;e3e>::;<=.]=d>6>T>nt) Head Loadi ng/ Unl oadi ng Control System For Use in A
Di sk Drive Apparatus CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s
application clains the benefit of priority from Japanese Patent

Appl i cations No. 2001-137052, filed on May 8, 2001. This application is
hereby incorporated by reference in its entirety. BACKGROUN

| NVENTI ON Field of the Invention The present invention rel aﬂmm mmm
drive apparatus having a head | oadi ng/ unl oadi ng control system angd

for controlling head | oadi ng/unl oadi ng operations in the appar at us'? I\/bre
particularly, it relates to an apparatus and a method

reliabl e head | oadi ng/ unl oadi ng operations even when a shulﬂﬂhmmﬂm"mu”m
primary power source occurs during the operation of the di

apparatus. Description of the Related Art Conventionally) a negwetd c di sk
drive apparatus) such as a hard disk drive apparatus, (hereinafter sinply
referred t dlead laaditigfinlbading’ ContsolSyateh dor WdetinyDiskdD five Appdidtaisdat a on
and froma data recordi ng di sk medium (hereinafter referred to as a "di sk")
by | oadi ng magnetic head el enents onto a target track in the disk when the
rotation speed of I spi ndl e not or
(SPM rotates the glﬁggg g‘ﬁe e%%@gg@?ﬁ%%’ﬁgﬁg@%ﬁf@ }(P\lgsoperatl ons are
controlled by a central processing unit (CPU) installed in the apparatus.

The writing/reading head el ements are initially rested upon a rest

posi tion. During the This tabnb¢aftead¢|ngn@|@b¢ é!@h@ﬁ%?f pheritie frdmedaparse ar e

| oaded fro ositjo 0 | oge opto a surface of the
di sk when {Pﬁg" e%%ﬁk&ﬁ%%é@dg%‘?ﬁﬁzo@ e’ﬁ@'sgai(ﬁ\leggﬁﬁ %ﬁ“j’ccét‘f’ﬂ order to
avoi d a posshdles gﬁ&@%ﬁ d (= i E‘i? i sk due to a contact between
a head sur a%%l % |SEGI :&ﬁeg%% ??\notrg g‘r %tcoy prevent the head surface

fromcontacting the rotating disk surface during the head drive operations,

usual ly, the disk drive aXEI ies a cont act-start-stogH(CSS) systemor a
| oadi ng/ unl oadi ng syst eBACKGRQRUMEOITHEANYENTION el enents are pl aced

on a retra S rea) in the disk during when the disk is in a
non- rotatl%lel(Zi of éFS abo tlonally, the disk drive of the CSS system

i ncludes a ring shaped CSS area at an inner side of the data zone of the
disk. In the disk drive of the head | oadi ng/unl oadi ng system the head
el ements are retract dde(prasepddedntom wlates é@adiﬁﬁqlri(@em&rnambmingi npl y

referred to ,as "r.a nlt" |ded at pnear the outer e, of the disk
duri ng whef! tl%galﬂ?‘g‘f%gp“g qarc}u;jé ﬁg'r‘i 514 %&eflbﬁ“@f"éf‘%&‘ rqorb‘iﬁ’f‘ﬁ” ?}‘/‘gq Bd {he head
el ement s ar1 %ﬁﬂ%&ﬁ%&%@&é ﬁnthgfag% @!u%%?é bam&hi’a[r#( Yﬂ\@lateA VCM drive

circuit suple e currents i er to rotate the VCM Tn order to
i ncrease t headalpparstasadd agnéeihodifoly paifortamgdieliblethead

loading/unloading 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 simply referred to as a “disk drive”)
1s 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

clements onto a target track in the disk when the rotation speed of the disk



head surface is floated very closely to the disk surface. Thus, the data
recordi ng density of the disk can increase with reducing the head floating
-2 hei ght. However, the damages due to a contact the head surface to disk
surface al so increases when the head floating power is reduced. Thus, if a
shutdown of the primary power source for the apparatus occurs during the
operations of the disk drive, the head surface is easily adsorbed to the

di sk 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
el enent s t orddehe£SOStAdgatote. ARPiddlemdiod (SHMS aitetestthp diskg Thetheafi ndl e not or
(SPM . However, since the primary power source has already shutdown, there
i s a need t lpadingprangd/ehunlgading-apgeatiensrazacontyoliediby atcentrel prachesingad

el ements to_t t. position froma, reserve power source. Conventionally,
it has beenuﬂfqg(p%@d“gtgﬁﬁ‘iﬂgh‘?’r‘i‘%p?f‘&‘tﬁ‘I i zed head retracting operation at a
time of a suddenly shutdown of the prinmary power source. For exanple,
Japanese Patent Application Publication 2000-21073 (the same assignee of
this inventions has pfhpoaddng/eealinghesd alenients dedt mitfially eestéd opén ag t he
head retraction based _on a head position in a determnation process during

a normal op&pstositions Duginehe wrifing/geadmpg eperahios.d8e hegd elaments@gey perform
the head re [ e ' - [ f 0 ce with a
| ower el ect ﬁa?‘é%é‘iﬂmbg? ?lpet ﬁ%’k g?%&‘ﬁ{" ng?i‘? laujl hggy@%%tlgg?% anggln:};a e(;f;igiur3 Z@%cti on is
peri odi cal | whaaQhb r6fhtidurspBed af therdisk rdiehek 8l kicadpGtaeih loedert oRoid¥en a

shut down of the prinmary power source occurs, the head el enents are noved to
a retracti opogpsibledamagdrof dateareas dmghe diskalygitp aznoptasb hetweammhyad As t he
auxi liary pover sulg(gly, a c?ndenser or the back el ectronotive voltages of
the SPM ar e SPHafoRRY 2 HeksYfafSosed head retracting operation by using the
auxiliary power supply, however, includes sone defects. For exanple, if the
primary -3 power source is shut down at imediately after when the disk
drive is operated, it Ihsrdefogsevdnt theheadturfadd fegmtdoatdvtag theements to
charge a sufficjient battery voltage in the condenser nor to obtain a

suf ficient apkatingghigk sixfage dringthe head drivanpepaiaanse ueually tbe diek f or ce  of

the inertiagy ton of i i r ere J ihility to find
out a il divsavphEs RoabdR ol R bt oo ReR ISR Y o1 Py

power sour cgy#tef. 06 ¢k CSS.sybfent, HBe PehdBleyndi@¥Rre SlAUELEn BastBbtitsiewn i n such
a state) it 1s inpossible to retract the head elenents to the rest

position. SUMBRYex¥in thidiskduineonhdhshediskds in asoa-rotatipmetate-f or an
apparatus a met hod .to,reliahbly perfo a head. retracti.ng operatiQn to a
o edet er ni nagmveRsals thERsRAL e R I R hids? Enripl BB EAS ) o
occurs duri Rged REa® BEIAM IR tE dhbBLzdHeIf tHE k. Id N disRrfkiofehappar at us
and nmet hods according to the present invention solve the aforenentioned
probl ens andedélectisg/ahlontmgoyatonint the hahd dleskerds averepoded{iwdoatd) t he head
| oadi ng/ unl oadi ng oper,a{i ons t hereof, Narrelqy@[ an object of the present

i nvention i ¥0f®a sestindielhgreinaftery simalyagtereed i ascy mapp vait)aupyidsd et or ni ng

head retracting,oper.ation Vl‘(} na s(gut.dovvn of, e pri-mary poyer. source for
t he appar at ﬁlgagg&eg?%tf}r ?%geo? g\? dt‘%‘ %‘H‘l‘%%‘ef‘ ﬁle‘étais(l)ivlg-"qrr%n (ﬁnorr?gaﬁ‘rl%[bj ects,

accor di ng t Qt4teeIPh AR Etekily Y h&fd elbRRhEs 413 M6RM Iethearob@ResILSf £ di sk drive
appar atus having a judgi ng nmechani smfor judgi ng whether a sufficient

reserve powapicseuil aetbotVEd fHVaMdgrivheiledduppheaVCVhdrivp enaentminhas

al ready secured even when % shut down of a primary power source occurs
during the °xder tgzatate thity¥CY. the disk drive, and only when it is judged
that a sufficient reserve power source has al ready secured, a control of
head | oadi ng operation is started.

