;e3e:**+- (D-V.6.T.bh-2 5 J UL 2002 ~1 Specification Title of th
.nvention: Disk drive device, fabrication nethod thereof, seek cg‘n§ 'AUL 2002
met hod for a disk drive device, and disk drive control device Detailed
Description of the Invention: [0001] Industrial Field of the Invention: The
present,invention relates to a disk drive device in which performance is
inproved while reliability is maintained, a fabrication nethod thereof, a
seek control nethod for the disk drivejdevice, and a disk drive control

devi ce. [0002] 25J UL 2002 -2 Prior Art: As the recording density
increases in disk drive devices enpl oyi ng magneti c di sks as recording
nmedia, the track pitch becones narrower, and hi gher-precision seek control
is needed. In addition, so-called off-track recording inhibition
processi ng, which inhibits recording when the position of the head is a
predeterm ned di stance fromthe track center, is carried out to nmaintain
reliability. [0003] The OGS (operating systen) executed in information
processi ng apparatus using this type of disk drive device also enploys a
predetermined area as a file system managenent area such as a FAT (file
allocation table). The OS records information such as file attributes in
this type of managenent area, and5886é§§§§ﬁhpnfrequently whenever the
recording or reproducing of a file is carried out. [0004] Problems to be
Sol ved by the Inventlon There are cases, however, in which the seek
performance oFi&18i OF dhe dnwantkons degraded when hi gher - preci sion seek

control or of bﬂaucaalmwre e v il blfé@fh@&@fsﬁsmeﬁhba ikpRl-awRt adas
descri bed ag %aigi?t of .t he degradati on of the performance of

f+ equent F§" St rigk (el ue VeV hERY i éﬁgddﬁslke dyjsteem
nanagenenbnatea d@wwm@ performance of the entire drive is particularly
great. [0005] The present invention addresses the problem descri bed above,
with the object of providing a disk drive device, a fabrication nethod

t hereof, a seek control nethod for a disk drive device, and a disk drive
control devicepgpgh 16@n defBHﬂV;?ti&? gecens pavbaradace of frequently
accessed areas _such as the I'e system nanagenent area, the OS storage

area, and stor 48803deas of nDV|ng picture files,
Industrial Field of the Invention:

The present invention relates to a disk drive device in
which performance is improved while reliability is
maintained, a fabrication method thereof, a seek control
method for the disk drive device, and a disk drive control
device.
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253 UL 2002 -3 contributing to an inprovenment in perfornmance t

.entire disk drive device, while maintaining reliability. . [OOOZ]C%I\HE.ﬁs 2302
Solution of the Problens: To solve the probl em descri bed above, a disk
drive device according to the present invention conprises a di sk-shaped
recording nediumw th a recording surface on which tracks having a
predeterm ned width in the radial diirection are fornmed, tracks used for
recordi ng and tracks not used for recording being arranged alternately in a
predetermned area in the radial direction of the recording surface. [0007]
It may al so be provided with a recording neans recording information on the
di sk-shaped reeeidi-n@g#Bdi UM a position error detecting neans detecting
position error _froma track (target track) to be recorded qn, a seek neans
novi ng t he recBedith§ ﬁ&ﬁ%§4%9QE&§Q%%R¥ﬂ1 FERASSR chR dPhgKt BT EKE position
error, anaeamce@deﬁlfp-l%%&gd%ﬂqiétqrb NEREIes Oed ecébdgdend medmati ene f the
position error is equal to or less than a ;irst t hreshol d, when the

r ecor di ng tHé&ks PLEChoPEFamse sy Re ey ¢ i LR TRECHI 848 eSftHed ar ea,
and det ectongrend ief nddded | fId haldiosidn prs@rco11e8 efgBatrhekor | ess than
a second thresggld smal ler than the first threshold .mhﬁn t he r%pording
neans i s MOvEd9t-§9% tiqn BRI HRY ¢ nERhrRaEPRHRFRBa TSP G008] It
may al so lehepnr ahiededsditiora qbstiie diead rbs aleprefiebgrmiand dékeamiceg

position error from.a track (target track).t e.recot .on, and a

recordi ngefirﬁ'm B:ifhtei 0 ar?é%n%er}tgﬁﬁ 'bigﬁ n(t:‘.;a?%%%crldlg'ﬁg T‘? ﬁgégggéﬁti on error is
equal to amelde&dfldartyt.han a first threshold, when the target track is inside
tte predeternig%%o%ﬁea, and inhibiting recording if the position error is
equal to or greater ‘than a second 25J UL 2002 -4 4 threshold smaller
than the first The @holahendieing hey s tengket exeagkedsipuisfdematidon
predeternkqg [ 0. bricat Leg i Qi Vi ce
accordi ng toqf%éﬁg¥%§1 |%ﬁkﬁgﬁéﬁﬁ%o%%%gségﬁgo?gi%ﬁsgrggig%hﬁaﬁx?éi

predet er miaded wWdtleya a eredeftermimedcerea aA a féeer dvAagesurface of a

di sk-shapgh LM 1% A e g;FQ ATFRRI(RY1ET 88H8 cHeedn Yapigor disig and

tracks not used for recor ~alternately in a greQeternlned area in the
radi al di ctiesiPrsts tinfourafemgsoh f agef 19026 rAPLEBISe 1bndihddt i t#Pe he

tracks notofusRhdUmdPEAAbNY SRy RecESsaEded FrequRhedsl eRIRA, & Sgh&f
the recording surtace, or servo sectgors nay be recorded on the tracks when

the track¥efFFRmRE EoRrefeatng: alrat hahet A8 S8XFdeSeO@Mdrs of the tracks
not used for reyedng nay be placed in a predeterm ned magnetic state.
[0011] Enmbodinents:. FIG 1 s g £I05k digﬂrag1shogLn .the configuration of
a disk drive deATE LRI RG PALVHRBENFERNIBREREACY 0012] This disk drive
devi ce conpri sethetehaté etds@s, ahowgneri, c idi ghithf dher aeekdiper fitatrenee
menory 2 enployed for the stotage.of .contr.ol r I el g} duce
data, et c.o?g)aa ccglrﬁ]f’o‘ﬁrﬁ%?téﬁvf‘ﬁgt léoﬁ?%ﬁ?,‘%da%%g‘ orfier %&E\egéfs’?%g

oper at i on sdek heomtt ol eodi ekfdtiraekdwoyite amnd iblic iiomppromreds nguis of data
to and frao vige " a ' extern I nput er or the
li ke, a cdgﬁﬁémgﬁ%%gté%a?%ggggggg %B?SSr cgﬁﬁéﬁéggﬁﬁ%ggaégﬁganalog signal s
and di gi t elegiadatosepfotbgspentormaacec ofr ifgeamentdontaasesded hereas

r ecor 7 repyaeiices PRkt hBBvBLnmanBEatled 299Q dyAkednf el gRddeofiont rol

unit 3, a for carrying out recor | reproducing on the magnetic
di sk 1, a HeadPerformance of the entire drive is particularly great.

