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BACKGROUND OF THE | NVENTI ON The present invention relates generall a
magneti c di sk device for witing and reading information on and froma

plurality of disk-like magnetic recording 5 nedia with a pl '
magneti c recording heads. More specifically, the invention mlmmﬂmmwmw
wth a dummy wite technique for coping wiih-such situation I n ) 7'169~h a

reproduced signal derived fromthe output of a magnetic head suffers as

probl em such as deformation of signal 10 waveform When a waveform

deformation or t ke NRL.J A roduced si gnal
of a magnetic he éw& %Vﬂ%mﬁﬁas her et ofgre
been taken that a recording current for a 15 magnetic head suffering
abnormality is gradually froma tine point decreased imrediately after
wite operati ONpACKCRDUNIDYOF egenexwEridie nagnetic head in an effort to
suppress the waveform deformati on of the reproduced' signal, as disclosed
in JP-A-5-282607. As anotTher p2ésamipricasntiion relates genenaldlyl eo aenti oned
above, there has been proposed such technitgue that dummy wite operation is

conduct ed at spBRIAEicddsksdeviey fax writiaonanhereadinnd nformation

b lity f ' th f def t b
egenerati ng coRberedoot BhpTREMRA 5 MR- LR iy Rectbdies 111015
9 DEC 2004 -5 1 néf¥aGrHNG quEiéWa@Ne{hlé PEESEIYing MeaRk!, O} at es

generally to a magnetic disk device for witing and readi ng information on

and from a pl urspecifiofaldysk thekinveagiein dsr eoncetmed Svitdhdiaa duining a

plurality of magnetic recardi ng heads. Mare specifically, the invention is
e

concerned wit h ¥rHeRrfechrilaue: EerFRRINT Withophaly & %uptdam 18 whi€hoh in
whi ch a reprodu ' riyed fromthe o ut of a netic ad
suffers as prob?g%ésdd%%%ass %?%r%%f{v(ﬁ? °§‘i ghgﬁ H”%\Rgl ﬁ'iagfm ﬁca
wavef orm def or NRéad® syl £driaC abl 20BN sl labY dEREARa CRREY£ARGGnAD 2
reproduced signal of a magnetic head of a nagnetic di sk devicé, 'such

approach haks0 hewavefaxme. been taken that a recording current for a 15
magnetic head suffering abnormality is gradually froma tinme point
decreased i medi atel y af f@enyaj vavetnmmydefermation or the like abnor-

nality makes appéarance in a reproduced signal of a

magnetic head of a magnetic disk device, such approach
has heretofore been taken that a recording current for a
15 magnetic head suffefing abnormality is gradually from a
time point decreased immediately after write operation to
thereby regenerate the magnetic head in an effort to
- suppress the waveform deformation of the reproduced ~ =~ -
signal, as disclosed in JP-A-5-282607. As another
20 approach for solving the problem mentioned'above, there
has been p:éoposqd such technique that dummy write opera-
tion is conducted at specific addresses by using the
magnetic head suffering abnormality for thereby suppres-
sing the waveform deformation by reqen@rating concerned

25 the magnetic head, as disclosed in JP-A-6-111218.
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t her eby. regenerate the magnetic head in an effort to suppress the~WhﬂE£02NH
deformation of the reproduced signal, as.disclosed in JP A-5-282607. As
anot her 20 approach for solving the problem nenti oned above, there has been
proposed such technique that dunmy wite operation is conducted at specific
addresses by using the magnetic head suffeti-ng abnormality for thereby
suppressing the waveform deformati on by regenerating concerned 25 the
magneti ¢ head, as disclosed in JP-A-6-111218. - 9 DEC 2004 2 Wth the
met hod taught in JP-A-5-28267, there arises necessity fox providing areas
for effectuating suppression of the waveformdeformation in all of sectors,
respectively. As a result of this, however, 5 effective storage capacity of
t he magnetic di sk device as a whol e decreases, which is of course

undesi rabl e. OBACKSROUNDr ORaTHE EINVENTIONg to the technique disclosed in
JP-A-6-111218, it is sufficient to allocate a dumy wite area of one
sector to each of the naghetPreaentdmyentdonr debetss genenpddyl em af t he

Cesenti 511y bo BRBIRE. CHBlCIRt S T PRIEAREEM CoRiEd JBIPEBarLon an
oot o ai ok dyad 2o EBLERP e S tke ndheRleO MO i (o

magneti c di sk device of the enb servo type, wite
operation i $ pemédirarmd thyaaphaeakity ofcadghet €6 Lsbardin®Nhbkdand wdad
seeking operation and follow ng operation for a target track are conducted
on the basis ofseRgifdcadlys nthe cinventionn ier cOfcexst dddhor dusthgk of
concern at a precft e&lrgi Rgg | ocation. Now, |et's assune that sone

abnormal ity or GuB i CanRing yilthnswel dtuatiendinf whieh a
enbedded- servo JRdek! i i C S resul t. of, 25 _whi ch, wavef orm
of the repr oduc%?? Sl gnala %E?%%jfts{e Q)régm?frﬁat tﬁ%g?\uefﬁ%t REad Daprekic,

def orms to sucthend enitfelrst aslaprorRepEled 89 dbformANYN off eﬁgﬁéing di sk
surface can not be read out correctly. In that case, the seeking ,- 9 DEC
2004 - 3 dfer wavaformd fol | owing operation are attenpted in an effort to
performa dumry wite operation at a specific address. In reality, however,

the servo information relBPReY HiVaipem dghermation axiithe dilkr abRowre can

‘not 5 be read t Lt magnet i c.head and hence
def or mati on of ﬁleit%&g#grsmg %drgg%?‘o ugéﬂgg‘fﬁ%ea SL9P81L PhgBseeki ng
error or foll owhaghetiier Abh@NoLd HagnatVM RYskFadv¥ied NEEE! }9a+ﬂ t he

light of the state of the art described above, it Is an object of the
present inventikas thenetofore beemdiadkienc ttatka ceadmsingy icagrandufdy awite

function ich device is egsentjally imune to the problens of the
convent i o\rllvztlkl5 maqutgcd?’?ﬂad% faxdngs agpormpbity dfo\eradpalyvefire® a he above

and other obj eG{fdMhoilit decreased immediately after write operation to

thereby regenerate the magnetic head in an effort to
suppress the waveform deformation of the reproduced
signai, asidisélosed in JP-A-5-282607. As another

20 approach for solving the problem mentioned above, there
has been proposed such technique that dummy write opera-
_tion is conducted at specific addresses by using the
magnetic head suffering abnormality for thereby suppres-
sing the waveform deformation by regenerating concerned

25 the magnetic head, as disclosed in JP-A-6-111218.



w |.I beconme apparent as the description proceeds, it is proposed ac3 JIEL r&QU"
to a general feature of the present invention that the seeking operation or
followi ng opera 20 tion to a target track is performed after changi ng over

a magnetic head suffering abnormality to a magnetic head operating normally
by taking advantage of a fact that a probabitity of sinultaneous occurrence

o magnct & heade. 't copelithePhS HSAEA0ghE PyT R4 S0 A0 TR R |1 20
of magnetic h _ _ otk o :
| "STDEC 2008 - SNk FOTSRRET €71 BCUACIRG APatheos dhieCEabtnd DO

nmagneti c head opepddaidonobiBthy wavifcin QbeoPmALIth iin @13Ccbet el y recorded
on the magnetic recording nmediumor disk. In a data area where the servo

i nformati on i s settdray irepacbtivelyror deda xesobt raf thisGuhbwesethanged over

to the magnetic head suffering abnormality to thereby performthe dumy
write operatd oreffigrismh stenage| capacitiye of othevinegneidat dissndevieetyed

over to the normall V. operating. neti.c head before th netic head per
10 formed the Cﬁlr‘%é/]ﬁlﬁi eg_rgggggt {T‘%ﬁ'cﬁﬁ ii€s°gv8?uﬁs%d'w’te°es§irﬁ§9§er vo
information area. To say onNtRBOLEdr Wdhd ,CRRBEEOMES 1 thid® tBBARELAE heads
ment i oned above is carried out during a period intervening betweéen read-out
operations for dimchoiestdnt JBARS6<I1121B,Sdtyhsi sifHf iidnin tolaiYot&te he

magnetic di sk device according to the present invention, the seeking
operation or foR| ¢RI Wideanren 96 ape segsert tackadurihahsemponeric

itivel | t t. . fail b ' t | | ti tic head
oy i 3 A bpahed on AesPrERBO Ry G ARBlanLet Coe (bR B RO PHaTIeS .
wher eby the ab ' ' j o) i N
oper atton) to RAPRAGPAACLE HEGHLIR) dlaKiefels U1 Heldelbed dtal ! N0

operation is toedeemiidlQyTDe. avdided) eiveodrOditer Athe Aagnieficodisk he 25
i nvention, only the dunmy wite operation is perforned for the magnetic

head suffering 4@vnserds ©f asi embeddasi-megwot typeepradiemsomeptiénedn t he

:‘g:c L?vn\%[\igogpera}t)le g\wc%vriltlh esgglé&rllxgteolpe%{.atlon by reading the servo

15 The magnetic disk device of the embeddeq-servo
type features that read/write operation is performed by a
magnetic head selecied currently and that seeking opera-
tion and following operation for a target track are
conducted on the basis of servo information written or

20 recorded on a disk of concern at a predetermined
location.

