;e3e\W \SL6 TV} Servo Information Wite Method, Servo Control Method,
Data Storage Device, and Program [Detailed Description of the Invention]
[ 0001] The present invention relates to a servo information wite nethod,
servo control nethod, data storage device, and programf st or age

medi um and nmore particularly to a seryo information sel {I@M@M’m’mm&)d
servo control nethod, data storage device, and program Art]
Hard di sk drives, which are widely used as a data storage deusxs+ f or
conputers and |i ke devices, include a nagnetic head for reading user data
stored on a 41 nfbifiallol ki P HSEhoAR! 8P0b0CARERERCHBENSK. The
magnetic head I's nmounte n %g:actuaﬁpr.t af 1s Rl ated by a VEM (voice
coil notor). When the g?ﬂ:&i GFELF rEFEr aﬂqtérsos.ﬁaé? data, the actuator
is driven to nove the nmagnetic head to a specific track (target track) for
posi tioning purposes. Magnetic head positioning control is exercised in
accordance with servo information stored on a magnetic disk to nove the
magnetic Head to a specified position. In line with recording density

i mpr ovenenDe tet Tedli Bdschripeton ed£agesl Invéweton] years have begun to use an
2 MR (magnetoresi stive) head, GWR (giant magnetoresistive) head, or other
magnet or esj®00VE devi ce, which produces a magnetoresistive effect, as a
read-only read head, and a transducer induction head as a wite-only wite
head. These two heads, which constitute a conposite magnetic head, are
nmounted on the same support called a slider, but positioned at a

predeterm ned di stPhe epifessheativeitdn relates to a servo

infofmation write method, servo control method, data
storage devide, and program for a storage medium, and more
part;cularly to a servo information self-write method,
'sefvo control method, data storage device, and program.
[0002]
[Prior Art]

Hard disk drives, which are widely used as a data
storage device for computérs and like devices, include a
magnetic head for reading user data stored on a magnetic
disk or writing user data onto a magnetic disk. The
magnetic head is mounted on an actuator that is oscillated
by a VCM (voice coil motor). When the magnetic head reads
or writes user data, the actuator is driven to move the
magnetic head to a specific track (target track) for
positioning purpoées. Magnetic head positioning control is
exercised in accordance with servo information stored on a
magnetic disk to move the magnetic head to a specified
position. In line with recording density improvement, hard

disk drives released in recent years have begun to use an

RO
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The slider is mounted on the actuator. [0003] A plurality of data tracks
are concentrically formed on a hard disk or other nmagnetic disk. Further
servo tracks, which store identification information and burst patterns
bef orehand, are formed in the radial direction of a nmagnetic disk. The

af orenenti oned servo information conprises the identification information
and burst patterns. The identification i“formation indicates the track
address of a data track. The identification information acquired by the
read head is used to determ ne the data track on which the read head or

wite headMRs(mpaghetonedisAsvbhenbuast GHRL {gLARL ﬁaﬁhefakissxseivtaw st
pattern rows, which differ in signal storage area phase, are enployed so

that varioweadj gorl otheragegneeapealstaveansptcal WhxeH pPaaingsi gtervals
and in the radial direction of a magnetic disk. In accordance wth a signal

(PES: posimagietoresistges! éffb@t,iésgsngéaaEany F8garRada, anfcad
dependi ng on the burst patterns, the deviation of the read heag or wite

head from thens@ager tasactisnknsas 48 é%ﬁf{:édonii?oﬂfltéhﬁeé&tVO
information is witten onto a magnetic disk in a nanufacturing process that

is perfornpgessi oot ReRakd ¢hikndtiongtskiuprER! céﬁﬁgsﬁftad\h\%ﬁ{t‘l% Hbaa

accurate read/wite of user data; the servo inforimtion, serves 'as

the ref er eq6€, moeRESAt n PENSCEMMA Bhyp¥Ft L EEM e £ORVEDL 4P by @ dedi cated
device cal l.ed an STW(servo track MWI?EF) was used to wite sérvo

i nf or mat | OBo O LoRedBEECAT fréaskermifeSTHY YELLES BLEN Cehlh O5ERELON ONtO a

magnetic disk while controlling the feed pitch (wite position 1n the

radial di r-ﬂ@éi9n1@éra1§&68§ﬁ'tsddbﬁkihefaét@@%'ﬁti c head (wite head) for
witing servo data at a track pitch (distance between the centers of

adj acent tr@eds) and the timng with which servo information is to be
witten (wite position in the circunferential direction of a nmagnetic

di sk). A known nethoglhfalseytséndasbs FBAORE  rdedshsed EfcRiigh is to

determine the absolute position of the magnetic head (wite head) by
pressing afpkindd P A0RaREtaise eptYREF RAgNEE£E 1@ MagRetigeead is
nmounted. A known nethod for setting the servo data wite timng 1s to wite

cl ock dat sse@iw® tiecles| ewhcleas Bbré NEdenfifPENCLoE fhAsrhYtHSh Ndhd
dedi cated cl ock head and use the witten clock data as the reference cl ock.

[0005] Hoviewest pdietetes ObetbLeliROAe 4B hpskmd@kAs the NELEESRIY tO Wite
clock data onto a magnetic disk with the clock head or press the push pin

agai nst t hdlwvettibdwrof |4 m@gnstidadisbwe hpndl L Skemkn VEoEE OSetvo DE
uncovered for a servo information wite. Therefore, the use of the above

met hods i MhofSesmat L@steompirDFed hefhe t h@e el F0ch T Ok "Bl A idEe Lpst be
performed within a clean room Under these circunstances, the inventors of

t he presertursivepdtoerps opoRieel Bdekt hoicd ©f o el f £ gl ¢h SBiYOca£EHr mati on
self-wite wthout using the aforenentioned cl ock head or push pin (refer
t o Patent Dueutmeatk 19ddidss @f opodzath netdckl. meles idewobSidd€eiéw Wite
servo information onto a nagnetic di sk outside a clean room and w t hout
havi ng to inmtoeatidre dequicedkbyrtive.read head is used to determine

the data track on which the read head or write head is

positioned. As the burst patterns, a plurality of burst

pattern rows, which differ in signal storage area phase,

are employed so that various signal sforage areas are

arranged at fixed spacing intervals and in the radial

direction of a magnetic disk. In accordance with a signal

(PES: position error signal) that 1s generated by the read



[ 0006] [ Patent Document 1] Japanese Patent Laid Open No. 2002-8331 [0007]

[ Problens to be Sol ved by the Invention] For servo information wite

pur poses, the self servo wite nethod disclosed by Patent Docunent 1 wites
a special servo pattern, which is called a propagation 5 pattern, onto a
data track in addition to servo information, and reads such a propagation
pattern to exercise servo control. Howevar, propagation-pattern-based servo
control differs from conmon servo control for a hard di sk drive. Processing
required for propagation-pattern-based servo control cannot be conpleted by

using a hahead slepemding lozr thidDEnrand pfftetiis;r @pe0asgsaBdoHNbk) thdi It in
-~ a hard disk drive as well as software. In general, it is necessary to

connect anr8ad/ blead iox daditeahedd Fremsehe taryetWiatq BPHcR’ e4hded Wth a
power ful processor and software. [0008] The present invention is nmade to
sol ve the Udetegtiedy technical problens, and has for its object to performa
self servo wite by using the hardware included in a data storage device
while no pgooen] is stored in a disk-type storage nmedium It is a further
object of the present invention to enhance the head positioning control

accuracy. [0009] [Meanseh®o SalFvirhatiba E%OQkQQEEnTBﬁtBrﬁsﬁﬁénéﬂisnt'On

proposes positioning a magnetic head and performng a se rvo wite in
accordanceawsknia semaduFacteiiny bibeBsaNthali $K- h¥PLoshARAPE: JRILYM

i nstead of a propagation pattern witten on
hard disk drive shipment as a product. For an accurate
read/write of user data, the servo information, which
serves as the reference, needs to be accurately written.
Conventionally, a dedicated device called an STW (servo
track writer) was used to write servo information onto a
magnetic disk. The STW writes servo information onto a
magnetic disk while controlling the feed pitch (write
position in the radial direction of a magnetic disk) of a
magnetic head (write head) for writing servo data at a
track pitch (distance between the centers of adjacent
tracks) and the timing with which servo information is to
be written (write position in the circumferential direction
of a magnetic disk). A known method for setting the
magnetic head's feed pitch is to determine the absolute
position of the magnetic head (write head) by pressing a
push pin against the actuator on which the magnetic head is

mounted. A known method for setting the servo data write

timing is to write clock data onto the outer area of the



6 a disk-type storage nmedium The present invention also proposes enhancing
the head positioning accuracy by making corrections in accordance with the
propagation pattern. Mre specifically, the servo information wite mnethod
of the present invention conprises two steps. The first step positions an
actuator on which a conposite head containing a read head and a wite head
is mounted while the actuator is in contéact with a crash stop, and causes
the wite head to wite a servo pattern and a propagation pattern onto a

di sk-type storage nmedium The second step is performed, when the servo
pattern w imagnetdic tdiesklibsk tuging teordgH ot o lyek head idr kerd tern be
detected by the read head, in order to position the wite head by neans of
servo cont Matitteredlock datietar ttde sfardgmid eyloogknd cause the wite head
to further wite a servo pattern and a propagation pattern onto the

di sk-type dt@0&fge nedi um [0010] The first step for the above servo
information wite nethod varies the anmount of current flowto a drive notor
for the actuator whHdwevers aeuats®r dfS the GYOVRC meMdHdas kRkesaghk stop. The
second step causes the read head to detect the propagation pattern witten
on the di siecgssaryormgermsdi whowkd datd ewits> Emappetiiconiek WAepihke head
in accordance with the detected propagation pattern. [0011] The above
servo i nf orimickohead toxr patesed the psh AP EHgERsithens! aRtabtdet.er figni ng a
feed pitch for witing a trigger pattern onto the disk-type storage nmedi um
The servo meamsmahiadin tirel hardeidick Aiiivee he@dEP oS e WA oYeeRd0kor a
determning a wite tinme interval between the instant at which the read
head det ecissrvioe infioggart ipat Warites i There@oriehe thies kiskype $her agevaedi um
and the instant at which the wite head wites the next trigger pattern
onto the dimeithpds dmposgs mediestriftdon ithatt ithe iseirebvahréenatfbaati on
step uses a read/wite offset which is the distance between the read head
and wite wWxdde augtcbesperfioemedaditbda tocdenackroble time difference
between trigger patterns witten onto radially adjacent tracks of the

di sk-type storage Wademmtheselz2lirtumstancesi,ntheminiventorist eemephhod of the
present invention wites servo information onto a disk-type storage nedi um
by using absesposi taveeiddovoptrapoised a meailodegdrapdrBovmihg Beadrvdhi s
servo information wite nmethod conprises the step of witing, by the wite
head, a triigformpiionr self-varte pdtheun, uadidgatheopsgatinentpahédrn ont o
the di sk-type storage nedium and the step of detecting, by the read head,
t he servo gdeckr headi prepush phe dirsferrype SateageDoedmantang. poshisoni ng
the wite head at the next 8 wite position in accordance with the

det ect ed s@FeEogatt methofhimgkeer is pobeibdei tn write setrhod furt her
conprises the step of detecting, by the read head, the propagation pattern
witten oninfermpstonypatet ar mgonpddicudisknduteddecti ofjeaherpomi ah@n of the
wite head in accordance with the detected propagation pattern. The trigger
pattern an¥i$Bpy§ paviesntarunpeves ®het hendi diskadpbseti on i nformation
storage area of the disk-type storage nedium and the propagation pattern
is to be wlPPPEA into a data storage area of the disk-type storage medi um

[Patent Document 1]

Japanese Patent Laid Open No. 2002-8331

[0007]
[Problems to be Solved by the Invention]
For servo information write purposes, the self
servo write method disclosed by Patent Document 1 writes a

special servo pattern, which is called a propagation



[0013] Further, the present invention proposes adjusting the servo
information wite position and wite timng by using a trigger pattern
witten on a disk-type storage nmedium Mre specifically, the servo
information wite nethod of the present invention wites servo information
onto a di sk-type storage nedium by using a conposite head containing a read
head and a wite head. This servo informgtion wite nmethod conprises the
step of witing, by the wite head, a trigger pattern onto the disk-type
storage nedium and the step of determning a wite tine interval between

t he i nst antpadtteatn clonte a etatdctrhalet bt sddbedén i YgesePd t Biformatien, on
the di sk-type storage nedium 9 and the instant at which the wite head
wites the anktreadsygarchpat tparopayatd drh@atitder e ededcdge Fdvien The
wite time interval determ nation step for the above servo information
wite methhedntaes.a read/ wite offset between the read head and wite head.
Further, the wite tine interval determ nation step causes the read head to

detect the tine di fHoreareas [priomeyatiiorggeit tedin-Vase dVsieriven coniteonadi al |y
adj acent tracks of the disk-type storage nedium [0014] The present

i nventi on @liffeusofaes coioroldem® idom el tfoana Bhra Geak keadeand a
wite head with increased accuracy by establishing the correl ation between
a posi ti on Paroows s3ingn alequaliedh fior Piopated 1o -patdiera -based SeRdbt ern, and
the positions of the read head and wite head. Mre specifically, the servo

,' control netcemtrell tdahnpite RN iconplRte® byP Aiinig0dS hardOdBek tenkteddler
containing a read head and a wite head at a specified position on a

di sk-type HHDCIgante tPUM (miktirdpieices sdo @i tebad tCaRPE hasdl Wl skt eps.
The first step causes the read head to detect a servo pattern witten on

the di sk-t yird vel @sagelIe@suBoftharsacorg Heperadnvakt $sangesiska®y t8rror
signal of the detected servo pattern into a physical position on the

di sk-type stomnegd apdiStW that 1@ Heditededd tat ap skdf tBevabayretschra
control nmethod uses a read/wite offset which is the di stance between the

read head provildedwiitth laepodwekfullh@rodetisors andndogt®areauses the wite
head to wite a neasurenent pattern at a position other than the position
for the sedw®08dttern on the disk-type storage nedium causes the read head
to detect a profile of the measurenent pattern witten on the disk-type
storage nedi um andhlei peasiends inkentdloat iienmaide et weawet hReposition error
signal and the read head position in accordance with the detected
measur enentfopegodmng. te@hbilcalhprobdtlemst, onade hdevifoe atst bBjpeesent
i nvention
perform a self servo write by using the hardware included
in a data storage device while no pattern is stored in a
‘disk-type storage medium.
It is a further object of the present invention to
enhance the head positioning control accuracy.
[0009]
[Means for Solving the Problems]
The present invention proposes positioning a
magnetic head and performing a self servo write in

accordance with a servo pattern written on a disk-type

storage medium instead of a propagation pattern written on



conprises two servo first nmeans. The first servo wite neans positions an
actuator on which a conposite head containing a read head and a wite head
is nounted while the actuator is in contact with a crash stop, and causes
the wite head to wite a servo pattern and a propagation pattern onto a
di sk-type storage nedium The second servo wite neans positions, when the
servo pattern witten on the disk-type stéorage nedium by the wite head can
be detected by the read head, the wite head by nmeans of servo control
based on the detected servo pattern and causes the wite head to further
wite a serydisktiype stbrage opabiimon Tied tresemt oliventiak-4v@e St or age
medi um 11 This data storage device further conprises a correction neans.
Wi | e the supesesranhancing neeehead Wod i pol e racoRfdd e by aitk fag
propagation pattern, the correction neans causes the read head to detect

t he propagatemreqizianey ninvaddardancd helth Sthe Rfoprd dd s Hot tdprand
corrects the position of the wite head in accordance with the detected

propagation patt er Mored G cifhircaldlys, Sty agervieimfomiativh Mesent
invention al so conprises a wite nmeans for causing the wite head to wite

a trigger pettherd aftthe pliederity ihvmiiiRge dBirBe AR AQigy M n@gdd on
nmeans for determning a wite tinme interval between the instant at which

the read hefidrsetsys ddw tidggen RRItERITOMI WL d honficdatle/ Bp a3l OF age
medi um and the instant at which the wite head wites the next trigger

pattern ontaoritteelrdirek -4 wead Ay aned Wit adla ayrinpibitea @ane of the
above data storage device uses a read/wite offset between the read head

and wite Hidwd adwatvar ig Hirs ciaitaidd Raitiom RIEh GHGIES dnlte dRaddhead to
detect the tinme difference between trigger patterns witten onto radially

adj acent t ridek snmiftet heeadi Ho W td @ agawe PatBerdrlO@hd Fpridpigatiildm data
storage device of the present invention conprises a disk-type storage
nedi um whi gatitern bhteos diskedype &torages Al uNNaheARGdOnAYisdag With a
surface storing a servo pattern, a read head which is positioned soO as to
be capabl e i peefidbinmed,hevhesr \thep alelraron patt te@hY eiriidit enOlonC ¥MeEEighd a
position error signal of the servo pattern read by the read head into a
physi cal pdyipel ertomagehmediishn bypehet erdge MedidlGanaheé deteriteq beyr for
controlling the position of the read head in accordance with the conversion
resul t prodbeedead hieadcorivenrder Toe palsitd ofatthes waidge hdad & mekhier
conprises a wite head which is positioned at a predeterm ned di stance from
the read hedd semyousen tiro lwbiatsedd ana thiet dettee tdids lseype photegd amdi um The
wite head also wites the servo pattern. The read head consists of a
magnet or esicauisge tey wed tewheadas ot fanhietre wirdde @oBeirsbs pafttarhr angdycer
i nducti on devi ce.

propagation pattern onto the disk-type storage medium.