[0005]
The present invention addresses the problem described’

above, with the object of providing a disk drive device, a
fabrication method thereof, a seek control method for a disk
drive device, and a disk drive control device that can
improve the access performance of frequently accessed areas
such as the file system management area, the 0OS storage

area, and storage areas of moving-picture files,



2 5.J UL 2002 _s driving mechanism (rotary actuator) 7 that no t h
.6 in the approximately radial direction of the magnetic disk 1,w%§L‘2§L'2682
interface (HIC. Host Interface Controller) 8 for controlling input and
output to and fromthe external information processing device 10. [0013]
Provided in the nenory 2 are an area in which record/reproduce data,

control prograns for the control uridt- 3, data (for exanple, a reassignnent
table etc.) and the like are stored, and a buffer area in which

record/ reproduce data is stored. The buffer area has a capacity capabl e of
storing data for several hundred or nore of the recording units (data
sectors) ‘g@gﬂst' IS e |t éH%F)' such
itens as ?%ﬁ%ﬁ%ssor (k/éught Eg#rg&%@é@ggi@q %?(;fltorlg{ra(;t]%aa_n%é a aé%ég?(gk
control | igkDyiveadepbetor nhidal waiatadndngr reldadiitliidy error signal

(PES), servo dpjggepnd the like, a data bus yl.to which the memory 2 and

HI C 8 are coupled, and a control bus yz to which the MPU, HDC, and HIC 8

are coupl ed. Bjeanecofi fglukéononfr shepPegbdedsstored in the aforesaid
menmory 2, thispGopbiph ¥kt pRobBh Aks B RIVON Llaldle &pfee di sk
drive device, and executes, anong other things, control of recording and
repr oduci RV baet AecAughBgi EoditBR Preéestdiify and iQmAaRr ¥8RS ddit a suppl i ed
fromthe hpsk-srype8 #Bcok8hel mERY ueORLHY AlNtdcord Y Cdutsaddaghed to be

able to execute a plurality o rocesses concurrently, executes cache
control of"+€RoFEAFESr BAYLBIdA RTeCSHETIIGY (g bsit i the ofathalhead 6,
etc. [001@irdbeibRadre Eoimedsetralcks e for afkddElicid Vend eepadkBg head

and a reproducin ead enpl oyi n f.or 25 ] 2002 -6, exanmple, an MR
Chgnet orbST onped) PoRC rerp - ng’ ok tay ara iR A VRS 1E) LB et

[0017] Theré&liEr8rmikieah airgaCduplvtd tradinel reimsycomyoPnehef réB6rdahg buses
in the contrgl unit 3, executes input-output control of conmands with the
host devi 28 18%8nd i nput -out put control of data via the nmenory 2. [0018] A
| ar ge nunber of006&¢rdi ng tracks are forned on the recording surface of the
magneti c di sk at _.regyl ar.intervals jn .tl‘pta radial _direction. Servo sectors
are recorded a tré‘agl glrisébn&?l & olvﬂ’tdzerdvé'flst f%r‘g%é% 1‘%, %%?)?%6) for

i denti f i caeromdéhgedalf camatttiese dr ddies , didat-eshaped ofecordknggmediom, @ the
i ke. Such,kb a I : i t ' e :

eyl nder PBoteRoraSae ey e S i iy CFr LD ' RACLTOn R REF Trom
nunber fop itdeski flHapgedadirackli ialks xecordedconr areeekcoedasd in these

Servo SeCEB'Ering[ 3.%%9&%:?(}%1’&‘ rhdbrfd Go 2end Sté‘réé‘éqilﬂf‘?QEk}’aéEB‘iai‘ﬁ% gpa in

this disk drive device, s as an area_used as a file system nmanagenent
area w t htheopPogiddsine exranT g |an erdraf T eeekadetechiophBeprne in which

file attr H@%‘é%i’oinﬁ%%rﬂp%f ifdSiét Wi eletpssitien akeokesar deplalaid tdie
| i ke are recorded by the OS, at |east one unused track, is provided between

tracks usé§SFothad & diligt [Hoothatiis WasRgERentesPEdirg pravsdd® in an
area conpro¥iedd td &f €6t ecrddie Dhié EA808he Spredakelindtkd areagveiral tens

of {L20kS R LS TPl e sl LB BRSSPk Byt 2Rgnted | SRt 0 e
i ndi cati ndeatst rdhlatt & dcémd® thieshokdchbmailéebettlahetheygareft file, and
access re%%%é%ﬂé%&% when the recording means is moved to a target
track outside the predetermined area.

{0008]

It may also be provided with a position error detecting
means detecting position error from a track (target track)
to be recorded on, and a recording inhibition means
inhibiting recording if the position error is equal to or
greater than a first threshold, when the target track is
inside the predetermined area, and inhibiting recording if

the position error is equal to or greater than a second



253 UL 2002 This information is accessed frequently, wheneve Ite
MWmitten on or read. [0021] Because of the provision of at |east %é%‘%”&sgpﬂz
track (a track not used for recording, including defective tracks) between
tracks used for recording in this type of frequently accessed area

(referred to hereinafter sinply as a "particular area'), even if the
recording position is slightly incorrect, within the wdth of one track (or
hal f of that width), this does not affecd-the data on the adj acent track
used for recording. [0022] As will be explained in detail later, during
recording, the head is noved to the target track by a seek operation; when

t he posit ithireshiodd fsmahlidie tildgethd r&Ckst stikgeahold, otvhkasthehaamyet

predeterm.ned,t hreshql d,. track follow ng, control is executed to nake the
head 6 folt &% HE toéqucﬁeltdetr ,p%‘?fi]eﬁw’é’&%%%rﬁfﬁa'of data i s executed.

[ 0023] The posi[tio@djerror of the head is also nonitored during the
recordi ng of data nd, i f_t head jmves fromthe target track by a

pr edet er mi ned ?‘hf‘?g‘%{ﬂdd Qfal Tore g %rgél'\g%i ?réfﬁSV\geXngn&gﬁé’f%ﬁ'&%ve
away, recdrodithe iprdsdntbiiracntiopresepmtises cibkrdngf trhckek haedorgdiang.

[ 0024] As_st d ve, at.l.east qgne un 1 LS. provid tween
tracks usé)}e%&errggg‘reﬁ r?blcllthh tHe %&?t#%%f%? é gé,étégnsggk ac%%f: g’?tdgr%}%ti (X}
can be i npruanedeye s amalitak-steped noge ¢ dedihgenbdidmf, oande heckingd ng

end- of - se tEE r ng | ff-tr r r gi_ng...4:0025] To
rel ax thegég‘at‘ﬁ{ses o%?O%Snar}l?él%%&?%%gtgégé%?%%% \{?\noger%%flgrﬂi t%%g (|1])i'la‘a?:t%ir(:&ujlc}l area
than i n otdldrernadssl ol 2 peddeerninedearda bot the rhdisdacddnsiatsioon t he
recordi ng s : _g_ of the nmagnetic disk 1 becones

nen- uni f orm %%&oecpﬁﬁ%ég%;é%ﬁg%%%? espondi ng wi dth nust be forned, and the
recordi ng of sef0dQlatterns becomes difficult. Also, if the track pitch is

non-uni form seck hel aslerdsting e BELURL! HowonseRedo ARl R BIgmNCe 1S

wor sened. [0026] To set the ove tyge of unused tracks, incidentally,
managenent®ay RfERIPEIIRKEN cyuPHepeternined 8aeasfatdieenparrshhnthe

convent i onalr R ISR NS e B0 DSdc£ 626 kfayWokh raRer-alkldoBnb &g tFHdicheshaven
access to 17r%track in the particular area occurred nong ot her things,
o)

, . but
the contr oSyt RFe HREBRE. cBRPI BXS28nQthEEr ENRGUITR LSS f or
i nprovenededtors 6 Yhe€WppaBks Ohotnliasai fFgrt ke cpardieigmmase vf glhwced sk
drive devigce. [00(?2 n_ di sk d\(-lve evi ces, since only tracks w thout

o
defects ard® B %‘%t‘?ﬂgl?%%o‘f‘ﬁgﬂﬁ F 65B%%-the practice has been to record

defective trackpo@etpcted at the tinme of nanufacture in a bad track table

of the type sh% i b, Fl 3, for exanple. An individual address (cylinder
ID) is assigne oocgla%%%?ack on the recording surface, and the defective

tracks are mandfE@. by issaibjotkediagybmndbowiby ithea coalfligyurddeiameobne

shown in Fl Gy, i i a e _C rq| i it s tracks
wi t hout de g%%%k %@?gr\égﬁ‘é%cg%ﬁ%&?ﬁ er %tﬁu%tfg%s@r{to%t'ﬁgésrgﬁt%bks, and
manages them as{@9%®a} used for recording. [0028] In this disk drive device,

Lhe af or esai d Uppedal LROKE: vbNALEEAOLOMIZ 1600 GUdIP W erfleliaptd ve tracks,

are listed in the bad track table shown i 3. Thus, e control unit 3
does not U8IRPBic|digl UnfissdreraEkdngodatife BedtiitAy SfeRteyedhfert abl e