Now, let’s assume that some abnormality or
irregularity occurs in a given magnetic head of the
embedded~servo type magnetic disk device, as a result of

25 which waveform of the reproduced signal outputted from
that magnetic head varies or dgforms to such exteﬁt that
data recorded on the magnetic recording disk surface can

not be read out correctly. 1In that case, the seeking



-~.9 DEC 2004 - 5 imediately after the regeneration,

t he normal magnetic head. The above and ot her objects,

which Fig. i is a block diagram show ng schema y

configuration cdddresmgneltnCréaiktyeHowRvbe,a6R8" SbAED LG

the present invention; Figs. 2Ais a timng chart for

perfornmed 2

G ok devi co. accoraitenR, IeRBIS Lo e ek et < 3

di sk device according to t Ny

provi ded subst agigrall Wnv¥olG¥hgr el 22 r62N6ENES] Rk
recording disk; Fig) 3His a plan viewillustrating a

concentrically;
SUMMARY OF THE INVENTION

no adver se_i g,

can not be exerted to the follow ng operation performed till therd b [kgfgg@*
features and 5
attendant advantages of the present invention will nore easily be
under st ood by reading the followi ng descridtton of the preferred

enbodi ments thereof .taken .only.by way of exanple, in conjunction with the
acconpanyi ng dré el%la‘g%i%nlﬁhgl??ﬁi‘l%%@?lqpﬁraﬁé&& are #Ened AR #Re course

of the descri ptéofhphivdh peRlebfiSa d GRG8e! 8 Igg%ﬁgnoaattggngi%\f/:\niggg, in

m@ggi ment of

IlTustrating
operation of tteecansies on Shekmeignetie slecemding Fdisk |gudfiage 2Bni iod tining
chart for il uaﬁratin operation in which dunmmy wite operation is

t

2 SPerat
smagneti ¢ recor ddrxpxhi sk. shown in 9 DEC 2004 - 6 Fig. 3A and shows
-di sposition of plural tracks provided substantially circularly and

t

e Fead ot Speruse Rf abearmahity of Xhe mag.nesﬁci head pl an
in the

& FERTEAuE

magneti c
g%cks

gnetic
?@n of the

10 In the light of the state of the art described

above, it is an object of the preéent invention to

provide a magnetic disk device having a dummy write

function which device is essentially immune to the

problems of the conventional magnetic disk devices

15 described above.

In view of the above and other objects which

will become apparent as the description proceeds, it is

proposed according to a general feature of the present

invention that the seeking operation or following opera-

20 tion to a target track is performed-after changing over a

magnetic head suffering abnormality to a magnetic head

operating normally by taking advantage of a fact that a

probability of simultaneous occurrence of waveform defor- .

mation in reproduced signals outputted from a plurality

25 of magnetic heads, respectively, is low.,

In a mode for carrying out the invention, the

magnetic head suffering abnormality is guided to a sector



Fig. 4Ais a plan view of a magnetic recording disk according to a_s Egn?
enbodi nent of the present 5 invention; Fig. 4Bis a plan view showgng 004
nodi fication of the magnetic recording disk shown in Fig. 4Ain which a.
plurality of dummycwite areas are disposed in a direction substantially
radially of the magnetic 10 recording disk? Fig. 5 is a plan view showing a

structure of a j.c di.s vice accordi ng to . enbodi nt,of the
present i nventigﬁ';gﬂa‘?afltffl(fl I'—ég’gf lég?fgg{;\éa f’&% %%&'&Yigﬁ ¢ \RRSY i BY ®he 15
same with a porga ' r : PTI D¢ 5

-EMBODI MENTS Now, he@%r g%eagt glbﬁsgﬁjtﬂ?%nn w | I@Bg’e descri blgﬁlﬁgggtggﬁfpi n

conj uncti on wi tdigcietelys recerdad | on Cthts maghedi s Sré¢dEne thodiuhy 8t Ccal
enbodi ments thereof by reference 20 to the drawings. Referring to Figs. 5
and 6, a nechanditsk. sthnu@ dataoarea mhprs ithed sekva eln frermaddondiagnét an
enbodi nent of the gresent i nvention wll first be described. 25 As can be

seen in the 3igfFktten pr recrzded, B GoriEplc firguib st ichangsd aNeEnt?P osi ng
40 Fi i 109 disks. 41, gach Seryi -9
PRC 2004 magnerhe HagdBAY heba SERESLAG Tuhiinaly 6F G, FakeBY no: ¢

DEC 2004 nmagnetic r _ : pporting and
rotational |y drpetfign hdTaBhty fri€s BpliratidhsKehddeor? diddoasgspbl y 43

i ncl udi ng magnetic heads for witing/reading out information on/fromthe 5
magneti ¢ recor dthg fHhklowisg opedrstibgrenis whaaged, ovesviogher mormalligi ng a
pi vot shaft 44 fox supporting the head assenbly 43 sw ngably over the
magnet i ¢ r ecor dPREFRFNG magnetic head hefore thermagnetic deadi RETrhe swing

o Son L8 R e B el SRR s L S5Bebfnny i oo
41, a control | egedyd NAicriRWMIchNaFddS ™ 3¢ Hh LRSI Eﬂgngggrations
or actuations of the spindle notor 42 and t he pivot shaft 44, and a printed
W ring board 46ovex efaldihegmagnetic ddadmentiondd above is carried out
¢uring a period intervening between read-out operations
for two adjacent ones of the servo information.
15 With the magnetic disk device according to the
present invention, the seeking operation or following
operation to a target track can be performed positively
without fail by using the normally operating magnetic
head upon dummy write operation for the magnetic head
20 suffering abnormality, whereby the abnormal magnetic head
can be guided (by seeing or following operation) to a
location or portion (cylindér) where the dummy write
-operation is to be performed.
In a preferred mode for carrying out the
25 invention, only the dummy write operation is performed
for the magnetic head suffering abnormality. Since the

magnetic head can not perform the following operation or

the seeking operation by reading the servo information



15 .anong the el enments or conponents nentioned above. The nagnetic reﬁﬁﬁd@ﬁﬁ
disk 41, the spindle notor 42, the head assenbly 43, a part of tﬁégp t

Wi ring board 46 and the voice coil notor 45 are hernetically accommodat ed
wi thin the enclosing case 40. 20 The spindle notor 42 is constituted by a
hubhoused type el ectric notor which i ncl Odés~a hub havi ng an outer

peri pheral surf 1 i ' rdi ng dj 1.are fixedly
nount ed and a rg@@?&gzﬁggfgg%%%rHE?gg%ggghﬁﬁgggﬁaﬁ?y5§#£%€%3Hﬂﬁipe?ﬁg
spindl e notor 42ahsnéd BExdirted €6 hdaRsL1TIREG opRstidrt igdidotmBar t Of
the encl osing case 40. The magnetic recording disk 41 constitutes an
i nportant part b®illhthemdnemisdingi the dexined wagnktiletlsad nes t he data

storage capacity of the 9 DEC 2004 _8 magnetic disk device. Usually,
there may be incor por at eFhéndbgresand rofihar ohderts di Esatunesi@pdndence on a

desi d dat t jtv.to b d f th netic di sk devi )

o et B TRE ARtichoR oo NN Bbolans' DRvaREl ol ey ©°

embodi ment of t gggi Ny ilerstobd Y SHHED! Bab gofiwﬁltﬁ S%Eig%gﬁst' c
era S a

recordi ng disks 41 are nounted on tHe outer “perip ce o € hub
of the spindle obtthe 4reficreedabbydtidrntalithlerepaceakerd Sonly &y @6

i nter posed between the adjacent disks, respec 10 tively, as can be seen in
Fi.g. 6. The di sREsexamplondn condunetiarhovithgtbei aceaepandiimg di sks 41 and
t he di sk spacer g 4%9 di sposed alternatively are clanped together by neans
of a disk clanp®485 ¥t he direction axially of the spindle motor 42. In
this manner, the 15 nmagnetic recording disks 41 are fixedly secured to the
spindle notor 42. There are provided a nunber of swi ng arns which
correspondsl0 0 BREEF ESORIPIAONEOF OTHE ONAWIRGSdi Sks 41, wherein each of the
swing arns is constituted by a slider 20 49 having the magnetic head
mount ed thereon and a susipethei coursendd) thecdebrgiption Wik chwifodlawsp are

nount ed on the baée nmenber rotatably or smﬁngabLi by neans.of the pivot
shaft 44. More TPERFINed8 madg tohr draviags . ndh Welehil enented in the

formof a dual-head type St ;JEt [T ?éiddg( ?ﬁh&@aﬁ gm‘g\“{é !f%@“g?‘?é%h head

for witing informa tion o e di sk an gnet or esi e-e ¥ype

head for readi ng geviexamidonEifheatide of %kmagﬁeewtﬁmd derfiegral ly or in
coalition, wherein the dual -type 9 DEC 2004 - g nmagnetic head is nounted

