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This application claims the benefit of priority from Japanese
Patent Applications No. 2001-84325, filed on March 23, 2001, and No.
2001-275592, filed September 11, 2001. Each of these applications is hereby

incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates to magnetic disk drive apparatus having
a servo system and methods for writing servo data therein. More particularly,
it relates to apparatus and methods for performing self-servo writing based
on reference servo data (servo patterns) being preliminary written in a disk

medium.

Description of the Related Art

Conventionally, in order to write and read data on and from
a target track on a recording surface of a data storage disk medium
(hereinafter refers to as a “disk”), a magnetic disk drive apparatus, such as a
hard disk drive apparatus, (hereinafter simply refers to as a “disk drive”)
includes a servo system for moving and positioning the magnetic head
elements onto the target track. The servo system includes a servo controller

for controlling a drive a rotary actuator so as to carry the head elements onto



a target track by using reference servo data (servo patterns) on a
recordi ng surface of a disk. The reference servo patterns are prelimnary
provi ded at servo areas on a recording surface of a disk at a predeterm ned
interval. The servo controller includes a mcro processor (CPU) for mainly
controlling a disk drive and a voice coil nmotor (VCM driver for driving a
rotary actuator under a control of CPU The reference servo patterns (data)
i nclude track address signals and servo burst signals. Track address
signals detect each of track positions and the servo burst sigpals detect a
position i %’B%%P‘é‘hf’%\?‘s'ﬁgaﬁ?%m'&?n%m ?%"r?aﬂt“FVP Raferns) o %F%‘H’g eer vo
patterns ars@rict bf £Aidk) TheréRrah@aferidp£R6hsire PREIMHAE pruvidaaas of a disk
by using a specialized instrunent for servo track witer. Thus, it needs

f or manuf aceING angaspna ecending syrfaceofiadisk aé aprpdefermingdontenvial i The

ref erence servo tterns,im both sides of j . _The, speci gl.i zed servo

Thekonr T, ST e RiaER DSsthB bllo i SesSor Bl mil B BRI AiERS

(herei naf t efisk a@fies aad al WwidScoll mp&sE (VOMIEdriver! fOr 8FidRIg 4 fotdfy H€tuatdrot ary

actuator in a disk drive before the servo witing Eréﬁess. In order to
&

wite servousieraaontrobaf 6PY. dihewreferercediesyo priternsi(data) inglude toaskr ary fi xed
in the specigl]ze j I.ns: 0 0. r onl each
moverent ot Re et S b PursL S RodCo el MR bR BGUFOR | (¢
posi tioner tédgdk pastiond @adltheoserié barstwigiaild détett A fositidnVh Ahaatioular of a
rotary actuatqQr as a precedi ng process for servo pattern witing operation.
The positidﬁ%ﬂﬂincludes a positioning controller for inputting a target
position as an absol ute position. The operation for witing servo patterns
(data) is perforned through the head el enent of a disk drive. Wen a target
position is inputted, Comventiohallpohickd foferegice Serivb @laki2ins aak&ratentins Or

bet ween a present position of the positioner _and a target pqQsition. Based
on a remai FERY #eas ameach of regerding yunfaces of pjdisk by yaingsssRackIZ88 control | er
cal cul at es ;30 QR&K tf§r%r Bk wirhcor Phudlid N4d0d f6k HBhQfackdihfBe RAR | Oner by
a rotation angle S). Thus, the positioner Is nove y an anount P(s). The
posi ti oner drine toanchude laydeeesaforewcitnherrefere nceemsur pattemsiieddbasidesofi ng
anount E(s) %% the positioning controller as an absolute position of the
posi tioner.? king t he feedback operation, the noving amount E(s) may
happen to be affected by seeking noises. The positioner further includes a
pushpin that is coupled to a rotary actuator so as to nove the actuator by
an anmount R(s) in accbhelspecalived servortwatingridermumstrup{esit in¢ludesa haathpi n.
Based on the novi.ng a nt s), of . the rotary actuator..a head s|ider noves
by amourtos Ry nE St SraRrs helpinar rrsRralP A Boyio0er 168 piiver n | <
det er mi ned.toR¢pR 2fdteFy MranAtdriR aSHEEY AriRdbbRi8 thd sdrvo e rR@8d hideBsd. In

determ ned, there is sone possibility for the servo pattern witing

posi tion torder inwrigepriwd pgiteynperiojaodisk othediglodrite dsek ioteUBERYY of t he

di sk drive gl % RRURESa iR NP fieB B lAder iR o8 FRINBnPRIGLERN VT ti N
posi tion. ﬂ%rt er, the servo tr OOk W 1P e RSt fient Tl des 3 ¢l ock head
for witingnévaténtutithe pbsitidhénNgndalrotary iaofua®br i Aisk drwea ThAY) thehe servo
truck witer instrument decides a wite timng of a servo data along a

rot ati onal R¥isitéaner dacides a hgpd posijiopdydontroliing & movingrmevpiokmradagh t he

cl ock headwugh servao truck wwiter¥jnstrugﬁaﬁ execut es tg%nS% yo pattern

writing opera ?8%.1&%? plfgfenéng RE RS frsl(fjrvﬁé’a ePewrfétﬁf'gB &8d°0n T'he cl ock

timng det gftbddy ihdladsd #pbsitibathg chitiblleRRInpiRinpeathigos pddicion g
operation is conpleted, the servo truck witer instrunent instructs to a
writing heah absobetetposdiofrite servo patterns in a target track. -3 When
the servo pattern witing operation for one circle of a track has

conpl eted) the positioner noves to a next position of target truck circle.
By repeating the sanmeThesparapishifex writthigtse g Pesrak i(@ta) &pdrfi@nsddcceedi ng
positions of target truck circle, the servo patterns are witten on one

surface of threngkthediesdeelemantef mdiskdplyesWifeacetargethrosstagreisopertieiion f or

witing the servo patterns is perfornmed on other surface of a disk



In order to accurately wite the servo patterns, as expl ai ned above, it
needs to neasure the relative position between a head and a di sk surface.
However, even if a position of the positioner is controlled in a high
accuracy, it does not nmean to reduce the relative position error between a
head and a di sk surface because the disk is a rotating body connected to a
spindle notor (SPM. Thus, in order to inprove the accuracy of the servo
pattern witing, it needs to accurately follow the head position in
respondi ng i { At P in . ration for
witing sert?/lg pggl?{oé?rprém\éﬁfdé%éisggﬁ %ygrertf) B%Er%ge(f %%?egﬁ%ig/ﬁ%stglagn ? g@‘% over of a
di sk dri ve,positéoner aadh @irget phisitkors Balsad 6nanénimgig! distaieado ehermpbts are
exposed, the servo patterns witing operation nust be perfornmed in a clean
room envi r diosEHn, the pesitioningcentraller calewlaten amorpratipn pmenny Gekfersur f ace,
i.e., a hi - L L Wele gslﬁﬁ 1 t for witing the
servo pattgirlg‘;slyg,&sa'ﬁgtoggégﬁ ?Mz;ﬁggpe A F%t@ﬁ%%leoﬁ(% {I‘g :ﬁ%;t Che servo

patt erns pglositivhediishoted bg ansambwst BxLrenely increased. So far, it takes
nore than twenty mnutes for witing the servo patterns per one disk drive
including a disk that are fornmed nore than ten thousand tracks in one
surface. Thus, the SofyOplitibidr fubiilel RGlied S BRGHRL Bl Mallifnlh Sk drive
until conpleting the serP/o pattern witing operation on bo rfaces of a
di sk. Recerfeédhackusdving amonmit &($)rto tha pesitibningecontmiler de asi dbgohde expect ed.
Under these ciltcu L}gnce,siq it[gﬁ]?ds to.install an_ incyeased nunber of the
servo writ d1oSEan ol ine positigner, ng thefee APSEAHHUN VN BraYERE 2amOpERh t he
servo patt &) WalyHapPeR B ba biRARI By RekiheHi{RCPRe PhsifiobSuriie conpl eted,
the disk drive 1S renoved fromthe“servo witer inStrunent, the disk drive
i s cover ed intchides atposhpiovttat ancbupdedotoougitary actaatarrsotasanahowecthief i cat i on
process for the disk drive ftachi a circuit board nodul.e. wever,

t he conventa}cﬁiﬂ%ﬁorhﬁﬁ&r"é’t‘ﬂé“tg%a?ﬁ’e‘t‘oﬁﬁfi{]ag@f’ “{/bhf f‘i“ﬁ%}"g%f“wuﬁég’x@ﬂ% by using a
speci al i zed, 3BpHP Bdstd bn\Whe bfdvihdShoUHE R(s) RRYEe ARAHPHSGualR! L&A NTS, N
particular relating to a witing accuracy of the sérvo patterns and to a
manuf act ur isliglec omives bg apaphaintdd(shtihwes, an acomlgositondbr weiting saruek writ er

instrument drjves ot ar t uator hased on a nmoyenent. of the.positioner.
o thi ot eeerRia e PbRhd A n R i s e S Vet Fosi 11 oner
and a feedRgkri@ined, (hakdRisopRShdskibililySfos URPédres phte R rROf pdsiorc @t rol | er
as a control ampunt. As a result, when the pgsitioner reaches to a position
of a t ar getbeinflarncadibywibratians of acipipdletmetor SSEM) of the dislkdriweeBbist on t he
rotary act I ach t ition of .1.he target truck. Then the
posi tion c%%ﬁlrg%ﬁ ?’e‘?xgg{é‘%c% (g{jrgé?oarntﬂgr?gﬁv?l’tga&?erflh%r%ﬁgrpg th%rrll'i n order to
reduce the relative error between them However, it essentially needs to
seek the relative posjition between the head el ement and the di sk in order
to wite the servo paftdhes the serva teypks wetejnsgament dgcludeqa cloghen i the
posi tion of o] ' ' S pCi aggyracy, it is
not nec essal}eltalla?()it)glﬁtédcﬁﬁégg({k ﬁgér%oq}‘[rg[#é %%%é@rt %’Pao?iav%{g%gg f‘ﬁ%hr/][' gg‘?ween t he
head el emenferenduthevrites knsthapewt ddcides sawits kintliag ofih way® dtd 3dchgoosi tion

changes since the disk.is -5 . rotating device attached to a SPM Thus,
it is inevi‘loéfi‘fll‘é‘atlélréﬁfr‘?‘éﬁﬂﬁsﬂ‘glyl ’Eﬁ’\ﬁﬁt"fget%ﬁ’é%ﬂfkﬁ%ﬁrp&hf%ﬁﬁi theiclagke changes

of the di sk, pasihk Q&VG‘t?uékOwE@& 'ﬁEMu'IﬂlenQ%qgéutgffﬂéq&rrg@gg%'én?w‘?ﬁ%%acy for
witing the servo patterns. urtlherm)re, recently, 1 n order to Intrease the
st or age dermietatiaf bausinglthe avritighRéad ¢laglenddasid on tlse ¢leclutingdg Thus, the
nunbers of fracks for witing the servo patterns are also extrenely

i ncreased. ‘i%e‘%ie‘ié!él‘jﬁ“% ?loﬁk]be%‘ier%spyﬂ‘ﬁértﬁe#?‘i PAYLIPNIAE anSralgonyissk drive i s
al so incre : r ! r - f d on both
surfaces ofaC% gﬂ)é?tgg Eh%nsgulmt){rﬁg%g? P)?ppgﬁg%eds}%nllgﬁgg%%g%q{é\%bﬁ% l;?mrﬁq%u es for
conpl eti ng didvaent tot wrige @frvs pastorpaint£target @atlhe whol e surfaces of a disk
side. In near future) nmuch nore increases of the track density is also
expected. The servo witer instrument is occupied by one disk drive until
conpleting the witing the servo patterns on the whol e surfaces of a disk.
Consequently, in acconpanying to the above situation, it is required to

i ncrease the nunber of the servo witer instrument. Furthernore, the
conventional servo witer instrunent pmst be used in a clean room a site
expansion for the clean roomenvironnent is also required in connection
with the increase of the servo witer instrunents. The necessity for

i ncreasi ng the production nunber of the disk drive also affects nuch nore
serious problens. Thus, the conventional nethod for using a servo data
witer instrument always hol ds the problem of the manufacture cost.