In order to increase the data recording density of the disk, the
head surface is floated very closely to the disk surface. Thus, the data

recording density of the disk can increase with reducing the head floating



A characteristic feature of the magnetic disk drive apparatus consistent
with the invention is to judge whether the disk drive apparatus has a
sufficient reserve power supply for performng the head retracting
operation to a rest position prior to starting the head | oadi ng operation
in the apparatus starts. The nmagnetic di sk drive apparatus consistent with
the invention includes: a detector for detecting a shutdown of a primary
power source a controller for controlling the head novenents onto a target
position in_a_ recording nediumby controlling the drive of a_voice coil

not or the cdaight] Heweyrn tha damagesdlyedtoraeantag the dead surfage toediskposi ti on
when the detector detects a shutdo f,the prinmar owe ource by
cont rol | i ng SPHECHAISQdnTPaserd t&@%ﬁlﬂ rp°§’ﬁrr‘%§‘gir"\?5‘i'p lt‘se"ource for

supplying a rf i h retract| eration to
tho r ot - pod AERAEHHE B o o Bhdl AP i R b B B AR T e
sour ce. WhelBbihtidn3f ERNEiRIdrRE, iHNRA SMPRIcE €S eAdIB dRSAIIRoRAVIskSOUr Ce has
charged the necessary power for the head retracting operation prior to

start the headaktodde bgtieoinertid rotatios pf theespindie mdtoe (SEBVArnsorteetchead
| oadi ng control only when the controller has judged that the reserve power
source has @naidgidds defectiinthe digk dravee it neadsia retsnch thg hend elarpentsder act i ng

can achi eve e B 3kt the BrmbanihdlRs igkntas 1B SwpaR b GPMI” ' Shit down
of a_pri MBI \IROWRE. S0MI A8 ARRHE Sl solhd gtk Wi HhbiEjsapPaT 2t LS

has started its operation) sin controller judge er the reserve
power sour CeeBdgo Sy eHe FOM AiVE 2uyreRO V¥ brde®to RESvk Ah8Thegd eitendita th
retracting operation to a predeterm ned rest position prior to start the
head | oadi nghe eedtrppkitiohhinam at tesenvagroster codlicek dri ve appar at us consi st ent
with the invention can reliably performthe head | oadi ng/ unl oadi ng
operations in a primary power-off tine. An enbodi nent consistent with the

present invention rel gtes to a netic disk dri,ve apparatus,i,ncl.uding a
condenser for char gi ngé‘ﬁweﬁﬁgﬁl&?gt E%s{/\ﬁ‘?e“a%m%sé’drtgé’gﬁ\%émﬁo%@;“% rce.. Thus,
the control gl BekbBEn &%ﬁqﬁ%a(‘t §'o§g%ﬁﬁdé/m§r@hﬁﬂﬁ)wm&5tﬁ@#)rhﬂ tion

j udges whet her the condehser has charged a necessary power for pérformng a
head r et r actpo@r@perca! Fénedimple lJdpanakcPat@ns ApblicativroPublivtiphi mary power
source occurs, prior to start the head | oadi ng operation. Another

enbodi ment  c999i 210G A t(thei saimet drsigmee o€ this iimventiond has prapoeed toacyumegnet i ¢ di sk

drive apparatus including a condenser for charging an electri.c power and a
rectifying ARtdaty orrf@efmﬁm etheadapraciognbriofen  head Besiion i ad) e

TotOr aS LNGyql et YR DL SIS s UL LRSS TRENENIE Al K THLLYE
appar at us i ncl'udesa 115’ gi ng nechanism oF judgi ng Sther ca surfici ent
reserve powefrdbog ialthadin&dy PEAYm tRe RbA Fetk{1RipeRA rd AL NS sSRRRIRM ON 1N
order to performthe head retracting operation at a tine when a shutdown of
the primary thaeef tlsophivwa soaedereith hlewsngleetricopothes kKt d ideumpdeets db11 S
consistent with the present invention includes head | oadi ng/unl oadi ng
functions armgntroHeagia head sefraatign-ig peripdically aeguiredoduring e mormpt head head

el ements to a.predeterm.ned rest q‘osition en.a shutdown of a primary
power sour celrippgcentrpltingpWhap dshuidowmphthe RrimarepoReLANEre ASFe

configured t har. a power fromthe primar oyer, .sourge a ,detector
configured ttgleﬁ'gfl g%&'ﬁ“ﬂgs 65‘?/\&0%{5(}65%&?%“{%%13?%@@ Ve éiV\}er(rm%ltl)fﬁ“rlce a

j udgi ng uni t, GRS sLBplyUAS ehaRGLIGEY pOker & RAMBhsWHthE has
charged a neat:esslary powesrB?X;] retractli ngyPheehea %I enent ssto the rest
posi tion whelinck eldbtiodiMvelioltahés GFthe®PM pe¥proppeed.ce occurs, based on the
detected power and a control unit configured to allow head | oadi ng
operation only when it is judged that the reserve power source has charged
t he necessary power. | EF DESCRI PTI ON OF THE DRAW NGS The K acconpanyi ng
drawi ngs, which are i %rFHBP%fF dlef“g rgHAclBR oPeEalion lﬁ"al‘f”‘@fthﬁﬁué‘m)ary

speci fi cati Qfhwdrl dupsiy AbfeYd! |1 DAY HBRLS. POFREmbEALHEES pPimdrhe

i nvention and t(gge#’?e}ri vf?% tLe deescri pt?%%, servg tlgbef(ﬁl al npt he&

i nvention. \Werever possible) the sane reference nunbers will be used

t hroughout the drawings to the sane or the like parts. In the draw ngs:

-3




Figure 1 is a functional block diagramof an exenplary configuration for
magneti c disk drive apparatus in which nethods and apparatus consi stent
with the present invention may be inplenented. Figure 2 depicts a partially
enlarged view illustrating the main conponents of the nagnetic disk drive
apparatus as depicted in Figure 1 in order to explain the retracting
operation of head elenents to a ranp unit. " Figure 3 is a functiona

bl ock di agram of an exenpl ary configuration for reserve pomer source for

achieving a reliable head un ding o atlon t a, shutdo of .t he power
source of tPRNGTagMEES esm?’élt %wwe paiataly ftey wban 3@& féﬁttﬁp &ppar at us
consi st ent dMeTereHh‘it RE Sa6iYssibly $5Y kOt aliiNg Qﬁe' H&Hcﬁ@l%%&fl 4is a
fl ow chart for explaining operations for Judging contr proprlety of head

| oadi ng i n sufcienhbageryatdltageiihithe tomlender noHogbtaini sHligienkabxilisry
fl owmchart for asur a vol t agy f t he .condenser, illu at ed in
H oo nltt ornerictintieg ihe badt Yot b torch Of tSboris suiation R 4hs

explain a ngpppd for judgi ng normal / abnor nal stat es of the condenser

illustrated in Figure 3. Figure 7 is a functional block diagramfor another
exenpl ary configuration for reserve pomer source for achieving a reliable
head unl oadi ng oper at at a,shutdown of. 0 S ur of t gnetic
di sk drive apparatus. L%WXFEEB‘%ES%F@ i gf‘g’ @ﬁ‘ée Htst‘ﬁ Bg%made in
detail to t&aﬂldeﬁeéﬂotaém/aﬁepqmermat&mo&h%ﬂ méeﬁﬁhﬁ ;@wmtoesceohay\hl ch are
illustrated in the_acconpanyi ng draw ngs. ure 1 l'ustrates the main
conponent s efcusredadhtha prigary mwerescwpfahas ut@wrt@ngirxsh @nstafg, tih is he

i nvention. d e MRON ord| ng di sk medi um 10
of whi ch surg?éosglbigto {etya‘:tjtggheggag% %ﬁgrtra nefegk E;Omferl al) a spindle notor
(SPM 20 for rotating the disk 10, and a rotary actuator 30 for driving a
head slider 40 along a radius direction of the disk 10. The actuator 30

i ncl udes a suspensi on ar m SUMMARY QF THE INUENTIONr 40 and a voice coil
notor (VCM) 50 for rotating the head slider 40. The head slider 40 supports

a pair of magnetic head eIerrents i.e., awite head for witing data into
the disk 10 and a rea readin ata fromthe djsk, 1 Al t hough
only a first head sli %&‘ ﬁfﬂli.gﬁeg?‘g ?'ha%‘?’tfgﬁust%mlsf"ﬁﬁlm t he

drawi ng, a RiaklY féifordh a%ﬁalrxeaeﬁﬁebgtmmh%Ia%eae@rﬁmmshml&tI der
facing a bottomsurface if the disk 10 for witing and readi ng data