[0010]

The first step for the above servo information
write method varies the amount of current flow to a drive
motor for the actuator while the actuator is in contact
ﬁith the crash stop. The second step causes the read head
to detect the propagation pattern written on the disk-type
storage medium and corrects the position of the write head
in accordance with the detected propagation pattern.

[0011]



[0018] Furthernore, the present invention provides a programthat

i npl ements the functions for perform ng various steps of the prevent

i nvention descri bed above. [0019] [Mode for Carrying out the Invention] The
enbodi ments of the present invention will now be described in detail with

reference to the acconpanyi ng draw ngs. 13 FIG 1 is a block diagramthat
illustrates major conponents of a hard disk drive 1. FIG 2 is a top view
that illustrates the najor conponents of the hard disk drive 1. The hard

disk drive 1 includes a magnetic disk 2, a spindle notor 3; a nagnetic head
4, an actuator 5, ahéCMUYoitd GRISA |1nFraat %n M@ ‘i’rfét‘ﬁ?fd %ufgzh%c
Ifier . a

(digital/analog converter) 8, a crash stop 9, a preanpl

read/wite @Wﬁl@eﬁkh@%wmﬁﬂ&"nﬁ%ﬁ Qg nféaféléi &&’]\ﬁ%& ?ﬁﬁ%i@lﬂ di sk

controller) 13, a ROM (read-only nenory) m access

menory) 15, adld.dg%rcgéﬂﬂ.@ﬁﬁ oHtd e HRGKLI VR & | ol .| Kgpdevice,

whi ch is not shown. t hough one or nore units of t magnet1c di'sk 2 are

i nstal |l ed asmeededEorh RIS i I it of the
magnetic disk 2 is ionstasﬁoéldsﬁ%%Zg% Wi | euﬁﬁé{ét%@ﬁ@lg% ri%\li}g l%qie?

oper ating, dfhQetRanainitglias krd teVHiGh ii§1t§§%‘$la%e% 'et%]‘%%glﬁﬁgtt%ﬂgggr 3

medium is driven to rotate around a spindle axis o "€ o
Wien the hamd ol Yheldredd hedadl HRlteRS HhieEri! ic di st ops
rotating (cones to a standstill).?A plurgligy t agﬁgrgO%gigt%n on

concent ri calhley d@KIRYpAN st o+ WlgbA G dQhunt Q%a”%’éef:ﬂf%t%sck at: wﬁ#rr;)}/lhﬁég .

plurality of position information storage areas are radi a

the radi al wdiir@Chie@a Hriile TRINGkE ‘Eﬁgg%gsgﬁt%eﬁof%% %Saﬁigﬁ-are

formed in the remaining 14 regions. on i nformation Storage

areas 21 st9pe SeoragenielThiy.onhedvelifer tihm ot hBhOGEREA LY LI e

tracks 20 are shown in FIG 2. In rea ity, however, nmany trac

formed in Ghep adedl adireadl/wed tal ot FRGASLHC 1di %hezdig%hﬁgr beElFen?
shows three position information storage areas 21 and the data storage

areas 22, whickeatengasd hnaneeie! ¥ean, !t Baarealkiedn thiaf LRl H204stgr age
areas. Inreality, however, many position information storage areas 21 and

dat a st or agetaceaghd?2 tame hQEEEthGetB%th@@haqukbﬁﬁtbg@tggnghﬁrﬂﬁggﬁtiC
disk 2. The position information storage areas 21 and data storage areas 22

will be desatbbeddiaties najeebat! tr&@ﬁ%1bfThﬁe”EQ§i‘:Ut9p€e§@o?abé mount ed at
the end of the actuator 5 in such a manner that it is properly positioned
relative tmedhamfront and back surfaces of the magnetic disk 2. In the
present enbodi nent, the front and back surfaces of the magnetic disk 2
serve as tleogkqrage surfaces. 'The nmagnetic head 4 is a conposite head,
whi ch contains a wite head Wfor witing data onto the magnetic disk 2 and
a read head R for rhadssgvdaiarbrmatiba wegest metHbakod tfbepreagdnbead R
al so reads the servo information stored on the nagnetic disk 2. The wite
head W al sénwentéent weisesveernboiiEbimatOB8hoohke ARENEKL EyfbSKtdrage
described later. The wite head Whas a wite head width

medium by using a composite head containing a read head and

a write head. This servo information write method

. comprises the step of writing, by the write head, a trigger
pattern, a servo pattern, and a propagation pattern onto
the disk-type storage medium, and the step of detecting, by
the read head, the servo pattern written on the disk-type

storage medium and positioning the write head at the next




15 WN The read head R is positioned closer to the center of the magnetic
disk 2 than the wite head W The read head width WR of the read head Ris
narrower than the wite head width WW More specifically, the read head R
and the wite head Ware positioned at a predeterm ned di stance from each
ot her. The distance between the w dthw se center of the read head R and the
w dt hwi se center of the wite head Wis %eferred to as the read/wite

of fset (RWffset). In the present enbodirment, a transducer induction type
head is used as the wite head Wand a GVR (gi ant nmagnetoresistive) head is
used as themriaad At Rn A%, R dREthAead 1R e MR (TP I6% Stive) head,
a TMR (tunneling nmagnetoresistive) head, or other magnetoresistive device
may be useg{drdygpd of a GVR head. In the hard disk drive 1, the position
of the read head R or the wite head Wcan be determ ned when the read head

R of the magnetic head & idinfiih MU HdGRE Whshd the posi tion

informati on storage areas 21 of the nmagnetic magneti c

head 4 d ' etd dial di i f
read 4 and dpudbiuP g SOy B ARSI ol el s ecti on o
surt ace of iR odhe b 0 YL A1 SEE o motR bR

center of the nmagneticdis y preventing t e

coll 19110 ik oSty i PR 0BRSS o 3 B Bce |

consists, for instance, of a ar to I chan

applied. Fyytfheroned deﬁ:%t@&ﬁ?g?ﬁ%‘@@tiio% %%stitteirglr]ed Rl §i egitegreggg rét%t(‘} ic

disk 2. Wiile the magnetic I's not “driveén, this ra

posi ti on ! RARHeYQipat QY alrleBol S TRARTELC 1dlkak 225933l The act uat or

5 is driven by the VCM 6. It can therefore be 5ai 6 drives

the magnet ij6 %A t4onT 3¢ oYdYed aG QIS ?@}&?ﬂ&%ﬁé-i%%e%t%\éﬁé < 309 13m ,

per manent magnet - based st at or. en the rive supp

predet er m ReE Q%%r%&Bp%%akgﬁgpﬁhkt%QﬂrqgniBt%% ehietead 14he0 ETF% gessary,

as the VCM current 'lvcny, nmover I's driven to nove of stop the magnetic
head 4, Whb@@rb%enBE@%egfoQh%hﬁigﬁL% %rsﬁorgégrm%ﬁﬁgﬁggnEt'c di sk 2.
a

[ 0024] The read/wite channel 11 perforns a rea ata wite process.
More speci fliggalslyy, the read/wite channel 11 receives wite data that is
transferred froma conputer (not shown) via the HDC 13, converts the

recei ved wite dat gubr@nhar i ithd %&‘é%@lnt( %%ﬁgggn 4%'(13%88' 5@;%@%% ite

signal to the wite head Wof the nmagnetic accor h the

wite ourrebe seh@onthireriatd ol Wrles pbae+dahaaRal rlihe g@ﬂ?ﬁéi Byl sk 2.

Meanwhi l e, the read signal read fromthe magnetic dis ad head R
of 17 using a trigger pattern written on a disk-type storage

medium.

More specifically, the servo information write
method of the present invention writes servo information
onto a disk-type storage medium by using a composite head
containing a read head and a write head. This servo
information write method comprises the step of writing, by
the write head, a trigger pattern onto the disk-type
storage medium, and the step of determining a write time
interval between the instant at which the read head detects

the trigger pattern written on the disk-type storage medium



the magnetic head 4 is anplified by the preanplifier 10, converted to
digital data by the read/wite channel il, and output to the conputer (not
shown) via the HDC 13. The digital data contains the servo information. The
read/ wite channel 11 incorporates a high-precision clock 11la, which can be
used as a tiner. [0025] The HDC 13 is capable of interfacing wth the hard
disk drive 1. Thanks to its interfacing function, the HDC 13 receives wite
data, which is transferred fromthe conpUter (not shown), and transfers the
received wite data to the read/wite channel 11. The HDC 13 al so receives

read data (e &:h%ati?ls't%fncﬁr LiAilbn WRICh 1t el WBRY §iiRe sl %gu{ng%tz cad/urite

channel 11, and transfers t e recei ved réa

Fromhe ooEidoer Btretht ot nd HuaRetvps SMIRAS Redliltl (Corvo "
hard sk drive 1 TBS Hgﬂ%gpa%ﬁ%%? ST gt Be T80, SReb0 fotother |t he
Uter o ot o DeYES shed AnE et o R HAS nIRHBE, b2aR®3) %ﬂ?v‘v%ﬁ%ﬁt’zu

|nterprets and execute§ a progiram !

d h h d t

sgt \Fj:)ml Et?thﬁa?t%F%g%t rg%squr#gd%ﬁgg g%lgcﬂ} \fﬁ'tfgh%% g:te uf l"\glir'ld E}Et puts a
d t t h t he DAC 8 d th

The devi at Ve ts tife’ AhebloaTodREL LR HERYoR F%&Pnﬁéﬁéﬁﬁct Ba88%; RBAR: no

t t | t

netructi ot %%tf%&et%@ﬁgﬁw?ﬁ‘ets%ezve%céeeat%a e 424 9BPe BN 353538 o

|nfornat|ogrhstegagnpg Egﬁi ﬁg agadcgﬁgf %ggFgﬁg%e%bﬁtaﬁé r@X The DAC 8

receives the speed contro B®head R of
the magnetigg head 4 gﬂverts t he speed control value to an anal og signal
(vol tage slgna?§ outputs the anal og signal to the VCM driver 7. The
VCM dri ver qelves the voltage signal fromthe DAC 8, converts the

vol t age S|gnaﬁ to a drive current, and supplies the drive current to the

VCM 6. [0027] FIG‘Tﬁe r@geﬁ@|@nggt¥hﬁmﬁggpepggﬁogggnﬁggi E?ilons Lorage

-area 21 and a data storage area €t he

magnetic digk;2sefleo gfgrgasathg phb8 GrElo? gogttghgggcgggg'galtﬁ

formed in the radial _direction o fe magne

rhouat ! Piegithony @E@agtg‘s@sre@;.efaé??ggt%aat%aztgttgsgﬁt BraLEISH,

tracks 20. of$or éggnal, which is obtained by reading a servo pattern,
and the positions of the read head and write head.

More specifically, the servo control method of the

present invention positions a composite head containing a
read head and a write head at a specified position on a
disk-type storage medium. This servo control method
comprises two steps. The first step causes the read head
to detect a servo pattern written on the disk-type storage
medium. The second step converts a position error signal
of the detected servo pattern into a physical position on

the disk-type storage medium.



regards tracks 20A and 20E, however, only their halves are shown. [0028]
Wthin a position infornmati on storage area 21, a trigger pattern storage
area TPA and a product servo storage area PSA are fornmed in the
circunferential direction of the magnetic disk 2. The trigger pattern
storage area TPA stores a trigger pattern, which is used to create an
accurate time signal for adjusting the sjgnal phases of tracks during a
self servo wite described later. This area stores a cycle pattern called a
“sync" pattern and a fixed sync mark, which is not a periodic signal. The
sync mark is capablihofselasiidlisiby B! it Gl dba R ddd GRS RAS "
From upstreamto downstreamin the circunferential direction o e
magnet i ¢ digdes? a LAt d YrERG tWiglidh o & V%!ﬁvpra area PSA
are a first unoccupi ec%[ area Gl, a serﬂ\}ghrr&rh{ tg{eo%igsteta}rcreea eae'??%‘&
identificatddy iHEA "Bid Yhd SS 1ﬁ:’"t‘i12§ge ea SA byrst pattern
storage area BP, and a seconiﬁlrji\r%cg%%’dgd g‘r ea ! [%]Seﬁ?élads& & mar k
storage aregg | Ryl 1S MY raduc 0. stqrage .area PSA stores
a servo rrark"?%ast V{:Hndimcaitstees l{e{yéfl;:teog?ﬁﬂit%g%o%"eza%gu\ére@“()en% é%gitw &t &ea. The
identificatdgy 45 P Jd orage ar 20 identification
i nf or mat i onﬂthat uses f‘g?ﬁ‘?"c&g’% é%fgqﬁigéb?%’%&%&fe FV% BAtdieER &M he
address of g d Gk -AYhe &l U t t St ar BP stores a
burst pattern, Ichi's usegzra%ggr Iﬂ%gg'l |'or?%(;%(§tnet%:oheo%retaa%§hﬁ§g’na&q c head 4.
As shown i iydldat 3 grldd il t ists of four burst pattern rows
A-D, which contain signg1%£?%}§%% g%ggggggh%%% %%?5%% w&?ﬁ%ﬁ@b&“a& xed
spaci ng i ntgrMAlSdd s dordhtla 1% e Gk f S .+.ahd g%ffer L n._signa
st orage area phgég% BursFg%ébggyﬁhLo%édgagﬁﬁagﬁg%g a& é&?ngbapbf phase
with each @di&feerBYist o % C 180 degrees out of
phase with eacheeot her . utritsttq'.oglate%\éq?)r]f F%%g'ag tgg@ %rh%ré: % ees out of
phase wi th a6k j0Neh AHMRdartle WAHCYRECHRLER G nddd AR S8C0Nd
unoccupi ed ‘area & are furnished as extra areas to provi de 5 rgin for a
trigger patgagige/dpurst pattern wite. [0030] For the hard disk drive 1
according to the present enbodi nent, servo information is witten onto the
magnetic difglp1sby a self servo wite nethod when all conponents are
conpl etely assenbled into the hard disk drive 1 during its manufacturing
process. The progr aRef @atalshotaye! he¥ELU0 o ithe b e%%ﬁ%ng@fg%E§h6hand 'n
shown) an

the ROM 14 or transferred from an external device (i'not stored in

the RAM 15cop@dlkes t4b BkBvotfiitsd fkd hargn@'kg%%Eag%ngaw§ng Servo

wite process that is perforned by the _ar'd I'sk drive I according to the
present e“h@%h@eﬁbsikﬂohﬁeaﬁa%@t@?gﬁrdﬁhv@hicﬂfatQ%mEBQE%@thgg§Od'nEnt’ the
ea

read/ wite of fset RWwffset (see F 2) exists between the r head R and

the wite hﬁ@ﬂamhiﬁheheE@ha,hhaarﬁnhsaaariE%ahEadWHEC?ﬁhh%eheéﬁﬁﬁéad R

cannot read the servo information that is witten by e wite head Wat an

initial stage altaatelf isenocshithet #SthuahcPaLRIsEBS,Cas8, chligedet hod for
writing new servo information without reading the servo information witten

on the magneel erditek hdaids teoardicBahedewybhphite et Rad Eobrw?hbhﬂﬂoﬂemlservo
information while reading the servo information witten on thé magnetic

di sk 2 for pelteepur pase af apekteypengtaragel meaium. W rhe. sb@8Rdl sEkyst. the
track pitch for the servo information to
write means positions, when the servo pattern written on
the disk-type storage medium by the write head can be
detected by the read head, the write head by means of servo
control based on the detected servo pattern and causes the

write head to further write a servo pattern and a

propagation pattern onto the disk-type storage medium.



be witten into a position information stage area 21 of the nmagnetic disk 2
is determned (step S101). Next, the wite tinme difference between trigger
patterns to be witten into a trigger pattern storage area TPA within the
position informati on storage area 21 of the nmagnetic disk 2 is determ ned
(step S102). Subsequently, a trigger pattern, a servo pattern, and a
propagation pattern are witten into a track of the nmagnetic disk 2 in
accordance with the control of the VCM current flow the VCM 6 (step S103).
The servo 22 pattern and propagation pattern wlll be described later in

detail. Step S104 ifh0prdd¥drast drhdd v eI ! hnilid] Lan be

exercised using the witten servo pattern. If servo coritrol cannot be

exer ci sed, dd¥eréMidimddrdV I SIS {1 Fetond Frdd §E e eer%l{.r?mﬁi[ ng to

wite a trigger pattern, servo pattern, and propagati on pat 50033] I f,

cont ol ed T ¥ rsiad HH Rt M BT ior el L 5 1< ena

controlled so that the servo pattern wi gn

by the T eath iRk dif ridfn <P RN RN G AP G0 TS Jdd gger pattern,

servo pattern, and propagation pattern-are en writ % he magneti c

di sk 2 in aacfAaicon ontraql opgrafi.Qn that is performed to
posi tion the magnetic I%A}fﬁﬁ?%ﬁggld%%hﬁ %?‘ggra:&r?c:ee Yird é“eldglé’d“ servo
pattern (stfy S ect c RSt t rea R reads, the
propagation patter r?cwrénttti%nlb(??lt ie%%rrg)gﬁgt e S g‘et%?ag‘d’r PEFCTIRNSSosi ti on
of the magREitf fikAGeh ddd . ep S106 is perforned to
check whet her the nuﬁ%er of ??%@%%BE%PH i%ﬁeg&Vﬁite is conpleted is equa
to an integgyoygy tiple of a predetermned integer Ncal plus Noffs. [0034]
23 I f the above nunber of tracks is not equal to an integer nultiple of the

predeterm ned integgle Medla RHtdtd fhﬁv%%%egfs{gé_%}e%%E%PEER%?ﬁﬁ_?$60k

whet her a trigger pattern/servo pattern/propagati on pattern S

conpl et ed fyalsa dynﬁfi@.ts‘aerﬁﬂan%i@é”ﬂ%ﬁn%f f‘b?ra%éilag.hfg $Hen w%i\grglnﬁ‘ﬂ%ﬁas I%:3)0'[

conpl eted, the control flowreturns to step t hereby to

performa tiggela Rl Sk a nLp gat,l.qn n wdite. If, on
t he ot her hand, tahe att?(;g\%e \?\)/r%'it;%rpsto?:%%plaepgg?c ggr?erlsgggggepf“gg&élgﬁ'ng st eps

comes to a%n%ﬂ@:db&erhﬁ%aﬁﬁggeheghstEg%kﬁeEQEmgﬂﬁﬁpe% W&E&glkipgonpleted Is

equal to an integer multiple of a predetermne ger pl'us Nof fs,

PES | i near ijhnyt e&#a1b baktiyadn $hef fiﬁ%‘tﬁﬂt‘“‘a‘thggxggﬁa%%e%% B%Sheﬁ%ft(efssﬁg FIG