To overcone the above and ot her di sadvantages of the prior art, apparatus
and net hods consistent with the present invention perforns self servo
writing operation without using a special servo witer in order to increase
the accuracy of the wite positions and the wite timng of servo data and
al so to reduce the disk manufacturing costs. -6 SUMVARY OF THE | NVENTI ON
An enbodi nent consistent with the present invention relates to a nagnetic
di sk drive apparatus that can determine an appropriate servo pattern
witing position by a head and
a di sk surface faci ngjwtﬁ ﬁgEhéeged@%ﬁgk%%ﬁt%%érgﬂog?%%ngﬁgc\rﬁgt&ﬂas further
wite servdrmzkth&'srmmpdwted thet josivifexanevesito ihrext paditiby ofitdrgetitiveky
operating two, pair of head el enents w thout recognizing tine phase

di f f er enceSU8lse ByFereating the sme seryo Paterm wepting ¢ pefﬂ@"%@‘hé}t‘?c di sk drive
appar at us eae&t@uﬁ@sp&n%[&%m@ew ma&t‘dl&t’é RHe Bervb é;a tteBiaft whtRADSUr f aces,
each of the surfaces having a plurality of recording tracks and a pIurallty
of prelim rmaeysurbc@of:l@dISkeSmOQMSkéuav@wdaudﬁmdhe sﬁme bperagivarfdr ng tracks
having a cert rackwi th a fir hea ments facing close to
The 11r ot SrBE R Sivahfieis ner bepld s B hebrd R R G ad ng ¢ he
reference servo data a second pair of head el enents being | ocated

symmetrically to the first head el enents about the disk nediumso as to
face close to the sedomadenbofaxcurstely write thagseavspelttemssees expldated and/ or

reading the,reference servo dat,a a,head po oner fo te

et er mni ndbpKe i RPEB G eaES i FaGRspeRErD hoRenasbeil it PN ¢ ne
respecti ve subfab@ Jeswdder Calemlik alpjoB@ich Jfithe hodifibabs ¥@oRASIIEL DD adgENEEN the
second head el enents and the second surface based on the reference servo
data or thacsemaendt deesmotanean beerdusy thmelgewmslheadner batween aand by

calculatin segon 0si ti on. bet wee rst h a& el ements and
the first gsilur ac(‘\i %igiégu?{a g teirleeﬁlcsglggrr\?gat% LIS COPREC? f%f" servo data

read by t hephidls indiea(SPMIE Tk Sinfordeth lYRWe the aduk£dyeEithb ¥es@d I yi Ng t he
first or second head elenents to the data witing position on the

respect i ve Patiferadaitingibperdida asgunatelyeliew shsheadbpesition irespeeding dat a
writing co%&gg ESEI St SR04LA EIE'«QSE’M’ respective servo data witing on
t he respecti at a vvr|'t|ng positions’in the respective surfaces by the
respective head el errents Anot her enbodi nent consistent with the present

invention relates to netic disk drive apparatus having a self servo
data witing systemt a‘ee jQpesaidon for Syritipg seiyp\patiganson A uI"’léfserence cl ock
pattern pr g&% ar eag .@f

practical | ?‘Mt&%@g?’%’l{gg‘gg I cagﬁe&?gpgﬁiﬁ{gﬁ\r}gﬁﬁ E)% |§(r)1 u%eslsgléedﬂper m ned
areas i n weindmagieticdred edenmvntsdat @xposeddiecsemrvapagemswiitiegposi tion in a
radi us dlrectl%n and refer ence I oc k]FFatterns for determ’ ning wite timng
in a rot at iPBREACIOR POgt beper Gfﬂeedrct‘é'g‘h& B a8 e Ppamatts) conprises: a disk
medi umincluding a first and a second data recordi ng surfaces, each
surfaces having reference data area in which reference servo data for
determining a witi ngRepesli incorasalobngroadingdiensitylin e diskosurémd, r.ef er ence cl ock

patterns faqr. deter a Wwiti ti | 0 a rot.ati naI direction are
Drel i mar JUER PO i abasendbe soher o8 Prah hattline (R BeaOel enent s f or
per form ng p‘i@ﬂe@né%dii‘t@shlteaﬁ ?5?§tkﬁﬂﬁm%rfof H?ttﬁ%%%“s%f%%a&%rﬁ@%? of the

di sk nedi um and a contr ol or controlling servo data witing operation
ina pr edemeaMMmEsaalmexth@neb'spemtasmb Sufaf.at bskdsymersithgnttiventyef er ence

servo data and,the reference clock pattern r the net head
el enents f AROHEES QT PRERELISErYS RAY g?hé@é&“&@?%@yé ?Clﬁg process

wher ei n:  t RRaCAR HAhLE mdrd Chid s ttﬁ)uegﬁa bRl ngo&@mﬁf&!el %ut, %edet erm ni ng
a witing position of the servo data along a radius direction of the disk
medi um by @ervegwiitee instrement & eenpeddataneahisk drive mtnhrhgomphttnmt ther for

of the. di SROREUAHIATBY SRR BPe RLiopdroRah o BPbe PRI UR, POher

enbodi nent consistent with the present invention relates to a magnetic disk
drive apparatus includes a pair of read and wite _g_  heads that are
arranges along a radius direction of a disk so as to accurately read the
prelimnary recorded servo patterns dwing determ nation of wite position
of servo data. The magnetic disk drive apparatus determnes a wite
position of servo data by reading a burst signal that is arranged every i12
pitch in the prelimnary recorded reference servo pattern on a first face
of a disk through a first read head, and wites a new burst signal on the
second surface by a second wite head at 114 pith outer position that
opp05|tely corresponds to the p05|t|on of the burst S|gnal read by the

o . o, I I o, e



invention relates to a nethod for witing servo data in a magnetic disk
drive apparatus including a disk nediumincluding a first and a second
surfaces, each of the surfaces having a plurality of recording tracks and a
plurality of prelimnary recorded reference servo data, each of the
recording tracks having a certain track wwdth a first pair of head el enents
facing close to the first surface for witing servo data and readi ng the
ref erence servo data and a second pair of head el enents being | ocated

symmetrically to the first head el enents he, di sk medi um so..as to
face close mt%e f?\‘ge§%ec‘ifrfbe i;fﬁ‘ﬁiég’éls tgs W?QFF%E ﬁs’@i"& gh%‘i&t%mmt?'é%?&i Hg the
reference $géddtotdabeall I faci®ddaQ GhuntBERof TRS sétvb Wrildr Fndti-iienB & ¥R data on
the first face by the first head el enments reading the reference servo data
or the firenlaxged tleanseomendgpamignt.t he first head el ements witing a second
servo data on the second face by the second head el enents. reading the

ref erence servo data or the second witten servo data by the second head

el ements cal cul ati ng Wihén tisd sdr®b E&iﬂéﬁx Weitidd GRrAGsNEaIbb e BeLREdf head

el enents and the second surface based on the g reference servo data or
t he secondaghisk bavaeampletadl, bhe disk drivegademevetl Bbmnthetserveweiter ni ng t he

first head.pgsitio or,.data writing,onthe first surfaces | culating a
second 1 ol HanaBEch? Birkeflle cbydtdaphol foe it B PSSR oL 11 1 ot

surface bag@sttvnal herifieftenepotessaoy theddibia deive byaattddhhg & @iréqitdahad r ead by
the first head el enments determ ning the second head position for data

writing onmadsleecond surfaces and alternately carrying the first or second
head el ements to the determ ned data witing position on the respective
surfaces. Yet another enbodi ment consistent with the present invention
relates to a nmethod fHdwerer;the@ofesnttondhbpparatas ARdBeithed rskritinive
apparatus including a disk nmediumincluding a first.  and a second data
recordi ng SeFveRabterng by msing 3 seestalivadispryortene wrder Wetrumenichave whi ch

f ' = ! T di
reterence %ﬁéé{‘?se%goﬁr&ohﬁhgggé%59&&119%&31%# td A RBTL £cQPa ) &Qﬁf Qo fvigCl! US

direction ence patterns determhing a“witing timng

al ong a rofpattesmaindito @ aidmifactneingreest. m nary recorded and a first and
second pair of magnetic head el enents for perform ng data read/wite
operations on the respective surfaces of the di sk nmediumthe nethod
conprising: reading A€ eliRbE A66veS §chRvélRidhal Bvbifudieh Bl&NCe clock
pattern by the first reag head facing the first surface of the disk nmedium
det er m ni ngnstrymint dyveos rethonactmatdrdased onck movdmew dfithe posigionhe r ef er ence

servo data,read throu .he first read head determning a witing.timng of
he Second IMRBAREAIFHHSPHET PR P EAEY RIGUR PO Is 3hr ough t he
first readafeadhacRi aWatdel (rjpgsirtilaﬁ i§ ShEFIRACH the pySitdalBnBdlel B ar ef erence

clock pattern on the second surface of the disk nmediumby the second wite

head. BRI EFOIESCRAPIMOs@Freshit, BRavEhicBosTtieneacee ahesripi nppadtiemphygs, whi ch
are incorporat i d gonstitute,part of.this specification, illustrate
various ent3H° 'iﬂcg’ '335’78 e’-‘Iaﬁsum‘f’%Q?atfrae‘gncg'f“gtlf‘?é’ﬁ!eﬁ%ﬁﬁ%‘hhéﬁﬁ%?t?'%ejt her
with the destiaitéd 4188 reBed o Ll Foclich bf fHaGakgbt@RRdLO The MARE P¥SIEioROSSI DI €,

the same reference nunbers will be used throughout the drawings to the sane

or the |ikeopapler calenlates agrampurfof the gpgrationiip ozddsl togkduéeatheam of an
exenpl ary conf.i guration for,.self,servo witing,syst in Lch met hods and
apparatuy v PER bRy o, HISEHER o SRR EL frelbont ea. i gure
2 is a bl ogHlativapoaitiohVetREd Gcldad datibht ARMEEHd BiSk ¢ ofd¥8 t6 M rfiteStBVO
witing systemconsistent with the present invention. )

servo patterns with a sufficient accuracy. Thus, even if the position of the

positioner is controlled with a sufficient accuracy, it is not necessarily to

reduce an error of the relative position between the head element and the

disk. Especially, a disk has always caused position changes since the disk is



Figure 3 is a diagram of an exenplary relationship between read/wite head
el ements and a prelimnary enbedded reference servo pattern used in the
nmet hods and apparatus consistent with the present invention. Figure 4 is a
di agram of an exenplary relationship between a read head and a wite head
used in the nethods and apparatus consistent with the present invention.
Figures 5A and 5B explain wite positions in a disk in accordance with the
nmet hods and apparatus consistent with the present invention a flowhart of

an exenpl ar chni,que for .self L1 servo.data,pnto a di,s diumin
accor dance a%//ﬁoitﬁtl%fi%d%at ﬁ‘&leéptﬂ a?rvgtﬁs q%b‘ﬁs’it 4 g}?tm\ﬂnbfentotcﬂéreﬁhg ?%II(?W

i nvention. te QUA®p6sitidn aghin€ theltlRgigas oPtherdisR posibloar dueCtdthe ®PMGihON of a
positioner far determining wite positions of servo patterns in a disk

dri ve appaozderstodnerspss eheraoghracytipewpineethe sepepattems. Figure 7 is a
diagram for explaining tinme delay of witing judgnment in the nmagnetic disk
apparatus consistent with the present invention -1|| Figure 8 is a diagram
show ng servo patter Fuphekinbge, #e8drtly0 06 order to increase the storage density

of a disk, a higher track density is required. Thus, the numbers of tracks for
writing the servo patterns are also extremely increased. As a result, the
servo pattern writing time for a disk drive is also increased. So far, more
than one thousand tracks are formed on both surfaces of a disk. And it
usually takes more than twenty minutes for completing the writing of servo
patterns to the whole surfaces of a disk side. In near future, much more

increases of the track density is also expected.