I's recordeghénsBopagdeber Bbiedodl pRodtaldd TRAHYI frdfdduee f@iL&XaND €,
when the di sk drive device is manuf actured; duri ng use, it is read fromthe
predeterniﬁEﬁ°' 3 goptgol upds 3gthat controls, among other things,

the operation of the entire disk drive device and the input
and output of data to and from a host device 10 such as an’
external personal computer or the like, a channel 4 that
carries out mutual conversion between analog signals and
digital data, a servo system 5 that carries out control of
the record/reproduce position of a head 6 according to
control from the control unit 3, a head 6 for carrying out

recording and reproducing on the magnetic disk 1, a head



area when the power of the disk drive is swtched on, for exanplg;R a
.. Stored in the menory 2, or in registers or the |ike provided by 25%‘@@*t29p2
unit 3. [0029] In this disk drive, the control unit 3 also stores
information (for exanple, a range of |ogical cylinder nunbers) indicating
whi ch area has been designated as the ' aforesaid particular area, and
carries out changes of the above-nentioped threshol ds responsive thereto.
This information may, |like the aforesafd ™bad track table, be recorded in a
predeterm ned area on the magnetic disk 1 and read at tine of operation, or
it my be installed as firmvare in the mcrocode or the like of the MPU in

the cont igdli g mecHABN (FotslEy t4eBuatdl) ot thhe wRvEs 8fd Hea@f 6an

unused track may be erased, placing. it in the state in which nothj has

L] s g L} &
been recdfddde ARPIRIHNGLeHN T3kt _bytbECREGE MO (e SRBIRIKE essary
signal s durigif rapraduc fitce Witficer aggse patkeraRe icbdticlvay), evesrif
tracking i s sonewhat jnexact during reproduci gg the reproduced signal is

only wealfOfedolding MRYHeRNPREFBrE £68 ABFr SF8%k thfe ERSEMAL carryi ng out
processi R ftadh 8ot d ¢&/s Hond h@eve€BEOdYCed signal to a suitable |evel

[ 0031] The opeigtion of a disk drive device configured as described above

w |l be explai el ow. [ 0032] When data is recorded or reproduced, the

ar eg on whi cg Hmmﬁmgjk@rtm@m%dueyng iafsecahr iagda0Uin ivhisgtecified in

pr edet er m ne ta- ck units the information processin evice 1

Bl om t he AHH Rt FRfics| Sekd qERPREPLaPRONE AR | T1E (10 EERhrBREE an
LBA: LogiTalddtackifdddeesmplet ha ceassdgnment Yabdteretiacs amd othati on (for
example, ;:2.5 U 2 - rac e L, sQr e .l i i bl j he
act ual rechb}?ediér"née p%t?%?gh (a)%gt %egﬁggﬁgt %%%& s?% f‘?ﬂ}[%ﬁéﬁgﬂf%ﬁébgg(féet
track hadaeenigastoreded, Thhebuffierobhreai ha® exempasi teekapanlieobft o nove
t he head . I be g t in F IS trol,
first t he%ée]glﬁrt’% ?ééécgéfe%gﬁéagg o&ggg}te kclle otrla%oe]% térgc‘[k}?é V\ﬂgﬁ‘g?ﬂ“gg elocity
of the heanii6srédahassacpordet efnithed magnediit disgnt¥ ol is executed to nove
the head 6 at ?Ogggftant velocity (velocity control node). Next, when the
head 6 reaches the vicinity of the target track, control is executed to
decel erat e t heTheagoBtEedt thifg3me@EPrIRRsh SURh hetRME 2222 hBECERESPEr get

track, theupgpkiRRESex@BALEAl OWtRG 1CHUIHanks, exeeat&dal 9xMBERLLBE 1kgad 6
follow the target track (track follow ng node). [0034] To execute this seek

control ahdPE} aERatoPrEfPERS: SRlcHlatdahs R rdI PRHT 1A JBFERK FedTEHe

position gprey,skaRrdb GRED), famemunke 10&d ! iONdDtatbeshpaded wividmerhar get
track, and su gl ies correspondi ng servo data.to the hegd driving nmechani sm

7. [0035]MERERYt PrEnEhEIbubs ehsaodit & ARA of FRREEBLVBYSeNti BRed servo
sectors iwhiehr gecowy,t HOOshamelHIE detaren aesplée. r epyodueed tiegethef

t he burst pattern, converts _.them forom.anal to_digital (A,D) .,and detects
the cyl | nBBPLFBLARECBREMS BEGHE Ithe e it £ateea SuPBHP Tt 2e ndad: vo
sector. (@686roThanddantd @ontxdls3 ted emppesra tronuofenhepesitiiren difsk he head
6 fromth | i . 1D the d i ngi i e du el s of the
bur st pat ﬁég‘%es@%&’i"eed % ?lgimet’ﬁeec C eaialsn'nrelé141 (%’?édé e%’rt']ri ﬁ{elgplb é %ggllétr?’\gnogfrror
si gnal (PESFowdimg and rPryddzOoRy -dr thepoagnetichdisir deracomsidnaind
controls e 1 i qﬂﬁgﬁ t} d o] [ |ty carries out
the sw tc%igng%%%mtﬂ%ng o&r%%ai etﬁi&nfgggnﬁdgﬁtgoﬁgﬁg tgrggfé{?ef (}Iolc'ovm' ng node
by detecting wH&0&] or not the PES is equal to or less than a

pr edet er mi ned el d10Rn1 @53 ShAWCH N1 B! GaaBeel0@38he larals G ghanges
this threshold Cp, depending on whether the target track. is in the

af or esai d SF&RRIaaP el BFY rof | PERCAEAEFORGACHEFRE LY, @FITHLDUt t he

processi Nngaldhd SHRNEES 4 SeldF&pRObHo&icacaarkdi, NGdntidie df avgdhart shown

in FIG 6, faor exanple.
position of the head 6, etc.

[0016]
The head 6 comprises, for example, an inductive

recording head and a reproducing head employing, for



[ 0039] The control unit 3 begins execution of the processing sh&hﬁ kHJEJEﬂUZ
.6 upon determning the target track as described above. [0040] . In step
ST1, the control unit 3 begins seeking the target track, and proceeds to
step ST2. As stated above, the control unit 3 is able to execute a
plurality of processes concurrently; the subsequent seek control is
execut ed i ndependently of the processing shown in FIG 6. [0041 In step
ST2, the control unit 3 detects whether®6r not the |ogical cylinder nunber
m of the target track belongs to the aforesaid particul ar area.
Specifically, the control unit 3 stores information indicating the

particul aexampdeds afe My | (RRGnBIVIR s idst ivd oretbdment | 0di 8aGMRJ.(giknamnge of

| ogi cal cylinder nunbers ?r the |like (for exanple, S, T, if the area has

| ogi call céﬁgﬁﬁgprﬁﬁﬁﬁgﬁgefr&&ngqyﬂj, and detects whether or not the

| ogi cal cylindg¢ooa@nber mof the target track is within this range. [0042]
2 5 JuUL 2002 - I he target track is not within the pagticular area, the
brocess proceedbet 15t 8y SRIhn ARSI RN the T aeHerE b EepReo e

nor mal vakhe Gata Guesr del \the fedrterdlangeit t3 acéxesute s hinptikeopapitcul ar
area, the process oceeds 1o st 14, i h set
to a vaIUSQEpfoéoPgrfﬁgqﬁ%§§tWﬁﬁﬁLﬁ%ﬁﬂh€%?d§Qg§?¥n%Qegﬁﬁrgghgﬁdgkgﬁ%%

det ect i ngcendtrofl- ofeklata tver dihe gemaxy ah. appropri ate val ue according to
the position ofobq%atarget track. [0043] The setting of the values Cpl and