Fur t her nor ewhen a shwflewn pbtls ptimary pewac kowrcp bequad dtiyingfthelbpdstivfs
of the disk drive. The disk drive apparatus and methods according to the
present invention solve the aforementioned problems and defects of the
conventional disk drive apparatus and the head loading/unloading
operations thereof. Namely, an object of the present invention is to provide a
disk drive and a method for reliably performing head retracting operation

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

In order to achieve the above-mentioned objects, according to
the present invention, there is provided a magnetic disk drive apparatus
having a judging mechanism for judging whether a sufficient reserve power
source for performing the head retracting operation has already secured

even when a shutdown of a primary power source occurs during the



During operation of the disk drive apparatus 100, the SPM 20 rotates the
disk 10 in a high-speed counterclockw se. The read/wite head el enents
supported on the head slider 40 are floating close to a surface of the
rotating disk 10. Thus, the head slider 40 noves closely on a surface of
the disk 10 along generally a radius direction of the disk 10 by rotation
of the rotary actuator 30. The rotary actuator 30 noves the heads and
determ nes 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 els@ationsefthetdisk driae kardyorilpavhientiglid judged thiten siffikieh® i n order to
read servo patterns recorded in servo areas on the track in the disk. A
wite head Yesewiedwweamsgqueethnsalreadysecuredaa sentrokofiheadfeadingk 10. The di sk
drive 100 further i.nctlu s a head anplifier circuit 2, aread/ wite (R'W
circuit 3, PEPLLS A4 mary power source shutdown detecting circuit 5, a
D) A converter 6, and a notor driver 7. Each of head el enents on the head
slider 40 is coupled to the head anplifier circuit 2. Usually the head
anplifier circuit 2 iA dhaonitddastiofeatuid edthb heagmetiodiskodsive appdrat®s board
(FPC). The head anplifier circuit 2 anplifies anal og output signals
reproduced topsistentwith the aeventiom is e Jurlgeiwhethen thendiald datyplappacatus f urt her
i ncl udes a ite |ifier for converting wite daja supplied.tomthe
readiwrite Biseaniidentysenve BaneF pueply gpRperioning the haad Befeacting a f rom t he

reproduced g|j | h preuif. 3] rns. r.eproduci ng
circuit. Th?ﬁé?qgﬁﬁ‘zt%gggscfg@%gﬁnag l?é%br% Stt%%ﬁ{r%%%}cﬁg 2(2:{&;1?6 ﬁgéllsa%}oné l} gs servo
patterns. ThepdalMLitaeisit 3 includes an automatic gain control (AGC) )
function for anmplifying the analog (read) signals supplied fromthe head
anplifier circuit 19 to a certain voltage and a decodi ng function (read
channel ) for performaﬁéa si gnal processing necessary for anplifying the
read signals through manetigilisk drive apparaiys eonsigieniowtthitha of NRZ code

data. Further, the RIW.circuit 3 has an encodi function (wite channel)
for 7 ecor di Hyeativ invugsy falaipesir Do defireacintest Phe s RSB ARETTon | o
extracting j [ 7

el udes a Sprg TARERIRE o ARbloling BRI Inonts G ThfGhe folih [,
driving thein/gheaRdinkBediM BY coftrsl@ingtthd drive df Rivglte TR @LLBY, tdEi Vi Ng the
control current supplied fromthe SPMdriver 71. Thus, the disk 10 is
rotated i n eortrglergpeforimsTiead\fEvadiing eperdRionupmist pesitibe wdemtthel current to
the VCM 50 in order to drive the rotary actuator 30. In this enbodi nent,
the notor dfgtgetor pefactsya ghutdowanof the pypawPeyeregrEcedty congrplhing theeh of t he

control anopynts the coniro] currents respective supplied fromthe SV
vy 75 ToHEvR bt e SibiBlor G kSR Ve ARD s ot it BB T O 0% ol 4

is a main captds@llSlowd ol D@rf&inéi‘ﬁg‘ihk%%a&@@blra&ﬂ?g &hddafioh RS LIRS 2 read only

menory (ROM) (not "shown) for storing control prograns for performng

vari ous opepaditionswlion thacletécilr déteste aldihtdd o oLt Pl BArApbRaEsA@ad;r ol
program perfornms head seeking and head positioning based on the servo
patterns exwhartiadthzyconbmllRl Wdges eilieth®: thagesdrivepower sahrcehis gharged, CPU 4
i ncludes a head control circuit 41) a switch 44, and_a serial_interface
(SI) 43. Théhhpemessaymoyler dor thej head refasting eperasiepmsiordastart theohead  vi ng

he VCM dri .72 1 dri h I
he O o3G0 B b S5 ST MR A MRS,
posi tion anda,RLE38 oﬁ&aﬁass]t‘?ﬁ%&d Bt @é&%&gﬁpﬁgéﬂgdﬁwﬂgé LhfiBeq the switch

44 connects between the outp erm na control "circuit 41
and the Sl 4gfficldiipowed forGiroralind IR Rbad Adteattaigeshebatidhe head control
circuit 41 is supplied to the VCM driver 72 through a digital/analog (D A~
converter 6. Further, CPU 4 includes a normal unloading control circuit 42.
Wien the primary power source shutdown detecting circuit 5 detects an
occurrence of a shut ddihe magneic Gk doive apparatus eeirsedbent withsijet ch 44 i s
changed to connect between the og{ ut termnal 46 of the ngrmal unl oading
control cir&¥eptien cappchifye g reliat dyetraghipe oBGRAtIonfYFR I down
detecting circuit 5 detects the shutdown by nonitoring a voltage |evel Vcc
of the power source. CPU 4 further includes a head unl oading function for
perform ng the head retracting operation to the ranp bl ock 60 when a

shut down of the primry power source octurs. For the head unl oadi ng control
at a shutdown of the primary power source, the control anount necessary for
retracting the head elenents froma presently | oaded position -tl to the
ranp bl ock 14 is cal cul ated based on a di stance between a retracting
position and a presently | oaded position. Thus) CPU 4 includes an

equi val ent abnormal head unl oading control circuit 42 and a switch circuit

v Y .



servo areas and a multiplicity of tracks. The reference servo patterns

i nclude track address codes for detecting each of track position and servo
burst signals for detecting a head position in each of tracks. In this
enbodi nent shown in Figure 1, the disk 10 includes an unload head waiting
area 110 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 is
not given fromthe host systemfor a certain tinme. -12 As illustrated in
Figure 2, when a shutdown of the primary power source is detected, the head
sl i der 40 ishutdownofagprimixy pdverrsanpcelsicoats jGSk afurvinen theedikkaldtiven| oadi ng
operation, an opposite drive current to the head | oading operation is

suppl i ed toann?éaa@\haﬁcﬁtaﬁyds@mww,ﬁﬁ@eﬁh«aeorumlbaduﬁ!@ewlwf&% the) t he VM
50, the rotar% act uat or '

30 t tsid f.th isk 1 that th
head suspenSIeH RN FOUFE a{’lé"rs?ﬁgg‘\f/ﬁ??g ar'g‘??%gs@isr% ngg’bfor ?% OIH%é%F gﬁf‘:ﬁ%"}i ?o n are m