15), and the control flow returns to step upon conpl et1ron 0

cal i brati orhelhg i4Rlese HQEE%nr%E&%%%Bt%ntQﬁenﬁqgﬁétggﬁf%?%E?g%h&%Fﬁuge

corresponds to the read/ wite offset RWffset.

descri bed lagigertnien 198tk alt0QB3LnThRe! {998’ nRAk! %ﬂlt%gr ¥fle next
pattern/ propagation pattern wite will now be described with reference to

FIG 5. Fl@riggehopataesht 'éﬁftiooﬂh‘éhaﬁ'.gkff-E%{Bgegteéhb@r Reaidf vo_patterns,
and propagation patterns are already witien in tracks 20A to 20D, and then

the wite head W The determination means of the above data storage

device uses a read/write offset between the read head and
write head. Further, this determination means causes the
read head to detect the time difference between trigger
patterns written onto radially adjacent tracks of the disk-
type storage medium.
[0017]

Further, the data storage device of the present

invention comprises a disk-type storage medium which is



24 wites a trigger pattern, servo pattern, and propagation pattern in the
next track 20E while the read head R reads the servo patterns witten in
tracks 20 (this sequence corresponds to step S105). As is obvious fromthe
figure, the propagation patterns PO P7 are witten in a data storage area
22 and not in a position information storage area 21. Therefore, the
propagation patterns PO P7 are overwitt by subsequently witten data. It
nmeans that they are erased before actual use. In the present enbodi nent,
the read head R reads burst pattern rows Ato D, which are witten in a
burst patt { It i head Wis
controll ede%('gbt %@?fmﬂg?a%q seﬁ‘%]/g“%?f‘%%?q{r? c%%‘gg%\,&evsﬁilh?the si gnal
(PES: positd i I t 2; ut put s cor dance
sWPFdcd Btor d ddidlo (aéégﬁi, IﬁgﬁE%qFﬁ§¥aaEg%h%P

with a pattern. In a selt” servo wi t*%bodi nent ,
part of a TG el Bl e M ARG GF R Br R Bhe et UpobRE Farhous A
o sagr eomort Fa BELEE 40k TN b I o e die Ao e 1

o7 escr i bea Ty LR than dead bk, The oad nead ke weieal the rack
G 1o ent " LU o e el R A il 470 o el oy can
Thi & pr ocesi o fe Pind ), RN 1ol e Y] Rodt B e SlRnas ary
From a ser v it il sl Rt € Bolihiend Gl U3, BodhsRy 1o (e

present enbodi nent, foservo wite is performed. while servo control is
exer ci sed maki ng usTeI?eo%eJaovt?ursat AT ﬁgetv%cs? ?&1&&\9@& COMRFI S5 3 ol

bef - oot f trol i id d

Lo & convent o i peshU A $beTSuba 3 e e AN e s
a_convert _ | | : i

Dt Lorn: 1 1 TR s Mol ity BRI APl B 5o, B L he naro

di sk drive o ean g et ddd e f HD 339 P%%V%lw g thLer feogsgea Lhe

processing capacity requirements for a“se servo wité can VSt i ed by

t he hard dipsgq:gglinv.e 7N ly.éialdt ﬂe’&d"?&n%éﬁ%ﬂgf% #é@le%%%esg& V)}ai ncr eased

ease of self servo wite is provid nconsi stency of a

| owrel i abidddeddUnie RS @42 GA41 the far. Sing a _propagation
pattern for the purpose of q;e%ancﬁr%ght%}%erapggl tiggrsv%fwr%?/tt & ¥ Ey [ 0037]
26 The i ndij{Hal1cH eRs,1¥e .t he above process will now be described in
detail.

[0018]

Furthermore, the present invention provides a
program that implements the functions for performing
various steps of the prevent invention described above.
[0019]

[Mode for Carrying out the Invention]

The embodiments of the present invéntion will now

be described in detail with reference to the accompanying

drawings.



First of all, step S101, that is, the process for determ ning the track
pitch (feed pitch) for the servo information (including a trigger pattern)
to be witten into a position information storage area 21 of the nagnetic
disk 2 will be described in detail. FIG 6 is a flowhart illustrating the
process that is performed to determne the track pitch. First, the VCM
current lvemflows to the VCM 6 so as tgqprovide a constant actuator speed,
and then the magnetic head 4 (actuator 5) is |oaded fromthe ranp (not
shown) to the magnetic disk 2 and, at the sanme tinme, noved toward the crash
stop 9 (step S201). en, (87 Y S consi derably
| arge current val uglpn'n:} (%Jt]é%p%gyg%j dti(;%%ta#“o%gga&r &g'g'ﬂﬁs#%ag:aSUMPrS agai nst
t he crash r it 13QkEN ghetl eqd 4 (wite head W,
Somboeret o2 M M B 8e 0 Fre” e 1 e on

whi ch i's nount on the en e actuator 5, 'in‘a“’s

hunber N 1 orRy Adaihatas® cHRORSOE, Sombofientls b8° HBR0ResH el s203).

dot ef mi nat a4 duase SPRERsh ARR abtnelinere Hemersc, Al the
oo wri t o 2 SRATI, Hasd" 3 pBOhSeae” BIAR G ARABEEERSRE! Bnce JEM t ho
read the alsPESLEeOT TREBEI Breh B, A8 FEn Touro DACS 83985037 SreaeR. st ep
2ol ude: SPOURE St Can o SAShaBreR Bor & PFESRIGEIBF Aressi oo, [ 009)
ctep S207 FeARLvrdrRoqianned ay o PY, ThBrSpebBeRRe BRt B dducn

step S207 1s perfor 0 sét ‘tThe'slo

current | vemat QlLvam.ldel rregt fl to_the VCM 6 is slightl
rgduced ixﬁgﬁighﬁéﬁhg}g oEsPF%E?l%%&e??heawﬁﬁye?ﬁgag'ﬂﬁg%tWépﬂfyég 4P¥en
the contro | QWi 2 Lpitial, ldelta valu
deterninedgggbgrgﬁﬁ%q%%igkﬁbggggggrﬁ%@ﬁggs Egmeegg,iFh8°P88FFSSV§iGe isto
be appropriate rected | n i th t.he resul ts .obtained | ater.
Fa Ty (o EBRoHbes 33 T8 8 doe iRl (Nt hati SBUGH SRt G« ne
magneti c di n I §.5 bt LS AN S Le tha he_read head R
ca% read n%igPépggf0%?0%§g§?%§nub&F§togugﬁ?oasﬁggg%Fsb&ﬁ%eEoPthe

read/ witejy f I [ e _propagation
bur st s:otéﬂgl?ghgaggg %?%nghcgﬁafgg)ﬁggﬁgfﬁg g%g%sigh$ﬂew§§3ﬁpggaghomn in
28 this fi euhhdi gat t r hgad R three slots (slots O
to 2) of pﬁggaggﬁgoﬁﬁbﬁﬁgt@?bP%@EFG§39§ ?agsaﬁgggaéggg'the distance(LdeIta
representspbhgogi stance over which the nmagnetic head 4 (wite head Wread
head R) noves when the VCM current lvcmis decreased by ldelta. If, on the

other hand, the reggihgagnR ﬁagdraggkta{«@@e% @rsgg{gg%};?% I;gi,c@oagation

bursts, step S208 is perforned to determne the tr n-accor dance
with the rghghkenshapskebWeghithe Lu f _fikst ropagati on
9 s RH1bHe1aMaLEAUGE 8 (gggﬁafﬁ%f,é st82do8

burst (sl ot in the exanple shown in the anpFrtude of the
third readmpagpagalsoBrhveat tbSketatei Arblifac’ 8Bl asB0NR15NoE! Fha? (D).
[0040] Next, step S209 is perforneg ?o gheck mhg?her th%ﬂégtgfn?h%d track
pitch is wsphhala mbeaerataHWEenlEhéhﬁakaaaksﬁl&EEvésloﬂéshgﬁ the proper
range, step S210 is perfornmed to adjust the ldelta value. [T, for instance,
the track bpéﬁhtiﬁggreﬁéemaQHQﬁi&héiﬁﬁpﬁrsfbﬁbtron@iﬁQeFEQmégt{hng I'S

decreased. If the track pitch is smaller than the lower Imt, the Idelta

setting isstanasesed).Af heplhdelieyvet ueradkyShoeate EbRc¥htigchead W
erases the witten propagati on bursts while the actuator 5 noves toward the

crash stopf8rhmetiepnSd1linrfdbe 60NtHhel mhgRVLI1BEALER Y NSPEPLRELP £202 and
determ nes the track pitch by perform ng the above procedure again.

plurality of position information storage areas 21 are

radially formed in the radial direction of the magnetic

disk 2. Data storage areas 22 are formed in the remaining



29 If the track pitch is within the proper range, step S212 is perfornmed to
determne the Idelta value as well as the current value loffset, which is
necessary for noving the actuator 5 by a distance equivalent to the

read/ wite of fset RWffset over the magnetic disk 2. The wite head Wthen
erases the witten propagation bursts while the actuator 5 noves toward the
crash stop 9 (step S213). A ' series of jgrocessing steps i s now conpl et ed.
The above Idelta value and |offset value are stored in the RAM 15. [0041]
Step 5102, that is, the process for determning a trigger pattern wite

e iy creaggonsl | MO fos L0 | Mbinb ORI dvard (P adkdd IP Here |

flowcharts ustrating the process for determning the trigger

wite tinme gefder eRESrm? : td Vi ' [ S o | max,
flows to the VCM 6 (stnéiﬂs%la)“?&]gontd t gibt;écﬁaotforﬁ??fsqmsﬂmoﬂn'gl f/tﬁ%olr%ssed

against ! hetiFgen siais %6 0l difotPSid IFb L N2 MaANGld 1D hotdldd € head

W, which is mounted on the end of the actuator at a’s 'her

position omaihe FRLEES i £0 di e ry K ' of i»s sel ected
(step S302), lgﬁd the wite %;a%rvlelw iqine?r{ar %%alpﬁ%%&n 0otﬂtﬂohecyl i nder

o cliates B! AU T G Bt 10

circular surface of the magnetic S I nto ect equa

30 S303). Tk iaga 0RO R |l el e DRSS S 2 1y

accordance wth an 1 ndex si I'S generat upon ea

the magnet iyph dhskare Mﬁdﬁ@?f Tl d e %6-9\3{#-51%9133{ élcréo%gn%rt&pattern TP1 is

started with a specifie fromindex si ion a én}epeated at

speci i ed t4t@rddd s, Unid Irdllity CHAAS | MG gpThe number of

equal sections into which the circultar surface magnetic disk 2 is

di vi ded vari@foMhdtidd G EHART alLl i:'%#qf !d‘é‘?:al'st-g}%ﬁéaera@él o gﬁ: g,lre [0042]

represents a group of contidguous trac avi ng the sanme trac

Next, the \Edhrad r&0teHd | J4C 84 ' I -, | offset
(step S304), and the 1:rl{eaglmhdéiaéc'il ?lrrxtg\%e%%?lo\é?wggg ?}agﬁ‘teéc{i%v\ﬁ:ﬁc tzr'i gélfehre

pattern TPlhds wdd tBIFortitf 1A adeRardeak Paadsd e ey isﬁ]t;o?ra o 1 gger

pattern TPl and sends the read trigger pattern signal to t ad/wite

channel 11.adds read/in i %Hieﬂbehllﬁ%%%u&?xsdg%%hi‘i‘!t put AVP (J) of
trigger pattern TP1 (J) (J = 0 to Msect - 1) and the tinme interval TPDl1 (J) -
between adj@menty trigger patterns TP1 (step S305), to check whether the

output AMP (J) and tine interval TPD1 (J) obtained by the MPU 12 are proper

(step S306). The magnetic head 4 is mounted at the end of the
actuator 5 in such a manner that it is properly positioned
relative to the front and back surfaces of the magnetic
disk 2. 1In the present embodiment, the front and back
surfaces of the magnetic disk 2 serve as the storage
surfaces. 'The magnetic head 4 is a composite head, which
contains a write head W for writing data onto the magnetic
disk 2 and a read head R for reading'data from the magnetic
disk 2. The read head R also reads the servo information
stored on the magnetic disk 2. The write head W also
writes the servo information onto the magnetic disk 2 as

described later. The write head W has a write head width



[ 0043] 31 If the obtained output AMP (J) or tinme interval TPD1 (J) is

i nproper, the magnetic head 4 (actuator 5) noves toward the crash stop 9
while erasing the trigger pattern TP1 witten on the magnetic disk (step
S307). The VCM current Ivcm which is set to Inmax, flows to the VCM 6 (step
S308), and the actuator 5 is strongly pressed agai nst the crash stop 9 so
as to position the nagnetic head 4 (wi head W, which is nounted on the
end of the actuator 5, at a specified poSition. The wite timng for
‘trigger pattern TP1 (J), that is, the delay between the instant at which

battern TP} THE HABCHeER K s B34 PILREE, RuofBr: donthe entrreotaga n
et pore| Mebabea 8SE SPRNRE' Bu®)BtkB Blacc,  Chparosdy hagd of (e
(ow retur iiaeh YR 3eT85' 28R40 heBA k. 28, pbREERes PRk Ehe Irisn BR&Gor her
the vou ou SRS i 1Bk  PREet AL BRiv, | ERe FraoReadnByesdsthenuPithe T ead
Vaiue X 1 oheen B =REopgRE1PRed, fa3) bibaStaintied: ahstanet; sopur carhed 1o
S312 i 5 peotlekaa henoiRESReEn BBt oRBate itk hRA RedoPRE sheoBaRbe pobi &1 on
Tra (%) of Tondehgpacr’ BR6, RB8 wIaERULRSRCnReT a8 BOP I TEbe(Doagi Welast o
cufer TR IBG LI Sttt LB, st w1
tine di_ffe}{’glr?cs;ég%q %‘é‘g‘ééy\é%ﬂ) . aTHE%F@'&‘é%E #EdHBW%BnﬁYE?eH‘?aQ'h%SVWi te time

ok o o R St el R Lk RELATY, BB oo Dol A5k b dbcam el the b e
heme " peheia"SeLboaLUE 06! slRhOAERaREL ! EAD ODrShaLhend e A
o st e (e BRpBaLLALLF ADRITCL o PSR e Ao I o BT ot o
5ot e g O R LB oL LU Bl LR o BB
cluster K+de(§1@ARRdRd: 1In the hard disk drive 1, the position of

the read head R or the wrife head W can be determined when

the read head R of the magnetic head 4 reads the servo

information stored in the position information storage

areas 21 of the magnetic disk 2.

[0022]

The magnetic head 4 and the actuator 5 move, as an

assembly, in the radial direction of the magnetic disk 2.