Cp2 of the threshol'd in the particular area and in non-particul ar areas
w Il now be expl diawge medwey dih xeceerding streckseapear fprugdapnaitde, tracks
havi ng copsegdive | i{%FN AbeLs @l skt §al bygadhacent, and to
avoid int e?‘r%f er enlcg ;ﬁ%ﬁéee Iq#ge etl?/veen adjéacent tracks, gtahe threshol d Cpl
for det eclintgrapdsofinsddie irpdiaFESIivRICEIPRng BCFEAQECE6LOEShb3T8ntial ly 1/8

of the, tr ' for e S ' I : I B
particulaF%%éggé&i%&ﬁﬁﬁ%é?%%ﬁ%??%f%f ?@ggfb%%g g%aseakggégkfbgfkegﬁsgracks
havi ng cof®&c ddeptiGpatsion 9t rrsh nefbbheseahiarkeer A8 O8NP he | ke
with the adi;agaiiy td@de Cadk bendr EVRa! eds@¥RNitémbhasPESbus stUpsittdml | y
1/2 of the track wdth, for~exanple. The thrish | d CBZ for,%g;egt Q%%&
end- of - sedP JYRG T LA PENY nBFEAF 71 n§ &Y éﬁé@ro s&B&t & QﬁH%V of
the track esidh h.ndioridxenpteacli sn€pa2 pAysatad becappr axmbetrelfior he track
wi dth, or the sumof 1/2 the %racﬁ[i \/\%dth and a %ertai n mar§i 2%%&046]
Because ofrdTE-ERHIThLIF L RAHEEARPY BHTERCBPERY £t KECR ohi ch the
target tratedwlsngse ddetdérsing (Tb) at which a seek ends in the
particul ar areagﬁﬁﬂ%Pe earlier 25J UL 2002 -13 than the timng (Ta) at
nas i

whi ch a seek e a non-particular area, as shown in FIG 5. Seek
charact eri sti cRAzashover byFbe. | Apr bued Emethengayt fcgessesy @xed Gou7]

Since the fyeAue\oy &1 A6CESS1L8, 1 BEcRALE Gl Aked fReS as a file
system management area with, for example, a FAT (File
Allocation Table) or the like in which file attributes, the
positions at which the files are recorded, and the like are
recorded by the 0S, at least one unused track is provided
between tracks used for recording.

[0020]

This management area is provided in an area comprising,
for example, the outermost several tracks or several tens of
tracks on the magnetic disk 1; information is recorded
indicating the areas in which the 0S has recorded files on
the magnetic disk, and indicating attributes of the files,

such as the date, type of file, and access restrictions.



hi gh; as nentioned above, inproving the seek characteristics of 2§eJUL 2002
Jarticular area contributes to an inprovenent in the performance of the
entire disk drive device. [00481 Also, in this disk drive device, the
control load is scarcely increased, because all that has been done is to
provi de at | east one unused track on each side of each track used for
recording in the particular area, and relax the threshold for detecting
end-of -seek in the particular area, as'gonpared wi th non-particul ar areas.
[0049] Incidentally, during recording, besides executing the track
foll owi ng control described above, the device al so executes recording

i nhi bi ti oAhPEOERFSAEA tWARN ilsN@ RRY ddPNF ¥ qh et gadyherepart a 19 tihe
target track. [0050] This recording |nh|bl%|on processing is carried out by
i nhi bi ti ng*+EEBRIPAg Okh&®ache PES det ected as described above is equal to
or greater thanpgpgzpnedeterm ned threshold value (Cp), or when the tenporal
change in the PES is greater than a predeterm ned threshold (Cv). [0051] In
this disk drivBegaysee ot d€e POVASHAM CH 2t shp2ehelnBecpBHARPAG t&F Whet her

the targefat t@akkbao@nesdd fidie fAdiLiNG] PREPUQINGOHeFEBRSYE tracks)
Specific in track follcwmgg%lcontro K grocessLng simlar to

Ly, t he
processin eiﬁ&ﬁﬁ 565Es pseds iReqording 1notBig gyperpho freausntlvyng
t he val ueacekskkd hlteashdeferGRrant QefoOingdeeedi BImpht Ber at 0 i nhi bit
recordi ng,are, set .appropri,atel dep. nq%ng on ether the.,target track
bel ongs topﬁﬁglﬁgﬂﬁfgﬁé%ﬁ'gﬂeéxﬁ?lﬁﬁf.t %O§%f°%g53958°9ﬁ2198lgék of the
t hr eshol dsl@ghanly Gndouretdc, diitthbetiherwidthnbEbbher eeact N@ramalyet in
this way, v iLn. G i nwhich recordi ng.woul d, be .i nhi bit in a
nﬁn-parti8glgga§T§32ﬁ§§’533Wﬁi%#%ﬁ(?o ,aggﬁﬁgdgﬂﬁ dahp 81 ed out in
t he parti edjaceateanaick hsseRES@andréderdingor al change of the PES are
within the allﬁW%Qbﬁ ranges. Recordi ng perfornmance can thereby be enhanced

e part

on tracks int icular area. [0054] Incidentally, in the reproducing
of a track in #Asewiddt ibeulewplarigegd riopraetisi hglasirrhe duaingedemardivey, i f

t he head IS ty e uge h ovi ded
on both s?ggéh%%ﬁﬁﬁ%@EFggﬁia%%ggi%rt€€%%?d?%g§EA%9e§r%Fgég%%gggﬁgﬁggbde
(ECO) is ¥4&&d the thes et derrerat 6rem thehtprogst érpicked ssequml 49 Qe

data can heg=LRIHGHGEGHIddEMFLREd t PR ESRo 11!, %%fai:ikc%_ltl%mfi‘?ﬁff&ﬁ&eol

reproduced data as valid; inhibition processing responsive to the PES or

the tenpord SHEMYEDIte Heakethpheadt ohdedloy koeciarget ek jand
recor di ng.the0Ga]o MY tHEr @a 84 €1 Pl 8kakbukeaQrdi ng surfaces, there are cases

i n which acces (is gfrried out by sequentially changing the cylinder 1D
after access td443kracks (cylinder) having the same cylinder ID on each
recordi ng surfats mssistioow éfrdt Gof8thantebeie 1S amed toradidirindt er

noves e S b Ao PR Bl U0 BRSSO e IR 8 e o
shown | n FAaZgekr f1086]by 2 prddétérmaffad- thx‘ém:rqlahmmé 3>n:a!msi:ed ont as
Tnetead ofa barTiEie chphEERhy B3, ol aRRy TerHR Bk N phIER 2R
unused tr dekPrayene senagblednoffeyrankeresagiding.

[0024]

As stated above, at least one unused track is provided
between tracks used for recording in the particular area, so
seek characteristics can be improved by somewhat relaxing
the threshold for detecting end-of-seek, or the threshold
for preventing off-track recording.

[0025]

To relax these thresholds, making the track pitch wider
in the particular area than in other areas could also be

considered, but if the track pitch on the recording surface



[ 0057] When access is carried out as shown in FIG 9, a bad tr2c5 JLHLEZOAQZ
..descri bed above may be provided for each recording surface, and nmanagenent
of unused tracks simlar to that described above nay be carried out for
each recording surface. . [0058] During the fabrication of the type of disk
drive device described above, the processes of detecting servo sectors and
defective tracks, recording the bad track table, and so on are carried out
inthe state in which the nmagnetic disk81, head 6, etc. are nounted in the
housi ng. [0059] FIG 10 shows the configuration of a test.apparatus for
carrying out this type of test. [0060] This test apparatus is coupled to

the aboverfdas(d iRfhaliisk diidw el deydéiRe 8NHonSaHL BEERY, EébkrbC@TeﬂtQjéﬂw ended,;
it conprlses a noré 22 and. H C 23 coupled tg t he d a bus |n FIG. 1

above, He9TLe g (5 d e muRt RE bOTM 'aﬁBdHI e2§ecé’

i nfor mat Isyrvw q:s:aaaféﬁgs G site LU LOEDERTULT 0 Abgolll €£28he @2@LK pﬂfhm
i nformati.on process devi ce éﬁ?or gP 24 executes recordi ng and
Ha¢hehh

r epr oduciyfy TR THE etFeeki ghithedEfcasiiaddyi ¥Rl e9% acks on
whi ch r eciidlipyy fixmaitde Cad rivetsenédnormal |y as defective tracks, and lists
themin the ba‘.lcb(}ei@gk table showmn in FIG 3 above. The information
processi ng devicC al so provides unused tracks on both sides of the
tracks used fdo rescordiagabové hr—_ypéooﬁsahdsedZtBad:Idls 2@Gn2idbmtadrltyi cul ar