310 i ncl ude Wl seact | pensi on
arm 310 to ey JefPai o brolileilio g pBHERA Jrib (b B RO NI PEC  on
pat h of t heloh@ihg @atDlLITRR tROmakhoiediskldRBR dppatdtas conssitead gatlthd he di sk
medi um 11. The ranp bl ock 60 includes a slanted portion 610 for guiding the
top tab 31lirwedtishicain melidtiy phdfarin éhe read badisgfuiilpadmlopesatidrsde aof t he di sk
medi um 10. The ranp bl o¢ck. 60 includes a U shaped groove 620 for holding a
non- dat a ar BHTSY PREekfidimedge of the disk. Wen the top tab 311 of the
suspensi on arm 310 reaches the slanted portion 610, the VCM driving force
slides the top tab 311 upward along the slanted portion 610 in order to
separate the head el eggnishddifiiht Hhsiitsl @ithitRE prei@nt fiRentiBh HBBAL T €aches a
retract position 630 on the ranp block 60. Figure 3 illustrates an

enbodi ment  &f a nldgnie6is disked idea\Rpp fratistiachidiigiconiehesreiot elatdinglagk drive
apparatus consistent with the invention. As expl ai ned above, the reserve
power sour celestrpppavess as the ceseswe powensasces Jlhuggihefeontrobef oy theng t he head

unl oadi ng operatjon in aorder tqQ retract the head elenents to a

predet er mi n&bpliseentcensistent wdhthe Russantdnrenitoningess Vhemer fBoer source
occurs. As Ll e%gerraltlgsdcl{artl (l,:d glillregeséa ! h%v rrg'grer&'go q\rl\xlera lise%léirrc ?ra%};/i%t em

i ncl udes cPU, pri mary power Source KhUtdo e ecglng BT it 5,
DIA conver t ghes@tioN@Mattid¥ &hefia siutaONHVIERE phfhar@Pewer Hudcoinuester 8. In
thi s enbodi nent, the condenser 66 supplies a reserve source voltage
necessary f prioatd staat thedhdad loadingopergionhe head el enents to a predeterm ned
rest position when a shutdown of the power source is detected by the
primary power source shutdown detecting circuit 5. Thus, the reserve power
source for performng,a power .off un]oading.o ion is supplied fromthe
condenser 66 only. Th@ﬂB %ﬁ%%?%%mﬁ? gﬁﬁF% ‘@ﬁ@ég%ﬁﬂuﬁg?% Vgﬁbogircuit 5is
connect ed t @elhf& tB'al MBENe tROYTBK dPIRH apPardths IMMRHAR a@ohdd&der BOMEr source |ine
91. The first power source line 91 Is coupled to the VCM driver 72 through
a first sw thirgimg dn 8lectrdpevaenshd reantifping sounit dod tenfyddg tHhe second power
source line 92 transfers the squrce voltage Vcc to the head unl gadi ng
control cir élsctrogyalivadoreef 3 spundiganotepes he ysservediyr seyrcs; Farderne vom

driver 72. e first. vtch unit 81 . e ] h as,
for exanpl eIge Hagflgﬁ_ceg%vgc#“{er%{’r?g RS ugrlﬁilﬁg%gﬂ% rF’S %ﬁ%ﬁaﬁ%{y}f lf)dﬁigg source
i s suppliedwiethdion SuffikicHEt rasrddfbwdriidsbbpiiavd geisr o ftakStheddd ol si gnal
810 of a high level so as to set the first switch unit 81 in a closed (ON)

st at e. Thus Joadimg ogeratien in helepto parfyripshe head mteastmgmplera@gon headouoe ce

vol tage Vcc, the first switch ynit 81 is closed (ON) in order to transfer
the source vVdiengyghusdewnof thepxymery ppyer soprce §4CUEs- shut down of the primary
power source occurs, i.e., the primary power source shutdown detecting
circuit 5 detects an abnormal state of the power source, the CPU 4 sets the

first control signal 8%Q Rhgfetlchsk dfive apparatus consistent with the present

invention includes head loading/unloading functions and a head retracting



| evel in order to open (OFF) the first switch unit 81. Thus, when a

shut down of the prinmary power source occurs, the first switch unit 81

di sconnects the second power source line 92 fromthe first power source
line 91. CPU 4 is connected to the second power source line 92. CPU 4
further is coupled to the condenser 9 through a second switch unit 82 and a
third power source line 93. Thus, the second swtch unit 82 and the
condenser 9 are sequentially provided between the second power source line
92 and the grounding (G\ND). The second switch unit 82 al so made of a

sem conduct @iinctRuGh odder foGetrR¥ehed Eeldmehts toldipledgteiniifédBdst posiGiohi on, the
second switch unit 82 is closed (ON) so as to charge the condenser 9 by the
pri mary soumdeneoshutdewivofa pyimarytiewvepspwee pepuacthesppacatus hutldding:
detecting circuit 5 detects a shutdown of the prinary power source, the

det ecti ng sRJRSETVE POWARHYIEYcqmiL bo charge, a popier Arogh the prig@Ey RAWEHNL 1 ol

signal 820 at a low level in order .t en (OFF) the .seecond switch unit 82.
Ths. the r sueu® HBieennlinBhtEh b Ral B bt chat e RURTRETEEHE L e heac
uni 0adi g CgRiePhodiihGhjudgink Vnil BAdSRGNES jutigh Wi th Mhodsdige gL ed 1o 2
forth pomer?gourc% Iinéigﬁui r&ugh athirdswtch unite83§ Tﬁ% forth power
sour ce | i ne sBdrcehasehptged al mectidary pdwié0fod Re tirictigeHed@/adi edérhahts(toVthY
converter 8. Further, the forth power source line 94 is grounded through a
resister 12reftisitiinrehewasbhtdomin ofdBe prigwarypovedsoufcemcewnsi basedwat or, such
as, for exanple a FET. During the normal condition of the disk drive 100,
the third skt dptegtadipogrer %“‘gﬁé‘i’fétﬂO ‘EB“F?‘?“W?—A @»3}1?%&@@ lqadangyat tery

vol tage of the condensen 9, CRU,.-1 et third contyol .signal 830 at
2 hi g1 evel PR RN Blhodi St thon g Rfrbet o fRAE A 25R0E) (e
forth pover (goWbERshiyiowdd. i s used for supplying the battery voltage
charged is the condenser 9 to the AID converter in order to neasure the
battery voltage charged in the condenser 9. During a normal condition, CPU
4 sets both the first and second control siganals 810 and 820 at a high

| evel in order to cl os@%%%“ﬁ%@%ﬁ%ﬁé@%ﬁ units 81 and 82.
On the other hand, when CPU 4 judges the reserve power voltage of the
condenser 9) the first and second control signals 810 and 820 are changed
to a low level in ordeThd ac@pgianyidy QidwingaNahibCondinevigoeiitednint 5ndl and
82. Further CPU 4 sets the third control signal 830 at a high level in
order to cl coustitvée part of Bwk sperifieationg3llusinete vareousemabelimants Andr| s
opened and the third switch.83 is, clased,.th attery voltage charged in
Che condens dPRgtp o€y iy ifiqnadpises Bt it B ABSkRgow RAP G X B e

anal og val ugh@fintdiRida W r¥vatOhdsathie, the lshmeGRRIERGELAUADLESs *ANYENRLEY tO a
digital value in order to supply to CPU 4. Based on the digital value of

t he battery thodtughget shepddawaogs todimetshmeAirDhe dike patres: [iI8the mwiREs 4 | udges
whet her the battery voltage of the condenser 9 is in a normal state or in
an abnormal state. Figure 4 explains how CPU judges as to the head | oadi ng
propriety. In the disk.drive.copsistent, W;th the iavention, CPU 4 judges as
to the head | oading pr%ﬁlrlfeefif aprl}ngfl_o?ggl%‘%agﬁ%mﬁgpﬁﬁ}eg?%ﬂaswt he head

| 0ading contygligufdidiGor HABRHOiSR VR SppAPIS i WGP mEPhiAGMVCC | S

supplied to the 'dis rive 100, or when a host system gives an instruction
to the SPM Tappha@itus@badistedt with theJfeddit ihvertioanay be plbniviadd el ements from
a retracted position -16 onto the disk 10, CPU 4 starts a request for
starting head | oading control (step S1). Wen the request is started, CPU 4
j udges whet her the nunber of prohibition times of the head | oadi ng
associated with the rdijguea? depigisa partialyenlagepd et Wustrabaethemioof ¢ nes