The servo writer instrument is occupied by one disk drive until
completing the writing the servo patterns on the whole surfaces of a disk.
Consequently, in accompanying to the above situation, it is required to
increase the number of the servo writer instrument. Furthermore, the
conventional servo writer instrument must be used in a clean room, a site
expansion for the clean room environment is also required in connection with
the 1increase of the servo writer instruments. The necessity for increasing the
production number of the disk drive also affects much more serious problems.
Thus, the conventional method for using a servo data writer instrument

always holds the problem of the manufacture cost.

To overcome the above and other disadvantages of the prior art,
apparatus and methods consistent with the present invention performs
self-servo writing operation without using a special servo writer in order to
increase the accuracy of the write positions and the write timing of servo

data and also to reduce the disk manufacturing costs.



by both head pairs in the magnetic di sk apparatus consistent with the
present invention Figure 9 is a section view of the disk for explaining
alternately postscript wite operations in the apparatus consistent with
the present invention Figure 10 is a diagram showi ng servo patterns and
clock patterns used in anther enbodi nent of the magnetic di sk apparatus
consistent with the present invention Figures 11A-11C explains servo wite
operations in the anther enbodi ment of the magnetic di sk apparatus
consistent with the present invention Figure 12 is a flow chart expl aining
servo wite operations in the anther enbodi nent of the magnetic disk

appar atus consi stent w th SUNIMARYOF THE FNVENTISNAI LED DESCRI PTI ON

Ref erence will now be nade in detail to the exenplary enbodi nents of the

i nvention, exanples of which are illustrated in the acconpanyi ng draw ngs.

Figure 1 is a block djagr of an exenpl ar. nfiquration.for servo
systemin a magnetic g%g@ﬁ% %B@F%é‘”ﬁbgﬁ? W‘%ﬁ% W&ﬁ@gf‘\ff@ﬁes_net hods
and appar attys masEtRtESE d¥ve BphReatud YRAY daddetdARINEBANEH hropHilabdsdlib Ve
apparatus 100 includes a magnetic recording di sk nmedi um 18 of which
surfaces ampattcorvaiiing pesition hemenswuingr4 rdlative pesition ervestbetwéadra) 20 for
rotating the disk 1 and. a rotar t r 30 for .driyving a head slider 40
W ong o r adrad a3 ek 3P fifl thedidasr i pidepBE Al A Pahatfll 2

suspensi on faFthief airith ebtloithtidias Beathdathisigfacddofihd sl By aRtefifitelynot or (VCM
50 for rotati n%_the head sl|ider 40. The head slider 40 supports - t2 a
pai r of ma@Rerdtingedpair efhendelements withoyt peqognigrgtimeyhase witing data
into the di n r ead . he f r eadi dat a_f. t di sk 10. The
sk 10° usitipRed ol aRuaRaf of fheitin BEE T SRR B D) °0 S2c1 o
servo syst eippafdtab caaprisés ddRkohedium indbding d fitdt ddds second biuthdes| ty of
concentric circular tracks on both data recording surfaces_ of the disk 10.

Thus, as s8R of theugfaces bavings phurality ofgeeqrding (racksand amharaligypfides
th i - Y it d head 2R
anot her pal Eﬁﬂﬁglgglﬁ'g&?@rﬁﬁp#é%‘%ge%%g@ dlacga W n (ﬂ_tﬂgﬁ&oﬁ}’g@% sf €ad head 2R)

faci ng a backs ace o for witing andreadi ng data.

Duri ng operaivigna oértiinatrackswidthi ¥ diraippsic af head B2)n enlte fa5hld A0sa wtthikes t he
disk 10 in hi gh- speed count %rcl ockw se. Ti}e pai,r of thgq head el ements 1H
(1w 1R) i et yEagefor MEng 3 stegrradatagind/errteading thegrefrrepce gegyo

I pl ement i 19440, Ldabndpstt Fhbd& e%%&(t@%ﬁ%hg%%@at‘éﬂ R$ dd i Picalld, b efid ey NVENL T ON,

in each pair of the head elenents 1H a a wite head and a read head
ar e arr angdaail elgmerehs labbutathentjsla nresliitmssodisr teda¢eoslossf totthe sdéaid 10 on t he

slider 40. The slider., .40 noves, cl osely on surface of the disk 10 al ong
General 'y Ut [ RHHBE ARGHOH S datsngr FALIRE B TTRES PR y actust or

30. The rot@Rky; ARdIBARItIGRrTHV St IR RS nHalSS tHd®%t anh@8bnAdRadi on on a
target track (TP) of the disks 10 under a servo control of a m croprocessor

(CPU). The pdsiiondopi qatagppbingtonsheaesiastivhenrianed hiledcdapnganiistfi er 5, a
readlwite LW channel .6, a disk controller (HDC a ChRU 8. a nenory 9,
L a Tt el gsBEn et uid Scond Bphd elehedeb Ral ehe sesiicnitacd gnal o ¥ eau
by the heaghadédl b 0B fefreHiSiertd dafzbr HRISectiEHIVG dhiLFead Hythleddenda Wite
anplifier for converting wite data to wite currents. Read/wite channel 6

decodes datheaflelaments, anhby calceldtisiggnedcandyelabive prsitieg IrRNees thmal
processing 'ﬁrsRé l\{gactp &Q&%hts%['up &{euﬁjtes% sarfsagé ggse(?ia(}natﬁetr%ference servo data or

the first servo data read by the first head elements; a head mover for
alternately carrying the first or second head elements to the data writing
position on the respective surfaces determined by the head positioner; and a

servo data writing controller for controlling the respective servo data writing



reproducing circuit. Thus, the decoded data includes servo data. Further

RI' W channel 6 executes, for exanple) RLL coding process for wite data. HDC
12 executes transfer controls of read and wite data as an interface unit
bet ween the disk drive apparatus 100 and a host system such as a personal
conputer or another digital devices. Mtor driver 60 includes a VCM dri ver
61 for driving VCM 50 and a SPM driver 62 for driving SPM 20. The CPU 8 is
a main controller of the disk drive apparatus 100. Further, CPU 8 is

i ncluded a segfvo controller for realizin self servo witing systemof an
enbodi ment OBANS FETEREVE AR PHEMENBLIAnS iR Eroprotivn Her ol vodey o

control | er phdifebtide et bletheditfe servo data reproducing circuit in RIFW

channel 6 and a VCM driver 62. The servo controller perforns positioning
controls of nmagnetic head and self servo data wite operation by

reproduci ng reference, sefvo dat tter.n nd .reference .cl ock pattern that
ha\F/)e preli g’l nary recoﬁﬁﬁ?ﬁe?ﬁggﬁ c?ﬂ?‘ls%lgg“gﬂb ‘FSF"SI‘%‘HES?RU lue, i.e.,
control voltRee ®fa Malvhetié 4k divd Afpathid Reih®habM-Befd ddid widfinghr ough Vi
50. Menory 9 includes a RAM a ROM and a flush EEPROM for storing control
progr am f osystem dwitfutdizes veferdnce sgropdatatandrefarenest dleck pattémmus contr ol

data. Each of..recording,sytfaces. of digsk 10 incl.u a predeterm ned nunber
of refer en@éelélgf%yéfg%ge'¥i'bpé% t%mﬁ'ﬁ'ﬁaiaﬁ??sc?'{]ag/é]ﬁ?’eﬁpﬁecﬁ'éacglfﬁl?y '“f®each of
servo ar eagisklébpliableOtotk ifvdiftidnSincRARE Peslcdbrmiind @@iLinkhRH di stance in

a circunference direction of the disk during a prelimnary servo witing
process by refsrenseserysedqtal for detgpmipingay write pegitien in aggdinsidirectionvo ar eas

110 as refergnces h | t,iplicGi of tr.acks.112 is forned,.in concentric
citchos - aanAtEERend ol i insGht doBbmidiRg Srich tmi o MiRuifaCONCEL L ©

sectors llgircEodl Tl malgabtic Riskvdpitails, coipridaat A diHlSihadiitn iddidingds a
pretreat ment process, reference servo patterns and reference clock patterns

are prel i nmianfaisy and a second datpeveconding purfacasepachoryrfaces bavmeggterengef ace of
disk 10. T I . fer t i ’ t.rack. I codes for
det ecti ng g%&%gge% @r%ggfﬁggge??ﬁ%n%?g&ngaéggrg \}/gg%glrngﬁﬂgiag‘gg‘hg %%:%S gfo,% posi tion
error si gnalleng Dradias dixettiogn anf@sferée dorkqacteras fdrrdetdniniieacl ock
patterns (CP) .are recorded between the reference servo patterns for

det er mi ni ng"fing Emingialgng 4 Fotatiopebeiresiian aremselimipangmeptrdegier Hrk 10. Wth
ref erence. bRal@ticpar ofuh@hbbic RohdSidthdnd toriiFHeiihPHall redBwiPat L erns

i npl enmenting to disk drive apparatus consistent wt t%e I nvention will be
i s expl ai negeraBagis oalthy kespectihe sudatrsdif tha tlisktthediser wod eomntwlleeforcont r ol s

to additional ]y wite servo pattern at outer tracks of dis 0 by reading
Fof or ence_ SaRGEIE e poeBPnedParstion i & predeRgnsdntie dshe as” nent i ond

above, nagRgijeetid SKrfaRRAAGIAg 1RO rdBFdndd 8srvbWatRahd tRE rdRENRE clockead
elements 1H and 2H that are arranged so as to overlap up and down on both
surfaces ofpatiiesk rd3l bFthesmagaetic beadelethepite fashigstolthe iresegtive sarfagdst e head

1W and d. head 1R faci f f. di. 0. Second pair of
nead ol ore ARSI FHEP YABSPEIHRTES T AP S SN 22 faci ng under

surface of pdiigioniifh cofitPART T ESBNAMIAL APriRak PBLBRnAIT ehPsaNb Aapar y ermbedded
at inner tracks of disk 10, read head 1R in the head pair 1H reads the

reference sdmgn patinedirsctign pbiietdish ndiwmdiy wsing thejeferense sgrvappr opri at e
position of, read jhead. 1R agai nst .to,tracks on the upper surface of disk 10.
Weh ref er Akt 40d 4 Wt QoPtatex S daeiuping darmfing Hpng LGRS 1
position caatd Qlongla rolaliBVALifREoRT Lhd 81K th&BuM by &siRp e 2MbrdeE exanpl e,
in 114 pitch part perinmeter of disk 10. In accordance with instructions
form a ser¢lclupatteraontrol ler 72 in the servo controller, wite head 2W
wites the servo patterns at the target position. -15 By prelimnary
recording the servo area 110 over the correspondi ng several ten to hundreds
tracks on the upper supf@g& Ghbsliislent cbnOEAIRSEIPRTrBidttiRvadin | onal |y
wite the servo patterns over the substantially sanme nunber of tracks in

t he under gselatescteo amagnsiic dGk diineranpaeatisrinoludas o eamsofgead andtwrdte on bot h
surfaces over the substantially sane nunber of tracks, the servo wite
operation is alternately performed on both surfaces of disk |0 by turns.
Thus, in this enbodinent, it is necessary to prelimnarily wite reference
servo patterns 110 at |east one surfacg.of disk 10. However, the
prelimnary wite operation of the servo patterns can be finished by only
several ten seconds, since it is witten only over several ten to hundreds
tracks. O cause, it is also possible to prelimnary wite the reference
servo patterns 110 on both surfaces of disk 10. During the operation of
servo patterns wite, it needs to unite clock timng in bit unit between
the prelimnary servo patterns and the postscript servo patterns. It is