d mlarly lists th b k _tabl 062] .Th | isti
ot ocescod B cof StRUAREoFHTRhS BORRS PRoTERERE T RN Sty
[ 0063] | tEnonk |tHe essveedidmal managamentubﬁrbade&raskspemuhhujin advance
th 0 4 t
P e ST YRy FULEDRER OHERCRSCRERTES B rrack et 100, 2"
pr oceeds narist@pliﬂ'lq?resp@cclﬁrcadb ybug ampnabbéth#rf &his@snt ithe physi cal
track nu%&éfyé*% vb@&idaﬂgc&néaﬁhﬁﬁhé m Loy ‘%‘?&‘é’llé %d&%'ﬁ@'réé ck

nunbers are 1 niti to zero e va ue of | ag i ndicatlng et her
t he trackf%lbrw&m‘h%mﬁ@tt§r©Methmélﬁapéﬁy1tpP§c@dhh@g\°émgslféw track nunber

has been [\d st &emifcd hgfb@getaggjg bablg bevietialized to zero,, indicating
that it has not been listed. [0065] Step ST12 detects whether or not the

current |ogical094%tk number mis inside the-particular area or adjacent

the particul arI@f@ﬁskt@ﬁivéSdeMebBer thc@ObntllyE,tr%lﬂHsemlﬂHcﬁuﬂ( number mis
equal too(g?f%reat er than S - 1 and %ual to or_less than T + 1., 0066 | f

this con t3 saket usatli SPrelher FECRFEdRSs A fadédys The RFAFS4], PdBcause

t he tralckb@@mrespﬁédgﬁg a@fébemur It&ﬁbk]lso@eﬁ:@cﬂerdi;&t hrulfé)etrldmé; et in the
particul ar adj, acen tlc ar . i f the . condifi s
satisfied'® ?‘ﬁgaﬁg‘dﬁgsg p?o&’@ gd rtagti( l§'|'f%r e%fecécﬁ’spe € (TR ack OEDIé
corresponﬂ;ngoroekhmpmerrenn hnguuahuhﬂaehduﬂﬂxﬁ(ayinndeﬂmimmuiscuIar ar ea

or 2] acegl o} beoRALL! QLA cALER OB rechiurhd dulfie: dHa HRR STIS

executes a recor i ng and reprodUC|n
correspondeﬁgcmvgahjzsacals arac namagiesr by, Jucst;ﬁetgacthevmtd:nel:lm@es Ihack is a

defective;frackaBieN9like! A2 LA RSP FEEH, t Gsiep &lid table,
the control unit 3 detects tracks without defects, assigns
logical cylinder numbers to these tracks, and manages them
as areas used for recording.

[(0028]

In this disk drive device, the aforesaid unused tracks,
instead of the conventional defective tracks, are listed in
the bad track table shown in FIG. 3. Thus, the control unit
3 does not use the listed unused tracks for the recording of
data. This table is recorded in a predetermined area on the
magnetic disk 1, for example, when the disk drive device is

manufactured; during use, it is read from the predetermined



[0068] Step ST14 deci des whether or not it is necessary to lis h r
.in the bad track table, proceeding to step ST19 if the track cglﬂé-EUanﬁDg

‘to the current physical track nunber n is defective and needs to be I|isted,
and to step ST15 if the track is nornmal and does not need to be |isted.

[ 0069] Step ST15 sets the value of the flag to the value zero, indicating
that the track corresponding to physical track nunber nis not listed in
the bad track table, and~proceeds to siep ST16. [0070] Step ST16 increnents
t he value of the var~.able m by one and proceeds to step ST17; step ST17
increnents the value of the variable n by one and returns to step ST12.

Processi ngr&i Wk EHe ?éheﬁeéﬁrhhﬁﬁdﬂykﬂaﬂfbé'E%‘%%&Eéﬁ@@léﬂ fgprt he
track correspondi ng he next physical track number, [007]] Step ST18

deci des mmeoran@tlﬁhétoapdel@r thige MaMQFY £ orRE 1RdFeSL FRELENAL t he

track corgiesppigé n?ré{?l&l%@ bmﬂleal‘c@n)tﬂyle%ﬁ',[@% physical track nunber is
listed in the bad track table; proceeds to step ST13 if it is; and proceeds

to step ST19 i£0929]s not. [0072] Step ST19 erases all but the servo

sectors of thersregkscalERsAPAYENT the ol driaEeks nandsr storand proceeds

to step SJ2 ecifically, pplies direct current to the recording
head 6, ah’&lg?ﬁﬁ§5§°alif81r FFfé"'Pﬁéck S AdIe 1Y 1R VOYLLBHEFS in a

parti cul afudBEns] i Qn&ﬁ.@h‘tlng Znich Bde22 s -Hhsen W@igﬁaeedsaaomest s
physi cal t ack nu n.in the bad track tablge sho% ﬁ agﬁve;

next step®s§5§sed p?ﬁ@"\?é?llﬁé G %%ve FILFLIE R, OWhi € apge?h vae

i ndi cat i ngbbhatmeheibhadk thaestiiaylingspengiyesi thérétack mhﬁt‘ser n has been
listed in,the ba track tahl d proceeds, ep_ST17, Thus causes
the val uoiBFSERACYAR Bawe tiks BG RAereani RSAhEaTE teBlderbs ond
returns toesbefe8Tin, aa@xi:eplred:ceesﬁurcgi samed ansntbhe heaghetéci dlskp&ahmﬂ for
the track rLrespondin 0.t he .next S K, [QQ74] Hy
repetiti ong‘% %e%ﬁpgcgsfélor?fr(fetslcorrll Det %\%a;h %I lgggrgg eflerg(r%l ned | ogi cal
cyl i nder Aarhwrries inedblee i gmyzodi rrgrttlaekblke ofether MPBubar theea, the
processin Le 19, and subsequent steps is executed, listing themin
t he bad tgggEr?ébﬁg§Ib%ly when they are defective tracks. [0075] Regarding

tracks in the $808i0dul ar area, however, the processing of step ST19 and the

subsequent st egs, 3&&'&%&“&1% %%'tﬁé' QQr@r@egéb’EoEQeo?aQnt Ladls bl e,

when the aforesaid flag i s zero; I's, when the track corresponding to
the i meditaasky MevebadiarpIndsiRbacinacktnifbEhe| stase RAns#®d-SMh the bad

track tabh@tni@Qy§lasBen ated&Pgéy ONETHBUREHA! Ga@énc%'ﬁ%&‘etkﬁl e sladiet ween
the tracks used for recording in the particular area; that bet ween

tracks nofort §t°ecF‘iR¥qqiw‘Ec%a‘bFll??‘é%%S?ﬁbl gionads7pupiag trl?é’rﬁdé’d?ét@m ned

| ogi cal Cwumﬂ@rayﬁmrpéﬁfdﬁas@edn thespwag-es&w@g stowradk:Eigalsll ends,

the bad track tabl e that Qa been forne re ed a‘%%{jetermiﬁed

area on t FOTRMGAS: P fakt 1duLind REPFR Pcéﬁgs E%‘ﬁ’ rl%:d:o[ e

recorded iis tonly wwakénédeadsoniﬁ bheonesDpysaiblz Fa) dédrdfifid -tive and

used as d%saqtra! ti)efl caapgflfiﬁl\@egu%hgrgolcglésg.{'llgvesug: VI &° mi)llist%g:ng the
reproduced signal to a suitable level.

[0031]

The operation of a disk drive device configured as
described above will be explained below.