(loop) N (step S2).,1f..the prohihitipn tinmes do not exceed,to the

b oot er m neduIRIgbts b RroBplh diek e apbegayS S HeniFLE Bt 13p v ¢ age
of the cond 9 . . m§g§ t -4 judges
whet her thee(ggg{ té)r%/x&)\?%ﬁﬁ gggé%?&?%s&gg% %[bngt;ar #éﬁgﬁ Er‘il"otron:’italibi(%[é a'? let' (step $4).
When CPU 4 judges that the battery voltage of the condenser 9 is a nornal
state (step S4, Yes), CPU 4 allows actually to start the head | oadi ng
operation (step S5). Thus, only when CPU judges that the reserve power
source has a sufficient power voltage for unloading the head to the retract

position, CPU 4 allows the start of thg7head | oadi ng operation. On the
contrary) if the battery voltage of the condenser 9 is



judged as an abnormal state (step S4, No), CPU 4 tenporarily prohibits the
start of the head | oading operation (step S6). By tenporarily prohibiting

t he 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 primary
source voltage Vcc during when CPU repeats the neasuring of the battery
voltage at several tines if the associated circuits keep its nornal

condi ti ons. Even when Finwed igasfunepienalddpck digaram ofdneremplaryery vol t age

nore than the predeterm ned | oop nunber-of -ti.mes N, |.f e hattery -17
vol t age of gusAHeR Lo regerye pofey saurce or achieying 3 r&“ﬁbieg%ﬂaaval ue (step S2,

Thus) cpy 4 R R BB EERLARAE Y the il SRR Mk BRARCTL
notice to ade¥@hpbhiAuslh whRH1ASihodN ShaHpphPatas d6isidtant wiANMELARE { he

battery voltage of the condenser 9 is a normal state or an abnornal state
at the stepis@ntionhhgyibe idiplegRlitdd.conpares the neasured battery vol tage of
t he condenser 9 to a predeterm ned set value. Figure 5 explains the judging
nmet hod. When a neasurenent of the battery voltage of the condenser 9 is
started (step S21)) CRU 4 ovides instructions to change the .second switch
ol orent 82 i h an OFF (3pert B3 pofdy sRaHCEE nBliiaing eoRfie BF 4AERRRG T an
ON (cl osed) c§ﬁﬁ&t§p2&§}i%%r sidwad l@ﬁdih@%n'ﬁﬁ@%&'ﬁﬁﬁraﬁbﬂ ibydcEal e FdgRe Fot h
swtch el enents and 83 are changed, CPU 4 may obtain an initially
nmeasured vol tage VO of the condenser 9 t'hrough the Al D converter 8 (step
S23). After a predeternined tinme, Tl has_passed fi~omthe changing. the

swi tches, CPU 4 agai n IoBwEg Hias a floxchart fos Jaeasuging Péﬂéryw‘n&?get heondenser
9 (step S24) - . third swtch elenments 82 and 83 are
respectivel ﬁ"%{%ﬁs‘g}ebﬁ‘{l‘gmgﬁ&ggg@} g'state. Thus, the second switch 82 is
changed to an ON (close) state and the third switch elenent 83 is changed
an OFF (open) state (step S25). Then, CPU 4 conpares the initially nmeasured
vol tage VO of the condEwsyee 6ollystratehe pernpigsihlepvalbages ouvecnvendende Vec
(step S26). If . the initial,.condenser vol e VO,dges no each .to the

pri mary powskt  anoiel o8 dEs pefalifioql Lalsesof (hECErMeNRar ¢ he
condenser 9 jiTRMchfealiHdgsed® failures (step S30). On the other hand, if
the initial condenser voltage VO exceeds the primry power source voltage
Vcc (step -18 S26) Yes)) CPU 4 conpares the second neasured voltage VI of
the condenser 9 at the time T1 with a required mnjnmumvoltage Vt at the
same time T1 (step S27Aigure isefuncéignal blesk diaggamdaraneder simplgsy Vi does
not reach to t@e rg%uitred nm ni mum voltagte Vi, .at. t he rllgme ‘I;l (step S27, No),
CPU 4 judgesco SR "tﬂrerecsgf)v qucﬁpufﬁ‘?eoﬁgﬁl&%@gra@l |e|l? all's short
(step S29). : : eds the
Foqun rod T A Ao By B SV RRR UL Bl BORRNE AL ARt Tiges as
that the voldragaapphaswed in the condenser is in a normal state (step S28).
Thus CPU 4 judges that a su~cient voltage for perform ng power-off head

unl oadi ng operation has been charged in the condenser 9 as a reserve power
source. Figure 6 illustrates rm Ssi curve fox expl aining how
to judge the normaUabnor mal ﬁ&ﬁﬁ“@ﬁfh@@ﬁ&ﬁ@ﬁ as the reserve power
source. In Figure 6, an abscissa axis shows the tine T and an ordi nates

axi s shows the voltage V charged in the condenser 9. If the condenser 9 is
a normal state, the al Refabh® &dlldao&cbeVvoladagin Gletaib tonthiesxem@pdargr adual |y
fromthe prinmary power source battery voltage Vcc at the tinme TO according
to a progressnlyidimpats pinshe dpvertiong ctramnley of fwhink areadlistiated nadibser

vol tage VO at the ti.ne ‘i% does pot ‘%Tgl:ch to tt he,primary B{)wer Sour ce

vol tage Vcc,25unpapyjeg draggoess Yigureeh dlvatmted dhe wapn ompegents plé om it

s judged asnhhalid Bl R|veAbat RAHIRS Lhsidin CONICHRCHvEnlion MBlle AWLS i CTent
for perform ng a head unl oadi'ng operation. Even if the battery voltage Vcc
has been chalrjedl@i iddedesnnaiignetioweddddinghdisk ahédigm tdiof evidds serfds:sabr upt |y
with tinmes, and at the tine T1, it may fall down |ower than the required

m ni mum voltage Vt at the tinme T1l. When the condenser 9 includes sone
failures, or damages, the neasured condgnser voltage shows -19 al nost a
straight line on the time-axis since the voltage is not charged in the
condenser 9. Figure 7 illustrates another enbodi nent of the reserve power
system applicable to the nmagnetic disk drive apparatus, consistent with the
invention. In this enbodinent) a reserve voltage power necessary for
perform ng the power-off head unl oading operation is supplied fromboth the
condenser 9 and the back el ectronotive voltage of the SPM 20.