on the assob} at decerding tohensembediuers. off theupsesenthenventibngn i s never
limted to the nagnetic hggd gsnt'oned_above. Qt her types of heads such as
an inductive head, a thi F488nfhet® 2 £ifil@g chart for illustrating

operation of the magnetic disk device shown in Fig. 1;
Fig. 2B is a timing chart for illustrating
operation in which dummy write operation is performed
20 twice in the operation shown in Fig. 2a;
Fig. 3A is a plan view of a magnetic recording
disk which can be employed in the magnetic disk device
according to the invention and shows disposition of
tracks provided substantially circularly and
25 concentrically on the magnetic recording disk;
Fig. 3B is a plan view illustrating a

modification of the magnetic recording disk.shown in



~5.(Metal -In-Gap) head or the like may be enployed in the nmagnetic di

devi ce according to the invention. In the magnetic di sk device actct (ﬂﬂﬁgzg%
t he i nstant enbodi nrent of the invention, there is adopted a '~ rotary
actuator based on an enbedded-servo schema, 10 wherein, servo infornmation
whi ch can be reproduced periodically is T&mded on one track. Further, a

servo patterns ot .sh ) .are itte t positjons determ ned by the ,
magnet or esi st anig%-'ef”?egwt?/p%w%e pﬁﬁgﬁ i?g %ip‘b?%t i'FRcEe PREVidRd-film or
i nductive head.gybatangias1y éﬁ&ﬁﬂ%agbagsmmqaqq schematical ly. an

|

el ectric configuration of a magnetic~d evi ce accordi'ng to an enbodi hent

of the present inventionFig@nddxiygs.a praaneidi & W ndgherdcCREEsSdiy
illustrating operations of the nagnetic disk device shown 20 in Fig. 1.

Descri ption wi |disk ascopding rex tee deacondhembodinentr atfi aheoprésentragnet i c

di sk devi ce _by réferincg to Fig. 1. It is assuned that there are provided
five magnetPc HOYEAtieNi > 13" 14 and 15 designated by identification
nunbers "No. 0", "No.1", mNQ. 2, (' No. 35 and, 25 "No.4", res ively.

Her ei nafter, these magnef'lhg' h%%cf‘sm\jin Pﬂ‘aﬁevf‘%veﬂ%ﬂ'ntg'o°a§'°$fe1gl‘r’\ﬂ)'? Thead, the
No. 1 head and s fhiel Raghbtidassdradngt hEsRetdsiml ol #1342 aRNLY | |s '

sel ected by a head sel egt circuit 3. %o t?}i s end, tnae é 4‘81%@%{%6{) -lo

control ler 1 i @s@duralibndot khmgey oaitendreas nate W sppdedainng t he head
i dentification nunber (No.%. In response to the head change command si gnal
18, the head s&iFECtipp BRPstantdaddys raddaliymf ithehsagnebicgnated by 5 t he

head i denti,fi cgtd | ssued by the controller 1. Now, let s assune
that the N&BO %Iedggﬂ-f’?“ggﬂs%'el ected by the head select circuit 3. In that

case, the No.O head 11 rpgds ®utg Qa%,gaﬁngié‘gr%v}iq{g?%{rﬁggggg%pigo?%r ded

magnetically on a disk surface of t magnetic rec ocated in

front of the NmaQnetdd diskvdwritiy azcbedingUto Hr)tabod®mbsit 08t Pid ed to be
supplied to both a read/wite circuit 2 and a servo information readi ng

circuit 4. The RFegntohtEenetPnin 8de head read 15 out signal 10 is
extracted by the read/wije cirgcuit whereon the data as extracted is
supplied to the control It#’gl éas’"aa‘l'r éiﬂedﬁfﬁv trnjgﬂ'ﬁﬁ 7§e‘l’h§h%‘6+ﬂ-°r Hh&r 1is

i nparted wikh aaméN&ltANaOpo WeiihY HLSKkaRkd (deci sion whether the data
carried by the read data gégnal 20 % és recée?ve is correct or not. On the
ot her hand, in the servo information reading circuit 4, only the servo
information contained in the head read-out signal 10 supplied to the servo

i nformati on r eRFSEHIETLIEN OF /THE PREEERRED nBMBOIMENTS extracted. In this
conjunction, the servo i f‘gr rr%téel on contajns infor mahi on cQncerni ng the
O hea %

current position of the N PrEESE. .‘,’etl"rfy?nl HiddnBerdefcriked dack and
that of the sedetaial 1#he6RdMa 1BAINEL WSt d Sresen?1 PRt red

as preferred or typical embodiments thereof by reference
20 to the drawings.

Referring to Figs. 5 and 6, a mechanical
structure of a magnetic disk device according to an
embodiment of the present invention will first be
described.

25 As can be seen in the figures, the magnetic
disk device is comprised of an enclosing case 40 (see

Fig. 5), magnetic recording disks 41 each serving as a



- 11 currently positioned as well as information concerning the dewy geCodilh
or distance fromthe center of the track. Al the contents of the servo
information are informed to the controller 1 by the servo data signal 8.

,On the 5. basis of the servo information as received, the controller 1
generates a servo control circuit contrer dignal 9 for controlling a servo

control circuit roance Wihth the control signal,_ 9, the servo
control cirecui tmgg%%{:]jb%?f;g%@Plgi Eagiﬁ'f‘f v P Feﬂ?tgF 1015 10 for
driving a head gappbPeitnd % | 4% e pgsitloning of the
magneti c head. Neg? d&%rﬁﬂgi%ﬁs\%@wa%ﬁr# lflgri\%\lngi %-' ggo}“pée 'g%:lo(‘?\ in the

magnetic di sk deetordingeliskst aal,| srhéadiQiﬂ&l&lypEQViﬁé'ﬂd/iﬂd"?na@ﬁQE?gi ¢

head destined for wite operation 15 and outputs a correspondi ng hea

change comand begdeal fai widtisgdreading dute informatien dn/fxcwethe Wite

data signal 21 cont ai‘{w}ianyt(‘;e data to be witten and a wite comand signal 6
[

to the read/ i PBIRPY cpxddng; Lpk AL Anda seERENE hen razws avei BwWingrcuit 2

t f itg 20 jon. tjon of the wjt ti

command,  the reaghurteidinelh: pri8P SREE I Bol shpfnrHnd Rahess o « ne

head sel ect cCirg@isbmB1y ar3 tdaﬂhghmyﬁ&iéhg £He maGhe el € -SRI dligRd (o O
p n

magnetic head in this assuned. case erformwite operation e magnetic
25 recordi ng di 4k, 19.voime coddsmotog 4Saorvardang tieé cswilig @3ml,akes pl ace
in the signal 'reproduced by the No.0O head 11, making inpossible for the
No. 0 head 11 t oSPREEPhH fircultgbppyd sphsfar ppntiral bingtwikte aoh rhedser vo

d di ' i di di sk, d i pti ill b
tmde of a 1180 BpERElond B MR hedne CiE H0d ReRfome Ao he
teachings of bymaiRett®RordINENEL A, 11 [ & SORBEG1IG: 51 Fifbe. Bnoldl 1HE

first place, it should be nentioOned that 'the regeneration Bt he

magneti ¢ head sBigesifandlsnofor! cont sl ibg epbrheiomsiior MEtuaYehy. Fore
specifically, when a nmagnetic head selected in place of 10 the abnormality
suf f eri ng nmagnePf cthr #pindlgemotor it 2 ansifther phyothl shafitr dd,alandrasnl ity,

anot her or thi rg .C .hea d, .wherepon regenerati on processing

i . ted
(dunmy write opBFat] g‘ﬁ)‘lulrg'nﬂeg?lﬁg‘ilr:# ?%’Fr?f'ﬁglﬁgnﬁjr%‘é?‘?’?‘if]s&PP@PFHS°%gneti c
heads. 15 Fugthgk ehhé"’%ﬁ'&mhh@sF@Q%ﬁ%ﬂf&spﬁgﬁéféﬂéw ,,Q,Q,errn@ﬁeonce for

the abnormality suffering nagnetic hea Il'ed to regenerate that magnetic

head, the regensagnétic precoedingodiely 415 rhef 8pprdlé Gotdie sahnengal ity
suffering magnetic_head twice or nore. 20 Twice or nore regeneration
processi ngs mayn®Rd afgamddyods ., durpart ®feheoprinted weniing boewded6 r epr oduc

tions of two adjace servo signals (see Fig. .2B) or during a period

i nt erveni ng betJ\’)\fe?cgntr}%ee&%&l?cff’gﬂsmﬁé%t ePrgmBeE%i?%’c%ﬂt;YséF\?S“@Pﬁﬁ'é?%. 25
Cccurrence of wayedGf renéeatTBE! ' out put signal of the No.O head 11
can be deci ded by the controFFe%R@ éodnket H@'basi s of the data contained in

t he 20 The spindle motor 42 is constituted by a hub-
housed type electric motor which includes a hub having an
outer peripheral surface oﬁ which the magnetic recoiding
disks 41 are fixedly mounted and a rotor and a stator
disposed internally of the hub. The spindle motor 42 is