[0032]

When data is recorded or reproduced, the area on which
recording or reproducing is carried out is specified in
predetermined data-block units by the information processing
device 10. From the indicated data block identification
information (for example, an LBA: Logical Block Address),

the control unit 3 determines information (for example,



[ 0078] However, when access is carried out as shown in FIG 8 VA, a
.tabl e that nanages unused tracks on a cylinder basis is enploéggobﬁJLeggogf
the bad track table shown in FIG 3, and the above-described test in step
ST13 is carried out on a cylinder basis. [0079] Moreover, when access is
carried out as shown in FIG 9, a nunber of bad track tables are provided,
mat chi ng t he nunber of recording surfaces, and the processing shown in FIG
11 is executed a nunber of tinmes equal-1®-the nunber of recording surfaces.
[ 0080] The present invention is not limted to the enbodi nent descri bed
above; for exanple, the above-descri bed enbodi nent described a case in

whi ch thetpaekgnkechvent icdn thas laikYd) ethdDeat thgktHel ¥8+d8Yi e@codlinge
applicability of the present invention is not limted to the disk drive
devi ce deBOFEENaRBy&he MAGREHE £hitf el to ot her di sk-shaped recording
medi a such as maggagtjo-optical disks and the |ike, for exanple, provided
they have a predeterm ned area that i s accessed frequently, and ot her
suitabl e chang¥8eRafhfe tREGLTitIATEK RS SopR %?{?HgaPﬁéhn?ESI°€Bﬁ€€ﬂts of
the plreseahiiﬁn\ze@kie@@ge[sO%Ekd/bdnz})&@mgmb @ttﬁéene&ﬂSGdQﬁC&h’éed as ﬁn
exanpl e in_the above-described e nt , t ere are other greas that
are frequ&ﬁfpﬁtag:c?éé’é‘e&,s st ?ngé;rae%' stg?i%lgl?hée@g icf’?glrf’, rar eas
storing | iflrary thiel deadid iy eacseElkefaeadetdwyrdythbet®Bgeappiraea; ons, and
so forth, _and on. . .in a digk driv evice enployed .for _uses in which
25 3 U L BB 3RS et b He Aot F of o B ot e s hatiaRd.C 1oy
novi ng pi veloed tyal tosftidie v emxseomyedate mosenthar heedf bgartatl on. [ 0082]
Eff ect of l_nvent i;on., ' u or rdi and tracks
not used tglrﬁ%rtggl\écr :ﬁer}%%é&rﬁé%%%i% %6%% %térggneﬁwéd gr%%g’oh&[%ﬁe%eecor di ng
surface oheaddiéskredrdhes dihg caicimibtyrefenbhei hasgettotragi,r eloatndie is

condi ti ong,leday A s €41 LEL 1 RoBlCe | LefT4n8CRRLAN NI YindiPiild DUt €
to an enhancenent of the performance of the disk drive device |ﬁ e

mai nt ai ni heacelq afiadhes e ctaruetrtpeckn &het Reekr gidsgsanA G 1 is a

bl ock di aF AN Ubrd{lH LM | GEALLEE €5 RalbSkndr h\é%dg%v'fQQﬁJWO&Yé ng

the present invention. FIG 2 is_a diagramshow ng recording areas on a
magneti ¢ diddgetritgack  etzack 60 bhowhodi Mgde) bad track table for |isting
defective trackgpo34iG 4 is a diagram show ng position error and the

swi tching of operating nodes in a seek operation. FIG 5 _.is a diagram

showi ng the swiXXIR¥RFWEe opetat $agk nbaRErof| apdetrack £RdMOWAMY showi ng t he
process ofcatidding t@id -dsEkoLriheti 3. dEkGrmines ah@d aP=AMildH d¥ai ni ng
the nEtho%fgn§THI§£] t égﬁhgﬂgspgggtggg ggzthe head 6 to the target
track, and supplies corresponding servo data to the head (
driving mechanism 7.
[0035]
Each time the burst pattern of one of the
above-mentioned servo sectors is reproduced, the channel 4
determines the reproduced levels of the burst pattern,
converts them from analog to digital (A/D), and detects the
cylinder ID and the like from the reproduced output of the
servo sector. i
{0036]
The control unit 3 detects the current position of the
head 6 from the cylinder ID and the data indicating the
reproduced levels of the burst pattern supplied from the

channel 4, determines the position error signal (PES) with



FIG.8 is a diagram show ng an exanple of access to the rragnetizsdi"lw'lzooz
.FIG 9 is a diagram show ng anot her exanple of access to the magnetic disk
1. FIG 10 is a diagram showi ng the configuration of a disk drive test

appar at us. 25J UL 2002 -21 FIG 11 is a flowhart showi ng the process
of listing defective tracks and unused tracks. Reference Characters: 1
magnetic disk 2 menory 3 control unit 4 (channel) 5 servo system 6 head 7
arm8 H C 10, 20 information processinglllevi ce 25 J UL 2002 -22 d ains:
1. A disk drive device, conprising: a disk-shaped recording nediumwi th a
recording surface on which tracks having a predeterm ned width in a radial

directi Orkééﬁeé@rf@dthéreskgeﬂseéafcw R0 T H G gl Eﬂécﬁl@&t\:\.ﬂ?egff or

recording being arranged alfernately in a predetermned area in the radial
di recti onthg medes e@@ﬁﬁ@ﬁgeéuabaee

[0037]

It carries out the switching from the aforesaid
settling mode to the track following mode by detecting
whether or not the PES is equal to or less than a
predetermined threshold (Cp), as shown in FIG. 5.

[0038]

It also changes this threshold Cp, depending on whether

;; the target track.is in the aforesaid particular area or not,
as mentioned above. It carries out the processing that
changes this threshold Cp according to the flowchart shown
in FIG. 6, for example.

[0039]

The control unit 3 begins execution of the processing
shown in FIG. 6 upon determining the target track as
described above.

[0040] .

In step ST1l, the control unit 3 begins seeking the
target track, and proceeds to step ST2. As stated above,
the control unit 3 is able to execute a plurality of
processes concurrently; the subsequent seek control is
executed independently of the processing shown in FIG. 6.

(0041]

In step ST2, the control unit 3 detects whether or not
the logical cylinder number m of the target track belongs to
the aforesaid particular area. Specifically, the control
unit 3 stores information indicating the particular area as
described above, as information indicating .a range of
logical cylinder numbers or the like (for example, S, T, if
the area has logical cylinder numbers from S to T), and
detects whether or not the logical cylinder number m of the
target track is within this range.

{0042]



wher-ein servo sectors are recorded in said tracks, and areas other than the
servo sections of said tracks not used for recording are pl acedgﬁ alUL 2002
predeterm ned magnetic state. 2. The disk drive device of claim further
conprising: a recording neans recording information on said di sk-shaped
recording mediunm a position error detecting neans detecting position error
froma track (target track) to be recorded on; a seek neans noving said
recording means to the target track acedRding to said position error; and

an end-of seek detection neans detecting end of notion if said position
error is equal to or less than a first threshold, when said recordi ng nmeans
is moved to a [frght thagkt Ryadk da thay edetlein tied paesicabdrdereat,i ng

end of no if said p05|t|on err ual | e an seco
thresholdgéﬁaPFBFePﬁaRQQQQT (ﬁﬁ sﬁéﬁkﬁn@mﬁ §aYﬁE$e%g?dFﬁ§eﬁ§8ﬁ%is
noved to a@pt aegetot n;a@k rm:tfmllderﬂajej @Bdetcemmvelesiehyea1f3th6headigslt drive
devi ce of _claim.l, tt.her Sin a recordj,ng neans recor

ot o mati GRAGH 53 HLGPIR. SHE B SkBTAn AT e kb PRRSEEF oREBPPOS to

det ecti ngsnepnsTdet and mmqsxwﬂﬁhnthﬁrthrésmmld Cpas&t(tar getralnackp2t o be
recor ded a d ecor.di ng inhi.bi tin S i biil] o] If said
position %PFS 9 SEN qi orlﬁéﬂ%ﬁl%%a a’ flfg% #ﬁ#ggﬂgﬁg E&hg% Ysai d

t ar get trdekecxlngse@dﬂnﬁﬂﬁqakﬂﬂﬁeﬂhﬂrmhwasea tandni appbopragteeveddieng i f

Than oai a°PRRERLRRY son st Rodtt n BPE0EE L9P0:F PERORY [ Gc%sard” T
predet ermi ned 408431

i: The setting of the values Cpl and Cp2 of the threshold

in the particular area and in non-particular areas will now

be explained.

[0044]

In areas outside the particular area, tracks having
consecutive logical cylinder numbers are mutually adjacent,
and to avoid interference and the like between adjacent
tracks, the threshold Cpl for detecting end-of-seek is a PES
indicating a range of substantially 1/8 of the track width,
for example, as shown in FIG. 7.

[0045]

In the particular area, however, there is at least one
unused track between tracks having consecutive logical
cylinder numbers, and interference and the like with the
adjacent track can be prevented even if the PES is
substantially 1/2 of the track width, for'example. The
threshold Cp2 for detecting end-of-seek is therefore a PES -
indicating a range of substantially 1/2 of the track width,
for example. This Cp2 may also be approximately the track’
width, or the sum of 1/2 the track width and a certain
margin.