As illustrated in Figure 7, the SPM 20 includes three phase (U, V and 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
i nduced alternate back el ectronotive voltage. In order to obtain the
reserve power by using the back el ectronotive voltage, the reserve power
systemincludes a rectifying circuit 13 for rectifying the back

el ectronotive voltage and a power source stabilizing circuit 15 for

stabi | i zi ngatdwated @ithSmagndtiemaeidlf ¥ spihdlé motdr (SPM) FhforpoteingSthidr ce
stabilizing circuit 13 is conprised of a DC-DC converter. A forth switch
unit 84 is pisbvitieadserotanacthatayidbfor daivinge headelidep dpdong anatiusi ng
circuit 15 d t he on rqSOur ce I| 92, CPU 4 delivers a fort
control si g ?3 (gﬁgolgfl'{‘lr?g it §p‘é‘?’a’tﬂe8n€’s SEPPTIRE T 8F?’hEQ§V\A tch
unit 84. Fuhbill%g #hd h@&d‘sﬁ&\éﬂtfd‘aﬂa'a{[vﬁ&bﬁlﬁfo@dﬂ W%b%?'?oéa‘ﬂﬁxg?ﬂfepm of
the rectifying circuit 68 and the power source stabilizing circuit 15. CPU
4 delivers heéd shiderctih{lthelhesdghder 88 Supmort<a phivalflohagnefiy/ el edgraents, ons of
the fifth swtch unit 85 Bot h the forth a fifth swtch units 84, 85 may
be - 20 E8rmBrTtechesd fgr waitingglatadrigythe 1%§ndﬁcrea‘éiaaw¥f<§)rea divgT. When

the primry 4 f P |esthe
first and fo??mﬁégﬁﬁﬁﬁggrgna Bﬁ’é‘%ﬁ (ﬁﬁg %Itsrreg h4ﬁp\%}eﬁu%gr se't"tr ng the
first and fotddr rsvmhﬁmfwthé @i h Bactical ae&peﬁw \ﬁ@burahesadudbé ad
shutdown of the prinmary power source occurs) the fixst and forth switch

uaits 81 ande®adzhead efacing arbothng (sluo@ed)if theydiskap@ fphevrﬁtiiflg fangwi t ch
unit 85 i s opepe rdance wi.th the r. rs d fifth
avi tch cont FOTIEE dath N Rerriipre inmsgosifhit lpakuaisahive g i

shut down of the prinmary power source occurs, s| nce the power supply from
t he power source line 91 to the SPMdriver 71 is cut off, the output from
the SPM driver 17 is dhsaig epkrationef eie diskelrisieMpparstus| 100¢ that SAME20 t 0
rotate by an inertia force after when the outEut fromthe SPM driver 71 is

di sabl ed. conadederdisk 1@ap B hghspeqd (fqvetsrohc Ulﬁeﬂ‘éea%ywaltséea
el eC”O”D“\é grltggag,gér%d W L& férd% %%fig gc %e%bﬁtsﬁ%”e 8F ilche power

sour ce. The rorro Ive voltages genera 8ach °corl ®the SPM

20 are rect rrstacd\gandk Q0NTRAS, @He headDSlideH 4mdeeeémo§énﬁoﬁe®urfawbr¢gtm rcuit 13.
The forth and fifth switch elenents 84, 85 are closed when the primry

power sour cé11$1%1%hl9mgcﬂ@mr3t51,7%Hﬂeilg&viitrer:tlfm efhtherdiglo hQ bMIm@tg’rﬁa?fé; 840, 850 of
a low level. Then, the romt ec circuit 13 is
Conver e t PR L ALNALS 25 T4 By ALt a0 B ven Bt A iR 1 27 ng
circuit 15. hbB8 pdbididhn!dnZeehribbt MQJ:IE 86he (ﬁleéJP(PhhﬁQr 284)olBnibE Aread

unl oadi ng control systemincluding CPU 4 through the power source |ine 92.
Consequent | seeking alndambsurdnmgiomg target teacksipghe mhisknt0, utie hgadPléderdan - 21

perform the head unl oag control operation, even if the prinary power
source for Span Byptragk §°t§HH’£1 ofihtdiskd Opordemiodiead servo nattarngt ed i n

Figure 7. | DeAdibd LP0.A0 oS Bl SLAl HRSRR"A Vi 3RH5088 N Jad Ne Dack

el ect ronot i Ve Vort age s so use e reserve

source whengausQQQQ@wﬂag{&kﬂﬁlamhgak%;ppmer source occurs. Cbnsequently, it
becones possible for the condenser 9 to reduce its capacity. Thus, it may
reduce a manufacturing cost By adding the battery voltage of the condenser

9 d the back el ect |t the SPM 2

ce?tnar nt§ o?cpoﬁerecortf §d¥‘g’§ @ggfl‘g‘ﬁ‘?oﬁ?d‘l“ff*st%g %‘Jo%‘&‘g?)é‘ﬁf)gj‘dg‘ﬁ‘é s) the

magnetic di % reQ 0w, tea@l@@i') rUﬁxt'?»Sa Q%@uﬁ‘é dagdw&dsohi’@edé h&ghoadr ng
wever) t fre.g

appar at us. neti ¢ dri‘'ve a ratus may also allow to the

magnet i ¢ di sdetébting&iRRRAS, armx afnvbher GoPné nshetey dbReL7TNEbdleohiead el ement s
12 axe retracted on the CSS area on the disk 10. As expl ained above, prior

to start theﬁlma@tSIooddmr’rgadohdeMO ist doaplealgtocthie hedil simplifierecizgpgat.at us 100
and et hod f |1 unl padi ng operati o es whet her. a
Sufticiont dveaibibe feasrhrltes et 1 et ppe SoubErTaAGE it o
retract the head eI enents to a predetermned rest position if a shutdown of
t he power source occurs. Thus, it becones possible to performcertainly
power off unl oadi ng of head el enents at9the time of shutdown of the power
source. -22 \What is clained is: 1. In"a magnetic disk drive apparatus

havi ng head | oadi ngl unl oadi ng functions and a head retracting function in
order to



retract head elenents to a predeterm ned rest position when a shutdown of a
primary power source occurs. the apparatus including: a reserve power
source configured to charge a power fromthe primary 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 source has
charged a necessary power for retracting the head el enents to the rest
positi on when a shutdown of the primary power source occurs) based on the
detected power and a control unit configured to allow head | oadi ng

oper ati on obéardWRFPE).i Thd kejdsigplifiéhétcuih® angdfiesanpdogesutpatisigaalyas char ged
the necessary power. 2. The magnetic disk drive apparatus of claiml1,

wher ei n: t heépredwgeddygbaaead bead fomnidie disk 19. Therhpadampplifier 2 finther to store

charges fromthe prinar [.source.. 3. netic,.dipsk drive apparatus
for witi ngﬂc&g%f‘ r’ilgwgg‘ft émg’ﬁﬁgﬂg’t'i cﬂ'é‘éecfhé’lgévrré%etn‘g 0% (l:fe?l o éher ecording
medi um i nCididpEitecitRiing! PhdRiadlw GONR/E0 cBuit® d&dodbeditiers@aaedi Nng medi um
during data reading/witing operations - 23

reproduced signals. The R/W circuit 3 includes a servo patterns reproducing

circuit. Thus, the decoded data from the reproduced signals includes servo

patterns.

The R/W circuit 3 includes 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 performing a signal processing necessary for amplifying the
read signals through the AGC function, such as a reproduction of NRZ code
data. Further, the R/W circuit 3 has an encoding function (write channel) for
recording data into the disk 10 and a servo extraction function for extracting

servo patterns from the read signals.

. 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 speed by driving the control current supplied from the SPM driver
71. Thus, the disk 10 is rotated in a high speed. The VCM driver 72 supplies
the control current to the VCM 50 in order to drive the rotary actuator 30. In
this embodiment, the motor driver 7 is made as an integrated circuit of
1-chip. Each of the control amounts of the control currents respectively
supplied from the SMP driver 71 and VCM driver 72 is determined by the
CPU 4.

-10 -



a voice coil notor configured to nove the head el enent al ong a radius
direction of the recording nediuma head rest unit provided at a
predet erm ned head rest position and configured to retract the head el enent
when the recording mediumis in a rotation stop state a prinmary power
source configured to supply power voltage to the apparatus a detector
configured to detect a shutdown of the primary power source a controller
configured to nove the head elenment to a target position on the recording
medi um by controlling the voice coil notor during the data readinglwiting
oper ations and a resefThe GRIVdiis asuainsontnollegfor dble disksinppel W0aThe GRU

necessary faqr. at .| east yetracting ad ele ts to the predeterm ned
head rest pddnelngdes o ?%%%m@{lﬁﬂgf%ﬁ Oﬂggﬁlﬁﬁﬁﬂfwgﬁntfﬂe primary

power sour Cﬁﬁcg?ﬁﬁﬁgﬁi %HP@mﬁgBtvraQighE %gé&tﬁ)%fiﬁ Ui g%ktdgivreeltdoaﬁ'hr the head

el enment to predeterm ned”head reSt position controlTing the voice
coi | notor whempld)a ldat@6htio] pivetah petfoemshehdeveking ahlichepdi Nary power

source and the controller is further configured to judge whether the

reserve positioning based on the servo patterns extracted by the circuit 3. As
illustrated in Figure 1, CPU 4 includes a head control circuit 41, a switch 44,
and a serial interface (SI) 43. The head control circuit 41 provides control
amount for driving the VCM driver 72 in order to drive the head elements
onto a target position in the disk 10 by calculating a distance between the
target position and a preser'xt head position. During a normal condition, the
switch 44 connects between the output terminal 45 of the head control circuit
41 and the SI 43. Thus, the control amount calculated by the head control
circuit 41 is supplied to the VCM driver 72 through a digital/analog (D/A)

converter 6.