The cfash stop 9, which is mounted on a lateral surface of

the actuator 5, limits the move of the actuator 5 toward

the center of the magnetic disk 2, thereby preventing the

magnetic head 4 from colliding with a spindle or other



33 If the value K of cluster Kis 0 in step S311, step S316 is perforned to
wite TP1 (J+1) of cluster K+1. [0046] Next, the VCMcurrent Ivcmis set to
Ivem - ldelta (step S317) for the purpose of slightly decreasing the
current flowto the VCM 6. This noves the actuator 5, that is, the nagnetic
head 4 (wite head W to the next wite position. The read/wite channel 11
then detects the sync mark of each triggey pattern TP1, the wite time
interval TP1W (J+1) for the next sector is determned fromthe obtained
time interval TP1D (J) between trigger patterns, and the trigger pattern

TPL (J+1) fe¥mdiister Kl’ﬂeii |t t S:‘E}% 047] Next, step
5319 is per onﬁﬁrr%d to chec %%%}E(r}r%%eg gdl}tr%ﬁjt% i&#Sqiaﬁc]geg'ero)%paattern
f
TP1 (J) angydtif) thde it éﬂﬁg%%g@ qiﬁﬁ |acent trigger patterns
TPl are proper. If thﬂe&oﬁjbﬁ io‘#) r.%‘e?"%&;f‘i}r r?pﬁg% J) and the
time inter 2D () W%gé@nt r tferns [ 1P1 are proper,
t he cont ro?ﬁh ow r'etal]Jrl;]égﬁfo step ainéd dco%ﬁteq’ir?%%évﬂ q:erI#e '%'f cess. |If,
on the othgy v put ( ri,agen tern TP or the
time inter veﬁé% (cﬁfs}ﬁgm%tﬁawj até)een?r{atinledzglg:r hpel@)ﬁa% & e ﬂ9]lt i(di‘)jivr?ﬁ‘r'oper,
step S320 i r énggt er. the read head R_.is positiaoned at
t he outernotg}tip{exfzé?(? on ofl%cc(i]ugéé \Q%%'Lﬂoéh 1?’f‘at Zt“"l'agzé)d: I'll-’ezfd”alffpi Wb RS oned
at the out %?Hg i f cluster K, the VCM current lvcmis adjusted to
nove t he a?{ atgﬁﬁgq%%ﬁ?ﬁgt the read head Ris positioned to read the
i nner nost )ﬁ?dQB'TPl (J) of cluster K (step S321). Further, the read/wite
e

channel 11 tects the sync mark of each trigger pattern TP, the wite
ti i nt | TP1 Wiy st t t is5.d i_ned _f th

bt ai ned 11 me i nt erthl HBIBCH SatudBi e Bet il e, dd e wri te
head Wwri i +1 (st 322) . t,
Step §325 [ SRS ne (AU ST I R B i 1SS gt
Dot e TAHE N WthgidiRd o SiaL oL (T, iRt 00
S324 1 o perl oy Toott PR el BV WY IVET, I R ARROR 0w

S324 is perfornmed to select a K tin an

t t j R t.h ek 0048] | f t h
ot her " hand PRE Rt e (o ore S d, RS eRY, Ersaresll o)
bet dj j TR 1S i h d d Ri
ot posi 11 Geq oo, B! Vo Ehoxn RVERS, Y ek 1, 530 | ¢

concl uded &QaHmHQﬁdﬂqékhﬁnt%%tﬁ#gﬁeiﬁ%eﬁ%kﬁ?4 StBR R34 h%uhggﬁe%erforned

to return to a track where a defective patteri was witten Wi &r asi ng
all patterihe Botudtor &6 @Rl @nsehbane t¥eX a1 okt §p S326 is performed to
rewite the defective sector while detecting tﬁe time interval TP1D (J)
between trijggeny patterns TP1. The hard disk drive 1 then exercises servo
control to nove the read head R to.the next sector (step S327). Step S328
is performed to chagle W@%hb%&i&@eghﬁﬁﬁeﬁeqq Beb%ﬁﬁﬂg'g'ag%g §Eaﬁéﬁgﬁﬁe

where the defective sector existed. If the read hea I's not positioned at

a pl ace wheihige phoddalact 'M\b%es%%‘é&f%iaﬁ?gézigl]l%er%QH%v&?EtE' BWahfEYr NS to

step S326 and continues with the process.
11l receives write data that is transferred from a computer

(not shown) via the HDC 13, converts the received write
dgta to a write signal (current), and supplies the write
signal to the write head W of the magnetic head 4. 1In
accordance with the write current, the write head W writes
the data onto the magnetic disk 2. Meanwhile, the read

signal read from the magnetic disk 2 by the read head R of



If, on the other hand, the read head Ris positioned at a place where the
defective sector existed, step 5329 is perfornmed to check whether the read
head R can detect a trigger pattern, servo pattern, and propagation
pattern. In the drawings, a trigger pattern, servo pattern, and propagation
pattern are abbreviated respectively to TP, SP, and PP. If the read head R
cannot detect a trigger pattern, servo Egttern, or propagation pattern,
step S330 is perforned to return the read head Rto a sector where a
defective pattern was witten. TP1 (J) is detected and then witten with a

speci al del ' iffers fr rmal .delay TW. il e nmeasuring
TP1D (J). ‘I%%D i !% ea%@ %ﬁc\% {)fj'esvzﬁ"lpﬂ?géﬁg) ibr¥g t&%ﬁ’%é@%%n ]ﬁcqui red
and buffer t 1., F.nall t he read he R.i.s returned 36 to a
track wher g&ﬁ%@:ﬁg@ﬁq v%i%fe%ﬁalbré/dega Qiyeﬁ‘(estr@ﬁ%gﬁzjjt,e 51%@“?‘@@- ddnt A4 | ow
returns to 18.,.[0050] The progess for. determning the wite tine

di f f erence QE%@%E‘:S%% r“-ll’gegecfo My rfg’% Iﬁiw&/?/ Y3y &by | g:d 13-t h Théf er ence to
t he exanpl 0 in FIGS., 11 a 12. The ,trjgger patterns in FIGS. 11 and
12 are r epredziij%a\gg (irﬁy:ablcé’&tatljirns\/vﬁ:i % Sreé:é’toaﬁé‘lfjé’gﬂ‘aﬁljé’ek r &&€angl es represent
trigger patter that are witten in the current process, whereas white
rect angl es lfeeapcﬂévsrel%e tcj}ad'ﬂbﬁ’l gt HRGOTROTAL &R fe -PER LT 191y Cdwickus
process. Fl 11 .(.a) sho a state where the VCM current Ivcm which is set
to | max, flX tw(;‘jt%’ec\f'(ﬂ\&% éb'sei &S0 &5t 'y press the actuator 5 agai nst
t he crash thEE%, t hereby positioning the magnetic head 4 (read head
Rwite he 8 ,> Which is nounted on the end of the actuator 5, at a

e sequent i al |y wARS BPorth ) IARRbI Bt dpeRg Lacands AT Chsl BoTer 0.
posi 11 on A SH TG 15 s TARRS (o bt EadMHeLd SR IPEA BN Ao n RO DG
Wit ot hi & 10t eSS b MR e g tRodaaereaea S50, theger pat er n
accor dance B AR ARG CERneRE o dle: FREGAFeparFatR #PEA(T) |
2 clteter Ko arEe iepapvie cheRRlT TN S helkRC f8 Rl B Fhee iR 1ag
K var e of 2675 artn. ek, de e, spEbr¥estofl) RpiFbe Ao reppPRTseicT havi ng
o, cLuster Eotal ¥Rk R e oS o oyl LI 20 Lo, ThE
i el -delsS): Sesg onre SPEReS (R Bhbkf) D $8keRdR. G ™

receipt of a directive command or other instruction from

the computer (not shown), the HDC 13 transfers read data

(servo information) to the MPU 12.

[0026]

The MPU 12 provides control over the hard disk

drive 1. Beilng capable of functioning as a servo

controller, the MPU 12 exercises motion control over the

magnetic head 4. The MPU 12 interprets and executes a

program stored in the ROM 14. The MPU 12 determines the

position of the magnetic head 4 in accordance with the



[0052 FIG 11 (c) shows a state where the VCM current Ilvcmis adjusted to
position the actuator 5 so that the read head R reads the outernost X%
(approximately 30%in the figure) of TP1 (J) having a cluster K value of O.
Wiile this state is maintained, the read head R reads trigger pattern TP1
(J), whichis witten on cylinder CO having a cluster K value of 0. In
accordance with the detection timng of Q?e read trigger pattern TP1 (J),
trigger patterns TPl (J+1) are sequentigl y witten onto cylinder C2 having
a cluster Kvalue of 1. The tine lag d 3a is exactly the same as for
writing trigQeefe PaldSY, Rl (+J+ i j | uster val ue
of 1. Theref-oreo, Iltri gSIéirt-Iip?zIalI t%#&ﬁr(%ﬁ+ I?[Is tquIrJel Ii%\tgrﬁi}g’rﬁg%cy |agl(§leeI§‘ C1
havi ng a clyust f ] t-i. 10 fo i ti.ng.trigger
14 EHrg&o‘(ﬂIgH@:yﬁoiankg’&eté %}Aﬁetl%?tn%allurg I}Q)ra%he a n&tifg&

pattern TPI (‘J+1) ont aving a cluster KvalU eis
noad R reads Thatty FRar (2t eiordBps i ke, aARTHAR e thelcyi ng o
ont'o oyl | ngatteafingh pbdsEn R W Rbmesnty Noell %, SEHEANS ko e oy
appl§ ed i n R Rt o PR R o, B hint A pedBS R n (he

d/wit I i f fi i f t,1 b tri
a0 e RS 1SS 0 G0 R R BRI g

pattern TP

C2 havi ng. u r I f 1.l k al . Thi alue_is stored in
t he RAM 15%%0?%‘]% é@%ﬂ%ﬁ%ﬂéﬁ&@ gssI}z%Ig@ 1) eII % A& FeRf Ivemis
adjusted t 0SJ.LJ ator 5 so that the read head R reads the

i nner nost ?E%%(EIIS rn%%i?a?leﬁ%g %O%i n the figure) of TP1 (J) having a cluster
K value of 1. Wil hi J i i o b read head R reads trigger
~pattern TP1 (J), WﬁIhc q%scg\ﬁt‘?%%tdg}vorg%l CII:II]I%T %g’gredc%%ntggqhgﬁ?wﬁ'aw&lﬁgt er K

e O pie BATHY FRGP . i pAE R 12" eh gk DRGSR, L 90ST

pattern TP1 (J), "trigger patterns are sequenti wi‘tten onto

cyl i nder [ I I . [ t he trigger
pattern TICD:% ?)é'r\'}% %P%n%?tﬁ%gyﬁoxl?#ﬁc?jaﬁ'é\ﬁ rIIl:% égc%ﬁl%fa"és Rg\%glaltjle of 21is

del ayed by I t riigger r P1,.(J itt cylinder havi ng
a cluster é%\?fét%e@eo%q ftn aégb'seaélt@g%ﬁetfgt}héh%e)ggy%gédgag?@&dgot ﬁg’et Yﬁéger
pattern TPl dle M7 tten on cylinder Cl having a cluster K value of 1.
Trigger patterns TP3 (J+1) are sequentially witten onto cylinder C3 having
a cluster K value @2y f I lLa t egtion of the
read trigger patterneTPl (I]a)ﬁv'%ﬁgqgg%g?l??%qugp%?egggﬁ Fﬁ?ggﬁni%gﬁce IS
timer-cont k@ld BAUS NGRRrHs0¢hel L3 1Walgai B1HRS 1" €adLWyl c % 11.
Therefore, the tine diﬁferencg tf betwggn_t%%ggér%%afrgkggeTgﬁg?g ténq TP3
(J), whi chadige sWpp1@R PReCHriREC TSRV itRI tReClH §7 K value of 2, is a
known val ue. This value is stored in the RAM 15. [0054]

[0027]

FIG. 3 is an enlarged view of a position
information storage area 21 and a data storage area 22,
which are formed on a surface of the magnetic disk 2. The
aforementioned tracks 20 are formed concentrically formed
in the radial direction of the magnetic disk 2. These
tracks run through the position information storage areas
21 and the data storage areas 22. FIG. 3 merely shows

certaln tracks 20A-20E instead of all the tracks 20. As



FIG 12 (b) shows a state where the VCMcurrent lvcmis adjusted to
position the actuator 5 so that the read head R reads the innernpst X~
(approximately 30%in the figure) of TPl (J) having a cluster K value of 2.
Wiile this state is maintained, the read head Ris checked to deternlne_
whether it can read TP1 (J) and TP2 (J) 40, witten on cylinder C2 having
a cluster Kvalue of 1 in addition to TRl (J) and TP3 (J) witten on
cylinder C3 having a cluster K value of 2. In the exanple shown in FIG 11
(b), the read head R can read the above trigger patterns. In the state

descri bed i £ f t i ttern TP2 (J)
Gt en on ogdrag Mendd S04 IEE NG TRGIERD, |y, RS (B, e

pattern TPEHopWitten on cylinder C3 having a cluster K value of 2 is
expressed as I ndicated below m=1t2 - tl + d Wen the above expression is
nodi fi ed, tngj lowing is obtained: d = m+ tl - t2 The values tl and t2
are known. 1n addition, the tine difference mis neasurable when it is read

between the tr1 ggorBAFHE D T A PR Gt AaTASE GR By & cf uet er

2 ol uster KA APt dRE RAIC dhed o ot 4 ARl 1y ad; acont
2bove 11 o 15 5ee i ef PRI ZaiR A dhs BN T ()
witten O”Méé‘fﬁn(ﬁf&?}’é%ﬁ Iu(%zi raKvalue of 1 in addition to TP1 (J)

and TP3 (J) w1l i ! cluster K val ue of

The trigger pattern storage area TPA stores a
trigger pattern, which is used to create an accurate time
signal for adjusting the signal phases of tracks during a
self servo write described later. This area stores a cycle
pattern called a "sync" pattern and a fixed sync mark,
which is not a periodic signal. The sync mark is capable
of deciding the timing within the trigger pattern. From
upstream to downstream in the circumferential direction of
the magnetic disk 2, the areas formed within the product
servo storage area PSA are a first unoccupied area Gl, a
servo mark storage area SM, a track identification
information (servo address) storage area SA, a burst
pattern storage area BP, and a second unoccupied area G2.
[0029]

The servo mark storage area SM, which is within the
product servo storage area PSA, stores a servo mark that
indicates the beginning of a servo signal write area. The

identification information storage area SA stores



41 2, a trigger pattern wite operation is continuously perforned until the
read head R can read such trigger patterns. [0055] In the present

enbodi ment, the read/wite of fset RWffset existing between the read head R
and the wite head Wis used to determne the trigger pattern wite
position and wite timng (the wite position in the circunferential
direction and radial direction of the magnetic disk 2). Therefore, it is
not necessary to wite clock data in the outer area of the nmagnetic disk 2
by using a dedicated clock head. As a result, a self servo wite can be

per formed e t3ieqebes ofPhie Bl bACknak sagng G809 LoRe M bhoBtl PO

conpl i cated because t or use

s noor popabedy By %aQEW&bE%eCQggnﬁhdiéss[99521Fg%ﬁg BaebhaL s

the process Tor wit a fr tern, sefvo pat
QEEEGLSWPBEﬁaégﬁfgﬁg@9&%% %L%‘P?ﬂhﬁc?9%§r§§”§%9¥%§2 ﬁ“¥%¥[é§?&a%ﬁﬂér3'se|f
Control FaPBERTTubNR, cob BORARRAR, ciReEPITO8T0RE Hag0al Ly BEmfcder i bed.
ﬁéﬁg;%:EgI?E§S¥§§%?%Eé ErLé:gkh?h%9*332§§F§§r§f§éﬁaig%§[EEE§$r§§2P?£§§§g
'S401) . F“ ? Fne Pn%§§Va?'#P1@QE§E %8%&%%% Fiégﬁirsbaf?g?ne (J) is
2ﬁ2§ﬁriﬂe{ sﬁgﬁsﬁ”%&%953E5%95aé§é§?53?9%%6T§5?§}§§3?at5r%%f§aﬂ %ﬁr”Ed -
achi eved, %aﬂﬁgich&¥§F%§8505 £rhé it% insghe ro ?@E%gﬁﬁ &

and then t contro Iom1re urns

hi d, ff d, which h
%@%ﬁ%@%ﬁﬁ%%@%ﬁg&?3%%%%%%@@&6
Phe 11 m ngohePhbsil 1 HCeRER beHE Y CEhERE PECrbERtstus € {éﬁ DTHO() are
TrL () 1 s 2R8 180 Bebieek B BECbHRbe WL SARTOVRED, o ButEFOn pattern

write s PEEERLERIrblsSHCHnA Eagﬁgr95h§a?%3§§P§L@VOEV§§$% Y;ggke?g g pi tch

TP1 (J) is equivalent to a trigger pat 'n"a

?ﬁgSLbolgea?ng ;g&&évﬁkrl€lEhéé%yggégfﬁgeér&99§£dp@ﬁée£QéOJ51 (J) d“r'”g
unoccupied area G2 are furnished as extra areas to provide
a margin for a trigger pattern/burst pattern write.

[0030]

For the hard disk drive 1 according to the present
embodiment, servo information is written onto the magnetic
disk 2 by a self servo write method when all components are
completely assembled into the hard disk drive 1 during its
manufacturing process. The program for such a self servo
write 1s recorded beforehand in the ROM 14 or transferred
frdm an external device (not shown) and stored in the RAM

15.

[0031]




43 interval TP1IW (J) for the next sector are acquired and then buffered
(step S406). [0058] Next, the VCMcurrent is set to Ivem- ldelta (step
5407). Wiile this state is naintained, step S408 is perforned to check

whet her the actuator 5 is in contact with the crash stop 9. If the actuator
Sis, in contact with the crash stop 9, step S409 is perfornmed to check
whet her the read head R can detect a seryp pattern and propagation pattern
at the current position. If the read head R can detect a servo pattern and
propagation pattern, step S410 is perforned to check whether the actuator 5

[T such Servo. cont relC co bo St PGS I Hia"on Vo
Cont act i th {1 T (et se Werdtd By K et A Alve 4 o or ased
hile the SABAnG KPS SN Sbkqupli | 1 PaEE IR desred
Cannot "be SHas i R Yho ity e #dad e SRR S102 anc
witing a riEedlt NARPro. £ Dt £° S i iAo hops Soicbnt o t he
dotarl . i cRe PP AT MIb BT e e iy 2R i sPisTw e
St at o wher £ o5 B X Wbt MR AR Sl g dia e ion-dhatorkbeni onge of -
explanat] o it MPGHY WAl hdl WP ' dn UL o2 320 1234 R reacs
servo write. As such being the case, the method for

Qs

writing new servo information without reading the servo
information written on the magnetic disk 2 is coordinated
with the method for writing new servo information while
reading the servo information written on the magnetic disk
2 for the purpose of performiﬁg a self servo write.