o o . . g, -, y" Y



I n postscript operation of servo patterns, it can realizable a high
accuracy of the witing by considering as to a positional relation between
a wite head and a read head in the sanme head pair. Now reference to
Figures 3 and 4, the positional relation of read/wite heads for

i npl enenting to the enbodi ment consistent with the invention is explained.
As descri bed above, as a practical, read operation and postscript operation
of servo patterns are perfornmed by alternately changing the head pairs.
Here, in o I i {J .ation of. h [

conveni onolotis i Grdabiahet U INEY Hafl: AR LR A AR ally 1
Fi gure 3 i kdadstheqirelindifisdy wecprdellisairvoogdtterne dinenhgalbtéoiinheioaof saits0 pattern
300 is conprised address codes 301 and burst patterns 302. The address code
301 i ncl udresitionofiservpdatafTheomagnetys disk gdsivaiangaraius deteraines asuife Each
code has i mat | el A ! f particul ar
track. Thegéﬁﬁlgﬁtoggﬁvé?%tégg r?@‘%@%pﬁrggﬁ%%ﬂgag u?lgfﬁgéﬁ%?ergl} (%t signal s
A- D posi ti pitchgn ohe prelimineire rgpordddorefarenansdivo pattkrn dha fhesfdce @fiang
controller identifies a particular ‘i)ra,ck based on each code read_ by the
read head dRKdhgoush g firskreadheadozndprites 8 ngyhurshsignal on thesecerd ar track

based on a 1 . P & -Fl ref erence
servo pattgﬁl&‘%#ov ?%Eésﬁ‘gg‘f’fs‘gﬁ%% gfef/\tflmpiﬂftengf)!}&égﬁ@égg%ﬁ%o?/&%vi ng the head
pai r 1H i ncdrr@sponds lto thgpdsitdon of thedburatisignal readfbyl theirsgreaddesad. - - A - > nove
- code - D= nove -- B_--> nove - code --> C-- npve --> A If thjs servo
pattern poddterraisly. she fisst wrte ge%wnt%a ney bursh pigaal op Hhg first g di sk
apparat us p0 MUiGB the FERELARE 3ErAh ikt aﬁmmﬁg- r8Edrddd batHe dedoaan

over | apped géé\iﬂh n %Fong a rarcfiAiBtr}%l %rr Cti on, pr ob ePn og an accur acy
regar di ng pudfatd anl/dfpittheutpo position phaodpeitely coatespomlswiolthe posis®n Thus,
when A bursf signal is additionall itten qver the right end track of the
ref erence Qéﬁ? &ff“gf‘ﬁ??ﬂ?@bé'ytql‘fsﬁe}%@‘VgW@djﬁ’Pﬁi cally arranged head pair,
both of wite head and read head are positioned at the far right of the

reference servo pattern. As a result, read head can detect only partial
parts of address coddraadibiangkembodiment consistent withithe piesensauses to reduce

a signal output. and, i nduces r of .1.he outp signal . Th i,t. becones
nposs: bl el ntisdela B HET FePhadFos derting aStsh Miba Br L iihanei S sk e
becones i NppsSiathieidPudialacdisi ntAshhiifflullihgda HifAGHdRASRIn@uifgessi gnal
output ratio. This originates in arrangi ng gi ant nmagneto-resi stive head

(GWR) t hat each ofgde systageahaying aarlurdity iof reflosdingtracks apday phumalitysef t hat t he
relative pgsition of wri nd read h ran .on. slider to be as
Cose ne pOEtbhilhed kol bl rilE A ERd b 90 UR pAULANISA GRS P! |
conpensat i havinflwcertdifaradknviithi 9 Hiast paenof ledadstahenarfacipgriysaltb yheli sposed

in a direction of the circunference of disk 10. To avoid this disadvantage,
as shown i Hrstisywfacs far wriging serypdafa ndyeadimg{deirefesencs serenddgsandy and 1R

is arrangeq | { \ I I | us
diroct; on SEeTREEAL pPhedt SanRobl GHRR AL ELELTAE G iTRS A |2

i nventi on, elcht:n@/Rbuit the dislatheliiAzd as ¢athdoelude 1Rthe secand augface B2 as to
separate at | east nore than 1 track pitch. According to this, even if when
the post scPMrptngserroe datasand repdune the eaforegcosatvo daka. fihgrpetdied rack 316
shown in Fj I S: r fierqnce servo
pattern 3016%@%@%‘56?‘%?‘?{%@{&%%5"&%33°“16‘ﬁ‘gsf&§vw5?€2§ ﬁggg[% gcoma possi bl e
t o perf or mneleasindsriepdinghe atfetdnefseper ditapaithe st wiittan sapgy dgtaibat e
position. As g rﬁ‘;ult t he enbodi nent consistent with the invention can

i mprove t hthofiesihgag elgmendsi wrifigg@eresonshsqrge dpga on theresond face b theyr bur st
patterns A . if1ani %4 Mor eover)
in the con\sléec(r(}f[l P‘)(%%%ﬁ eﬁ“@i‘*ﬁ%‘%ﬁ?ﬁ{%ﬁ‘g‘,&? %géﬂrwg][y gp‘g)n(%le}gso 2?@%5%3 ter n&%O can be
recorded osdryoalatarbddhe sedond hishdebntatsonldilasiing hdtausdatiepoditibe head and
read head el enents are arranged along a rotary actuator direction so as to
| ocate on befevecarbespennd hndrelpmentarngdsde sseatdetirfaretigedpadhe
circunferences on disk. On the contrary, according to the head conposition
in the enbodi ment consistent with the invention, it becones possible to
record the reference servo patterns 300 at an inner circunferences on disk
10 or an outer circunferences on disk-9.0, as shown in Figures 5A and 5B.
Wth reference to Figure 6, alternately positioning operations for the
servo pattern postscripts according to each head pair is explained. - t8



Figure 6 illustrates servo pattern postscript positioning nechani smby, for
exanple, a wite head 1Win disk drive apparatus 100. First, as expl ained
above, an appropriate relative position relation between wite head 1W and
the disk 10 is sought, based on reference servo pattern 300 read from an
upper surface of the disk 10. Mcro-controller 8 searches for an error the
target position (offset position of wite head 1Wto the upper surface of
disk 10 and the relative position, and cal cul ates the operational anount
for noving itjoni.ng h t tar osition (TP)., The target

posi tion (f%;ag%rg:g;sﬁ%v& st:él?’ rﬁ%‘gg‘f(ﬁogﬁ%gﬁv\% :% 58%%15@%/\37‘?(08!1?#83& ed into

posi ti oni ngldmeiitsnddtermibing Hasfitst Bahd Positiohfor dta witingdnaeFirkhie position
error (relative position) of wite head 1Wand di sk 10, and cal cul ates an

amount  C ( Syrfggess pelenlatimgs sacend welative posibien befwean ths fnstharde to this

target position (TP). C ul at |i ' ator unit 80
fox novi ngeLeé‘g%flté él}r%élr}%rs%?sﬁ%éﬁaz%'?’&g %?C[qﬁ%? t&?%%?‘%% rﬁ’géigg%g% éﬁgt arotary
act uat or 3@e@idtada Fbadlby tHOfirst head R teNdateRbiing (e sdcond hey@rted to
drive currents and supplied to VCM 50. In_this case) such as power

di st ur banc ®¢sitigp fardatagvriting 9pdha seemmdamaases andalterpatel peparmg the t he

operation gmu gM ) t ; i gg?ﬁ le) V
(s). By thero a?e?%él&g%%(%/e ?‘S &o'?lte%l‘}lgg ﬁ%&{r %%iat?{;k C u%}% ?)Iﬁ @g% noves

t he sl i der rdépebtivasarfaceag anount R (s). Based on the novenent anmount R (S),
the slider 40 noves by a novenent amount H (s). Since the wite head 1Wis
attached on the slider 40, a wite-in position of servo pattern is

determ ned. The det ergg (AT i1 f I i.5: (et ected
by a position detect (}:Et%(glggggréa é}tdg%gﬁg%édg%%twéﬁ{ggpp%tﬁ}el?%g'teg%togon anount
E (s) is suplkesid & methvd fopairitimpsetontdal inex mégnetic diskdeleaplparatus9  As
illustrated in_Figure 6, various di stgﬁbanc S, h as accgl eration

| su )
di st ur bancadcltgiger digk sehipmpncluding g gt an aswnﬁdlaé%rwg ®Ed vi brations
of disk 104 esYleQélﬁédH&‘ce%?fa\’zﬂ;g?@fér@ﬁEbsd% dtka ﬁ?%ﬁ&?ﬁér@ﬂ%n@@b N applied
to decoded signals or the circuit, or are applied to the actual head
posi ti oni ngasy freletainimagne wirdind pisiappaloaguesraldds ditectwrasll| t, t he

relative posjition relation bet n di sk 10 and f.he position of. wite head
TWis al wayelorsis Japkhagterng s i rerorining T HORE ARSI SLEHERT t h 1 ho

| nvent | 0N, (8BRS pRNMIBheE FRbr@Al PShRGKd ReoiehERlOrAMEHIBINt E (S) to
the position controller 71) the inprovenment in positioning accuracy is

real i zed. heedgbaneents dor pavfurptingdata) rad i utheepesiiiond ¢rr thd aspegtivei ch nai nl y

affects as an.err nerati,ng factor,of head position. Positioning

controt | or <3oiartd gt ARK Bbileh: (BEmidibit cRB8sBE iAefk 1t e s uch

di st ur bancegrvorda3ba@d £hé RedEerich @laek paciesh bg the ARt read eh@dading thd1e
postscript operations of servo patterns in this_enbodi nent consistent with
t he i nvent ifBpt susfrog o the diskrmedivps delerpraingss Wb pegitiomhin/econpl et ed,
servo patter L te-i i O h e LI i rted. Thus,
as shown i%e‘r%}“\gffr“é aﬁ}%ty ﬁg;% el{reartgfegﬁg&bs%r%ﬂga'%sﬁ%gﬁgg{ uﬁglll_érh e?inr?:{ ﬁa éis a servo
si gnal r eathehdNdetdfmind@S bW iding® tiblihg 0ftledderbhd W ritk MBad by ik &rr vo dat a
wite-in judgnent tinme Tj. Consequently, the it will arise a tine phase

di f f er ence rplerewseslackeasiory searhthrongh t%%@@tﬁééﬁibp%iw wyitimgdhest head pair
1H and the L.t.e-i e tter t i ' | east due to
the posi t1 SeLrs SRR A E DRt METICIRER BT ohobil ftacy BF

j udgnent t ithe digk mddi@ntBy élye édcoRd maitahesdd 15-20 m croseconds. However,
even if the phase difference arises in the servo patterns corresponding to
each heads, it does not becone a problem since each of surfaces facing the
first head pair 1H anqnhrﬁ ﬁ%‘%@iﬁgﬁ‘i@ﬂx Q@THﬁ%R‘AWIWeC“ vel y i ndependent
fromthe others. In essence, 1t should Keep a regular interval for the
servo sector intervalBh®acodagangiid debsingt, #hiibSkre idQrpor&led hicagdntrary,

if both of head positioning operation and servo pattern witing operation
are per f or §pRStEte BRrHgek Hus speaificationg ibustrateryagigup empodimeghegndiorficult to
keep the constant servo sector interval since the phase difference wll
occur in the sanme surface of a disk side. In order to keep a constant servo
sector interval by using the first head pair 1H only, after passing through
the processing tine required for posi-tigoni ng operation by the read head 1R
it needs to wite-in dumry servo patterns corresponding to the phase
difference by the wite head 1W Further, after witing the dunmy servo
patterns) it needs to carry out positioning operation by read head 1R
After then, actual servo patterns are witten by wite head 1W Such
operations are very conplicated. Moreover, since such dumry servo patterns
is not required for a magnetic di sk apparatus, they nust be elim nated