Further, CPU 4 includes a normal unloading control circuit 42.
When the primary power source shutdown detecting circuit 5 detects an
occurrence of a shutdown of the primary power source, the switch 44 is
changed to connect between the output terminal 46 of the normal unloading
control circuit 42 and the SI 44. The primary power source shutdown
detecting circuit 5 detects the shutdown by monitoring a voltage level Vec of

the power source.

CPU 4 further 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

11 -



power source holds a sufficient power voltage necessary to retract the head
el enment to the predeterm ned head rest position before starting an

unl oadi ng control of the head elenment and to start the unloading control of
the head el enent only when it judges that the reserve power source holds a
sufficient power voltage. 4. The magnetic di sk drive apparatus of claim 3,
wherein: - 24 the reserve power source includes a condenser configured
to store charges fromthe primary power source. 5. The magnetic disk drive
apparatus of claim3 or 4~wherein: the controller further controls a power

suppl i er cotf tlpuraatp black d@ib yalduhaek badedain Ddidtdnce betwam Nptesdthigy to
retract the head elenent to the predeterm ned head rest position by using a
back el ect r pefatipnands pregentdy loaded ppsitign Thysy, &P Uik incledas anequvdentiet ect s

t he shutdo of t i mar y..power. source. 5. Jhe magneti sk drive

appar at us oRbRranah bR A RE PSR REOIGR: 4fand S IRRBRE A Solrce 11 ne
configured ERiteHR the ouep di ofBlhe/ nHINEhend bR G oPCi AR a D VIRS povadi-die | i ne
configured to supply the primary power source supplied through the first
power sour cenldadeng eoutivd coonitrd@l Thns,avhdn the pronery mower seutce sbutdafi gured to

supply the power. source supplied. through_the second power source line to
the condensBftegtipgcinqui LB IR OF RIYBABPAYPTSOPRey the power

char ged i 0 L0QcRANIRHYEYis Lok AFo L QK BLASE (AAnd1 R giWck-off 0vi ded

between the tirst and second power sour I nes
unloading control circuit 42.

The D/A converter 6 converts a digital control amount supplied
through the SI 43 in CPU 4 to an analog control amount in order to supply to
the VCM driver 72. When a shutdown of the primary power source occurs, it
needs to retract the head elements to the ramp block 60 with supplying a
reserve power source to a head unloading control 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 1s explained later.

A disk surface includes a predetermined number of reference
servo areas and a multiplicity of tracks. The reference servo patterns include
track address codes for detecting each of track position and servo burst
signals for detecting a head position 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 waiting the head elements during when any command is not given from

the host system for a certain time.

-12 -



the switch unit includes: a first swtch elenent configured to change from
a closing state during when the primary power source being supplied through
the first power source line to an opening state when the detector detects

t he shutdown of the power source. and - 25 a second switch el enent

provi ded between the second and third power source |lines so as to change a
closing state during when the primary power source is supplied through the
first and second power source lines to an opening state when the controller
j udges the voltage of the reserve power source. and a third switch el enent
provi ded between the WsiilldstaatkdiiarRifuedyarhesoa sietdownasdf the pringaryed t o
switch to an open state only when the controller judges the voltage of the
reserve poveewensquree isdeseced,: thethead shiderd( isrrefuagtpsdsontp dhe sampHdodondenser

For th power OLORABE bR Beddr\aleadlte e oo A RGP AELYAEHIFRBARERG i oadi ng

operation a i A . i 6. di { r -ngMi head
retracting_Fg%%ﬁggﬁf$%%ggt§3%¥§h#§$§§§Fm%ggﬁfgpgﬁgﬁﬁéﬁﬁb Sﬁgﬁgternined
rest positi gRlAMinSENgeRt (oQHE VEMBOMEe RRMCALUARR 30 is Movdaws ofiside Pri mary
power source occurs the method including: charging a power in the reserve
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The ramp block 60 includes a slanted portion 610 for guiding
the top tab 311 and sliding the head elements away from the surface of the
disk medium 10. The ramp block 60 includes a U-shaped groove 620 for
holding a non-data area of the outer edge of the disk. When the top tab 311 of
the suspension arm 310 reaches the slanted portion 610, the VCM driving
force slides the top tab 311 upward along the slanted portion 610 in order to
separate the head elements 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
system implemented in disk drive apparatus consistent with the invention.
As explained above, the reserve power source supplies a necessary source
voltage for performing the head unloading operation in order to retract the
head elements to a predetermined rest position when a shutdown of the
primary power source occurs. As illustrated in Figure 3, the reserve power

source system includes CPU 4, primary power source shutdown detecting
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predetermined rest position when a shutdown of the power source is detected
by the primary power source shutdown detecting circuit 5. Thus, the reserve
power source for performing a power off unloading operation is supplied from

the condenser 66 only.

The primary power source shutdown detecting circuit 5 is
connected to the primary power source Vce through a first power source line
91. The first power source line 91 is coupled to the VCM driver 72 through a
first switch unit 81 and a second power source line 92. The second power
source line 92 transfers the source voltage Vcc to the head unloading control
circuit 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 power 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 Vce, the first switch
unit 81 is closed (ON) in order to transfer the source voltage Vec to the VCM
driver 72.

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

state of the power source, the CPU 4 sets the first control signal 810 at a low
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level in order to open (OFF) the first switch unit 81. Thus, when a shutdown
of the primary power source occurs, the first switch unit 81 disconnects the

second power source line 92 from the first power source line 91.

CPU 4 is connected to the second power source line 92. CPU 4
further is coupled to the condenser 9 through a second switch unit 82 and a
third power source line 93. Thus, the second switch unit 82 and the
condenser 9 are sequentially provided between the second power source line
92 and the grounding (GND). The second switch unit 82 also made of a
semiconductor, such as, for example 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 Vcc.

When the primary power source shutdown detecting circuit 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 charged in the condenser 9 is used for the head unloading control

circuit,.

The third power source line 93 is coupled to a forth power
source line 94 through a third switch unit 83. The forth power source line 94
is coupled to CPU 4 through the analog/digital (A/D) converter 8. Further,
the forth power source line 94 is grounded through a resister 12. The third
switch unit 83 also is made of a semiconductor, such as, for example a FET.
During the normal condition of the disk drive 100, the third switch unit 83 is
opened (OFF). When CPU judges the battery voltage of the condenser 9, CPU
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4 sets a third control signal 830 at a high level in order to close (ON) the
third switch unit 83. Thus, the forth power source line 94 is used for
supplying the battery voltage charged in the condenser 9 to the A/D

converter in order to measure the battery voltage charged in the condenser 9.

During a normal condition, CPU 4 sets both the first and
second control signals 810 and 820 at a high level in order to close both the
first and second switch units 81 and 82. On the other hand, when CPU 4
judges the reserve power voltage of the condenser 9, the first and second
control signals 810 and 820 are changed to a low level in order to open the
first and second switch units 81 and 82. Further CPU 4 sets the third 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
closed, the battery voltage 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 digital value in order to supply to CPU 4. Based
on the digital value of the battery voltage supplied from the A/D converter 8,
the CPU 4 judges whether the battery voltage of the condenser 9 isin a

normal 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 head loading
control. Either when the primary power source voltage Vce is supplied to the
disk drive 100, or when a host system gives an instruction to the SPM 71 for

rotating the disk 10, in order to load head elements from a retracted position
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onto the disk 10, CPU 4 starts a request for starting head loading control
(step S1). When the request is started, CPU 4 judges whether the number of
prohibition times of the head loading associated with the request is not
exceeded a predetermined number-of-times (loop) N (step S2). If the
prohibition times do not exceed to the predetermined loop times N (step S2,
Yes), CPU 4 measures a-battery voltage of the condenser 9 (step S3). Based
on the measurement, the CPU 4 judges whether the battery voltage of the

condenser 9 is a normal state (step S4).