[0032]

First, the track pitch for the servo information to
be written into a position information stage area 21 of the
magnetic disk 2 is determined (step S101). Next, the write _
time difference between trigger patterns to be written into
a'trigger pattern storage area TPA within the position
information storage area 21 of the magnetic disk 2 is
determined (step S102). Subsequently, a trigger pattern, a
servo pattern, énd a propagation pattern are written into a
track of the magnetic disk 2 in accordance with the control

of the VCM current flow the VCM 6 (step S103). The servo



the wite head Whas already witten onto the magnetic disk 2. In
accordance with the read servo pattern, the actuator is servoed (step
S501). Next, the tinme interval TP1D (J) between trigger patterns TP1 (J) is
measured in the current track (step S502). Step S503 is then performed to
check whether TPl (J) detection can be achieved. If TP (J) detection cannot
be achi eved, a defective sector is rewigden in the process shown in FIG
10 and then the control flow returns to step S502. If TP (J) detection is
achi eved, on the other hand, the tine difference. TPID (J) d, which is the

di fference i ] v ), bet n 1 ai.ned ,trigger

patterns TP1 (J a#ﬁﬁgdgﬁgﬁiﬁﬂ ?ac]:?tgtjarrl%mg’rlil'el& ?)Ie\'\n;%ee(ﬁcgp%gg;é@t T A0 set as
the timng A% TW (step S504). [0060] 45 Next, trigger patterns TPl (J)
are detected, and while the tine Interval TP1D (J) between the trigger

patterns TP1 (J) i asured,; a . trigager ttern/ seryo pattern/ propagation
pattern wite is pe%rtrfgg)r%Zi H%%l?(ﬁ#%g‘mfr?geo RRCK . e&&iegysﬁf'g’fter t he
track pitc R1 (yJ).J.S.equiV nt {9 triqgger ttern (TP) in.a wite
track (ste%oég:g)qf&l. Qﬁ?e bt%l lnéé{el n%'égr p%t?i% wﬁg‘t B SEEVEg PR SR Per ns TP
(J) during qQQv i.te as well .as the wite tinme interval TP1IW (J) for
t he next sg%?%ﬁ are%ggggpﬁegéﬂﬁ?ﬂIR§1QﬁﬁHQéﬁﬁf'(§b§p°§§66P; £3081] Next,
step S507 i for ti of .a wite tq check et her the trigger
pattern TP (':fi")ej\:rnasn(}%;3 %et%b\)/r ng)at'i gz‘qrrﬁbé’r van n(9\])%°f YritRe andxiagest or
are normal . _Lf ey are n rmal , the contrql flow returns to step S505.
I f they arg%ﬁﬁéﬁgﬁ %%ﬁ Phﬁ%gt%%P'hgﬁé;Pfﬁ@ag SPnBdEL e Re magneti c head 4
to the next @éﬁk (step S508). Step S509 is then performed to check whet her
the read héa is positioned over the magnetic disk 2. If the read head R

i t iti d h tic,.disk 2, st S510 i f dt heck

whet hera speci 1 edHuSBor Tl SERET LoRRc S6E4T RPREFOY. PR PRo Speci 1 od
nber  of | itten, the whole self it

o ocess 1 erReaeieen el S cREEAY iR 1ot SoubuBuiedion theF shet r acks

h t b [ . t K _pi.t 46 f t h t | f

Carvo i 1 8oy BeETamAClak 3Rol b e BASPRIET Bak 2 AB\zoARBY ERE now

track pitchebadiiengdgl 9h tht5?%5%§§ $R8GLG ¢4 n%g?%;rg&kggggiag%gtep

determ ned in accordance with ermned actu

AL, AnRRLTRER, SRRk PRRLCUEH- 1AM FATMALS LR BRLS- e
written onto the magnetic disk 2 in accordance with the
servo control operation that is performed to position the
magnetic head (write head W) in accordance with the read
servo pattern (step S105). In such an instance, the read
head R reads the propagation pattern written on the
magnetic disk 2 to correct the position of the magnetic
head 4 (write head W). Next, stép S106 is performed to
check whether the number of tracks for which a write is
completed is equal to an integer multiple of a

predetermined integer Ncal plus Noffs.

[0034]



normal" is a state where the AMP (J) value of the trigger pattern TPl (J)
is normal and the witten pattern is normal so that timng signal detection
is achi evable. As described earlier, the trigger pattern conprises a
periodi c signal naned "sync" and a fixed signal named "sync mark." The
trigger pattern cannot be detedted as a trigger even when such a fixed
signal portion is locally defective or a@dherwi se faulty. (0062] If the read
head R is positioned over the magnetic disk 2 in step S509, step S512 is
performed to check whether the nunmber of tracks is equal to an integer

mul tiple of a predeteriidethdvd afifbdicals Hzlx‘h%ld}pf:ﬂcss'nJc]:f téih%l”%?%t of
eterm ne Inte

tracks is not equal to an integer nmultiple of the pre ger

Ncal plus Nefteger hfa1cABIOloff 19 rﬁé&é&ﬁﬁﬁ?‘"&%’%ﬁmﬁoyﬂ es with

the process. If, on the other hand, the nunber o s Is edqual to an

integer nuiNgFEs @ftddGIEAY Y lédﬂtt%whé&@'wh%ﬁ%r taﬁgtﬂ#%; of

calibration is effected next. The value Noffs represents

tracks t hatp USRS t&gﬁ&&&&@gyﬁ&{)&&%@;‘f?&e&e {35 the integer

mul tiple of the predeterm ned I nteg or “exanple, a

setting of R I al PR det 1%%‘&3%1:.{9%‘}.‘5%& @-(‘{ah s NG %%fg't\/h%ageR s

pl aced at a,position that i's equivalent to tines e initial

is.0) the i ry NG Qﬁﬁ&g ) 4+mEh S -128 .and t he
head is nnbggﬂ?giihe JESOC|af§§k§o§F%igﬁggngpfg%%inihgkg,tg FE&8Ur enent
pattern (Mgpgiss I ﬁéﬂ&i L h h (A r._pattern,
servo pattern, a\r?(i:iietpropaggtni%gr?%&g%t gtron%rve\!ftf%%tg gi%gfﬁ%&dgﬁttgregﬂﬁs %381 t hose

for the ripaaterhaiaihgataiho padieeiy: AR Pr &&?}gg&ﬂ QR PRLHBLN a3 heP

S515). It is assunmed that the. PES val ue r witing the above neasurenent

AL e ke MBS Whdtcad WeatiBcen, | BOReTINRT oy Nk (RUOLLagL)  and

placed in the Ncal + Noffs track (step S51 e measurenent “patt .
brof i | e i s cResUted anishd { e :PERNEMRGRbeIeasUL el R LAIUKI NG track is
o]

noved stepw se (step S517). The central t he neasurenment pattern

corr espondigitg k0 i8achmITE® @S 13C dkagd +andt f epeS518).
Further, step S519 ismggrfgrned gghfﬁafévggsﬁgQﬁ%EE @h%gégigTﬁg galue DPES

| represent s preet@iriiin@d IhRBgBLCRERA’ Y1hLA" NYERW NGELNE 1 BRASYEGMENt pattern
profile and is an integer of 1 or
calibration is effected with a measurement pattern (see FIG.
15), and the control flow returns to step S107 upon
completion of the calibration. The value Noffs represents
the number of tracks that corresponds to the read/write
offset RWoffset. The calibration will be described later
in detail.
[0035]

The trigger pattern/servo pattern/propagation
pattern write will now be described with reference to FIG.
5.

FIG. 5 shows a situation where trigger patterns,

servo patterns, and propagation patterns are already

written in tracks 20A to 20D, and then the write head W



48 greater. Subsequently, step S520 is performed to check whether the val ue
WPES is greater than 128. If the value WPES i s not greater than 128, the
control flow returns to step S515 and continues with the process. If, on
the other hand, the value WPES is greater than 128, step S521 is perforned
so that P =P + 1. [0064] Next, step S522 is performed to check whether the
current calculation routine is reached fpa the second or subsequent tine.’
If the calculation routine is not reached for the second or subsequent tine
(is reached for the first tinme), the control flowdirectly returns to step

S502 and coftitdesa Wdigddie pUOESSS; ddrve pa®brd e [}gﬂﬂ%{kﬁ:eic}x{]ﬁe

calculation routine is reached for the second or subseq

WPES/ MPES rgd etd ' SIH e nd ' ' c js.recalled
fromthe bu% er (step 8523% .}El'e}hﬂela&:% %%h{i |ipé)lgtek¥é\zgeén ﬁleeaglijg }rﬁ? %ad head

R i Lhen lieaidaiad ddvaonnl danoedd h WS dKe O G aFFY RS del at onship
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r ep

for servo wite operations that are perfornmed 1n various s ‘e the

cal cul ati oRrHeD W jat 1 |k et I e | flqowreturns to step
S502. [0065] liileI%tdep gcglzféri:entl osnepy]?l?ovafa%‘é t‘ﬁ:gl@qegl, jtnhea ,g:c,aess for
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be described in detail. FIG~16 1s a

et e 1 el Sl P8, o

nmeasurenment (step S601). Next, current meas Fq%;conpared
agai nst dPERd@iriiti@nP isqbsserqaqﬁﬁr ﬁ;’rq;]_t d m ne..the val &%\PES t hat
satisfies the follomjnéﬁ%xpress on g’d |§ig%%hgﬁﬁ%3 SIS % S602) :
4PES| P (WPihiey QURFSIasdP BRIl QURRRN ud2IPE ysi cal val ue of
Nof f s remai nsJYconst antasreel ati \?e t((')a X ll\lcuzﬁwkévr\l/e%% p%r%%e@ lue itself
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represents the result of its neasurenent. ere

i i I t " Har <GB - f PL .-
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be lineari a&da E@Q@ﬁkgrvo write in accordance with the signal (PES:
position error signal) that the read head R outputs in
accordance with a pattern.

In a self servo write according to the present

embodiment, a servo information write is performed in such
a manner as to overwrite a part of a previously written
track as shown in FIG. 5. Burst pattern rows A to D are
written twice in halves so that the resulting pattern phase
disagreement may cause an amplitude error. The position
signals normally used for servo are (A - B)/(A + B) and (C
- D)/(C + D). The signal width is prescribed by the width

of the write head W and narrower than the track pitch. A

position signal (auxiliary position signal) based on a



50 In the present enbodi nent, the above process is perfornmed to ensure that
the position of the wite head Wcan be identified even within a single
burst pattern. It is therefore possible to control the position of the
magneti c head 4 (read heard RRwite head W with increased accuracy.
Particularly,. if propagation occurs in the radial direction of the
magnetic disk 2 while a self servo witesgis perfornmed using the same PES
value at all tines, the track pitch varies due to the skew of the actuator
5. It is therefore preferable that the above expressions be used to

det er mi ne g FRESNAIC4E chida tadeh mek BB oS Rudh &S RoV iﬂ@ﬁ;ﬁg@fm bgggp&%ﬁck

pitch. The above nethod for controlling the position iC head
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error signglihniag X¥s( B8 ,thgfé?g%;§ogggg%ggekﬂgegP%g%irﬁad head R and the

PES is as 1 indicate (a). re spe ica ygigng d y can be

expressed gardvhdn¢tbpnaf 8 C as indicated below. x = f(y) In the
magneti ¢ head X useg 90? t%g%grgggkggéﬁbodinent, the read head R and the

wite head[9oaeq at different positions so that the read/wite offset
RWf fset exists. Only the positions of the read head R and wite head W

within tracks are QB_EHBehS§H-d€%khﬁEﬂbetEe Egggﬁgﬁggggaggg %ggﬁég'te head

Ware actually positioned on ditferent tracks, t he end

of 2, L1 ackeABAa1nBRchoadabs coXBR 8- 300 UL beraSsHBR'hBTL Lhgybead head R

and the wite head Ware on the sane trac e resua shown in

FIG 17 (blohtreht aknedeBetelinfaksad 18890R ESbHS%gﬁSF?EegncgﬁéﬁLgsthat

position xlI, the wite head Wis at position xl. rs assu
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determ ne the position of the wite head the wi
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Wexists. method, that is, a situation where a self servo write is
performed while servo control is exercised making use of a
propagation pattern. In other words, the control system
initially possessed by the hard disk drive 1 can be used to
perform a self servo write. Therefore, the processing
capacity requirements for a self servo write can be
satisfied by the hard disk drive 1's built-in HDC 13 and
MPU 12 alone. Thus, increased ease of self servo write is
provided. Further, the inconsistency of a low-reliability
burst pattern can be compensated for by using a propagation
pattern for the purpose of enhancing the self servo write

accuracy.

[0037]



Wthin the same track, it can be said that the value Z is adequately
constant. However, its neasurenent 52 result presented bel ow does not
indicate that it is constant: z = x| - xo The value z is expressed as a
function of x. [0069] The read/wite offset RWffset varies with the radial
position over the nmagnetic disk 2. Therefore, the read/wite offset
Rwffset is Z at a different position. gy = Z - Z' Wen it is assuned that
the above expression holds true, it is obvious that Oy is constant because
the read/wite offset RWffset is adequately constant within the sane

track, Weanuhi| e, Ohe WHANvIGuAT S Y de dnd -y, is
not const ant because(?the expression c% does no?prepresm ¥ aj ght

line. [007 S | if the positional relationship shown in
FIG 17 (C?JeQ%Zts 6@?%2@% t he ??x) measurenent results that are obtained

when the read/ wi tq_;-ﬂfgt's £ %'Oé%ﬁﬂ S Y ol SYATr Y .71:]1,13 pl\@gcheesrrsat ical 1] f

-1 ( xo' ) +R =f-1 ( xo
determining the track pitch (feed pitch) for the servo

information (including a trigger pattern) to be written
into a position information storage area 21 of the magnetic
disk 2 will be described in detail. FIG. 6 is a flowchart
illustrating the process that is performed to determine the
track pitch.

First, the VCM current Ivcm flows to the VCM 6 so
as to provide a constant actuator speed, and then the
magnetic head 4 (actuator 5) is loaded frqm the ramp (not
shown) to the magnetic disk 2 and, at the same time, moved
toward the crash stop 9 (step S201). Then, the VCM current
Ivem is set to a considerably large current value imax
(step S202) to strong press the actuator 5 against the
crash stop 9, thereby positioning the magnetic head 4
(write head W), which is mounted on the end of the actuator
5, in a specified position within an inner area of the
magnetic disk 2. At the same time, the slot number N for a
propagation burst is initialized to zero (0) (step S203).
The propagation burst is a special burst pattern for use in
track pitch determination.

[0038]



53 That is, when xo' satisfying the above equation is determned for xo in
accordance with FIG 17 (c), ~x can be determ ned. Since a y-axis value
cannot be obtained, it is determ ned using an x-axis value. The val ue r(x)
for R is determned in the sane manner as for r(x). In this instance, Xxo
and xo' .satisfy the follow ng expression: xo + r(xo) - xo' + r' (xo' )
FIG 18 illustrates the above expressiopy [0073] Thus, the slope of x =
f(y) at the current position is determned fromthe ratio between dx and
Oy. [0074] [Mathematical 2] f' (Yo)=(xo'-xo0)/Dy [0075] Thus, the above

di fference equatiofyexk OR4Al HRG el RRAEIF UL T RY Yraled Rpghes x-axis

I nformation only. Therefore, when the above expression’is nodified to

gi(p][ ess 12 Q%ﬁgﬂ%@t&w E)gf)fb)l(i(%stt B9 SOl eI N B el:ih%eqjﬂ'ag[n%(?:g.@ dd et i cal
(step S204). The read/write channel 11 then exercises its
burst demodulation function (the function of the read/write
channel 11 for measuring the burst amplitude) to read the
amplitude of the written propagation burst (step S205).
Then, step S206 is performed to check whether the read head
R can confirm that the amplitude of the written propagation
burst is three or more slots.
[0039]

If the read head R cannot read three or more slots
of propagation bursts, step S207 is performed to set the
slot number N to N + 1 and the VCM current Ivcm to Ivcm -
Idelta. The current flow to the VCM 6 is slightly reduced
in this manner to slight move the write head W outward, and
then the control flow returns to step S204. The initial
Idelta value is determined according to prior experiments.
However, the Idelta value is to be appropriately corrected
in accordance with the results obtained later. FIG. 7 (a)
shows a state where propagation burst slot 0 is written on
the magnetic disk 2. 1In this state, it is understandable
that the read head R can read no slot of propagation burst
due to the existence of the read/write offset RWoffset.
FIG. 7 (b) shows a state where propagation burst slots 0 to

9 are written on the magnetic disk 2. The example shown in




[ 0077] 54 When the neasurenent result is properly processed to express
the function of x and integration is performed with respect to X, the
target function can be obtained. [0078 | [Effects of the Invention] As
descri bed above, the present invention makes it possible to performa self
servo wite by using the 'hardware of a data storage device when there is
no pattern on a disk-type storage nedi u8 Further, the present invention
can exercise head position control w th enhanced accuracy. [Bri ef
Description of the Drawings] [FIG 1] FIG 1 is a block diagramthat

i 'l ustrat estiied o 1 G IRt s i Al Sedd indad [F!'dan Ydead three
slots (slots 0 to 2) of propagation bursts. In FIGS. 7 (a)
and 7 (b), the distance Ldelta represents the distance over
which the magnetic head 4 (write head W/read head R) moves
when the VCM current Ivem is decreased by Idelta. If, on
the other hand, the read head R can read three or more
slots of propagation bursts, step S208 is performed to
determine the track pitch in accordance with the
relationship between the amplitude of the first read
propagation burst (slot 0 in the example shown in FIG. 7
(b)) and the amplitude of the third read propagation burst
(slot 2 in the example shown in FIG. 7 (b)).

[0040]

Next, step S209 is performed to check whether the
determined track pitch is within a proper range. If the
track'pitch is outside the proper range, step S210 is
performed to adjust the Idelta value. If, for instance,
the track pitch is greater than the upper limit, the Idelta
setting is decreased. If the track pitch is smaller than
the lower limit, the Idelta setting i1s increased. After
Idelta value adjustment, the write head W erases the
written propagation bursts while the actuator 5 moves
toward the crash stop 9 (step S211). The control flow then
returns to step S202 and determines the track pitch by

performing the above procedure again.