Y T o - o o 4 a o e S



10) and a servo pattern postscript operation by wite head 2Wis perforned
on the | ower surface of the disk. Next, head positioning is perfornmed by
read head 2R based on servo pattern already witten the backside surface on
disk i0; and a servo pattern postscript operation of by wite head 1Wis
performed on the upper surface of disk 10. Thus, both of head pairs perform
alternately reading and witing operations. Consequently, even if tine
phase differences occur between the servo patterns used for head

positionin nd t recorded seyfyo patter it does not becone,a problem
Mor eover , ?‘?a%ﬁﬁeégsoqﬁgf e lqnoa'b({eﬁoéegtfeé %&%@3&% f’\‘?@c é‘?"atsleﬁvr?s':)o ERMH"as dumy
servo patt ghd$nveR@nC Wiherevdr $ossible, the dhhRY refdvehtd AGmMbRES ill e Wedan
opposite surface of the disk 10 may carry out at any tinme as long as the

j udgment déhepughpwetiemrawinggtocthg samepnthgdidke nants: Inlihe deawingpat t er n
witing operations are alternately performed by the wite head 1Wand the
wite which are prelimnarily shifted in a position of 1/2 servo sector.
Figure 9 illustrates Rif@real i€hmdckl diaphiih Hf ahtixeBPRast dcodifigur L& fdrr om a
section of disk 10. Here, in case of postscript operation by wite head 1W
and 2W eadhlfigervoewnibiagssyatam 4niwhich metheds apiianparatusrepasisignthwithch ot her
along a radjus_directio Syt reali the postscript of 1/2 pitch servo
pattern on%%?ﬁe gﬁﬁnyg‘elgio%?n%h%é H}lgégf&;eeq'n Figure, RP1H indicates a
reference position ofFigtiae 2 iy $bldokdihgrant foi ExplathiRp sk thebries 6ffher ence
position of the second head pair_ 2H Wth reference to Figures 10-12,

anot her eniseHisapin wHbAgsyslem capsistentwiththe presspt invesfiona ned. In this
enbodi ment) as il ustg. i-n i 10, . di i im.narily
recorded reference seﬁ:l%%ggtlg e{ﬂ%%%%ﬁ)&a%%e?é?é%ék%@#ﬂ%%&%%%ﬁeﬁs (CP) on
one surfacaead/wirite Héxk eldnerder £nd as prbhimtinany Empedded réferémdecs@rvoe servo
pattern (SP) and reference clock -2 pattern (CP) are alternately
recorded oPaferapief Wy the metheds, ang; apparatysycopsiient vty thyinresanton RD of
the di sk 1Q,vésiohhown in Figure 12, firstly, servo controller 72 reads out
reference servo signals tomthe corresponding reference servo pattern (SP)
t hrough the first redighsadidRdisgram &ljn eBaspkirp mekbienskepriedween aser vo

data fromthe, read oyt reference servo.signals a head position of the first
read head 824 élejﬂ@agada ("gttsdwsé)'!se gtt}wa?e@gﬁﬁanar@%g%ﬁ%feﬁSﬁfeqthe first

read head igR¢Rehd fiRbS T eniSs] tioONing control of the second wite head 2W
is carried out in a target position on the corresponding undersurface 2S of
di sk 10. In practical FiggesHownard 58 gupkir, wrike ppstoons w i alisledd 2Wi s

positioned b ving.a rptary.actuator in 1/4 pitch puter directign of the
k. Namerdtorlgidifh He Aefnpat 4B hudddafes chsiipaf Mk 450 GEErart

rel ative pQatddteyn rel ati on (RP1H, RP2H) between the wite head 2Won the
back surface 2S and the upper surface 1S based on reference servo pattern

SP read fronilewcharppbsn sxghplasy teshaiqus lek salffwritiegservh datpaetoot flisk 72
controls pasit.ioning of ‘the w.te 2W.on targe Sition
cal cul ati ndn %‘i 8y 1526 rdfl he’ (‘:”olP} ené%glﬁ si"r?él dr ey ‘g%ﬁa\g%sgﬁ%’)%ﬁ%egk vﬂg a¥]ieon ( RP1H,
RP2H) . On thiesediiigvenddnd, servo controller 72 determ nes accurate timng of
witing position along the rotation direction RD of disk 10 based on
reference clock patté%ggrq@smablﬂckbl;agreadoquml@ﬂef;m@;)ratlpn ofacor dance
with the willGiddy Wi BRRY SRR of 2u G GAHEES: W bLdiDg dpfr of er ence
servo patté’rﬁlgﬁ b Ora‘?aifgelf %osi i O TR AP DAL RS Tale %o §&6"Gi sk 10 by
the second aphtRubeaskidt¥hf GhthSresdnd iRvatidncal | y, as shown in Figure 11B)
reference servo patterns SP are copied on the undersurface 2S of diskl 0. In
this case) the copi edFigatrerietica diagtam Jar egplpdniop @me Jelpy tedwriting count er
position tqQ the recorded refer.enge,cloc tt onwt upper.. .surface
1S. - 23 J“&%‘P?‘ﬁterlf‘ gleer \%a%lghﬁ r%ﬂske%ppf’;a\gﬁ tcgéﬁlgtr?%?e grh eglgee pgr T patterns
CP bet ween jaessorpat t erns of back surface 2S of disk 10 by the second wite
head 2W (step S6). Thus, as shown in Figure 11C, reference clock patterns
CP are copied on the undersurface 2S of disk 10. In this case) reference
clock patterns CP are copied at the counter positions of the recorded
reference servo patterns SP on the upper surface 1S. Wen reference servo
patterns SP and reference clock patterns
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CP are copied on both surfaces of disk 10 (step S7, YES), the servo
controller perforns alternately witing the servo patterns SP and cl ock
patterns CP on both surfaces of disk 10 (step S8). That is, based on the
reference servo patterns SP and reference clock patterns CP read by second
read head 2R, servo patterns SP and cl ock patterns CP are witten by first
write head 1Won upper surface 1S of disk | 0. Mreover, servo patterns SP
and clock patterns CP are witten on the under surface 2S by second wite

head 2W based on re .S g%ﬁ t lLock patterns
CP which are read byfF?é‘&gtcg3 1rseag e%% éf@{w}ﬁ%\gﬁ rﬁ%%ﬁ‘e‘ﬁﬂ%@f%a’ "&rns CP
are used i by.bothdesadt pandjinsthd mbagi@ticndisk t appairhtuse towdsistehb avith ribady

witten servo patterns SP and the postscript servo patterns SP. By using
t hese cl ocRT§$SRt BVEBLIEW the wite positions of servo patterns and cl ock

patterns along the retatl.en.di 1 QE i ey j )
According this emod?ﬁrénwf%%{??ghg%%%oﬁﬁﬁ%%&ﬁﬁ&%%%ﬁé@ﬁgfagt ent with
t he i nvent postscrijit eitomperpiiass bl eht mpparadmssemsisteiat switin thotpgresantf aces of
disk 10 by.the disk drive 100 itself, with prelimnarily witing reference
servo patt BY$8U8B and reference clock patterns CP an several tens to
several hundreds {1 acigufl 10Ni0RCABREAACRKing! Stvo Pitecthgind Udofr NS P
(including reference patterns) on the disk 10 are overwitten on data

sect or (useattdeisajused ivhentdb¢m emrtmdireent df4the magndtics diskbegipaeatus it needs
to prelimnaril L servg patterns SP and reference cl ock

wite reference
patterns @W%EV@P%thFé}ﬁgs%lg P& hundreds tracks before performng
self servo writing omghatbh9A- HOEYhinsiderd ¥ Eite BPLLAtRAY $h Bhe hRthgteCONdS to
several mnutes for witing on a surface per disk. Further according to the
sel f ser voembodimentnef Hed nofenebic sdiekirppianeits, casistentdstith ¢he fdresedcur at el y

witten by.the head elenent_in t drive,apparatus jtself, since.the

posi ti oni ngPEMCPOl of wri tglgﬂé%gﬁa\r’lﬂ %ZEH‘{) ag e&PiWcheS?'ivﬁi wJ%eal ong t he
rotation digh&Gkiond irdtRe PAither NEAbMmdnt Nef tRE RAShdtIE MadH | apphessded
reference servo patterns SP and reference clock patterns CP on the disk 10.
Accor di ng rcendistent witbdde meegent duyendtpnt he writing operati on of servo
patterns on the disk, an appropriate wite position can be determ ned based
on the indispensable relative position error of head el ements and a di sk
surface, and the servo witiDBTAPEERDESCRARTDONperforned by wite timng
along the disk rotation direction by using the nagnetic heads in the disk
drive itself. Thus) it becones possible to realize a higher accuracy of the
servo witing operati e ' th tihc di ar at us
100 and net hod for Wﬁ?fleﬁég%&ge?’%a{ﬁ%?%e?ﬁgxg elhpg?‘?lgg?rédaﬁy%g?ﬁgr?a%gtel y
changi ng sembodimériterafsthee adiengionp ekainplss afherhidt \woe pHubatatRl Wi i theng
operation on both surfaces of the disk based on the prelimnarily witten
ref erence &fompanytne dsawmegs Fighee Jodt &¢ f‘ﬁl‘ aﬁﬁ?ﬁgogﬁé‘r sk¢®Rlay servo
data can b . | t ' . hG.di sk
appar at us T Gidaon donh sin (REN A EubQiiE QLR 4 bRy RARIE0 N

envi r onnmentaccordander el anethiotls aad apphraws cansistent vatly ¢the astenitiopr Ghenment by

sharply reducing the nunber of special .servo witer instrungnt sipce
ref erence Wgﬁa‘gﬁ’ér%émlf@!’%@“ﬁﬁ 194 éﬂﬁaﬂm magngict regpr pgiclish.

Fur t her nor : - DOS S i 3?18& Y rns due
to acci den?ﬁdl§%l(?tﬁg§@§ ?dgmﬁ%e?ﬁggicﬁﬁtgﬁgvpﬁrs[ﬁ {)cf/ﬁ%g%?élt tg i S%gﬁ%lﬁe servo
pattern w inidtog(SHMY 20 fornrotuting thieadisk 16, amd atroteey actwitobs feradriting di sk 10
and wite head 1Wenters within a prelimnary set up limt. Thus, it is
possible t@& M%‘F@ﬁ”p&?%\& Bradusy ?%W%?{éﬁcg'rsgp go-s'g}i“?/&f:i}%i’tt?'éﬁﬂs only.
Fur t her mor clé('le&(:% sh n%idnsaﬁg ﬂagmah%%hgfhe%cam&% aR& @{)@SBMO writer
instrument Tor a long tinme and the postscript operation Itse oes not
have the neaotss(MGMdHOdar rofatigg ot head blidercd(e dther loxaiah slider HOcmppertpossi bl e
to reduce the manufacture cost. - 26 V~hat is clainmed is: 1. Magnetic
di sk drive apparatus, conprising:

=
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a di sk medium having a first and a second surfaces, each including a
plurality of recording tracks, each having a certain track width, at |east
one of the first and a second surfaces including a plurality of
prelimnarily recorded reference servo data a first pair of head el enents
facing close to the first surface for witing a first servo data and/ or
readi ng -the reference servo data a second pair of head el enents being

| ocated symmetrically to the first head el ements about the di sk nedium so
as to face_clgse,to th econd sur,f for witin ond. seryo data
and/ or readifigt? F‘nxélatgg?g? i‘ﬁ%‘g e%é‘?‘?/%s gj{e’é‘ea }yate éﬁgldtaﬁvgﬁé wfrbtP“ga%{?t@r nat el y
det er m ni ngnfolthe [idks10 and asead hdad @RNoP & dih@ datLfrofadlad disk 1oNg on the
respective surfaces by calculating a first relative position between the
second head el enents and the second surface based on the reference servo

data or the second sqiu0ydahg Joepfh.Yohlf £2A9M NSACHS RERLS,, and by

cal cul ating a second relative position enents and

the first suipleing aasewdr ebrvolstedt eiehae, S€HDD ARG idchéd)endludéd a servo data
read by the first head el ements a head nover for alternately carrying the

first or sevdtiplingyef cmepptricciralaniradss en hpth datg reeudingvnrbacesiob
eSPeCt 1 Ve (R gﬁ@g@s g*gr%g%s'rgl{& ﬂxny%ﬁE% Ef:ggr&’c%fchi &%ﬂed’rfveai(})g}a?’aﬁl%r vo data

writing contr rol’1rng pective servo a Wwiting on the

respect i ve iadudesrdndthagp4ie sf heheledentd 2Hr @8 paciiitcchsdd 2Weasd Hyeddre
respective head el enents. 2. The magnetic _di sk drive apparatus of claim1
V\hePei n: head 2R§ facing aiackside surfacegof the disk 10 for writing paFI)ld reading )

data.