25 installed on a base member constituting a part of the
enclosing case 40. The magnetic recording disk 41
constitutes an important part of the magnetic disk device

which determines the data storage capacity of the



read data signal 7 outputted fromthe No.O head 11 - 9 DEC 2004--9DEC 2004
sel ected by the head select circuit 3. Upon decision of the waveform
deformation in the reproduced signal outputted fromthe No.O head 11, the
controller 1 starts a waveform deformati on_ suppressing operation. 5 At
first, the.controller 1 issues the head th%m’ge command si gnal 18 conmmandi ng

h 0O h f h i c heads 12
to. o A tni o SAgiqtldRucagVidd. | beldiag, LRERS' BT IRELTbOREFSd ho
No. Ohead 11 is &iangeGersehll Aadhdt MO di sk32¥n- ddPerddendd o?'lhﬁt dggffe?t he

servo information reading circuit 4 extracts the servo information fromthe

head read-out sdapenlstbiage thpadbty ltcémdehBused £owplieemaghétibeds6¥k Vo
information to the controller 1 as the servo data signal 8. The controller
i then respondsdetidehe J&r thej easn af the magnetinsdiak deviiget hecerdvo data

[ | 8t | t | | nd ti f ffectuati th f
def or mat | on SapPea rheopBrErbPindinest, BE, bhe PRt eRr OF the No. 1
head. | | i ' f [ f i
cuuppr esei ny oparartaid ERar & pElPell b ablife 0, MRS HEape T "

timng positiOngre fount@dPbhf tkd dutdrPesepharall AirfldelBs3 thar niheo o O
head 11 and the servo infornmation 1 for the No.i head 12 as well as the

servo i nfor nat i e sdiadlshaotior A edddrinanlly 2&ithealisk spaiceker a8ai on 2 f ox
the 'No.l head 12, respectively, as can be seen in the timng chart shown in

Fig. 2. Wien t 4 3hETs Loterpeoret hatvees shevadjacitnaisks ., 1respeehe No. |

head 12 an onfy t hat .the, servq i.nf tpon 9 2004, lg .. , 1
has passed 0; Blfé%;e@rf 'H%eck]g.*’éhée%%'f%%ﬁg (')nt'qub? I@I%%lsggghes the head
change command &dxiwaltutddf s? the st geBorayey diikaNA1l ahgaghd2 again
to the No.O head 11 (i.e., the magnetic head suffering abnormality of . 5
wavef or m def or mikslorgpaceirs #A8spdimmoded Bitennativelymamrd agpetl 6 and t he

wite data signal 21, a dummy wite operation for suppressing the waveform
def or mati on of {IREeBY mepRs Rk ‘ﬁfkt gdamp 48 gy the direpshomer f or med

Subsequently, i - n t he flyin 10_t No. O head over the
succeedi ng serv%‘%i‘fﬁgs%gt %gﬁ gp*'?@bedi T yggfte?“t Bdt'!ﬂ"mf?eﬁ’\fi%’é‘aoperati on,
the controliser mdagrietiiRs reberieag G0 1CaRERRHked BP HeckPeliOko! bRS EDY
change over the . 0 head 11§§§ai nto the No.l he%;c] ie.2 .e 15°. I'n the
oper ati.on descrsplgdilzbomeotort #2. durmy write operati on nay be perforned
plural times (twice in the case of the instant enbodi nent of the
invention), after the heZBeERaAFR-REAVIdeA ahaunbeD e A¥iE ayme nghickperi od

i nt erveni ng bet r.oduct p.on he_nmutual ly 20 adjacent. servo ,
signals. ' Next%srrpe gge#ée{:ﬁ%é IJ—c’lotfgs?"theBﬂfa‘-’ﬁ%%1 ﬁﬁea(f?&'add@,g_ ggg{?? i é)')l'li on wll
be made of | 0CaH&EimdalhCol PONE dWiirio> a2kl 18 LbrdeAurdy £) hha1 fudwy
wite operation is to be perforned. 25. Figure 3Ais a plan”view show ng

di sposi ti orRlof 49 deivdingr &bedm&pinst fantheakll yoonted| thdnecandndoaceaspéal | y on
t he magnetic regardin gi sk 2S._In the case of the instant enbodi nent of
the invention, 1 rﬁ%? Q| (sseElg. $)peCcThgoawing mrmg dregBguptede®® a dat a

and data nanage‘rr_ign eﬁiﬁﬁ n lm:rp/ i K.23 in_sug nner as
illustrated in Fi g.bﬂ%rg.wl eg g?gaw 0 pro\(%’_tr g%??%%gf%ebzydgiegngr 825{,:'rﬁl .e., the
data and data nFERRECHENAELIRER Mord P BEL Dy Hosid eRhetie headendpti On
of the dummy wite location in the radial direction of the nagnetic
recordi ng di sk,bavdimpiemented bmothghtfaximoof bydudldstadatypecstirheturegnetic
25 in which a thin-film magnetic head for writing informa-
tion on the disk and a magnetoresistance-effect-type head

for reading information from the disk are combined

integrally or in coalition, wherein the dual-type



heads due to inclinations or the |ik: event of the head carriage after the

wite operation of the servo informa 10 Lion. In a preferred node-f®MEC 2004

carrying out the inven tion, the interval 22 should be so selected as to .

correspond at |east two tracks as viewed in the radial direction of the

disk. In the case of the magnetic recordiny disk 15 according to anot her

enbodi nent of t eq_r{erﬁ/en i two sets of data and data nanagenent areas 24
[

and the dummy wr cak'ﬁggéésafP%mH:r%i%e&,ger%%%%ﬂqw yne| gf; khe
i ti , Itgl i h . Dl lit f dat dat
I P L R
illTustrated in they majletit Ro&@ mértioned 8bSvdl t othetr ShHpek bE lnﬁe&i]?
p

seeki ng operation upon dummy wite operation. Figure 4A7i's a plan view
showi ng a magneduah esc endindudtike 2@agdccar thig-£ Nl lagnd mmoodi ment  of
the 25 present jnvention. In the case of the magnetic recording di sks shown
in Figs. 3AZandMiial~Ia-Gaelihend ar gdet Lékesnmawks employedmiy vhet e

operation is t rf d.J el ected,on }he du wite tracks) 23. By
- 9 DEC 2004 - "%gr?t ragis ,d+‘?ni‘?§%€°88§&-189 ﬂet%g%'ﬁ’_‘&if’@cor di ng di sk 28

shown in Figs. 4A and 4DrnatheéMRgndtilcedibRaa&dide aq:rcg\gdﬁgd?% @,?ﬁto extend -

substantially in a direction radially of the nmagnetic reco g sk. To
say in 5 anot heinatant enbodiment wi thealAtenBieh Priheréed s0Rdapded e 1 acks
within the data and data nmanagenent area 27 at sanme timng positions. Om ng
to the arranger@?ﬂe?@i"—%ﬁwgmﬁﬁﬂ, onupBt embédded~aexvioi sehbmas i s i nvol ved
in the seeking tion_upo u wite operation. In 10 this case, the
nor nal magrklleo"t1 i Cﬁ%%gn( '|8.8§Y,8 '{]&Wéﬁﬁegﬂig f¢aR iB%y HeBreBKeedml ity). is
enpl oyed for thadiokdiesnny Ppereld dohd 4 'y Jyifng the, period

i nterveni ng be[t\?;een t he agj acent ggrg\?oa?n?%%rr%%%' tfg’g‘#tbﬁg'v\?i? o°per ation
i s performed bypatitexpiengnot eghdvn )t heeahpott@h ad poadRebhs 868Erhdied he
dummy wite operation. In the case of the.magnetic head shown in Fig. 4B,
there are proviRledheyBagpeteregiatanceqeffiact-type dwad cpoagentyd area 27
and the.dumy w.ite grea 26.. Wen the dumy wite area 26 shown in Fig. 4A
is provided 20 c{poerﬁ%:gogi S?nﬁ?/ ’ﬁ'finf'lﬁélﬂu?ﬁrirﬁgfqtdw&r #edf-t he magrietic
recording digsk 28, such gityad y . S€44 i decrease in the
st orage capacity of the rra%netilgrlgingkb é{:/?c%i&%mn%m% B98P ed. 1n
that case, the ihahly wni skectriz 2onghgukstpoeisr abmaghetdiviagad into a 25
plurality of subareas, as illustrated in Fig. 4B. Furthernore, in order to
shorten the tirfievigecaceording tehaor puboddment iaf hadpresenti ve at the

ositi on above jthe wite area 26 in_the.magnetic recordi ng di sks
P inven%HgK¥ an figs. A and 2B show timing charts féL

iilustrating operations of the magnetic disk device shown
20 in Fig. 1. Description will first be directed to the
configuration of the magnetic disk device by reference to
Fig. 1. It is assumed that tﬁere are provided five
magnetic heads 11, 12, 13, 14 an& 15 designated by
identification numbers "No.0", "No.l", "No.2", "No.3" and
25 "No.4", respectively. Hereinafter, these magnetic heads
will be referred to as the No.0 head, the No.l head and
so forth. Of these magnetic heads 11 to 15, only one is
selected by a head select circuit 3. To this end, the