FIG 2 is a.top view that illustrates the major conponents of the hard disk
drive. [FIG 3] FIG 3 is an enlarged view of a position information
storage area and a data storage area, which are fornmed on a surface of a
magnetic disk. [FIG 4] FIG 4 is a flowhart illustrating a self servo
wite process. 55 [FIG 5] FIG 5 illustrates trigger patterns, servo
patterns, and propagation patterns that 2#e to be witten on a surface of
the magnetic disk. [FIG 6]

If the track pitch is within the proper range, step
S212 is performed to determine the Idelta value as well as
the current value Ioffset, which is nécessary for moving
the actuator 5 by a distance equivalent to the read/write
offset RWoffset over the magnetic aisk 2. The write head W
then erases the written propagation bursts while the
actuator 5 moves toward the crash stop 9 (step.8213). A

'séries of processing steps is now completed. The above
Idelta value and Ioffset value are stored in the RAM 15.
[0041]

Step S102, that is, the process for determining a
trigger pattern write time differehce will now be described
in detail. FIGS. 8 to 10 are flowchafts illustrating the
process for determining the trigger pattefn write time
difference.

First, the VCM current Ivem, which is set to Imax,
flows to the VCM 6 (step S301), and the actuator 5 is
strongly pressed against the crash stop 9 so as to position
the magnetic head 4 (write head W). which is mounted on the
end of the actuator 5, at a specified inner position on the
magnetic disk 2. Then, a cluster K setting of 0 is
selected (step S302), and the write head W writes trigger
pattern TPl onto cylinder CO whose cluster is 0 and at a

position that is obtained by dividing the circular surface

of the magnetic disk 2 into Msect equal sections (step



FIG 6 is a flowhart illustrating the process that is perforned to
determ ne the track pitch. [FIG 7] FIGS 7 (a) and 7 (b) illustrate a
state where propagation bursts are witten on the magnetic disk. [FIG 8]
FIG 8 is a flowhart illustrating the process for determning the trigger
pattern wite tine difference. [FIG 9] FIG 9 is a flowhart (continued)
illustrating the process for determ ningothe trigger,pattern wite time dif
f erence . [FIG 10] FIG 10 is a flowchart (continued) illustrating the
process for determning the trigger pattern wite tinme difference. [FIG

11] . 8303). Trigger pattern TPl is written onto the magnetic

disk 2 in accordance with an index signal that is generated
upon each revolution of the magnetic disk 2. More
specifically, the write of trigger pattern TPl is started
.with a specified delay from index signal detection and
repeated at specified time intervals until disk recording
is completed. The number of equal sections into which the
circular surface of the magnetic disk 2 is divided varies
with the target hard disk drive 1. The term "cluster"
represents a group of contiguous tracks having the same
tfack pitch.
[0042]

Next, the VCM current flow (Ivcm) to the VCM 6 is
set to Ivem - Toffset (Step S304), and the read head R

. moves to a position at which trigger pattern TPl is written.

The read head R then reads the written trigger pattern TPl
and sends the read trigger pattern signal to the read/wtite
channel 11. The read/write channel 11 measures the output
AMP (J) of trigger pattern TPl (J) (J = 0 to Msect - 1) and
the time interval TPD1 (J) between adjacent trigger
patterns TPl (step S305), to check whether the output AMP
(J) and time interval TPD1 (J) obtained by the MPU 12 are
proper (step S306).

[0043]



FIGS. 11 (a), 11 (b), and 11 (c) are diagrans illustrating the trigger
pattern wite nethod that is 56 enpl oyed during the process for
determning the trigger pattern wite tinme difference. [FIG 12] FIGS. 12
(a) and 12 (b) are diagrans (continued) illustrating the trigger pattern
wite nethod that is enployed during the process for determning the
trigger pattern wite tinme difference. [AIG 13) FIG 13 is a flowchart
illustrating a self servo wite process that is performed in accordance

with VCM current control. [FIG 14]
If the obtained output AMP (J) or time interval

TPD1 (J) is improper, the magnetic head 4 (actuator 5)
moves toward the crash stop 9 while erasing the trigger
pattern TPl written on the magnetic disk (step S307). The
VCM current Ivem, which is set to Imax, flows to the VCM 6
(step S308), and the actuator 5 1s-st;ongly pressed against
the crash stop 9 so as to position the magnetic head 4
(write head W), which.is mounted on the end of the actuator
5, at a specified position. The write timing for trigger
pattern TP1 (J), that is, the delay between the instant at
which the index signal is detected and the instant at which
the write of trigger pattern TP1 (J) starts is then changed,
and the write héad W writes again trigger pattern TP1
(trigger pattern 1) onto cylinder Co.whose cluster is 0 and
at a position that is obtained by dividing the circular
.surface of the magnetic disk 2 into Msect equal sections
(step S309). Then, the control flow returns to step S304
and continues with the process. If, on the other hand, the
obtained output AMP (J) and time interval TPD1 (J) are
proper, the VCM current Ivcem is adjusted, and the actuator
5 moves so that the read head R reads the innermost X% of
TP1 (J) of cluster K (step S310). The value X is set as
appropriate.

[0044]



FIG 14 is a flowhart illustrating a self servo wite process that is

performed in accordance with servo control. [FIG 15] FIG 15 is a
flowchart (continued) illustrating a self servo wite process that is
performed in accordance with servo control. [FIG 16] FIG 16 is a
flowchart illustrating the process for linearizing the relationship beFmeen
the PED and the read head position. [FIG2 17] = 57 FIGS. 17 (a), 17 (b"),
and 17 (c) are graphs illustrating the process for linearizing the

rel ati onship between the PED and the read head position. [FIG 18]
Next, step S311 is performed to check whether the

value K of cluster K is 0. If the value K is not 0, step
S312 1is performed with the magnetic head 4 maintained in
the same position to check whether the read head R can read
both TP2 (J) of cluster K-1 and TP3 (J) of cluster K. 1If
'the read head R can read both TP2 (J) of cluster K-1 and
TP3 (J) of cluster K, the fime difference m between TP2 (J)
of clﬁster K-1 and TP3 (J) of cluster K can be measured
(step S313). The write time inferval value TP1W is then
corrected in accordance with the measured time difference m
.(étep 3314). The process is now completed. The write time
interval TP1W is the time.interval between the instant at
which the read head R ieads a written trigger pattern and
the instant at which the write head W starts writing the
next trigger pattern.

[0045]

If, on the other hand, the read head R cannot read
both TP2 (J) of cluster K-1 and TP3 (J) of cluster K, the
read/write channel 11 detects the sync mark of each trigger
pattern TP1l, the write time interval TP1W (J+1) for the
next sector is determined from the obtained time interval
TPlD (J) between trigger patterns TPl (J), and the write
head W writes TP1 (J+1) and TP3 (J+1) into cluster K+1

(step S315).



FIG 18 is a graph (continued).illustrating the process for |inearizing the
rel ationship between the PED and the read head position. [Description of
the Synbols] 1. Hard disk drive 2: Magnetic disk 3: Spindle notor 4:
Magnetic head 5: Actuator 6: VGM7: VCM driver 8:.DAC 9: Crash stop 10:

Preanplifier 11: Read/wite channel o _ _
1la: A ock12: MPUL3: HDC14: ROML5: RAMRO: Tracks 58 21: Position information
storage area 22: Data storage area 40: Servo track 50: Data track R Read

- head : -
If the value K of cluster K is 0 in step S311, step

'+ 8316 is performed to write TPl (J+1) of cluster K+1.
[0046]

Next, the VCM current Ivem is set to Ivem - Idelta
(step S317) for the purpose of slightly decreasing the
current flow to the VCM 6. This moves the actuator 5, that
is, the magnetic head 4 (write head W) to the next write
position. The read/write channel.ll then detects the sync .
mark of each trigger pattern TP1l, the write time interval
TP1W (J+1) for the next sector is determined from the
obtained time interval TP1D (J) between trigger patterns,
and the trigger pattern TPl (J+1) for cluster K+1 is then
written (step S318). |
[0047]

Next, step S319 is performed to check whether the
output AMP (J) of trigger pattern TPl (J) and the timé
interval TP1D (J) between adjacent trigger patterns TPl are
proper. If the output AMP (J) of trigger pattern TPl (J)
and the time interval TP1D (J) between adjacent trigger
patterns TPl are proper, the control flow returns to step
5317 and continues with the process. If, on the other hand,
the output AMP (J) of trigger pattern TPl (J) or the time
interval TP1D (J) between adjacent trigger patterns TP1 is
improper, step S320 is performed to check whether the read

head R is positioned at the outermost section of cluster K.



W Wite head 59 Drawings FIG 1 7: VCM DRI VER 10: PREAMPLI FI ER 3:

SPI NDLE MOTOR 11A: CLOCK FIG 3 RADI AL DI RECTI ON Cl RCUMFERENTI AL DI RECTI ON
(DIRECTION OF MOTION) FIG 4 S101: DETERM NE THE TRACK PI TCH ' S102:

DETERM NE THE TRI GGER PATTERN WRI TE TI ME DI FFERENCE S103: WRI TE A TRI GGER
PATTERN, SERVO PATTERN, AND PROPAGATI ON PATTERN I N ACCORDANCE W TH VCM
CURRENT CONTROL S104: SERVO- CONTROLLABLE2 S105: WRI TE A TRI GGER PATTERN,
SERVO PATTERN, AND PROPAGATI ON PATTERN | N ACCORDANCE W TH SERVO CONTROL

If the read head R is positioned at the outermost section
of cluster K, the VCM current Ivcm is adjusted to move the
actuator 5 so that the read head R is positioned to read
the innermost X% of TPl (J) of cluster K (step S321).
Further, the read/write channel 11 detects the sync mark of
each trigger pattern TP1l, the write time interval TP1W
(J+1) for the next sector is determined from the obtained
time interval TP1D (J) between trigger:patterns, and the
write head W writes TPl (J+1) and TP2 (J+1) into cluster
K+1 (step S322). Next, step S323 is performed to check
whether the output AMP (J) of trigger pattern TPl (J) and
the time interval TP1D (J) between adjacent trigger
patterns TPl are proper. If the output AMP (J) of TP1 (J)
and the time interval TP1D (J) bétween adjacent trigger
patterns TP1 ére proper, step S324 is performed to select a
K setting of K +1, and the control flow returns to step
5310 and continues with the process.
[0048]

If, on the other hand, the output AMP (J) of TP1
(J) or the time interval TP1D (J) between adjacent trigger
patterns TPl is improper and the read head R is not
positioned at the outermost section of cluster K in step
5320, it is concluded that the written data is defective.
Step S325 is then performed to return to a track where a

defective pattern was written while erasing all patterns in
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ERENTTAL DI RECTI ON (DI RECTION OF MOTION) FIG 6 S201: MOVE THE
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rewrite the defective sector while detecting the time

interval TP1D (J) between trigger patterns TP1.

The hard

disk drive 1 then exercises servo control to move the read

head R to .the next sector (step S327). Step S328 is

performed to check whether the read head R is positioned at

a place where the defective sector existed. If the read

head R is not positioned at a place whether the defective -

sector existed, the control flow returns to step S326 and

continues wifh the process.
[0049]

If, on the other hand, the read head R is

positioned at a place where the defective sector existed,

step S329 is performed to check whether the read head R can

detect a trigger pattern, servo pattern, and propagation

pattern. In the drawings, a trigger pattern, servo pattern

r

and propagation pattern are abbreviated respectively to TP,

SP, and PP. If the read head R cannot detect a trigger

pattern, servo pattern, or propagation pattern, step S330

1s performed to return the read head R to a sector where a

defective pattern was written. TPl (J) is detected and

then written with a special delay TWMD, which differs from

a normal delay TW, while measuring TP1D (J). TP1D (J) and

TP1MD prevailing during a'write are then acquired and

buffered (step S331). Finally, the read head R is returned



. ERASE THE PROPAGATI ON BURSTS WHI LE MOVI NG THE MAGNETI C HEAD
(SigUATOR) TOWARD THE CRASH STOP S211: ERASE THE PROPAGATI ON BURSTS WHI LE
MOVI NG THE MAGNETI C HEAD ( ACTUATOR) TOWARD THE CRASH STOP FIG 9 (A) RADI AL
DI RECTI ON Cl RCUMFERENTI AL DIRECTION FIG 9 (B) 61 RADI AL DI RECTI ON
Cl RCUMFERENTI AL DI RECTION FIG 8 S303: WRI TE TP1, CO AT A POSI TION THAT IS
OBTAI NED BY DI VI DI NG THE Cl RCULAR DI SK SURFACE | NTO MSECT EQUAL SECTI ONS
S305: MEASURE THE AMP (J) OF WRI TTEN TP1 (J) AND THE TI ME | NTERVAL TPDL (J)
BETVWEEN TP1S (J = 0 TO Msect) S306: AMP (J) AND TPDL (J) PROPER? S307: MOVE

THE MAGNET! o HEAR-4 ACTHAER) tHe Wﬁ%ﬁ%{%@% %ﬂ?
VWRI TTEN TP1 S309: WRI TE TP1, CO

and the control flow returns to step S318.

[0050]

The process for determining the write time
difference between trigger patterns will now be described
with reference to the examples shown in FIGS. 11 and 12.
The trigger patterns in FIGS. 11 and_lz are represented by
black or white rectangles. Black rectangles represent
trigger patterns that are written in the current prdcess,
whereas white rectangles represent trigger patterns that
were written in a previous process.

FIG. 11 (a) shows a state where the VCM current
Ivem, which is set-to Imax, flows to the VCM 6 so as to
strongly press the actuator 5 against the crash stop 9,
thereby positioning the magnetic head 4 (read head R/write
head W), which is mounted on the end of the actuator 5, at
a specified position. While this state is maintained,
trigger patterns TPl are sequentially written onto cylinder
CO having a cluster K value of 0.

[0051]

FIG. 11 (b) shows a state where the VCM current
Ivem is adjusted to position the actuator 5 so that the
read head R reads the innermost X% (approximately 30% in
the figure) of TPl (J) having a cluster K value of 0.

While this state is maintained, the read head R reads
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TP2 (J+1) OF CLUSTER K+1 5323: AMP (J) AND TP1D P VEAET $8 S325:

RETURN TO Anairfel ¥HEREsfePEKE TAER E ERASI NG ALL
PATTERNS | N A DEFECTI VE SE%E%R%%%{E: EQE% %“ﬁ%%ﬁ%%:u. WHI LE

THE NEXT SECTOR S335. HEAD HEAD ok §1 ONED AR PR GEE OWERE Vi DEFECTI VE

SECTOR EXI S{Ei¥ger patterns TP1 (J+1) are sequentially written onto

cylinder Cl1 having a cluster K value of 1. 1In this
instance, there should be no time lag between the trigger
pattern TP1 (J) written on cylinder CO having a cluster K
value of 0 and the trigger pattern TP1 (J) ﬁritten on
cylinder Cl having a cluster K value of 1. In reality,
however, such a time lag d arises. -The time lag d varies
from one unit of the hard disk drive 1 to another due.to
individual differences (in terms of read/write offset
RWoffset and circuit ‘delay) among units of the hard disk
drive 1.
[0052]

FIG. 11 (c) shows a state where the VCM current
Ivgm is adjusted to position the actuator 5 so that the
read head R reads the outermost X% (approximately 30% in
the figure) of TPl (J) having a cluster K value of 0.
While this state is maintained, the read head R reads
trigger pattern TPl (J), which is written on cylinder CO
having a cluster K value of 0. In accordance with the
detection timing of the read trigger pattern TP1 (J),
trigger patterns TPl (J+1) are sequentially written onto

cylinder C2 having a cluster K value of 1. The time lag d



5329: TP, SP, AND PP DETECTABLE? S330: RETURN THE READ HEAD TO A SECTCR
WHERE A DEFECTI VE PATTERN WAS WRI TTEN S331: DETECT TP1 (J), WRI TE TP1 (J)
IN A DEFECTI VE SECTOR W TH DELAY TWVD, WHI CH DI FFERS FROM TW WHI LE

MEASURI NG TP1D (J), AND ACQU RE AND THEN BUFFER TP1D (J) AND TP1MD

PREVAI LI NG DURI NG A WRI TE S332: RETURN THE READ HEAD TO A TRACK WHERE THE
DEFECTI VE SECTOR EXISTED 63 FIG 13 S498: ADJUST |vcm TO RETURN TO THE

| NNERMOST AREA OF THE PRECEDI NG CLUSTER 5402: MEASURE TP1 (J) TIME I NTERVAL
TP1D (J) IN THE CURRENT TRACK S403: TP1 (J) DETECTABLE’> S404: SET "TP1D (J)

- D' AS Tl M &Gt ToNS4ddme DEJEﬁJrF&ll'é %(&% &t &kn Sfp1 AND PP,
W4 LE MEASURI NG TP1D (J), so THAT TW AFTER TPL (N7 1S EQUI VALENT-TO A TP I N

A VWRI TE TRAQGDAG A ﬁiFﬁ-ﬁ Jd Ry d HOR;, I S VELL AS TP1W
(J) S408: ACTUATOR I N CO\ITACT W TH THE CS? S4‘%é9r SP %\I%g %E TECTABLE?