When CPU 4 judges that the battery voltage of the condenser 9
is a normal state (step S4, Yes), CPU 4 allows actually to start the head
loading operation (step S5). Thus, only when CPU judges that the reserve
power source has a sufficient power voltage for unloading the head to the

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

On the contrary, if the battery voltage of the condenser 9 is
judged as an abnormal state (step S4, No), CPU 4 temporarily prohibits the
start of the head loading operation (step S6). By temporarily prohibiting the
head loading operation, CPU 4 again monitors the battery voltage of the
condenser 9. Since a predetermined processing time 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 primary source
voltage Vce during when CPU repeats the measuring of the battery voltage

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

: Even when CPU 4 has repeatedly monitored the battery

voltage more than the predetermined loop number-of-times N, if the battery
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voltage of the condenser 9 still does not reach to a normal value (step S2, No),
CPU 4 judges that some error occurs in the condenser 9 (step S7). Thus, CPU
4 does not start the head loading control, but it sends a warning notice to a

user through the host system.

In order to judge whether the battery voltage of the condenser
9 is a normal state or an abnormal state at the step S3 in Figure 4, CPU 4
compares the measured battery voltage of the condenser 9 to a
predetermined set value. Figure 5 explains the judging method. When a
measurement of the battery voltage of the condenser 9 is started (step S21),
CPU 4 provides instructions to change the second switch element 82 in an
OFTF (open) state and also the third switch element 83 in an ON (closed) state
(step S22). At the moment of the switching when both 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 S23). After a
predetermined time T1 has passed from the changing the switches, CPU 4

again obtains a second measured voltage V1 of the condenser 9 (step S24).

'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 S25). Then, CPU 4 compares the initially. measured
voltage VO of the condenser 9 with the primary power source voltage Vce
(step S26). If the initial condenser voltage VO does not reach to the primary
power source voltage Vce (step S26, No), CPU 4 judges as that the condenser
9 may includes some failures (step S30). On the other hand, if the initial

condenser voltage VO exceeds the primary power source voltage Vee (step
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526, Yes), CPU 4 compares the second measured voltage V1 of the condenser
9 at the time T1 with a required minimun; voltage Vt at the same time T1
(step S27). If the second measured condenser voltage V1 does not reach to
the required minimum voltage Vt at the time T1 (step S27, No), CPU 4
judges as that the capacity of the condenser 9 still falls short (step S29). Only
when the second measured condenser voltage V1 exceeds the required
minimum voltage Vt at the time T1 (step S27, Yes), CPU 4 judges as that the
voltage charged in the condenser is in a normal state (step S28). Thus CPU 4
judges that a sufficient voltage for performing power-off head unloading

operation 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
descends gradually from the primary power source battery voltage Vce at the
time TO according to a progress of the time. On the contrary, if the measured
condenser voltage VO at the time TO does not reach to the primary power
source voltage Vcc, as illustrated as the measured condenser voltage curve
Cm, it is judged as that the voltage charged in the condenser 9 is not
sufficient for performing a head unloading operation. Even if the battery
voltage Vee has been charged at the moment time TO, the voltage curve
descends abruptly with times, and at the time T1, it may fall down lower
than the required minimum voltage Vt at the time T1. When the condenser 9

includes some failures, or damages, the measured condenser voltage shows
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almost a straight line on the time-axis since the voltage is not charged in the

condenser 9.

. Figure 7 illustrates another embodiment of the reserve power
system applicable to the magnetic disk drive apparatus, consistent with the
invention. In this embodiment, a reserve voltage power necessary for
performing the power-off head unloading operation is supplied from both the

condenser 9 and the back electromotive voltage of the SPM 20.

As illustrated 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 controlling 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 electromotive voltage
and a power source stabilizing circuit 15 for stabilizing the outputs of the
rectifying circuit 13. The power source stabilizing circuit 13 is comprised of a

DC-DC converter.

A forth switch unit 84 is provided between 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 ON/OFF operations of the
forth switch unit 84. Further a fifth switch unit 85 is provided between the
output of the rectifying circuit 68 and the power source stabilizing circuit 15.
CPU 4 delivers a fifth control signal 850 for controlling ON/OFF operations
of the fifth switch unit 85. Both the forth and fifth switch units 84, 85 may be
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comprised of a semiconductor, such as, for example, a FET. When the
primary power source for the apparatus is put on, CPU 4 supplies the first
and forth control signals 810 and 840 of a high level for setting the first and
forth switch units 81 and 84 are respectively closed. If a shutdown of the
primary power source occurs, the first and forth switch units 81 and 84 are
changed to an ON (closed) state and the fifth switch unit 85 is opened in
accordance with the respective first, forth and fifth switch control signals 810,
840 and 850 supplied from CPU 4..

‘When a shutdown of the primary power source occurs, since
the 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
driver 71 is disabled. Consequently, each coil in the SPM 20 generates a back
electromotive voltage for a while after occurring the shutdown of the power

source.

The back electromotive voltages generated at each coils of the
SPM 20 are rectified and converted to DC voltages by the rectifying circuit
13. The forth and fifth switch elements 84, 85 are closed when the primary
power source 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
converted to a stabilized DC voltage through the power source stabilizing
circuit 15. The stabilized DC voltage 1s supplied 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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" In the embodiment illustrated in Figure 7, in addition to the
battery voltage of the condenser 9, the back electromotive voltage of the SPM
20 is also used as the reserve power source when a shutdown of the primary
power source occurs. Consequently, it becomes possible for the condenser 9 to
reduce its capacity. Thus, it may reduce a manufacturing cost. By adding 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 above embodiments, the magnetic disk drive apparatus
is explained as a head loading/unioading 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 above, prior to start the head loading control, the
magnetic disk drive apparatus 100 and method for controlling head
unloading operation judges whether a sufficient electric power is secured in a
reserve system in order to retract the head elements to a predetermined rest
position if a shutdown of the power source occurs. Thus, it becomes possible
to perform certainly power off unloading of head elements at the time of

shutdown of the power source.
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What is claimed is:

1. In a magnetic disk drive apparatus having head
loading/unloading functions and a head retracting function in order to
retract head elements to a predetermined rest position when a shutdown of a
primary power source occurs; the apparatus including:

a reserve power source configured to charge a power from the
primary 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 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
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.

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, including;
a spindle motor configured to rotate the recording medium during

data reading/writing operations;
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a 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
rotation stop state;

a primary power source configured to supply power voltage to the
apparatus;

a detector configured to detect a shutdown of the primary power
source;

a controller configured to move the head element to 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
least retracting the head elements to the predetermined head rest position
when the detector detects a shutdown of the primary power source; wherein:

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

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 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.

4. The magnetic disk drive apparatus of claim 3, wherein'
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the reserve power sourceincludes acon enser configured to store

charges from the primary power source.

5. The magnetic disk drive apparatus of claim 3 or 4,wherein:

the controller further controls a power supplier configured to supply
a back electromotive force 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

power source.

6. The magnetic disk drive apparatus of claim 3, 4 or 5, further including:

a first power source line configured to s;lp;ply the primary power
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 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 source
lines; wherein:

the switch unit includes:

a first switch element configured to change from a closing state
during when the primary power source being supplied through the first
power source line to an opening state when the detector detects the

shutdown of the power source; and
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a second switch element provided between the second and third
power source lines so as to change a closing state during when the primary
power source is supplied through the first and second power source lines to
an opening state when the controller 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 open state only when the controller
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 through the forth power

source line.

7. 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:

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 power 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 detected power;

allowing head loading operation only when it is judged that the

reserve power source has charged the necessary power.
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