- 9 DEC 2004 _ 1~ _ shown in Figs. 4A and 4B, a plurality of dummy wmzée 004
areas 26' nmay be provided on the disk 28. . At this juncture, it sﬁo Z)ep
mentioned that the ductmy wite area 26 is shown to present such a shape 5
in which an area defined between two circular arcs is delimted by two
lines extending radially of the magneti ¢ &Bcording di sk. However, this is

only for the purpgse.of . facilitating . the understanding. In the strict
sense, because FHEE &33Fy1a’c'ﬁf€ﬁ%ta é‘\ﬁgﬁgggﬁPgﬁg"%%GFaf‘aérw 10 the

q . . . .
ciu;ncwul gl gscgr g’%ﬁ%@?ﬁﬁy@e W@@?&S@Sﬁgﬁé’zs@#ﬁg“?gérﬁff‘af \rNgcti on of

the nmagnetic refwpdnge €oSthe Alestlhaabe  cbiifastl EDgnani t1g,,a£ﬁa, K&adrey be so
provi ded as to extend substantially along the 15 radial direction of the

magnetic di sk crelesti ghrcuit chrseimotise thppmagnet Byl Haadndebtghatey By g
description, with the structure of the magnetic di sk device according to

the present 9 nidf hgad {dencibigationypurbasqiasned hw sheagontrobldmwct t hat

when abnormality |0 takes place in the signal reproduced by the magnetic
head due to a c?‘e‘f ect of the magnetic head itself, operation for

regeneration of the magngbi¢ 1¥ed Glsstme gﬂggyt%:,foiqtogﬂgéat ign)_s can be

performed stably at a high speed with high rell esi des, by virtue

of such arrangeeleict3d bjfathé treathgedect beacuits Jsednnehbbecadd) e
foll ow ng operation nor seeking operation inediately-after the dummry wite
operation, stalie0hderd bk g slutofatpeand v inEaamesnohe ensured. 9

DEC 2004 .19 VWHAT. I.S CLAINMED IS 1. A netic_di sk device adopting a
rotary act Lét o?rﬁfé'fgadoﬂa%e%ﬂeﬁms@ragg]écmcec&fpﬁ‘ﬁi monetiF urality

of magnetic regydriadn i&%éksi@%{cfa%@d? %%P&W @P%@;%@;B?@em 11

di scretely, reproduci bl & servo 1 nformation; a pluralil gnetTc’ bases

fox perform ng whtirebyahi e8ad+@atl/siignhd 2peidt bvtpdtteds2odbe! #aghiiad Of
magneti c recordi ng di sks, respectively; an actuator for positioning one of
sai d plurality %f bothgaerped fstide cdicguive2tand e esrveoaildfophatidn t y of
magneti c recording . di sks on the basis of said servo _infornmation; controller

lor sendi ng out"EXEMGnGFTFYE M e n&aﬁﬁp"%’l‘t%jg}q.f pRuthei hgadireatdmet i c
heads and 3g5i Gl SAQAHRNTH "l Akt RLREHPLY Ofhd I ddd i 2RE" 811801 ¢ 310 CONtr Ol
circuits for controllI'ing an 1 nfornmation
whereon the data as extracted is supplied to the :
controller 1 as a read data signal 7. The controller 1
is imparted with a function or capabllity for making
decision whether the data carried by the read data signal
20 7 as received is correct or not.
On the other hand, in the servo information
reading circuit 4, only the servo information contained
in the head read-out signal 10 supplied to the servo
information reading circuit 4 is discriminatively
25 extracted. ‘In this conjunction, the servo information
contains information concerning the current position of
the No.0 head 11, i.e., the ID number of the track and

that of the sector at which the magnetic head is



read/wite operation perfornmed for one of said plurality of magnetic
recordi ng disks, a reading operation of servo information from one-df DE&i d004
plurality of magnetic recording ~~ disks and a driving operation of said
actuator; wherein said controller, between two consecutive reproductions of
servo information) sends a signal selecti#d a magnetic head fromsaid

I it f | ' | _inst ' i t ti f
nfor mat | on, andar g poase foisdolh gl i nbGrialon SoMRREALISL head
w thout a char agieldeviat 8R! 8F! QAR oM $AL Sedltl?lde Xndl cHBORST! C

heads. 2.. A magnetic disk device according to claiml, wherein In response

to said signal Xnnthedicoptehesi of i igedvoi hfSrmElcH a3 3aRbrRed €4 oM
said controller, information corresponding to said signal ie stored in the

rel evant recor dihgy aandiroljen tiby ufe mexvoatiatiaresigriadn 8at @nl dhat i on

di stanced from an fr%&ffg data read/wxite tracks at least by two tracks in
a directionYadP@f48 oF the geryeinfarmatdignasreraivedy. thenagnetic di sk

devi ce accordi lyai,m. 1 in . in response t ai d,signal comuandi ng
the i nfornati onr1&)\/\l/{ré}iog"l%prg]f'l a??kgén@étgea ao&terf'f’oﬁ?gﬁrf?i{)c%rﬁ‘ﬁ%?‘l g?’,‘%‘ﬁf ormati on
correspondi ng {1l 85i£68akohexSLIRA o Be3dblcdRERA! icd b8! gl norgli sk in
an area provided substantially in a direction radially of said magnetic
recordi ng di sk gonfigymanice with tleyicomtaolosfignal tD, alhti eZvoLwBehtrdl a

plurality o! areas are provided on said magnetic recording disk in a
“direction radi aFt5FWt SaPYtERER 8 carrjagecdpivwimg qurrent gigaghel6c di sk

devi ce adoptqd n r actuat or based opn_ap enbedded-seryo schene,

conpri si ngl:[itda g’F(ﬁrr (ﬁiltjt%'%gfg 3?1‘gt‘f¥r§'€@8rgi7ng°dﬁ[;§?&e u;‘fﬁﬁlﬁéﬁ ¢ atably and
storing discretgbsl diRMiAGUSE PLRe SRIgHetief gepation; a plurality of nagnetic
heads for performng information read/wite operation for said plurality of

magneti c recordi ng di sksNertspdaderdgitionawidlt tabwred wxikeSbpepatith one of
said plurality of magnetic hads relative tQ one of said plurality of
magnetic recor Ahdhf Mrgngkic disly devige.saThe seontralifsr Ansebects .

controller for 5@3“?&%%1%“Eh8 ﬁi rE¥1J: Eaﬁehggﬁlﬂgk for write operation
15 and outputs a corresponding head change command signal
18. Subsequently, the controller 1 issues a write data
signal 21 containing data to be written and a write
command signal 6 to the read/write circuit 2 for thereby
commaﬁding the read/write circuit 2 to perform write
20 operation. Upon reception of the write operation
command, the read/write circuit 2 issues a write command
signal 20 to the head select circuit 3 for thereby making
the selected magnetic head (No.0 magnetic head in this
assumed case) perform write operation on the magnetic
25 1recording disk 19.
Next, assuming that waveform deformation takes
place in the signal reprodﬁced by the No.0 head 11,
making impossible for the No.0 head 11 to read out



ono of said plurality of magnetic heads and a signal commandi ng an .

i nformati on witing operation; and control circuits for controll i'hg9 QEC 2004
information read/ wite operation perfornmed for one o= said plurality of
magneti c recordi ng disks) a reading operation of servo information fromone
of said~plurality of magnetic recordi ng~— disks and a driving operation of

sai d actuator; insaiqg.controller, between twy consecutive

reproduct i ons owgé%i}?’v%rpﬁ‘f %ﬁﬁa??’b‘ﬁ,’ c@éﬁd§°§°§ﬁ’bﬂ%l""§é\ &L ithg a first
magneti c head fg ' kY ez T TeToT el - ' instructing a
wite operation g@?ﬁ%%rﬁaﬁ%&?baﬁp ]é' SI gnall(bstgﬁggﬁ%]rﬁg Eaé g@?@nggnﬁgnet I C
head ' - 9 DEC £6feneRiticii ibehedtof rene SmigheltbShed®MRid iR Lo28 e

wi t hout a characteristic deterioration fromsaid plurality of “magnétic
heads. s. A naghea¢kingsiofdbyi the qpresatitndnvention b, refeiesice &oti ne
period interyvenj bet ween said two consecutive reproductions of said servo
i nformation s Fggnt?tal with a tine period intervening between a second

two consecutive reproductdo of.sai d servo.infor ion. 7- A magnetic disk
devi ce adopting a rotary fé‘c?’ﬁ'gt %)F%‘és%]csfct?ﬁ_ &k Bﬁﬁ‘gﬁ%&ia fenrioneflcHhat

Compri sing: a Pkwé abddeneratiBANbiod AR LhaSndbRbeL SURNR 5 sbriphat abl y
acrd .storing discretely reproducible servo infornmation ~ a pluralrfty of
magneti ¢ heads -fbnoxmaXityricag bafcamsiddwute pdbussivenper Moren for said

plurality of magnetic recording disks, respectively ~, ,-... - . . .. ...
~ .. an atPecticaldy.pyheni»magnedis beadaseledtadalint pletenafnet i c

paci s of ool skfe Mckmeddy Reeiinel mBongrir ches i po6ted 8Pgnal tar
an i ormati on v naoaars: FEof el G BAGHRE JF Shdidl commndl ng
magnetic head is selected, whereon regeneration proces-
sing (dummy write operation) is performed for.the abnor-
mality suffering magnetic heads.