[{0046]

Because of the setting of a threshold Cp according to
the area to which the target track belongs, the timing (Tb)
at which a seek ends in the particular area can be earlier



2 5J UL 2002, -23 4. A nethod of fabricating a disk drive de23§qJUL_2002
.conprising the steps of formng tracks having a predetermned wdth in a
radial direction on a recording surface of a disk-shaped recordi ng nmedi um
arranging tracks used for recording and tracks not used for recording
alternately in a predetermned area in the radial direction of said
recordi ng surface; recording servo sectigns on the tracks when said tracks
are formed; and placing areas other thak>the servo sections of said tracks
not used for recording in a predeterm ned magnetic state. 5. The method of
fabricating a disk drive device of claim4, further conprising the steps

of 1 recontaig tthd abiinddi(Eaf | 88 wRLEN! hagkek@ndiseth for recording in a
predeterm ned area of said recordlag surface. 6. The n%éhod of fabricating
a di sk dPARERAEIIHATY 3583 4251 BRPHBr 1BokgG sitg t37E%teps of : detecting

whet her stidtdditckbsties a4e thepeHyabe deipaeivied iaf i paneicnkapg a
non-defective track one of said tracks not used for recording, if the

non- def e@4&f track is adjacent a track used for recording in said
predeterm ned py®sg] and maki ng a defective track one of said tracks not

used for recorgin If the defective track is adjacent _one pf said_tracks
used for recor%rh%éi#%afﬁe%?%’aﬁife?%i ﬁg&egisej:_o gjﬁheA%ae%tkl%‘bﬁ?’Fo?rﬁ%t h8d for
a di sk driicgh dexs crept Dyhdddabbtrk , a itpslovdmperthe seek characteristics
of the particular area contributes to an improvement in the
performance of the entire disk drive device.
_ [0048]

Also, in this disk drive device, the control load is
scarcely increased, because all that has been done is to
provide at least one unused track on each side of each track
used for recording in the particular area, and relax the
threshold for detecting end-of-seek in the particular area,
as compared with non-particular areas.

[0049]

Incidentally, during recording, besides executing the
track following control described above, the device also
executes recording inhibition processing when the position
of the head 6 departs from the target track.

[0050]

This recording inhibition processing is carried out by
inhibiting recording when the PES detected as described
above is equal to or greater than a predetermined threshold
value (Cp), or when the temporal change in the PES is
greater than a predetermined threshold (Cv).

[{0051]

In this disk drive device, these thresholds are
switched depending on whether the target track belongs to
the particular area or not.

[0052]

Specifically, in track following control, processing

similar to the processing shown above in FIG. 6 is carried



recording nediumw th a recording surface on which tracks havin
-predetermned width in a radial direction are forned, tracks us%gf @,rUL 2002
recordi ng and tracks not used for recording being arranged alternately in a
predetermned area in the radial direction of the recording surface,
conprising the steps of detecting position error froma track (target

track) to be recorded on; noving a recording neans that records information
on sai d di sk-shaped r ecor di ng medi um t'd4he target track according to the
detected position error; and detecting end of notion if said position error
is equal to or less than a first t hreshol d, when said recording neans is
noved to @utarged theckailmsisdefsdihe threshplds Qoo2nd 2avpfededecadiag

area, an [ | t equal to or

| ess thagwggégg%n?igt %Bg‘s% ol gq{sencg)lr}ldelrnqsﬂ&alﬁe;% %‘?é%s %r‘%%%%fd when said
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recording and gLagksenehe! R ue%r g€ Gl a1 Dl e BT 6 3ngiedl ébtféeate' yina
predeterm ned area in the ra irection of the recording surface

conpri si ngecpeingi vhedhesr tdétléﬂtlihiﬂ: ri%%ﬁ%rfél’eft%@¥ﬁgs‘f—)‘és”\| shigr Wal .from a

track (tapgeh ihaekkelsO i€ wHACH AL RF o WERNSe "Pivh M9i BefEEAN di NY NMeaNns
that records information on said disk-shaped recording nediumto the target

track accBPRIR§rtdcydad sdsai @f ahawn HhF L6 seek ERECHELRBEL FBR R€ans
detectingcapgiell eRid QM itheS PRI 1d1ONa 084 01 £ | Sheap@s aﬁdOthbess than a
first threshold when sal%r#é:j_‘ordr%sq neans, i s, noved t ﬁiget track

i nsi de sai SmBPééé’[ e &P AR Wi Rnthera ?Y’B f T&REgs -

posi ti on BRetokdifge@edlfdrnadicd afh titdrebpesoOnenhanestobsl siakker iphan
said fi rs%Pthreshol d, vvhen said recording neans is noved to a target track
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(cylinder) having the same cylinder ID on each recording

surface, as shown in FIG. 8, and there are cases in which,
after access is carried out by sequentially changing the
cylinder ID on the same recording surface, access is carried
out on another recording surface, as shown in FIG. 9.

[0056]
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When access is carried out as shown in FIG. 8, a bad
cylinder table may be provided on a cylinder basis, instead
of a bad track table on a track basis, and defective tracks
and unused tracks may be managed on a cylinder basis.

[0057]

When access is carried out as shown in FIG. 9, a bad
track table as described above may be provided for each
recording surface, and management of unused tracks similar
to that described above may be carried out for each

_ recording surface.

[0058]

During the fabrication of the type of disk drive device
described above, the processes of detecting servo sectors
and defective tracks, recording the bad track table, and so
on are carried out in the state in which the magnetic disk
1, head 6, etc. are mounted in the housing.

[0059]

"FIG. 10 shows the configuration of a test. apparatus for
carrying out this type of test.

[0060]

This test apparatus is coupled to the above-described
disk drive device and used after fabrication has ended; it
comprises a memory 22 and HIC 23 coupled to the data bus y:
in FIG. 1 above, an MPU 24 coupled to the control bus y. and

HIC 23, and an information processing device 20 coupled to
the HIC 23.

{00611}

The information processing device 20 or MPU 24 executes
recording and reproducing on the magnetic disk 1 through the
HIC 23, designates tracks on which recording was not carried
out normally as defective tracks, and lists them in the bad
track table shown in FIG. 3 above. The information
processing device 20 also provides unused tracks on both

sides of the tracks used for recording in the aforesaid
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particular area, and similarly lists them in the bad track
table.

[0062]

These listing processes are carried out according to
the flowchart shown in FIG. 11.

[0063]

It will be assumed that the particular area is
specified in advance as the area with logical cylinder
numbers from S to T.

(0064]

First, an initial setting of variables is executed in
step ST11l, and the process proceeds to step ST12.
Specifically, a variable n for counting physical track
numbers (cylinder IDs) and a variable m for counting logical
track numbers are initialized to zero, and the value of a
flag indicating whether the track corresponding to the
immediately preceding physical track number has been listed
in the bad track table is initialized to zero, indicating
that it has not been listed.

[0065]

Step ST12 detects whether or not the current logical

-

track number m is inside the particular area or adjacent the
particular area, that is, whether or not the current track
number m is equal to or greater than S - 1 and equal to or
less than T + 1.

[0066]

If this condition is not satisfied, the process
proceeds to step ST13, because the track corresponding to
the current logical track number is not in the particular
area or adjacent the particular area; if the condition is
satisfied, the process proceeds to step ST18, because the
track corresponding to the current logical track number is

in the particular area or adjacent the particular area.
[(0067]
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Step ST13 executes a test by recording and reproducing
etc. on the track corresponding to physical track number n,
to detect whether this track is a defective track or not;
then the process proceeds to step ST14.

[0068]

Step ST1l4 decides whether or not it is necessary to
list the track in the bad track table, proceeding to step
ST19 if the track corresponding to the current physical
track number n is defective and needs to be listed, and to

o step ST15 if the track is normal and does not need to be
listed.

[0069]

Step ST15 sets the value of the flag to the value zero,
indicating that the track corresponding to physical track

number n is not listed in the bad track table, and proceeds
to step ST16.