5411: ERASHTH T T, T
S4LL ERASEHEe M TR RYGSEM - TR NG 4K 06T IR

cylinder Cl having a cluster K value of 1 with the same
timing as for writing trigger pattern TP1 (J+1) onto
cylinder C2 having a cluster K value of 1 (there is no time
lag between these two write operations). Subsequently, the
read head R reads the trigger pattern TPl (J) writfen on
cylinder CO0 having a cluster K value of O. Trigger
patterns TP2 (J+1) are sequentially written onto cylinder
Cc2 havihg a cluster K value of 1 with a predetermined delay
from the detection of the read trigger pattern TP1 (J).
The delay time applied in this instance is timer-controlled
using the clock lla within the read/write channel 11.
Therefore, the time difference tl bgtweeﬁ trigger pattern
TP1 (J) and trigger pattern TP2 (J), which are written on
cylinder C2 having a cluster K value of 1, is a known value.
This value is stored in the RAM 15.
[0053]

FIG. 12 (a) shows a state where the VCM current
Ivem is adjusted to position the actuator 5 so that the
read head R reads the innermost X% (approximately 30% in
the figure) of TPl (J) having a cluster K value of 1.
While this state is maintained, the read head R reads

trigger pattern TPl (J), which is written on cylinder Cl



I 14 S501: SERVO THE ACTUATOR W TH THE SP S502: MEASURE TP1 (J) TIME
FN$ERVAL TP1D (J) I N THE CURRENT TRACK S503: TP1-(J) DETECTABLE? S504: SET
"TP1D (J) - D' AS TIM NG DELAY TW 64 S505: DETECT TP1 (J) AND WRITE A TP,
SP, AND PP, WH LE MEASURI NG TP1D (J), SO THAT TWAFTER TP1 (J) IS
EQUI VALENT TO A TP IN A WRI TE TRACK S510: SPECI FI ED NUMBER . OF TRACKS
COVPLETELY WRTTTEN? S506: ACQUI RE AND BUFFER TP1D (J') FOR A WRITE AS WELL
AS TP1IW (J) S511: CALCULATE A NEW TRACK PI TCH FROM THE NUMBER OF WRI TTEN
TRACKS S507: TP1 (J) AND TP1D (J) NORMAL? S508: MOVE TO THE NEXT TRACK BY

MEANS OF SHRMAISHM:cIREARHIAR a RIS Jt Q\ED QVER i dRQEH G QSK?
detection timing of the read trigger pattern TP1 (J),
trigger patterns TP1 (J+1) are sequentially written onto
cylinder C3 having a cluster K value of 2. 1In this case
too, the trigger pattern TPl (J) written on cylinder C3
having a cluster K value of 2 is delayed by d from the
'trigger pattern TPl (J) written on cylinder C1 having a
cluster K value of 1. Subsequently, the read head R reads
the trigget pattern TP1 (J) written on cylinder C1 having a
cluster K value of 1. Trigger patterns TP3 (J+1) are
sequentially written onto cylinder C3 having a cluster K
_value.of 2 with a predetermined delay from the detection of
the read trigger pattern TPl (J). The delay time applied
in this instance 1s timer-controlled using the clock 1lla
within the read/write channel 11. Therefore, the time
difference t2 between trigger patterﬁs TP1 (J) and TP3 (J),
which are written on cylinder C3 having a cluster K value
of 2, is a known value. This value is stored in the RAM 15.
[0054]

FIG. 12 (b) shows a state where the VCM current
Ivem is adjusted to position the actuator 5 so that the
read head R reads the innermost X% (approximately 30% in
the figure) of TPl (J) having a cluster K value of 2.
While this state is maintained, the read head R is checked

to determine whether it can read TPl (J) and TP2 (J)



5512: TRACK COUNT EQUAL TO AN | NTEGER MULTI PLE OF Ncal PLUS Noffs? FIG 15
S513: PLACE THE READ HEAD AT A POSI TION THAT IS EQUI VALENT TO P TI MES
(I'NITIAL VALUE = 0) Ncal S515: WRITE AN MP WTH THE TI M NG DI FFERENT FROM
THOSE FOR THE TP, SP, AND PP S516: MOVE THE READ HEAD BY Noffs TO PLACE I T
IN THE Ncal + Noffs TRACK S517: MEASURE THE MP'S PROFI LE WHI LE MOVI NG THE
PES (MPES) MEASURED | N THE RESULTI NG TRATK STEPW SE S518: ACQUI RE AND
BUFFER THE CENTRAL MPES OF THE MP CORRESPONDI NG TO EACH WPES 65 Sb522:
SECOND OR: SUBSEQUENT TI ME? S523: RECALL THE PREVI QUS WPES/ MPES

RELATI ONSHIwx SR To i BRFRRRS5CA hdd %@J&RP%'J%@? i} ONSHI P
BETWEEN THE PES AND READ HEAD I N A ANCE W TH THE P / MPES

RELATI G\ISHIEHMQJHREWPMHEEY kb 'BFJ-A(TJ NFten on cylinder C3
having a cluster K value of 2. 1In the example shown in FIG.
11 (b), the read head R can read the above trigger patterns.

In the state described above, the time difference m
between the trigger patte:n TP2 (J) written on cylinder C2
having a clﬁster K value of 1 and the trigger pattern TP3
(J) written on cylinder C3 having a cluster K value of 2 is
expressed as indicated below:

m=t2 - t1 + 4

When the above expression is modified, the
following is obtained: |

d=m+ tl - t2

The values tl and t2 are known. In éddition, the
time difference m is measurable when it is read by the read
head R. Therefore, it is possible to determine the time -
lag d between the trigger pattern TPl (J) written on
cylinder 0 having a cluster K value of 0 and the trigger
pattern TPl (J) written on cylinder C1 having a cluster K
value of 1. The misalignment between circumferentially
adjacent trigger patterns on the magnetic disk 2 can be
corrected by correcting the above time lag d. If the read
head R cannot read TPl (J) and TP2 (J) written on cylinder
C2 having a cluster K value of 1 in addition to TP1 (J) and

TP3 (J) written on cylinder C3 having a cluster K value of




. DETERM NE THE PES POSI TI ONS FOR SERVO WRI TE OPERATI ONS TO BE
EEZREORNED LN VARl OUS STEPS ON THE BASI S OF THE LI NEARI ZED PES FIG 16 S601:
EXPRESS THE MPES- WPES RELATI ONSHI P FOR EACH MEASUREMENT AS | NDI CATED BELOW
APES[P] - MPES - WPES S602: COMPARE APES FOR THE CURRENT MEASUREMENT
AGAI NST OPES FOR THE PREVI OUS MEASUREMENT TO DETERM NE THE VALUE ~WPES THAT
SATI SFI ES THE FOLLOW NG EXPRESSI ON AND 148 ALONG THE WPES AXI S: OPES[ P] ( WPES
+ ~WPES) - OPES[P-1] (WES) - ~WPES S603: THE PHYSI CAL VALUE OF Noffs
REMAI NS CONSTANT RELATIVE TO P X Ncal . HOAEVER, THE VALUE | TSELF VAR ES

REPRESENTS TrE RESULT G 178 NEAGUHERERS ™ SO THe UL M ExpreSs) o
00 " (UPES pes @Rl unt AN [lag LA 5 et ALQYEERIP] o (YRS P 1])
S604: SOLVI NG THE FOLLOAN NG EXPRESSI N f ' ( = ATL999% (WPES +
OWPES/ 2) } d R rh MPES/ 2) 67 :

[o055]

In the present embodiment, the read/write offset
RWoffset existing between the read head R and the write
head W is used to'determine the trigger pattern write
position and write timing (the write position in the
Cirgumferential direction and rédial direction of the

'magnetic disk 2). Therefore, it is-not necessary to write
clock data in the outer area of the magnetic disk 2 by
using a dedicated clock head. As a result, a self servo
write can be performéd by a simpler method. Further, the
configuration will not be complicated because the clock 1lla
for use by a timing determination timer is iﬁcorporated in
the read/write channel 11.

[0056]

Step S103, that is, the process for writing a
trigger pattern, servo pattern, and propagation pattern
onto the magnetic disk 2 in accordance with VCM current
control will now be described in detail. FIG. 13 is a
flowchart illustrating a self servo write process that is
performed in accordance with VCM current control. For
convenience of explanation, step S104 will also be

described.



Clainms: 1. A servo information wite nmethod, conprising: a first step of
positioning an actuator on which a conposite head containing a read head
and a wite head is nounted while said actuator is in contact with a crash
stop, and causing the wite head to wite a servo pattern and a propagation
pattern onto a di sk-type storage nmedium and a second step of, when said
servo pattern witten on said disk-type4$torage nediumby said wite head
can be detected by said read head, positioning said wite head by neans of
servo control based on detected said servo pattern and causing said wite

head to further wiRfrstsethe® VeMt@irrae Brd Owgﬁdj@é\té@té&r%s ogg o the
di sk-type storage nedium 2, The servo information wite nmethod according

to clai m 1, reherneitheandgidtsé KéP & afd aend Nyt Afr&T§EeNpd | oW to a
drive nmotor for said actuator while the actuator is in contact wth said

crash st op.pRecddieng adMistdY Of ¢TRis s Vﬂdéﬁi”fﬁié&’dlnﬁfé?ﬂﬂé% Efpefclz?é m 1,
S propa

wherein said second step causes said read head to detect gation

pattern wigHeroXas ted qmiﬁkxawmﬁtar@%ﬁ%w@% t ¢ position
of said wite head in accordance with the detecte prgﬁggﬁfiﬁﬂ; attern.

68 4. The srom) ) NiNg#@! i1He Winle® 1M1 124GATHI (1) tﬁ%—ﬁ{eaé-r{n&:ﬁquert her

conprising the step of determning a feed pitch for witing a dber

pat fern ongaedihglinsie (e f HABREH TR TSR LA Jul o0 veite

met hod according to claim4, further conprising t ®hining a

wite time g4uzyrvalstey) W3 e thH Prhrmid @ Bt G ﬁﬁd’fﬂ’ tects.

said trigger pattern witten on said disk-type storage nedi um an he

instant at (W) &ansded qutidct faead M intee g J)h @@t 1o g_g%rnoctatqt?er n onto the

di sk-type storage medium 6, The servo information wite nmethod accordi ng

to clai m5acHiRNeid) RidbrYdtive igfRtoH 8V dlewdalll N3t itg;’éhgté%%g‘r%es a

read/ wite offset which is the di stance between said rea sai d

write headshbwnTHe FIGVLO 9 R EMenORNY idod tFB1Ned o ¢RAARS 8 Glalbm
wherein said wite time interval determ nation step causes sald read head

to detect sa®2ti mrfdihf qU9nGR theitwean ikl heaeevRatlt %h”c?h\@r iottgl%!}} RALA
radi ally adj acent tracks of said disk-type storage nedium 8. A’'Servo

i nf or mat i orther ittimemat gd redicemTiPiipNq J9erva,i RheehBlsoRnheN ke r2elbikatl YPE
storage nedi um by using a ' : _ .
between the time interval TP1D (J) between the obtained-

trigger patterns TPl (J) and the previously determined time
difference d, is set as the timing delay TW (step S5404).

[0057]

Next, trigger patterns TPl (J) are detected, and
while the time interval TP1D (J) between the trigger
patterns TPl (J) is measured, a trigger pattern/servo
pattern/propagation pattern write is performed in such a

- manner that the delay TW after the track pitch TP1 (J) is
equivalent to a trigger pattern (TP) in a write track (step
$405). The time interval TP1D (J) between trigger patterns

TP1 (J) during the above write as well as the write time



conposite head containing a read head and a wite head, the 69 servo

I nformation wite nethod conprising the steps of: witing, by said wite
head, a trigger pattern, a servo pattern, and a propagation pattern onto
said disk type storage nedium and detecting, by said read head, said servo
pattern witten on said di sk-type storage nmedi um and positioning said
wite head at the next wite position i ffaccordance with the detected servo
pattern. g, The servo information wite method according to claimS8,
further conprising the step of detecting, by said read head, said

pr opagat i oniphéteab TPiWt €M) ofios atKe Oh&kt YHECBOP 3PE HéghﬂgbdagﬂdcgﬁéﬁCting
the position of said wite head in accordance with the detected propagation

pattern. lObufifereér ysteépfo4o®fjon wite nethod according to claimS8,
wherein said trigger pattern and said servo pattern are to be witten in a

position i nf@os®}i on storage area of said disk-type storage nedium and
wherein said propagation pattern is to be witten in a data storage area of

the di sk-type StOr agsxERRENVAM - clrSEKY 0L NEQE %iﬂpcwltfdgf\%gogs S5

witing servo informati on onto disk-type storage nedi um by  Us

conposi t e hepeh FONtm %1 & fch e ark ﬁﬁﬂﬁtﬂﬁ%&, head, &h§sSELVO

I nformation wite nethod conprising the steps of:
performed to check whether the actuator 5 is in contact
with the crash stop 9. If the actuator 5 1s in contact
with the crash stop 9, step S409 is perforﬁed to check
whether the read.head R can detect a servo pattern and
propagation pattern at the current position. 1If the read
head R can detect a servo pattern and propagation pattern,
step S410 is performed to check whether the actuator 5 can
be servo—contfolled using the servo pattern and Propagation
pattern. If such servo control can be exercised, the self
servo write based on VCM current control terminates. If,
on the other hand, the actuator 5 is not in contact.with
the crash stop 9 in step S408, the written patterns are
erased while the actuator 5 returns (step S411), and the
process is resumed beginning with the Idelta measurement.
If the read head R cannot detect a servo pattern or
propagation pattern in step S409 or if servo control cannot
be exercised in step S410, the control flow returns to step
S402 and confinues with the process.

[0059]



~0 witing, by said wite head, a trigger pattern onto said disk-type
storage nediunm and determning a wite tinme interval between the instant
at which said read head detects said trigger pattern witten on said

di sk-type storage nedium and the instant at which said wite head wites
the next trigger pattern onto the disk-t%ﬁe storage nedium 12., The servo
I nformation wite nethod according to cl® m 11, wherein said wite tine

i nterval determ nation step uses a read/wite offset between said read head
and said wite head. 13. The servo information wite method according to
claim 11, wherein siiep #1Q%, tthet iig eriked pisiasss NBdi oM Bt Hpg causes sai d
read head to detect the tine difference between trigger patterns witten

onto radi alisdigghmqettermclkeemio gtk etk -dnd prdpi el o dbartedd. A servo
control nethod for positioning a conposite head containing a read head and

a wite heahtz thespegrétet phisik i DNl adcoliddnde/ WL Wask NEshissl t he
servo control nethod conprising: a first step of detecting, by said read

head, a semwddlpatdverbe Wdddeiben ignide Sk t YRIRGS! rAGhAEH Wie and a
second step of converting a position error signal of the detected servo

pattern i ntflcwqimstiscall postiddtihga SHIE Heikrd Waa 8 Yo JEAHER 15 71 15.
The servo_control nmet hod according to claim 14,
performed in accordance with servo control. FIG. 16 shows
a state where propagation patterns PO to P7 are written. |
For convenience of explanation, step S106 will also be
described. |
First, the read head R reads a servo pattern that

the write head W has already written onto the magnetic disk
2. In accordance with the réad servo_pattern, the actuator.
is servoed (step S501). Next, the time interval TPlb'(J)
between trigger patterns TPl (J) is measured in the current
track (step S502). Step S503 is then performed to check
whether TPl (J) detection can be achieved. If TP (J)
.detection cannot be achieved, a defective sector is
rewritten in the process shown in FIG. 10 and then the
control flow retu:ns to step S502. If TP (J) detection is
achieved, on the other hand, the time difference TP1D (J) -
d, which is the difference between the time interval TP1D
(J) between the obtained trigger patterns TPl (J) and the
previously determined time difference d, is set as the
timing delay TW (step S504).

[0060]



wherein said second step uses a read/wite offset which is the distance

bet ween said read head and said wite head. 16. The servo control nethod
according to claim 14, wherein said second step wites, by said wite head,
a nmeasurenent pattern at a position other than the position for said servo
pattern on said disk-type storage nedium detects, by said read head, a
profile of said neasurenent pattern wi tatsen on said di sk-type storage

medi um and linearizes the relationship between said position error signal
and the position of said read head in accordance with the detected

measur ement patter rNexit/, &ﬂ@éé’ri{%é’f@&ﬁlgei’%ﬁ%%i:og@e'&é@%%&%;;%&é Servo

Wite nmeans for positioning an actuator on a conpos

cont ai ni ng w1 PRk AR e VAP RS 1.5) Buedh VI & spidgct vator s

in contact wwth a crash stop, and causing the wi 1Y% te a servo

pattern anchtHsanagii quaié Ghdh Aiidy 2 ﬂﬁ&gﬁ%ﬁﬁ#ﬁﬁﬂsﬁlﬁmﬁ?gd 2

S.GCOI']d servo wite rrefans or, W}en ;al d’ servo .

i setyve shovean BRI GG B S S AShet o b Sald 1 ead
detect o4 sorumRban G0 AU o IR 0 AL O LU N YA o 8 0T
15, The Seicmanh 403 AHES IS, @Y I YU SO o
servo pal{ expsnd i AP AR Sl SHIAT rSad fead Lo detec

correctingqphe (ROSigu @R Pl i teshead cordance wi.th the detected
propagati on paé?grn. 199pAh§gP§€gFo&§6§%H%§iggaﬁtgﬁp P Wit hime neans

for causi ngntewkiatic TRGHd (179 Wold LLgoer tern onto.a di sk-type
storage nedium and. a deég?ninatﬁgﬁ bggﬁs%FgE% e anPﬁﬂH&IE%WPPFbt%QRa
i nterval  bpufeeredn sitpt @Bledt, Which said read head detects said trigger

pattern witten on said di sk-type storage nedium and the instant at which
said.-witefbesdjwites the next trigger pattern onto the disk-type storage
medi um
' Next, step S507 is performed at the.fime of a write
tO*check whether the trigger'pattern TPl (J) and the write
time interval TP1D (J) for the next sector are normal. If
they a;e not normal, the control flow returns to step S505.
 ;£ they are normal, on the other hand, the servo moves the
- magnetic head 4 to the next track (step S508). Step S509
is then performed to check whether the read head R is
positioned over the magnetic disk 2. If the read head R is
not positioned over the magnetic disk 2, step S510 is
| performed to check whether a specified number of tracks
have been written. If the specified number of tracks have
already been written, the whole self servo write process

terminates. If, on the other hand, the specified number of

tracks have not been written yet, the actual track pitch



20. The data storage device according to claim19, wherein said

determ nati on neans uses a read/wite offset between said read head and
said wite head. 21. The data storage device according to claim 19, wherein
sai d determ nation neans causes said read head to detect the tinme

di fference between trigger patterns witten onto radi ally adjacent tracks
of said disk-type storage nedi um 73 226 A data storage device,
conprising: a disk-type storage nediumwhich is positioned in a revol vable
manner and provided with a surface storing a servo pattern; a read head

whi ch is pofortitihedcwrast tfeDe €ped! wrofe I P8048 SRl He§CE¥SMPRLLET N A
converter for converting a position error signal of said servo pattern read

by said reasuisen! of twrt 1y St etk POSERER NI &é\b%ﬂéék‘ﬁi@@%%&&@ﬂfed
medi umy and a controller for controlling the position of” sal .
for writing the specified number of tracks is determined in
accordance with the determined actual track pitéh (step
S511), and a self servo write is performed again from the
béginning.