15 Furthermore, when the régéneration processing
pexformed once for the abnormality suffering magnetic
head failed to regenerate that magnetic head, the
regeneration processing may be performed for the
abnormality suffering magnetic head twice or more.

20 Twice or more regeneration processings may be
carried out during a period intervening between reproduc-
tions of two adjacent servo signals (see Fig. 2B) or
during a period intervening between reproductions of
other two adjacent servo signals.

.25 Occurrence of waveform deformation in the
output signal of the No.0 head 11 can be decided by the
controller 1 on the basis of the data contained in the

read data signal 7 outputted from the No.0 head 1.1



control circuits for controlling an information read/ wite operatr091 DEC 2004
performed for -one of said plurality of magnetic recordi ng disks, a reading
operation of sago information fromone of said plurality o! nagnetic
recording disk and a driving operation of said actuator; wherein acid
control l er, between two consecutive reproditti ons of said servo

i nformati on, se [ i | ,selecting a first magnet|c head wit hout

characteristic gg?eeﬁ:%drakﬁl;(}%e??%%dsg?gaﬁ Lﬁ:flq“lif)‘ 31" ngg%t qcifdops ot

second signal, ¢RbeGAvéEbd m@%m%ﬂ%w%gra&?é&dﬁfi al instructing
sel e

a wite operation of information, and a fourth Signa I'ng said first

magneti ¢ head agatput®ed AmgynahiecNdi 8kheldilde &BeOESHEBo1 Xk 1RighaFtgWher ei n
a time period intervening between two consecutijve reproductions of said
servo i nfor mat i 3nvhaveieEhdefsrmagiont supprassiog opeeatitonng between a -
second two "y connsecutjive reproducti ons~ of said servo information. ~ '
- 9 DEC z004°- 24 9. A MyfdtEst: (FRe cRrtrallexodpisanes) the headal ity of
magneti c recor dj LS f ppRr rat.ataply cad storing._discretely
reproduci bl e seF@gn nfé(%n?rﬁngﬁdg%?iagﬁgl g?a‘}%ngﬂ'nﬂa ReThANIRL QYL gr“' the

perforni ng i nf o6 AL héHY 1A%V bhbCof PEé didex AhgRat SOBRd gzr €604 61 ag
di sk surfaces, respectively~ as actuator for positioring said nmagnetic

heads rel ative A% thisl junptare; dletos cismendi,sloniyr bpoesy s Qkamplan
enbedded-sezvo schene with said servo information; control circuits for

control ling a hEB@tcHmdie -Shbeadi ik Herghanged even to Hehel Nehdndeadi gnal , as
i nf ti i i f d.f f i | it f
manet ¢ 1oty arhy arE Y Phedy RS SR dndbrRAtiGh thedal, G1RRRb mat i on
fromone of aciqd ekt¥addd tnef s8RFHCiAfornMBol BOok Ske HE{PAGR242RT: A

foll owi ng operation of said actuator= wherein saird control circurts)

between two conskgual V) refprtheuNbi ohshedd 92 wadi SEPpIESS @)1 LheCEbevs he
steps of sendi ng out a first signal for selecting one of said. magnetic
heads, . sendi ngiBfermatiomtio thanepmitrallemildapnthe nesiwon dartiat eigpal at i on,

~ and . sendi nggout.,a sec r}:%él@%aggfl for select.i gg%one of said magnetic

heads. 10. A rmghet T i T FstpordscFai the sepver dpforma- -

sai d si gnal i5 CoBTBACk AnewaledolNbPr O | ULV WbEaOBESALI O do° pREKI grmed for a
sel ect ed magneti c head. correspondi ag to sai Irst”signal. FFa , magnetic
di sk devi ce accveliévant cylliader poriiureiforn efEbeti LEL NP HIRS waveeadn
corresponding tQ said second signal is one of said plurality of nmagnetic
heads used for Safermation.swgrspesing apguadiopefor cthe miipnpdogedsai d first

ol 2 ShEgRE e nd e ], cont ol L ng @ regnet i disk device
magnet ¢ heads for perforn o tenape Breitde ke B ARt e Be Y Or sai d
plurality 020respeafonme defgrehiion euppliar® iy bpetd B&GES there are

stored the servo information at same timing positions, as

exemplified by the servo information 3 for the No.0 head

11 and the servo information 1 for the No.l head 12 as

well as the servo information 4 for the No.0 head 11 and

25 the servo information 2 for the No.l head 12, respective-.
ly, as can be seen in the timing chart shown in Fig. 2.

When the controller 1 detects the servo information 1 for

the No.l head 12 and confirms that the servo information



a rotary actuator for positioning one of said plurality of rragneti.cghBEgsz[]gq
relative to one of said plurality of magnetic. recording disk surfaces on

t he basis of enbedded-servo information, and a controller for sending out a
signal for selecting one of said plurality of magnetic heads and a signal
commandi ng an irnformation witing operatild =~ the nethod conprising: "a first

step for readipg,a servo jnfornati f.rom one,of .sajd plurali.t f magnetic
recording di skgsﬁﬁ a%aesss,?dabé’e 8ﬁaagge1b‘_‘? (rﬁp'g'epgsgi ﬂg' a%&%ﬁ%lﬂgﬁq from
said plurality,o smﬁnéh@sadamﬂ%émgﬁha%heaiéaalmtfw drdabgatL i on once
or nore; a fourth step for selecting another nagnetic head trom Said
plurality of nBpasgimng eesis thendoal fhédd 12 ealiar toeere N D w@andiservo

i nformation adj acent to said servo information of the first step. 13. A

met hod of cont (dlei pgthe magnetic bead sififeningaabngrmality afity of nmgnetic

recording disk surfaces, supported rotatably and storing discretely
reproduci bl @ sHAVBLPHR Aefarmation) p| (tm Fasponse kg ke WHdR Somgand

performng an | i r.ead ite erati r said plurglity of
respective mgﬁgéﬁéfﬂec‘%{r&ditﬁ% %tés%é)’?%c%sgzn%g %gf aéy ‘3@&15{: *€ or _
posi tioning ongpafatfésl fU eRippkEsfind BN WatctB2MSd6 LA tiort @FORRO! said
plurality of magnetic recording disk surfaces on the basis of
enbedded- ser vosighal ne¢snroduceddby thetNm!d dreadol 1siadtinen @erformedral f or
selecting one of said plurality of magnetic heads and a signal commandi ng
an information witing cphesguentlyhelmmuanedeonser rei the fHlywingsefstep for
reading a rvo,inforpation fromone of said pluralit f_nagnetic

recordi ng g&skggﬁrﬁﬁcg?,’e“;&écﬁ’ﬁﬂrs’f}é% ‘f‘fﬁce;%’gf‘ﬁ Bﬁﬂﬂé 52‘5%“'%558& ér: a
third step for ;5ab8¢ht S FRINEHEC Y o3 al dRgnetic
heads; a fourtfji step {f%%wrl ti ng'hfan?or t“lf'%'n at ?’ngg%%hcel?é/aégﬂ ?t%% step
for selecting aeetbeisskgsahec headdchandge corimandoBigaall 18 efowusl y sel ected
magneti ¢ heads; and a sixth step for readi ng consecutive servo infornmation.
- 9 DEC 2004 1¥herebpnehange wyerethedioi & heagnddi againktelcthecdohdvi ng an
act uat or basedhon ag enbedded- servo schene, a plurality of magnetic

recordi ng di sk Saft ddes supported rotatably and storing discretely
reproduci bhg servo i nforqptd 2k | dd e BeLé C {}f@Qﬁ,M

per form ng ?nf'or mat i on reatc“ir'lll.f\/fy/r]inPero|{5jéqtélgt<li on frlfgggggt |6vef y tor sard plurality
of magnetic reatidengpétstichliagCbe, peifGifiled ipliarhQr tD0es t { tFiidey iane of
said plurality of magnetic heads relative to one of said plurality of
magnet i ¢ recor #hagcasekos wfendastantt embodigientobfsthe Emvention)or mati on,

and a controller for sendin ut a signal_fqr selecting ope of said
plurality of nB§hEFi E‘S‘ﬁgé?fsdg : n&%?&%ﬁl“ccﬁ’r?aﬁ&i'ﬁghﬁﬁgi%fcﬂ'w‘ﬁlﬂgoﬁ witing
operation, the d; S0 i eadi .
information frdm %Eg %)é salédﬁp ngf'lw%?/ﬁo ep:rfa?r?ecgt?%nrgeggr |ngm§'ﬁﬁ<ﬁgurfaces

by one mageeti adjazdntfserval gllgneaki.ty of magnetic heads; a second step for
sel ecting another magnetic head fromsaid plurali t\éAof magneti c heads;. a

