: the controller

j udges whether the condenser has charged the necessargepighb@doRased on
t he power supplied through the forth power source line. 7_ A method for
controlding head | oadi ng/ unl oadi ng operation applicable to a nagnetic disk

drive apparatus having a head retracting function in order to retract head

elements to a predeterm ned rest position by using a reserve power source
when a shutdown of a prinmary power source occurs: the nethod including:
charging a power in the reserve power source fromthe primry power

sour ce; detectlng t he power- charged in the reserve power source; judging
whet her the rdswcord puteh elbmanderhuded hatvgenh therecaskaid/ thipdwer f or
retract|n t he heigﬁglenents to the rest position when a shutdown- of the
pri mary. B9 B &b fe changeaclosing b igatusuteayhpo e primiarpni ng head

| oadi ng rp%DegEt b8 ésgéélgﬁh%%plto H hd 190504 508 nd power soarce fnesta " Soures
an opening state when the controllér judges the voltage of the reserve power
source; and
a third switch element provided between the third and forth power
source lines configured to switch to an ;:Jpeﬁ state only when the contraller .
- Judges the voltage of the reserve power source; wherein:
the controller judges whether the condenser has charged the
necessary voltage based on the power supplied thr-ough the forth power

. source line.

7. A method for controlling head loading{unioading operation
applicable to a maguetic disk drive apparatus having a head retracting
function in order to retract head elements to a predetermined rest posifion
by using a reserve power source when a shutdown of a primary power source
occurs; the method including:

charging a power in the reserve power source from the.primary
:power source; | ‘

detecting the power charged in the reserve power source;

judging whether the reserve powér source has charged a necessary
power for retracting the head elements to the rest position when a shutdown
. .'of the primary power source occurs, based on the defecbéd power; '
allowing head loading operation only when it 1s judged that the

- reserve power source has charged the necessary power.