During operation of the disk drive apparatus 100, the SPM 20
rotates the disk 10 in a high-speed counterclockwise. The pair of the head
elements 1H (1W, 1R) is floating close to a surface of the rotating disk. For
implementing to the disk drive apparatus 100 consistent with the invention,
in each pair of the head elements 1H and 2H, a write head and a read head
are arranged in parallel along a radius direction of the disk 10 on the slider
40. The slider 40 moves closely on a surface of the disk 10 along generally a
radius direction of the disk by rotation of the rotary actuator 30. The rotary
actuator 30 moves heads and determines a head position on a target track

(TP) of the disks 10 under a servo control of a microprocessor (CPU).

The disk drive apparatus 100 further includes a pre-amplifier
5, a read/write (R/W) channel 6, a disk controller (HDC) 7, a CPU 8, a
memory 9, and a motor driver 60. The pre-amplifier 5 amplifies reproduced
signals read by the head 1R from the disk 10. Further, pre-amplifier 5
includes a write amplifier for converting write data to write currents.
Read/write channel 6 decodes data from the reproduced signals by

performing PRML signal processing. R/W channel 6 includes a servo data
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the first pair of head elenents includes a first wite head for witing the
first servo data, and a first read head for reading the reference servo
data or the first servo data the second pair of head el enents includes a
second wite head for witing the second servo data, and a second read head
for reading the reference servo data or the second servo data the head
positioner alternately determ nes the data witing positions on each of the
first and second surfaces by calculating a first relative position between

t he second . t [ servo data
or the sec5%§%§g%g%ggp g' Irrgg %g‘%q{gg%&e?g%a&%gﬁggg%]%eéﬁfiaggri?‘%;E/ﬁ e?al culating a
second r el ®Wvéhamnel 6ieascuies, feeaxdniplel RLII codfgdploeasd faneritedata.r st face

based on the reference servpo data or the first servo data read by the first
read head. HDCiRexpayastransfarepniyels of ragd and wiyite daty py printer{gse uajth= each
of the fir 204 C . hea! i LA along a
radi us dir§%¥|on %@<§ﬂgd§§§gp§§ﬁ§§sg§03%§§{E }% Nggéﬁﬂgfg?ﬁgﬁ#%#g and
second w i icempaédortynotlied digithl davicest Mutoit divér Grincludiista VCM agveper at i on

t he head paositiqner SUéCESSiV3|y det erm nes,_the datg witing position of

the respectlver drving YYelh0 and 5k drives 62 for drvin #2 radius direction

of the disk. 4. The magnetic disk drive apparatus of claim2, wherein: each
of the first and second read heads is |ocated at an outer position along a
radi us direction of tThe GPEI8 sa msin endpdler of tlandisk dhivefappheativ 160. and
second wri ﬁ&?&?ﬁ% ?st inlcFuahsétd arrgerrso tcglx?trll‘ol ehrefOE' ;ga(ﬂ(zil\{\é gtse f%glr'vi'ong operation

writing system of an embodiment consistent with the present invention.

Thus, the servo controller includes CPU 8, the servo data reproducing circuit

in R/W channel 6 and a VCM driver 62. The servo controller performs

positioning controls of magnetic head and self-servo data write operation by

reproducing reference servo data (pattern) and reference clock pattern that

have preliminary recoded in the disk 1 0. CPU 8 controls input value, i.e.,

control voltage of VCM driver 61 for driving rotary actuator 30 through VCM

50. Memory 9 includes a RAM, a ROM and a flush EEPROM for storing

control program for the self-servo writing operation and other various control

data.

Each of recording surfaces of disk 10 includes a predetermined
number of reference servo areas 110 and a multiplicity of tracks 112. In each
of servo areas 110, servo patterns is recorded at a predetermined distance in
a circumference direction of the disk during a preliminary servo writing
process by using a special servo writer instrument. By using servo areas 110
as references, the multiphicity of tracks 112 is formed in concentric circles. A
plurality of reference servo areas 112 and a plurality of data sectors 114 are
alternately provided at a certain distance. Thus, as a pretreatment process,

reference servo patterns and reference clock patterns are preliminary
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t he head positioner successively determnes the data witing position of
the respective wite heads at an inner position along the radius direction
of the disk. - 28 5. The magnetic di sk drive apparatus of any one of the
preceding clains, wherein the servo data witing controller prohibits the
servo data witing operation by the first or second head el enents when the
first or second relative position calculated by the head positioner
excesses a predeterm ned value. 6. Magnetic disk drive apparatus)

conpri si N9 rqiz&hl g@r@b‘d?& %diieﬂ efé.l{rﬁice f'ﬁisﬁ ° atggefé%&e.rs@fw&{]?i ng

surfaces) at least one o iur acesghaV|ng re?erence area in ch

ref erence gpattesnsBR ihcludddtakndddrags ades fdrideteqbiongi dachof stagkg a r adi us
direction and, reference c#ock patterns for, determ_ning _a iting timng

al ong a roPaEitioRgand;serrq purst sleaa éFilePﬂé’PPlquregé@aQ%g’rangF?‘ftgtg #nd second

pai r of magRelish iﬁ%@h%&%@?ﬁ?l&?@&ﬁéﬁ i ér’Hsr(@gﬁg}é‘chSP&{d]V@rt&r?eRPﬁé ations on

the respective surfaces um an contro or controlling
servo dat a refer¢nsegeopepaitents fondetepmegiageynientnlingsaa saofothtienalespecti ve

Fead by t nAiTERHARHR ohieEakafiont s faci ng to the respect ve surfaces duri ng
a servo witing process. wherein=
With reference to Figure 2, a basic principle of postscript of

servo patterns implementing to disk drive apparatus consistent with the
invention will be is explained. Basically, in this embodiment, the servo
controller controls to additionally write servo pattern at outer tracks of disk
10 by reading reference servo patterns recorded at inner tracks of disk 10. As
mentioned above, magnetic disk apparatus 100 includes two pair of magnetic
head elements 1H and 2H that are arranged so as to overlap up and down on
both surfaces of disk 10. First pair of head elements 1H includes a write head
1W and a read head 1R facing an upper surface of disk 10. Second pair of
head elements 2H includes a write head 2W and a read head 2R facing under
surface of disk 10.

Since reference servo patterns are preliminary embedded at
inner tracks of disk 10, read head 1R in the head pair 1H reads the reference
servo patterns. A position controller 71 detects an appropriate position of
read head 1R against to tracks on the upper surface of disk 10. With
reference to the detected appropriate position of read head 1R, position
controller 71 moves and positions the write head 2W, for example, in 1/4
pitch part perimeter of disk 10. In accordance with instructions form a servo
write controller 72 in the servo controller, write head 2W writes the servo

patterns at the target position.
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the controller includes= a positioning controller for determning a witing
position of the servo data along a radius direction of the disk nedi um by
using the reference servo data and a witing controller for determning a
witing timng of the servo data along a rotational direction of the disk
medi um by using the reference clock patterns. 7. The nmagnetic disk drive
apparatus of claimG wherein: - 29 the first pair of magnetic head

el enents facing to the first surface includes a first read head and a first

wite head, and the sggopghifRRidar! r&gana | gndreaiveg! sRBNtHof %%ﬂgt o the
ea ea

second surface includes a second r head and a second wite t he
control | er cdeesporidives s¢veealtentto hgindoeds fracksodn theeumeremaface iof diskedd by

using the reference servo, datg.read,.through the first read head gnd the
writing ti MORURER RREPTRIE ( #o AHEPRAINE WPLE L tHarelYh BUEFSy e therst read

2:?‘2 ~ and g,BSanfiaily Yabf nRAbEPbMEralkd Id Dtk RRAGESERL JMRsK ebewane serve
the servo patterns are written on both surfaces over the substantially same
number of tracks, the servo write operation is alternately performed on both
surfaces of disk10 by turns. Thus, in this embodiment, it is nécessary to
preliminarily write reference servo patterns 110 at least one surface of disk
10. However, the preliminary write operation of the servo patterns can be
finished by only several ten seconds, since it is written only over several ten

to hundreds tracks. Of cause, it is also possible to preliminary write the

reference servo patterns 110 on both surfaces of disk 10.

During the operation of servo patterns write, it needs to unite
clock timing in bit unit between the preliminary servo patterns and the
postscript servo patterns. It is possible to set up so that the write timing may

acquire from reference burst signals. The write timing is explained later.

In postscript operation of servo patterns, it can realizable a
high accuracy of the writing by considering as to a positional relation
between a write head and a read head in the same head pair. Now reference
to Figures 3 and 4, the positional relation of read/write heads for
implementing to the embodiment consistent with the invention is explained.
As described above, as a practical, read operation and postscript operation of
servo patterns are performed by alternately changing the head pairs. Here,
in order to clarify the position relation of both heads, for convenience, write

head and read head in the same head pair is shown.
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and the reference clock patterns on the second surface of the disk nedi um
by the second wite head. 8. The magnetic di sk drive apparatus of claim6®,
wherein: the first pair of magnetic head el enents facing to the first
surface includes a first read head and a first wite head, and the second
pai r of magnetic head elenents facing to the second surface includes a
second read head and a second wite head the controller perforns a copying
process of the reference servo data and the reference clock pattern through

the second wite heag. ang, & rengse.servo dat ndethe reference
cl ock pattern read b%‘%@%@? g’%rapegsat?i‘gﬁgé’gegﬁ%é %Iﬁlg ecf@'giﬁetdrﬁgﬁlrgﬁer%?cteer nately

per forns t berve pariera 30a isédrhpise donRIrasd @dss 801 hha bluirstSpattdidsgoeond sur f aces
of the disk nediumby alternately controlling the first wite head and the

second wri Theaddeessyodas3Ginchedeseas plusplily of spdes eonxespenrdingtie epeli of ence cl ock
Dot G SRR A AR i KBTS ot

particular track. The burst pattern 302 is comprised of a plurality of burst

signals A-D positioning on or middle portion of each track. The positioning

controller identifies a particular track based on each code read by the read

head 1R and calculates an appropriate position in a particular track based on

a output ratio of each burst signal. In Figure 3, the reference servo pattern

300 1s supposed to be written by successively moving the head pair 1H in 1/2

pitch right direction under the following order.