third step for witing i ¥@%ndy safareneRsto dHa@s.08Ra 3Br rAANHI%Ry di sk by
t he sel ected neti.c, head | ected.,in second step: and a fourth step
for changi ng otBPeriBrigharill B8 Bidhnghofocticas b Phe Bhwfsifhet | o head
in the first steRotAih S SRC efN, &ﬁ&,@; k@NobEp f said
plurality of rragngti C g:‘%&)rdi nggﬁl ‘s:E su€f aces. %lt Aogté)nﬁ% i%q"r?gt hod of
a magnetic di shedpeircormedording to claim 14, wherein said second servo
information is defined as a succeeding or adjacent to said servo

i nformati oR5of the firstFiguge 3Bcispanplapdviaw edowing| dhepesitdgneofc di sk

device having tracks traced substantially circularly and concentrically

on the magnetic recording disk 25. In the case of the

instant embodiment of the invention, an interval 22 is



a plurality of magnetic recordi ng di sks supported rotatably and sto§|.ie[ﬁ,S 2004
di scretely reproduci ble servo information, a plurality of magnetiC

for performng an information read/wite operation for said plurality of
respective magnetic recording disk surfaces, a rotary actuator for

posi tioni ng one of said plurality of nmagn&di€ heads relative to one of said
plurality of ma glc recordi nga$5k sur.faces on the basis of

enbedded- servoH Ard: Bﬁwe%fh at8nePg| PRt MAnagengrtgaset ¥ Angha for
selecting one i) Ul SLALW A (IRGUER falifAN% e 1110 RLE0R fPTTONT, 1O

an information witing operation, npri ST hg PTstt step for
reading a serveighf GanRitRa fvidw @eepebtéat the! tHldaltd atesBINELd C,

recordi ng di sk surfaces; and a secong step for witing |nformat| on at | east
twice upon readihegdasaoand sdaten nankgenaht oarea 24,9 fib BeOMgl7. A nmgnetic
di sk device, conprisin a plurality of magnetic recording disk surfaces
supported r 8t aGSSIty °Xﬁa %?%rﬁ-%gi%ié@ﬁ-epepﬁ ?@rfbm writeecloeatidmodmat i on,

a plurality of gnet.i.c. heads f.or rmn ormatiqQn read/wite
operation for sg‘% ﬁ%ﬁét&g FEiey© ﬁgkgPs’R"g‘Eﬁtf FECordipg i1t y; an
actuator for pQaichORaPIbe dbrhdFn h [’%g

recordi ng disk surfaceg based on aﬁbgﬁ%eggd%ffs%%ye\s‘%ﬁ%ﬁe&\%ﬁh Q-,g servo
i nformati on, coeadsl daer tdi incligfationsr ok the XK adenbasgetPaicad On
per f or med vvlth a head change signal, an information read/wite operation
perfornmed for mréPQQaﬂﬂt?ﬂf ukhe Wtry‘ltsf opeyatiorn afetbedeagvdi tkfemef-aces, a

readi ng op ratl ervo infor fromone of said plurality of
magnet i ¢ rggora:l R §L|P’F%1‘Ic‘b§"' B° °s€‘é’r’<ﬁ1’g‘-’%ﬁé‘ﬂaﬂ‘6n8 @riw¥efd from one

track to anot her ow S5 sESHA02 WHBLEA b NS fhal ey 1S execute

the step of sen ing out, two consecutive repro |ons of servo
information, acoreespbhy &f Eeust lt%Otﬁabkerhwhteeweapshai:h@nraéﬁl A
magneti c di sk device according to claim 17, wherein said control circuits
further execut gimectdospodithexatiski.ng sai d seeking operation before said
sending out a plurality of said information wite operation.

CA{. Ah. A. AAl . A&h?. A { 2. ALR Athen cage RE Bhe magnetdic xecoxding diek A

{ﬁg::c] M/%l§{ﬂ égglogégfé ﬁ]’caﬁ ﬁ cg']gca& R* Lé;ﬁ the invention, two

a] cRal CaU] caUlseals| oglhasd sl dnte| aahbganbreded @alhfalire dwiddl cal cRaj c
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disks shown in Figs. 3A and 3B, the location or

portion(s) where the dummy write operation is to be

performed is selected on the ‘dummy write track(s) 23. By
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10968 () - 10968 ()- STLI09%& ()- 109%G& ()-
210968 () - LZO‘VG&b():he @ainity KEELhE d@mp(e)ripﬁéwm(ﬁhe magnetic

recording disk 28, such situation may arise in which

decrease in the storage capacity of the magnetic disk
device can no more be ignored. 1In that case, the dummy
write area 26 should preferably be divided into a |
25 plurality of subareas, as illustrated in Fig. 4B.
Furthermore, in ordexr to shorten the time taken for the
abnormal magnetic head to arrive at the position .above

the dummy write area 26 in the magnetic recording disks
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'10%G& ()-s  O'zX9ZOD , &S 10% h&' ()-& 1 bS 10% hi h& ()-& .S 10%h& ()-1
1J°.S 10%pé& () -1 '910%h h& ()-08&10% hé& () - "nC$zXGZODI DF+

100/dhdh&'() fl@F+ 10% & ()-f! X 10%9x9&7(y-"!; 109 h[h& ()-"L- 10%

h& ()-!;L- 10@@ h&f Y& 5; 0% (. 10%
@O0%& ()- M.109%&® #"1% e’ f# ’“‘1011‘?1111 fﬂ%‘ﬁ&ﬁlibdﬂgré‘gﬂwﬂ"ntfow& () -
110%& () - 9& 109@5435 26 may be provided on the disk 28.

At this juncture, it should be mentioned that

the dummy write area 26 is shown to present such a shape
5 in which an area defined between two circular arcs is
delimited by two lines extending radially of the magnetic
recording disk. However, this is only for the purpose of
; faclilitating the undetstanding. In the strict sense,

because the rotary actuator swings along a circular arc,

10 the dummy write area 26 assumes such shape which is
defined between two circular arcs and delimited by two
circular arcs in the radial direction of the magnetic
recording disk. At any rate, the dummy write area 26 may
be so provided as to extend subsiantially along the

15 radial direction of the magnetic disk or medium.

As can now be appreciafed from the foregoing
description, with the structure of the magnetic disk
device according to the present invention, there can be
obtained such advantageous effecf that when abnormality

20 takes place in the signal reproduced by the magnetic head
due to a defect of the magnetic head itself, operation
for regeneration of the magnetic head (i.e., dummy write
operation) can be performed stably at a high speed with
high reliability. Besides, by virtue of euch arrangement

25 that the magnetic head is used neither for the following
operation nor seekihg operation immediately after the
dummy write operation, stable position control of the

magnetic head can be ensured.
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WHAT IS CLAIMED IS :

1. A magnetic disk device adopting a rotary actuater
based on an embedded-servo scheme, comprising:

' a plurality of uagnoﬁic recording disks supportad
rotatably and storing discrately. reproducible servo
information; ' '

a plurality of magnetic haads foxr performing
information read/write operation for said plurality of
nagnetic recording disks, respectively;

an actuator for positioning cne of sq}d plurality of
magnetic heads relative to one of said plurality of magnetic
rqcordiﬁg QiskS'on the basis of sald servo information;

a controller for sending out a signal for selecting’
ona of sald: plurality of naqnetic heads and a signal
connnnding an information vriting cperation; and

. control circuits for controlling an intormation
xread/vrite operation performed for cne of saild plurality of
magnetic recording disks, a reading operation of servo
information from one of saiq plurality of magnetic recording ~ "
disks and a driving cperation of said actuator;

wherein said controller, between two consecutive
rtproductlgng of servo information, sends ; signal selecting a
magnetic head from said plurality of magnetic heads, a signal
instructing a write operation of information, and a signal
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selecting a magnetic head without a characteristic

deterioration from said plurality of magnetic heads.

2.. A_gagnctic disk device according to claim 1,
wherain in response to said signal commanding the
information write operation sent out from said controller,
information corresponding to said signal is astored in the
rolevant.r-cording disk in a circumferential diraection at a
location distanced from an area for data readlwrite'tfacks-at

least by two tracks in a direction radially of said magnetic
'recording aisx.

' 3.. A magnetic disk device according to claim 1,

. wherein in zespoﬁse-to_aaid signal cdmmanding'the
1ntormation write operation aen; out from sald conirollar,
information corresponding to said signal is stored in ;aid
magnetic recording disk in an area provided substantially in a
-direction radi&11y=af'said‘magnetic recor@ing'diﬁk:"'“ o

4. A magnetic disk device according to claim 3,
wherein a plurality of areas are provided on said -

magnetic recording disk in a direction radially of =aid disk.



1092& () - 109%2& ()- @O%& ()-L109%Z& ()-, 109%Z& ()- %006 &4&] S8EYNG pep 2004
9s$109&& ()-": 100&Z& () - o

Z109%2& () - Ly10%Z& ()- 109%& () - 109%Z& () - 88 <'p' ' dEYNC! .