[0070]

Step ST16 increments the value of the variable m by one
and proceeds to step ST1l7; step ST1l7 increments the value of
the variable n by one and returns to step ST12. Processing
similar to that described above is thereby repeated for the
track corresponding to the next physical track number.

[0071]

Step ST18 decides whether or not the value of the flag
is one, indicating that the track corresponding to the
immediately preceding physical track number is listed in the
bad track table; proceeds to step ST13 if it is; and
proceeds to step ST19 if it is not.

[0072]

Step ST19 erases all but the servo sectors of the track
corresponding to physical track number n, and proceeds to
step ST20. Specifically, it supplies direct current to the
recording head 6, and places all of the track except for the

servo sectors in a particular magnetic state.
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[0073]

Step ST20 lists physical track number n in the bad
track table shown in FIG. 3 above; the next step ST21 sets
the value of the flag to one, which is the value indicating
that the track corresponding to physical track number n has
been listed in the bad track table, and proceeds to step
ST17. Thus it causes the value of the variable n to be
incremented by one in step ST17 and returns to step ST1l2,
and processing similar to the above is repeated for the
track corresponding to the next physical track number.

[(0074]

By repetition of the processing described above until a
predetermined logical cylinder number is reached, regarding
tracks in the particular area, the processing of step ST19
and subsequent steps is executed, listing them in the bad
track table, only when they are defective tracks.

[0075]

Regarding tracks in the particular area, however, the
processing of step ST19 and the subsequent steps is also
executed, listing them in the bad track table, when the
aforesaid flag is zero; that is, when the track
corresponding to the immediately preceding physical track
number is not listed-in the bad track table.

[00761]

Thus, at least one unused track comes to exist between
the tracks used for recording in the particular area; that
is, between tracks not listed in the bad track table.

[0077] ’

When the predetermined logical cylinder number is
reached, the processing shown in FIG. 11 ends, the bad track
table that has been formed is recorded in a predetermined
area on the magnetic disk 1, and the test ends. The bad

track table recorded in this way is read into the memory 2
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and used as described above when the disk drive device is
used.

[0078]

However, when access is carried out as shown in FIG. 8
above, a table that manages unused tracks on a cylinder
basis is employed instead of the bad track table shown in
FIG. 3, and the above-described test in step ST13 is carried
out on a cylinder basis.

(0079]

o Moreover, when access is carried out as shown in FIG.
9, a number of bad track tables are provided, matching the
number of recording surfaces, and the processing shown in
FIG. 11 is executed a number of times equal to the number of
recording surfaces.

[{0080]

The present invention is not limited to the embodiment
described above; for example, the above-described embodiment
described a case in which the present invention was applied
to a disk drive device, but the applicability of the present
invention is not limited to the disk drive device described
above; it can be applied to other disk-shaped recording
media such as magneto-optical disks and the like, for
example, provided they have a predetermined area that is
accessed frequently, and other suitable changes can be made

within the scope of the technical concepts of the present
invention.

{0081]

A file management area was described as an example in
the above-described embodiment, but there are other areas
that are frequently accessed, such as the area storing the
OS itself, areas storing library files that are used
frequently by the 0S, applications, and so forth, and so on.

Or in a disk drive device employed for uses in which
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performance has priority, such as storage areas for moving

Pictures, all of the areas may have a similar configuration.

[0082]

Effect of the Invention:

By arranging tracks used for recording and tracks not
used for recording alternately in a predetermined area on
the recording surface of a disk drive device, the present
invention can relax the conditions of the end-of-seek
criteria etc. It can, accordingly, contribute to an

L enhancement of the performance of the disk drive device
while maintaining reliability.

Brief Description of the Drawings:

FIG. 1 is a block diagram showing the configuration of
a disk drive device embodying the present invention.

FIG. 2 is a diagram showing recording areas on a
magnetic disk.

FIG. 3 is a diagram showing a bad track table for
listing defective tracks.

FIG. 4 is a diagram showing position error and the
switching of operating modes in a seek operation.

FIG. 5 is a diagram showing the switching of operating
modes.

FIG. 6 is a flowchart showing the process of setting
off-track criteria.

FIG. 7 is a diagram for explaining the method of
setting thresholds Cpl and Cp2.

FIG. 8 is a diagram showing an example of access to the
magnetic disk 1

FIG. 9 is a diagram showing another example of access
to the magnetic disk 1.

FIG. 10 is a diagram showing the configuration of a
disk drive test apparatus.
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FIG. 11 is a flowchart showing the process of listing
defective tracks and unused tracks.

Reference Characters:

magnetic disk
memory
control unit

(channel)

head

1

2

3

4

5 servo system
6

7 arm

8

HIC

10, 20 information processing device
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Claims:

1. A disk drive device, comprising:
a disk-shaped recording medium with a recording surface on which
tracks having a predetermined width in a radial direction are formed, tracks used
for recording and tracks not used for recording being arranged alternately in a
predetermined area in the radial direction of the recording surface;
wherein servo sectors are recorded in said tracks, and areas other than
the servo sections of said tracks not used for recording are placed in a

. predetermined magnetic state.

2. The disk drive device of claim 1, further comprising:

a recording means recording information on said disk-shaped recording
medium,;

a position error detecting means detecting position error from a track
(target track) to be recorded on;

a seek means moving said recording means to the target track according
to said position error; and

an end-of-seek detection means detecting end of motion if said position
error is equal to or less than a first threshold, when said recording means is
moved to a target track inside said predetermined area, and detecting end of
motion if said position error is equal to or less than a second threshold smalier
than said first threshold, when said recording mean is moved to a target track

outside said predetermined area.

3. The disk drive device of claim 1, further comprising;:

a recording means recording information on said disk-shaped recording
medium,;

a position error detecting means detecting position error from a track
(target track) to be recorded on; and

a recording inhibition means inhibiting recording if said position error is
equal to or greater than a first threshold, when said target track is inside said
predetermined area, and inhibiting recording if said position error is equal to or
greater than a second threshold smaller than said first threshold, when said target

track is outside said predetermined area.
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recording surface of a disk-shaped recording medium;

arranging tracks used for recording and tracks not used for recording
alternately in a predetermined area in the radial direction of said recording
surface;

recording servo sections on the tracks when said tracks are formed; and

placing areas other than the servo sections of said tracks not used for

_ recording in a predetermined magnetic state.

5. The method of fabricating a disk drive device of claim 4, further comprising the
steps of:
recording a table indicating said tracks not used for recording in a

predetermined area of said recording surface.

6. The method of fabricating a disk drive device of claim 4, further comprising the
steps of:
detecting whether said tracks that are formed are defective or not; and
making a non-defective track one of said tracks not used for recording,
if the non-defective track is adjacent a track used for recording in said
predetermined area, and making a defective track one of said tracks not used for
recording, if the defective track is adjacent one of said tracks used for recording

in said predetermined area.

7. A seek control method for a disk drive device provided with a disk-shaped
recording medium with a recording surface on which tracks having a
predetermined width in a radial direction are formed, tracks used for recording
and tracks not used for recording being arranged alternately in a predetermined
area in the radial direction of the recording surface, comprising the steps of:

detecting position error from a track (target track) to be recorded on;

moving a recording means that records information on said disk-shaped
recording medium to the target track according to the detected position error; and

detecting end of motion if said position error is equal to or less than a

first threshold, when said recording means is moved to a target track inside said
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shaped recording medium with a recording surface on which tracks having a
predetermined width in a radial direction are formed, tracks used for recording
and tracks not used for recording being arranged alternately in a predetermined
area in the radial direction of the recording surface, comprising:
- position error detection means detecting position error from a track
(target track) to be recorded on;
seek means moving a recording means that records information on said
disk-shaped recording medium to the target track according to said position
error; and
a seek end detection means detecting end of motion if said position error
is equal to or less than a first threshold, when said recording means is moved to a
target track inside said predetermined area, and detecting end of motion if said
position error is equal to or less than a second threshold smaller than said first
threshold, when said recording means is moved to a target track outside said

predetermined area.

9. The disk drive control device of claim 8, further comprising:

a recording inhibition means inhibiting recording if said position error is
equal to or greater than a first threshold, when said target track is inside said
predetermined area, and inhibiting recording if said position error is equal to or
greater than a second threshold smaller than said first threshold, when said target

track is outside said predetermined area.