—A — move — code — D— move —+ B — move — code — C— move — A—

If this servo pattern postscript operation is applied to a
conventional magnetic disk apparatus in which a read head and a write head
are arranged in an overlapped position along a radius direction, a problem of
an accuracy regarding position of the postscript of servo pattern will arise.
Thus, when A burst signal is additionally written over the right end track of
the reference servo pattern 300 by using the vertically arranged head pair,
both of write head and read head are positioned at the far right of the
reference servo pattern. As a result, read head can detect only partial parts
of address code and burst pattern on the track. This causes to reduce a signal
output and induces error of the output signal. Thus, it becomes impossible to
detect exact track position or track number. Further it becomes impossible to
detect a position in a track based on the signal output ratio. This originates
in arranging giant magneto-resistive head (GMR) that is most popularly
used now in disk drive apparatus, so that the relative position of write head

and read head arranged on slider to be as close as possible in order to reduce
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the controller wites the servo data on a surface opposite to a surface
havi ng a recorded area of the reference clock pattern. - The magnetic disk
drive apparatus of any ode of clains 6 to 9, wherein_ each of the first
pair of magnetic head el enents includes a read head and a wite head
mounted on a slider and - the read head and the wite head are | ocated
substantially parallel to each other along a radius direction of the disk
so as to have a certain distance between them 11. A nmethod for witing
servo data 4n neti G..di sk drive. appalat i nel udi [ di um
el udi ng- 4P PR IEbbTEH SmPelsAL IR HE RO Rl gE o
plurality afregefiérallyisgosed ks adikbctionlobtld ¢ikdunferdricel of diglaly. r ecor ded

ref erence servo data, each of the recording tracks having a certain track
width a first pair of head elenents facing close to the first surface for
witing servo data a i . e cond pair
of head el enents bei %#‘gogglttg%%‘%@Ef@a?g%ﬁﬁ¥%g@ﬂ@g} ea‘g tz‘(f:iements
about the JiaiKofmdihdticheaslseleMehtL EWGMEER i®airaagsdioparailel katdeafor witing
servo data and reading the reference servo data_ the method conprising:

writing a firedetesminad distasce alangea radiug dirgetionof thedlisk 1Quimdadhis enent s
][?ad' ng theeuiiﬁ&ﬁ&%%@on%?ét&& Withh8 indedtioh fl%tGMR Mrﬁﬁ ha&d W gﬁ{iﬁe;?d/ the
irst head elenents witing a second servb data on the secon ace by the
second heachealdeiRatesarranghidgp dsio dephedte at dease more dhha 1araskhpitdecond witten

servo data py the secaond head el enents -3l calculating a first relative
posi ti on b£%gﬂngﬁ%t@wﬁa 1&&@@2@%@%4 ursé syl agranesd Ovessed on
the refere r; cond head
cl ment o b EPLSAIARRR Bl Hdfep REBIRGES B Boftpliod 2B0d Bad TR SO 1t
surfaces; aemhdubfereng sarwgedtatnr30avithesuffgsert amoutzeyWEbns,twigtd hest head

el ement s agﬂﬁg{ée first .surface. based on the re.fer?nce servo data or the

first serve SOPE RESH efﬂ:?"’ﬁf’?'?t""ﬁ@ﬁﬁ%%‘?f"é‘ﬁ'f’?;" SRRVERAtHIAg 2 A8 second
head posi tigfhrbofiaddaloRitin. WsROreln1t DR SRBIheRY LoRGRent d2th e ernatel y.
carrying the first or second head elenents to the determ ned data witing
posi ti on onnvemtisrespemproze the hcescy dxerihpa ttemhprtdogiptysinee alj ther vo dat a

of claim1l further including: hi bi tinng the ser at iting
operation bY"t ﬁ%‘#ipﬁgﬁer%%gqgigﬁfgf%a eglf‘é‘g%‘f?ftéo’?‘f’g;{ﬁ% 8%?8%“%&"&8‘ rel ative
position excesses a predeterm ned value. 13. A nethod for witing servo
data in a magnetic disk drive apparatus including a disk nmediumincluding a
first and a second daMarqoerebriaitggcwem@egbdléla@npgmtﬂa,c@ mabareree r ef er ence
data area |0, i el b eSEr SNOC SCLNRAIANA o] OfiaSELALILIN MG A Y ldD posi tion
along a radius Bt ect on"ahd Fererence & ocﬂ patterns 10X d%fierm' ning a
witing tindegusd thegviitd daall 4hadadhdadddléBnirfe Predigedndoyg aecanded and a
first and second pair of magnetic head el enents for performn at a

C d
read/ wri t e 2KBMAF dbRetiohse wete lespecan the sameaees whentreh bpads befiedm the
met hod COMBY! the Widdle circumferences on disk. On the contrary, according to the head

composition in the embodiment consistent with the invention, it becomes
possible to record the reference servo patterns 300 at an inner
circumferences on disk 10 or an outer circumferences on disk 10, as shown in

Figures 5A and 5B.

With reference to Figure 6, alternately positioning operations

for the servo pattern postscripts according to each head pair is explained.
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readi ng the reference servo data and the reference clock pattern by the
first read head facing the first surface of the disk nediunm -32
determining a witing position in the second surface by using the reference
servo data read through the first read head determning a witing timng of
the second wite head by using the reference clock pattern read through the
first read head and witing the reference servo data and the reference
clock pattern on the second surface of the disk nmediumby the second wite

head. 18 (FEpER Lol Wi b APHIBedliidliak Betaplf bPh

conpri si ng: ternately wi serv ata on 0 & fI'fst and
second sur braapleph wihe: ikl Wadidisk Byivé bppsetandoand first wite heads,
respectively) by using the reference servo data and the reference clock
pattern. 15. The nmethod for witing servo data of claim 13, wherein: the

witing the servo datﬁgtsay‘ﬁ{éjl%g‘ggqbgpe 3 s%{é{{grgﬁa@o&q)giﬁegp&%& surface

having a recorded area of t rencé c attern. . e nethod for
writing serdlatidatbetwéerciwaikerhda] 1 Whadethe: disk @0 \is sdughg, idved samefercimdea on t he
second surface of the disk. is ) )

servo pattern 300 read from an upper surface of the disk 10. Micro-controller

8 searches for an error the target position (offset position) of write head 1W

to the upper surface of disk 10 and the relative position, and calculates the

operational amount for moving and positioning head to a target position (TP).

The target position (TP) as an offset position of write head 1W is inputted

into positioning controller 71. Positioﬂing controller 71 searches the position

error (relative position) of write head 1W and disk 10, and calculates an

amount C (z) of operations according to the remaining distance to this target

position (TP). The calculated C(z) is supplied to actuator unit 80 for moving

head elements. The actuator unit 80 includes a VCM 50, a rotary actuator 30

and a slider 40.

The operation amount C(z) is converted to drive currents and
supplied to VCM 50. In this case, such as power disturbances may act to the
operation amount C (z). In response to the operation amount C (z), VCM 50
rotates by the rotation amount (angle) V (s). By the rotation angle V (s) of
VCM 50, the rotary actuator 30 moves the slider 40 by a moving amount R
(s). Based on the movement amount R (s), the slider 40 moves by a movement
amount H (s). Since the write head 1W is attached on the slider 40, a write-in
position of servo pattern is determined. The determined write-in position of
servo pattern is detected by a position detector 90 as a detection amount E (s).
The detection amount E (s) is supplied to the position controller 71 as a

feedback.
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210938 () - & t 10958 Fygure foshosys(the proogssing) times required for the postscript
operations of servo patterns in this embodiment consistent with the
invention. When all operations by the 1st head pair have completed, servo
pattern write-in operation by the 2nd head pair 2H is started. Thus, as
shown in Figure 7, the operations by the 1st head pair includes a servo signal
read time Tr, position error calculation time Te¢, and servo data write-in
judgment time Tj. Consequently, the it will arise a time phase difference
between the servo patterns used positioning by the 1st head pair 1H and the
write-in servo patterns by the 2nd head pair 2H, at least due to the position
error calculation time Tc, and the servo data write-in judgment time Tj. The
delay time is around 15-20 microseconds. However, even if the phase
difference arises in the servo patterns corresponding to each heads, it does
not become a problem since each of surfaces facing the first head pair 1H and
the second head pair 2H are respectively independent from the others. In

essence, it should keep a regular interval for the servo sector intervals on

each surfaces of a disk.
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On the contrary, if both of head positioning operation and
servo pattern writing operation are performed by using the first head pair
1H only, it becomes difficult to keep the constant servo sector interval since
the phase difference will occur in the same surface of a disk side. In order to
keep a constant servo sector interval by using the first head pair 1H only,
after passing through the processing time required for positioning operation
by the read head 1R, it needs to write-in dummy servo patterns
corresponding to the phase difference by the write head 1W. Further, after
writing the dummy servo patterns, it needs to carry out positioning
operation by read head 1R. After then, actual servo patterns are written by
write head 1W. Such operations are very complicated. Moreover, since such
dummy servo patterns is not required for a magnetic disk apparatus, they
must be eliminated after completing the servo patterns writing operations.

Thus, it takes excessive operation time.

According to the embodiment consistent with the invention, as
illustrated in Figure 8, the first head pair 1H and the second head pair 2H
alternately performs servo patterns read operation and servo patterns
writing operations. Thus, the transcript of servo patterns is independently
performed on each surface sides of a disk.

For example, after when the first read 1R completes the reading operation of
the servo pattern 1RSP1 at a reference position on the upper surface, the
second write head alternately perform the servo pattern writing operation on
the lower surface of the disk 10 during servo pattern write operation capable

time PT which begins after a judgment delay time DTj.

Thus, first, a head positioning of read head 1R is performed

based on reference servo pattern 1RSP1 written in the upper surface of disk
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10, and a servo pattern postscript operation by write head 2W is performed
on the lower surface of the disk. Next, head positioning is performed by read
head 2R based on servo pattern already written the backside surface on disk
10, and a servo pattern postscript operation of by write head 1W is
performed on the upper surface of disk 10. Thus, both of head pairs perform
alternately reading and writing operations. Consequently, even if time phase
differences occur between the servo patterns used for head positioning and
the recorded servo patterns, it does not become a problem. Moreover, it does
not need to generate excessive operations, such as dummy servo patterns.
Basically, the servo pattern writing operation on an opposite surface of the
disk 10 may carry out at any time as long as the judgment delay time DTj.
Figure 8 illustrates that the servo pattern writing operations are alternately

performed by the write head 1W and the write which are preliminarily

shifted in a position of 1/2 servo sector.

Figure 9 illustrates the alternately postscript operation viewed
from a section of disk 10. Here, in case of postscript operation by write head
1W and 2W, each write heads are shifted in 1/4 pitch interval with each
other along a radius direction so as to realize the postscript of 1/2 pitch servo
pattern on both surfaces of the disk 10. In Figure, RP1H indicates a
reference position of the first head pair 1H and RP2H shows a reference

position of the second head pair 2H.

With reference to Figures 10-12, another embodiment
consistent with the invention is explained. In this embodiment, as illustrated
in Figure 10, disk 10 includes preliminarily recorded reference servo
patterns (SP) and reference clock patterns (CP) on one surface of the disk 10.

Here, as shown in Figure 11, reference servo pattern (SP) and reference clock
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pattern (CP) are alternately recorded on an upper surface 1S of disk 10 in a
rotational direction RD of the disk 10.

As shown in Figure 12, firstly, servo controller 72 reads out
reference servo signals from the corresponding reference servo pattern (SP)
through the first read head 1R (step S1). Based on the reproduced servo data
from the read out reference servo signals a head position of the first read
head 1R is judged (step S2). Next, by using the position of the first read head
1R as reference, positioning control of the second write head 2W is carried
out in a target position on the corresponding undersurface 2S of disk 10. In
practical, as shown in Figure 2, the second write head 2W is positioned by
moving a rotary actuator in 1/4 pitch outer direction of the disk. Namely, as
shown in Figure 9, the servo controller 72 seeks a relative position relation
(RP1H, RP2H) between the write head 2W on the back surface 2S and the
upper surface 1S based on reference servo pattern SP read from the upper
surface 1S of disk 10. Then, the controller 72 controls positioning of the write
head 2W on a target position by calculating an error of the corresponding

relative position relation (RP1H, RP2H).