 100& () - - 109Z& () - 9F+: 100&Z& ()-f) 109Z& ()-' 109%Z& () - &G@LOYZ&: () -

" (L(ICK(L(Y(xnbCl &10% h&! () -G 10Z 10Z 10Z510%Z& ()- 3 10%Z& ()-

,2°1092& ()- ~0@0%¢& ()-Y(Z(-)h)G}* +}A<mbCl!1& 109% hi h& ()-s10%

$& ()-1\s10% h| h& ()-y- 10% & ()-@y- 10%h& ()- @10% .
h& ()- _++", 0-F.G H 1.zl "PCI11& 10% 10[ h[h 10[h[h 10[h[h!; 10%h[h& ()-!N
109%0hnh& ()-!'N 109%hnh& ()-& 10% & ()-1.T. X /</v//aBPCl !l s1094& ()-S
10967& ()- 10967& ()-° ~10907& ()- @®109%8L (3-!y&I0YRRE ()- //.0Y00d11aBPCl ! |

1090°& () - &109FT& () - & mlO%T& () - 10%& ()-!s- &L0%& ()- |
@10‘V6I'<(&')()-1112R22p3dEPC! Il f)t1090& ()-:' 109F& ()- & 109%0& ()-

L$1094& () - " 1894 8 (Ragne SR ah) a09dad AGMANE 4 TRO.L, Y 4109008 () - 10T
10T 10T 510%& () -

based on an embedded-servo scheme, ccmprising:

a plurality of magnetic recording disks supported
rotatably and storing discretely reproducible servo
information;

a plurality of magnatic hoads for performing
information read/write operation for said plurality of

magnetic recording disks, Tespectively;

an actuator for positioning one of said Plurality of
magnetic heads relative to one of s=aid plurality of magnetic
recording disks on the basis of said servo information;

a controller for sehding ocut a signal for selecting
one of gaid plurality of magnetic heads and a signal
commanding an information writing operation; and

control circuits for controlling an information
read/write operation performed for one of said plurality of
magnetic recording disks, a reading operation of serfo

-information from one of said plurality of magnetic recording
diske and a driving operation of saia actuator;

wherein said controller, between two consecutive
reproductions of said servo intormatioﬂ, sends a signal
selecting a first magnetic head from said plurality of
magnetic heaads, a signal instructing a write operation of

information, and a signal selecting a Qecond magnetic head
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heads.

o

6. A magnetic disk device according to claim 5,
whaeraein a time periocd intervening betwaeen said two
consecutive reproductions of saild serve information is
identical with a time period intervening between a second two

consecutive reproductions of said servo information.

7. A magnetic disk device adopting a rotary actuator
based on an enhedded-eervé schene, compfisingi
| a plurality of pignetic reacording disks supported
rotatably'and.st;ring discretely reproducible servo
intérnaﬁion:

a plurality of mnqﬁetic heads for perfornming
information read/write operation for said plurality of
magnetic recording disks, roﬁpectlvely; e T e R e e

dn actuator for positioning one of said plurality of
nagnoﬁic heads relative to one of said plurality of magnetic
recording disks on the dasis of saiq sérvo information;

' a controller for sending out a signal for selecting
one of said plurality of magnetic heads and a signal

commanding an information writing operation; and
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control circuits for controlling an information
read/write operation performed for one of said plurality of
magnetic recording disks, a reading operation of servo
in:grnation from one of said plurality of magnetic recording
disk and a driving operation of said actuator;

| wherein said controller, betwveen two consecutive
reproduétions of said servo information, sends a first signal
selecting a first magnetic head without characteristic
deterioration from saia plurality of magnetic heads, a second
signal selacting a second magnetic head, a third signal
instructing a write operation of information, and a ‘fourth
signal sélocting sald firgt magnetic head again.

8. A magnetic disk device according to claim 7,
wherein a time beriod intervening between two
consecutive reproductions of sald servo information is

identical to a time period intnrvahing between a second two

- consecutive -reproductions of said servo information. : -t =
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read/write operation for gsaid magnet:!.c revoxrding disk surfaces,
respectively:

[ dEP/
O\i\\\

an actuator for positioning said magnetic heads relative
to said magnetic recording disk surfaces based on an
embedded-servo scheme with sald servo information;

control oixcuits for controlling a head change oparation
performed with a head change signal, an information read/write
operation performed for one of sgsald plurality of magnetic
recording disk surfaces, a reading operation of-servo
information from one of saild plurality of magunetic recording
disk surfaces and a following operation of said aoctuator;

. wherein said control circuits, between two consecutive

reproductions of servo information, execute the steps of

sending out a f£irst signal for selecting one of aa.td'
magnetio heads, .

sending out a signal commanding said information write
operation, -and

sending out a second signal for selecting one of said
magnetic heads.

10. A maguetic d:l.ak devioe according to oJ.a.im 9, wherein

is performed for a selectéd magnetic head.oorreaponding to sald
first signal.

11. A magnetioc daisk device according to claim 9, wherein
a selected magnetio head corresponding to sald seocond

signai is one of said plurality of magnetic heads used for said

following opexration just before sending out said first signal.



10% f 10%& () -, MLO%& ()-s' 10%& ()- L10%& ()- 10%& ()- GlLO%& (.)g‘ OEC 2004
i 4j\jjjk:kdBoP1 10! @ 910%b5b& ()-sS10%& () -

10%& ()-" 10%& ()-3F10%& ()-yl0%& ()-: kkkl I' I andBoP1

10! a-: 1 10%b& () -, 10%& ()-(z#10% & ()-' 10%& ()-sF%

10%& () -!10%& () - ammmmmmmmbC 10! 10% & ()-3 10% & () -~

10% & () - YH10YpE, AN
B i NS T ¢ ity o
10% () - pal qqaqﬁ%‘% kd&&@lﬁge JTEBoRdng SISk Taese SRR roiakly (-1
-10% : & ( §ndsteringegsqrytedyjrep erva Information,1004& ()- 10%& ()-! -
10% - & () - 4109@& plurdBymigPoiéagnetss Pheads t fordBogr¥orming an information
read/write operation for said plurality of respective magnetic recording disk
surfaces,
a rotary actuator for positioning one of said plurality of magnetic
heads relative to one of said plurality of magnetic recording disk surfaces
on the basis of embedded-servo information, and
a controller for sending out a signal for selecting one of said plurality
of magnetic heads and a signal commanding an information writing
operation, the method comprising:
a first step for reading a servo information from one of said plurality
of magnetic recording disk surfaces;
a second step for selecting a magnetic head from said plurality of
magnetic heads;
a third step for writing information once or more;
a fourth step for selecting another magnetic head from said plurality
of magnetic heads; and
a fifth step for reading a second servo information adjacent to said
servo information of the first step.

13. A method of controlling a magnetic disk device having

a plurality of magnetic recording disk surfaces supported rotatably
and storing discretely reproducible servo information,

a plurality of magnetic heads for performing an information
read/write operation for said plurality of respective magnetic recording disk
surfaces,

a rotary actuator for positioning one of said plurality of magnetic
heads relative to one of said plurality of magnetic recording disk surfaces
on the basis of embedded-servo information, and

a controller for sending out a signal for selecting one of said plurality
of magnetic heads and a signal commanding an information writing
operation, the method comprising:

a first step for reading a servo information from one of said plurality
of magnetic recording disk surfaces;

a second step for positioning said actuator;

a third step for selecting a magnetic head from said plurality of
magnetic heads;

a fourth step for writing information at least once;

a fifth step for selecting another magnetic head different from said
previously selected magnetic heads; and

a sixth step for reading consecutive servo information.
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a plurality of magnetic heads for performing information read/write
operation respectively for said plurality of magnetic recording disk
surfaces,

an actuator for positioning one of said plurality of magnetic heads
relative to one of said plurality of magnetic recording disk surfaces on the
basis of said servo information, and

a controller for sending out a signal for selecting one of said plurality
of magnetic heads and a signal commanding an information writing
operation, the method comprising:

a first step for reading a servo information from one of said plurality
of magnetic recording disk surfaces by one magnetic head of said plurality
of magnetic heads;

a second step for selecting another magnetic head from said plurality
of magnetic heads;

a third step for writing information at least once on a corresponding
disk by the selected magnetic head selected in the second step; and

a fourth step for changing over from the selected magnetic head to
the one magnetic head in the first step to read a second servo information
from the one of said plurality of magnetic recording disk surfaces.

15. A controlling method of a magnetic disk device according to
claim 14, wherein said second servo information is defined as a succeeding
or adjacent to said servo information of the first step.

16. A method of controlling a magnetic disk device having

a plurality of magnetic recording disks supported rotatably and
storing discretely reproducible servo information,

a plurality of magnetic heads for performing an information
read/write operation for said plurality of respective magnetic recording disk
surfaces,

a rotary actuator for positioning one of said plurality of magnetic
heads relative to one of said plurality of magnetic recording disk surfaces
on the basis of embedded-servo information, and

a controller for sending out a signal for selecting one of said plurality
of magnetic heads and a signal commanding an information writing
operation, the method comprising:

a first step for reading a servo information from one of said plurality
of magnetic recording disk surfaces; and

a second step for writing information at least twice upon reading
second servo information;
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18. A magnetic disk device according to claim 17, wherein said
control circuits further execute the step of

executing said seeking operation before said sending out a plurality
of said information write operation.