On the other hand, servo controller 72 determines accurate
timing of writing position along the rotation direction RD of disk 10 based on
reference clock patterns read out by read head 1R (step S4). In accordance
with the write-in timing, servo controller 72 executes writing of reference
servo pattern SP on a target position in the back surface of the disk 10 by the
second write head 2W (step S5). In practically, as shown in Figure 11B,
reference servo patterns SP are copied on the undersurface 2S of disk10. In
this case, the copied reference servo patterns SP are written in a counter

position to the recorded reference clock patterns CP on the upper surface 1S.

-23 -



F110%G8' () -/ 109%C& () - - GLOYGE () - OOPr PPQPQOXY: / 10GTLO%<& () -
9109%& ()-10%& ()-gF F 10%& ()- 10%& ()-F f10%& ()- 10GQQRRSUUUaB7/ 10G
10<I : 10%<& () -! % 10%<& ()- $MO%& ()-y 10%& ()- mO¥%& ()-Y

109%<&' () - UUUWKXX2[ N/ 10G 10<I 3GLO%Z& ()- | ml0%&Z& ()-& 109&& ()-Y

“109@& ()-109@& ()- 10< 10<2[]1]11]1]%ad-\:

Further, servo controller 72 writes in reference clock patterns
CP between servo patterns of back surface 2S of disk 10 by the second write
head 2W. (step S6). Thus, as shown in Figure 11C, reference clock
patterns CP are copied on the undersurface 25 of disk10. In this case,
reference clock patterns CP are copied at the counter positions of the

recorded reference servo patterns SP on the upper surface 1S.

When reference servo patterns SP and reference clock patterns
CP are copied on both surfaces of disk 1 0 (step S7, YES), the servo controller
performs alternately writing the servo patterns SP and clock patterns CP on
both surfaces of disk 10 (step S8). That is, based on the reference servo
patterns SP and reference clock patterns CP read by second read head 2R,
servo patterns SP and clock patterns CP are written by first write head I1W
on upper surface 1S of disk10. Moreover, servo patterns SP and clock
patterns CP are written on the under surface 2S by second write head 2W,
based on reference servo patterns SP and reference clock patterns CP which
are read by first read head 1R. Newly written clock patterns CP are used in .
order to adjust timing in bit unit between the already written servo patterns
SP and the postscript servo patterns SP. By using these clock patterns CP,
the write positions of servo patterns and clock patterns along the rotation

direction RD of disk 10 are determined.

According this embodiment of this self-servo writing method
consistent with the invention, it becomes possible to write servo data on both
surfaces of disk 10 by the disk drive 100 itself, with preliminarily writing
reference servo patterns SP and reference clock patterns CP on several tens
to several hundreds tracks of on one surface of disk. The clock patterns CP
(including reference patterns) on the disk 10 are overwritten on data sector

(user data) on the data tracks.
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In this embodiment, it needs to preliminarily write reference
servo patterns SP and reference clock patterns CP on several tens to several
hundreds tracks before performing self-servo writing operation. However, it
takes only several ten seconds to several minutes for writing on a surface per
disk. Further according to the self-servo writing method of this embodiment,
servo data can be accurately written by the head element in the drive
apparatus itself, since the positioning control of write head and setting-up of
write timings along the rotation direction are performed by using the
preliminarily recorded reference servo patterns SP and reference clock

patterns CP on the disk 10.

According to this embodiment, during the writing operation of
servo patterns on the disk, an appropriate write position can be determined
based on the indispensable relative position error of head elements and a
disk surface, and the servo writing operation can be performed by write
timing along the disk rotation direction by using the magnetic heads in the
disk drive itself. Thus, it becomes possible to realize a higher accuracy of the

servo writing operation.

As explained above, the magnetic disk apparatus 100 and
method for writing servo patterns are performed by alternately changing
servo patterns reading operation and servo patterns writing operation on
both surfaces of the disk based on the preliminarily written reference servo
pattern. Thus, the postscript writing operation of servo data can be
performed with attaching a body cover on the magnetic disk apparatus 100

under a normal environment without using clean room environment.
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Moreover, it can achieve an extensive cost improvement by
sharply reducing the number of special servo writer instrument since
reference servo patterns 110 are written only in a part of disk 10.
Furthermore, it becomes possible to prevent inaccurate servo patterns due to
accidental factors from writing in the disk 10 by permitting the servo pattern
writing operation only when the relative error between the disk 10 and write
head 1W enters within a preliminary set up limit. Thus, it is possible to
perform postscript operation of accurate servo patterns only. Furthermore,
since there is no necessity of occupying special servo writer instrument for a
long time and the postscript operation itself does not have the necessity of
carrying out within clean room, it becomes possible to reduce the

manufacture cost.
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What is claimed is:

1. Magnetic disk drive apparatus, comprising:

a disk medium having a first and a second surfaces, each including a
plurality of recording tracks, each having a certain track width, at least one
of the first and a second surfaces including a plurality of preliminarily
recorded reference servo data;

a first pair of head elements facing close to the first surface for
writing a first servo data and/or reading the reference servo data;

a second pair of head elements being located symmetrically to the
first head elements about the disk medium so as to face close to the second
surface for writing a second servo data and/or reading the reference servo
data;

a head positioner for alternately determining the first and second
head position for data writing on the respective surfaces by calculating a first
relative position between the second head elements and the second surface
based on the reference servo data or the second servo data read by the second
head elements, and by calculating a second relative posifion between the
first head elements and the first surface based on the reference servo data or
the first servo data read by the first head elements;

a head mover for alternately carrying the first or second head
elements to the data writing position on the respective surfaces determined
by the head positioner; and

a servo data writing controller for controlling the respective servo
data writing on the respective data writing positions in the respective

surfaces by the respective head elements.

2. The magnetic disk drive apparatus of claim 1, wherein:
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the first pair of head elements includes a first write head for writing
the first servo data, and a first read head for reading the reference servo data
or the first servo data;

the second pair of head elements includes a second write head for
writing the second servo data, and a second read head for reading the
reference servo data or the second servo data;

the head positioner alternately determines the data writing
positions on each of the first and second surfaces by calculating a first
relative position between the second read head and the second face based on
the reference servo data or the second servo data read by the second read
head, and by calculating a second relative position between the first read
head and the first face based on the reference servo data or the first servo

data read by the first read head.

3. The magnetic disk drive apparatus of claim 2, wherein:

each of the first and second read heads is located at an inner position
along a radius direction of the disk so as to apart from each of the first and
second write heads by at least more than the track width during operation;

the head positioner successively determines the data writing
position of the respective write heads at an outer position along the radius

direction of the disk.

4. The magnetic disk drive apparatus of claim 2, wherein:

each of the first and second read heads is located at an outer position
along a radius direction of the disk so as to apart from each of the first and
second write heads by at least more than the track width during operation;

the head positioner successively determines the data writing
position of the respective write heads at an inner position along the radius

direction of the disk.
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5. The magnetic disk drive apparatus of any one of the preceding claims, wherein:
the servo data writing controller prohibits the servo data writing
operation by the first or second head elements when the first or second
relative position calculated by the head positioner excesses a predetermined

value.

6. Magnetic disk drive apparatus, comprising:

a disk medium including a first and a second data recording surfaces,
at least one of surfaces having reference data area in which reference servo
data for determining a writing position along a radius direction and
reference clock patterns for determining a writing timing along a rotational
direction are preliminarily recorded:

a first and second pair of magnetic head elements for performing
data read/write operations on the respective surfaces of the disk medium;
and

a controller for controlling servo data writing operation in a
predetermined area of the respective surfaces by using the reference servo
data and the reference clock pattern read by the magnetic head elements
facing to the respective surfaces during a servo writing process; wherein:

the controller includes:

a positioning controller for determining a writing position of the
servo data along a radius direction of the disk medium by using the reference
servo data; and

a writing controller for determining a writing timing of the servo
data along a rotational direction of the disk medium by using the reference

clock patterns.

7. The magnetic disk drive apparatus of claim 6, wherein:
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the first pair of magnetic head elements facing to the first surface
includes a first read head and a first write head, and the second pair of
magnetic head elements facing to the second surface includes a second read
head and a second write head;
the controller determi;les the writing position of the second write
.head by using the reference servo data read through the first read head and
the writing timing by using the reference clock pattern read by the first read
head; and
the controller performs writing process of the reference servo data
and the reference clock patterns on the second surface of the disk medium by

the second write head.

8. The magnetic disk drive apparatus of claim 6, wherein:

the first pair of magnetic head elements facing to the first surface
includes a first read head and a first write head, and the second pair of
magnetic head elements facing to the second surface includes a second read
head and a second write head;

the controller performs a copying process of the reference servo data
and the reference clock pattern through the second write head by using the
reference servo data and the reference clock pattern read by the first read
head; and

the controller alternately performs the servo data writing operations
on the first and second surfaces of the disk medium by alternately
controlling the first write head and the second write head by using the

reference servo data and the reference clock pattern recorded by the copying

process.

9. The magnetic disk drive apparatus of claim 6, 7 or 8, wherein:
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the controller writes the servo data on a surface opposite to a surface

having a recorded area of the reference clock pattern.

10.  The magnetic disk drive apparatus of any one of claims 6 to 9, wherein:

each of the first pair of magnetic head elements includes a read head

and a write head mounted on a slider; and

. tile read head and the write head are located substantially parallel

to each other along a radius direction of the disk so as to have a certain

distance between them.

11. A method for writing servo data in a magnetic disk drive

apparatus including a disk medium including a first and a second surfaces,

each of the surfaces having a plurality of recording tracks and a plurality of

preliminary recorded reference servo data, each of the recording tracks

having a certain track width; a first pair of head elements facing close to the

first surface for writing servo data and reading the reference servo data; and

a second pair of head elements being located symmetrically to the first head

elements about the disk medium so as to face close to the second surface for

writing servo data and reading the reference servo data;

the method comprising-

writing a first servo data on the first face by the first head elements;

reading the reference servo data or the first written servo data by

the first head elements;

writing a second servo data on the second face by the second head

elements;

reading the reference servo data or the second written servo data by

the second head elenients;
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calculating a second relative position between the first head

elements and the first surface based on the reference servo data or the first
servo data read by the first head elements;

determining the second head position for data writing on the second
surfaces; and

alternately carrying the first or second head elements to the

determined data writing position on the respective surfaces.

12.The method for writing servo data of claim 11, further including:
prohibiting the servo data writing operation by the first and second
head elements if the calculated relative position excesses a predetermined

value.

13. A method for writing servo data in a magnetic disk drive
apparatus including a disk medium including a first and a second data
recording surfaces, each surfaces having reference data area in which
reference servo data for determining a writing position along a radius
direction and reference clock patterns for determining a writing timing along
a rotational direction are preliminary recorded and a first and second pair of
magnetic head elements for performing data read/write operations on the
respective surfaces of the disk medium; the method comprising:

reading the reference servo data and the reference clock pattern by

the first read head facing the first surface of the disk medium;
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determining a writing position in the second surface by using the
reference servo data read through the first read head;
 determining a writing timing of the second write head by using the
reference clock pattern read through the first read head; and
writing the reference servo data and the reference clock pattern on

the second surface of the disk medium by the second write head.

14. The method for writing servo data of claim 13, further
comprising:

alternately writing the servo data on each of the first and second
surfaces of the disk medium by the second and first write heads, respectively,

by using the reference servo data and the reference clock pattern.

15. The method for writing servo data of claim 13, wherein:
the writing the servo data is performed on a surface opposite to a

surface having a recorded area of the reference clock pattern.

16. The method for writing servo data of claim 13, wherein:

the writing the servo data on the second surface of the disk is
performed by using the reference servo data and the reference clock pattern
read through the first read head; and

the writing the servo data on the first surface of the disk is
performed by using the reference servo data and the reference clock pattern

read through the second read head.
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