The state in which "the trigger pattern TP1 (J) is
normal” is a state where:the AMP (J) value of the trigger
pattern TP1 (J) is norﬁal and the written pattern is normal
so that timing signal detection is achievable. As
described eaglier, the trigger pattern comprises a periodic
signal named "SYnc” and a fixed signal named "sync mark."
.The trigger pattern cannot be detected as a frigger eVén.
when such a fixed signal portion is 1oca11y'defective or
otherwise faulty.

[0062]

If the read head R is positioned over the magnetic
disk 2 in step S509, step S512 is performed to check
whether the number of tracks is equal to an integer
multiple of a predetermined integer Ncal plus Noffs. If
the number of tracks is not equal to an integer multiple of
the predetermined integer Ncal plus Noffs, the control flow
returns to step S$502 and continues with the process. If,

on the other hand, the number of tracks is equal to an

integer multiple of the predetermined integer Ncal plus



read head in accordance with the conversion result produced by said
converter. 23. The data storage device according to claim22, further
conprising a wite head which is positioned at a predeterm ned distance
fromsaid read head and used to wite data onto said disk-type storage
medi um wherein said servo pattern is witten by said wite head. 24. The
" data storage device according to claim 227 wherein said read head consists
of a magnetoresistive device and said wite head consists of a transducer
i nducti on device. 25. A programenabling a conputer to exercise a first

function fdiofits) téalmmtiomclsisareoredioie 3 OPIPOGhIge ndbeheal

containing a read head and a wite is nounted while sald actuator is in

contact wi tieprasents Sto bERUS Norddies WAL SEALLLOAL LEoaLzer VO
pattern and a propagation pattern onto a disk-type storage nediU and a

second funateadyvwmite WEfs I RS e patger j ' i skt ype
: e e

storage nedium by said wite head can be detected

posi ti oni npreaiet emitired et dye MRS Hf1RE MNEE£ONt é;{ﬂa%,, on the detected
servo pattern and causing tt@é\/\mi te h?ad to fuér\s?'hefrr&"lwrl eepg"%'erf\‘/o pattern

and a propagsition RE Epproxiinitdls diocdy WSSl medi um 26. The

program according to claim25, further includi'ng a flunction for determ ning
a feed pitqlodem] witing said trigger pattern onto said disk-type storage
medi um 27. The program according to claim25, further including a function

for determ ning a wiirs® ! ithR IHal@ Walado gt Yee j nstant at  which said
read head detects a trigger pattern \?/ri tt\gr% g)r%tars&%iddgi gk'ﬂof&é:lﬂbr%

nediun1andi@heqhaﬁhi%hta&owbiQﬁm%QiQtWEiH%iggéﬂ.f‘%%ﬁﬁet e next.trigger
pattern onto the disk-type storage medi um . A program Enadl i a

SS[TEﬁ er t danewglti Nead f(whepl 881591 Wrhkl BEsA 1kl LBAR" (R348 11,3 S840

’ the head is moved to the associated position (step S514).
Next, a measurement pattern (MP) is written in an area
other than those for a trigger pattern, servo pattern, and
propagation pattern with the timing different from those
for the trigger pattern, servo pattern, and propagation
pattern (step S515). It is assumed that the PES value for
writing the above measurement pattern MP is WPES. The read
head R is then moved by Noffs (RWoffset) and placed in the
Ncal + Noffs track (step S516). The measurement pattern's
profile is measured while the PES (MPES) measured in the
resulting track is moved stepwise (step S517). The central
MPES of the measurement pattern corresponding to each WPES
is acquired and then buffered (step S518). Further, step
5519 is performed so that WPES = WPES + DPES. The value

DPES represents a resolution step necessary for viewing the

measurement pattern profile and is an integer of 1 or



75 and a propagation pattern onto a di sk-type storage nedium and a
function for causing said read head to detect said servo pattern witten on
sai d di sk-type storage nedium and positioning said wite head at the next
wite position in accordance with the detected servo pattern. 29. The
program according to claim28, further including a function for causing
said read head to detect said propagati@s pattern witten on said disk-type
storage nedium and correcting the position of said wite head. 30. A
program enabling a conmputer to exercise a function for causing a wite head

For detor m ni ng & w6 1 e ) nCor el The et ok reind hE Gheek 2 T cad

for determning a wite tine interval "between n
head det ectwheliet RO GRL1RAWEED U | Sai.d disk-type storage medi um
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[0064]

- Next, step S$522 is performed to check whether the
current calculation routine is reached for the second or
subsequent time. If the calculation routine is not reached
for the second or subsequent time (is reached for the first
time), the éontrol flow directly returns to step S502 and .
continues with the process. Ifw%oﬁutheuothef hand, the
calculation routine is reached for the second or subsequent
time, the WPES/MPES relationship for the last calculation
routine call is recalled from the buffer (step S523). The
relationship between the PES and fead head R is then
linearized in accordance with the previous WPES/MPES
relationship and current WPES/MPES relationship (step S524).
Further, step S525 is performed on the basis of the
linearized PES to determine the PES positions for servo
write operations that are performed in various steps before
the calculation routine is called next. Then, the control
flow returns to step S502.

[0065]
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' relative to P x Ncal. However, the value itself varles
from one P value to another. When it is expressed as
Noffs[P], AWPES represents the reéult of 1ts measurement.
Therefore, the following expreséion.is solved (step S603):
£'(WPES + AWPES/2) = (Noffs[P] - Noffs[P-
1])/(AWPES[P] - AWPES[P-11)
Then, the derived function of the above expression

is determined by solving the following expression (step
S604):;

f'(WPES + AWPES/2) = [[f'(WPES + AWPES/2) ]d(WPES +
AWPES/2)

Thus, both can be linearized.
[0066]
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In the present embodiment, the above process is
.performed to ensure that the position of the write head W
can be identified even within a siﬁgle burst pattern. It
1s therefore possible to control the position of the
magnetic head 4 (read heard R/write head W) with increased
- accuracy.
Particularly, if propagation occurs in the radial
. direction of the magnetic disk 2 while a self sexrvo write
is performed using the same PES value at all tiﬁes, the
- track pitch varies due to the skew of the actuator 5. It
is therefore preferable that the above expressions be used
to determine the PES value for each step so as to provide a
constant track pitch. |
The above method for controlling the position of
the magnetic head 4, that is, the control method defining
the relationship between the PES and the physical position
of 'the magnetic head 4 can be applied not only to a self
servo write process but also to an actual use after com
[0067]
Finally, the relationship between the PES and the
read head R will be described in detail.
When the physical position of the read head R over
the magnetic disk is y (um) and the resulting magnitude of
the PES (position error signal) is x (PES), the

relationship between the read head R and the PES 1s as
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head W within tracks are of interest. Although the read
head R and the write head W are actually positioned on
different tracks, the distance between the end of a track
and the head is examined and it.is assumed that the read
head R and the write head W are on the same track.

[0068]

If the result shown in FIG. 17 (b) is obtained when
the read head R is placed at a certain pdsitibn X1, the
write head W is at position x;. When it is aésumed that
these two heads are on the same track, the RWoffset value
is Z. To determine the position of the write head W, the
write head W performs a write while the read head R is at
position x, and then the read head R determines the
position at which the information written by the write head
W exists.

Within the same track, it can be said that the

value Z is adequately constant. However, its measurement
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result presented below does not indicate that it is
constant:
Z = X; - X
The value z is expressed as a function of X.
[0069]

The read/write offset RWoffset varies with the .
radial position over the magnetic disk 2{ Therefore, the
read/write offset RWoffsét is Z2' at a different position{

Ay = 2 - %'

When it is assumed that the above expression holds
true, if is obvious that Ay is constént because the
read/write offset RWoffset is adequately constant within
fhe same track. Meénwhile, Ax, which is the result of PES-
based measurement of Ay, is not constant because the |
-expression x = f(y) does not represent a straight line.
[0070]

Ax can be determined if the positional relationship
shown in FIG. 17 (c) exists between the r(x) measurement
results that are obtained when the read/write offset
RWoffset is Z and Z°'.

[0071]
[Mathematical 1]
£ 1(%o')+R"'=F " (x0) +R

[0072]
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determined for x, in accordance with FIG. 17 (c), Ax can be

determined.

Since a y-axis value cannot be obtained, it is
determined using an x-axis value. The value r(x) for R' ig
determined in the same manner as for r(#). In this
instance, x, and X' satisfy the following expression:

Xo + r(Xo) = x0' + r'(xq')

FIG. 18 illustrates the above exXpression.

[0073]
Thus, the slope of x = f(y) at the current position

is determined from the ratio between Ax and Ay.

[0074)]
[Mathematical 2]
f'(Yo)=(xo'-xo)/AY
[0075]
Thus, the above difference equation is obtained.
The measurement point furnishes x-axis information
only. Therefore, when the above expression is modified to

express the function of x, the following is obtained:

[0076]

[Mathematical 3]

£'7 (%0)= Ay /(%' -%o)
[0077]
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When the measurement result is properly processed
to express the function of x and integration is performed
with respect to x, the target funcfion can be obtained.
[0078]

[Effects of the Invention]
As described abo#e, the present invention makes it

possible to perform a self servo write by using the

‘hardware of a data storage device when there is no pattern

on a disk-type storage medium. Further, the present
invention can exercise head position control with enhanced

accuracy.

[Brief Description of the Drawings]

[FIG. 1]
FIG. 1 is a block diagram that illustrates major
components of a hard disk drive.
[FIG. 2]
FIG. 2 is a top view that illustrates the major
components of the hard disk drive.
[FIG. 3]

FIG. 3 is an enlarged view of a position

information storage area and a data storage area, which are

formed on a surface of a magnetic disk.

[FIG. 4]

FIG. 4 is a flowchart illustrating a self servo

write process.

10
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[FIG. 5]

FIG. 5 illustrates trigger patterns, servo
patterns, and propagation patterns that are to be written
on a surface of the magnetic disk.

[FIG. 6]

FIG. 6 is a flowchart illustrating the process

that is performed to determine the track pitch.
[FIG. 7]

FIGS. 7 (a) and 7 (b) illustrate a state where

propagation bursts are written on the magnetic disk.
[FIG. 8]

FIG. 8 1s a flowchart illustrating the process for

determining the trigger pattern write time differende.
[FIG. 9]

FIG. 9 is a flowchart (continued)-illustrating the
process for determining the trigger pattern write time
difference.

[FIG. 10]

FIG. 10 is a flowchart (continued) illustrating
the process for determining the trigger pattern write time
difference.

[FIG. 11]
FIGS. 11 (a), 11 (b), and 11 (c) are diagrams

illustrating the trigger pattern write method that is

10mn
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employed during the process for determining the trigger

pattern write time difference.

[FIG. 12]

FIGS. 12 (a) and 12 (b) are diagrams (continued)
illustrating the trigger pattern write method that is
employed during the process for determining the trigger
pattern write time difference.

[FIG. 13]

FIG. 13 is a flowchart illustrating a self servo
write process that is performed in accordance with VCM
current control.

[FIG. 14]

FIG. 14 is a flowchart illustrating a self servo
write process that is performed in accordance with servo
contfol.

[FIG. 15]

FIG. 15 is a flowchart (continued) illustrating a
self servo write process that is performed in accordance
with servo control.

[FIG. 16]

FIG. 16 is a flowchart-illustrating the process

for linearizing fhe relationship between the PED and the

read head position.

[FIG. 17]
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FIGS. 17 (a), 17 (b), and 17 (c) are graphs
illustrating the process for linearizing the relationShip
between thé PED and the read head position.

[FIG. 18]

FIG. 18 is a graph (continued)-illustrating the
process for linearizing the relationship between the PED
énd the read head position.

[Description of the Symbols]
1: Hard disk drive

2: Magnetic disk

3: Spindle motor

4: Magnetic head

.5: Actuator

6: VCH

7: VCM driver

8: DAC

9: Crash stop

10: Preamplifier

11: Read/write channel
lla: Clock

12: MPU

13: HDC

14: ROM

15: RAM

20: Track
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21: Position information storage area
22: Data storage area
40: Servo track
50: Data track
R: Read head

W: Write head
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Drawings
FIG. 1
7: VCM DRIVER
10: PREAMPLIFIER
3: SPINDLE MOTOR | | r

11A: CLOCK

FIG. 3
RADIAL DIRECTION

CIRCUMFERENTIAL DIRECTION (DIRECTION OF MOTION)

FIG. 4
S101: DETERMINE THE TRACK PITCH
' $102: DETERMINE THE TRIGGER PATTERN WRITE TIME DIFFERENCE
S103: WRITE A TRIGGER PATTERN, SERVO PATTERN, AND
PROPAGATION PATTERN IN ACCORDANCE WITH VCM CURRENT CONTROL
5104: SERVO-CONTROLLABLE?

S105: WRITE A TRIGGER PATTERN, SERVO PATTERN, AND
PROPAGATION PATTERN IN ACCORDANCE WITH SERVO CONTROL

S106: TRACK COUNT EQUAL TO AN INTEGER MULTIPLE OF Ncal PLUS
"Noffs?

S107: SPECIFIED NUMBER OF TRACKS WRITTEN?

FIG. 5

RADIAL DIRECTION
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CIRCUMFERENTIAL DIRECTION (DIRECTION OF MOTION)

FIG. 6
S201: MOVE THE MAGNETIC HEAD (ACTUATOR) TO THE CRASH STOP
$203: INITIALIZE THE PROPAGATION BURST SLOT NUMBER TO 0
5204: WRiTE A PROPAGATION BURST SLOT NUMBER
$205: READ THE WRITTEN PROPAGATION BURST WITH THE RWC'S
BURST DEMODULATION FUNCTION
$206: AN AMPLITUDE OF THREE OR MORE SLOTS CONFIRMABLE?
5208: DETERMINE THE TRACK PITCH FROM THE AMPLITUDES OF THE
FIRST AND THIRD PROPAGATION BURSTS
S209: TRACK PITCH WITHIN A PROPER RANGE?

| S212: DETERMINE Idelta AND Toffset, WHICH CORRESPONDS TO
RWoffse_t
$210: ADJUST Idelta
S213: ERASE THE PROPAGATION BURSTS WHILE MOVING THE
MAGNETIC HEAD (ACTUATOR) TOWARD THE CRASH STOP
$211: ERASE THE PROPAGATION BURSTS WHILE MOVING THE

MAGNETIC HEAD (ACTUATOR) TOWARD THE CRASH STOP
FIG. 9 (&)
RADIAL DIRECTION

CIRCUMFERENTIAL DIRECTION

FIG. 9 (B)
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RADIAL DIRECTION

CIRCUMFERENTIAL DIRECTION

FIG. 8

5303: WRITE TP1, CO AT A POSITION THAT IS OBTAINED BY
DIVIDING THE CIRCULAR DISK SURFACE INTO MSECT EQUAL
SECTIONS

$305: MEASURE THE AMP (J) OF WRITTEN TP1 (J) AND THE TIME
INTERVAL TPD1 (J) BETWEEN TP1S (J = 0 TO Msect)

S306: AMP (J) AND TPD1 (J) PROPER?

S307: MOVE THE MAGNETIC HEAD (ACTUA&OR) TOWARD THE CRASH
STOP WHILE ERASING THE WRITTEN TP1

S309: WRITE TPl, CO WITH THE WRITE TIMING CHANGED

FIG. 9

S$310: ADJUST Ivcm TO REPOSITION THE READ HEAD SO THAT IT
READS THE INNERMOST X% OF CLUSTER K TP1 (J)

S312: CHECK WHETHER TP2 (J) OF CLUSTER K-1 AND TP3 (J) OF
CLUSTER K CAN BE BOTH READ

8316: WRITE TP1 (J+1) OF CLUSTER K+1

S313: TIME DIFFERENCE m MEASURABLE?

S314: CORRECT THE TP1W VALUE IN ACCORDANCE WITH THE TIME
DIFFERENCE m

S5315: WRITE TPl (J+1) AND TP3 (J+1) OF CLUSTER K+1

S318: WRITE TPl (J+1) OF CLUSTER K+1
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 5§319: AMP (J) AND TP1D (J) PROPER?
S320: READ HEAD POSITIONED AT THE OUTERMOST SECTION OF
CLUSTER K?
S321: ADJUST Ivem TO REPOSITION THE READ HEAD SO THAT IT
READS THE INNERMOST X% OF TPl (J) OF CLUSTER K
$322: WRITE TPl (J+1) AND TP2 (J+1) OF CLUSTER K+1

S5323: AMP (J) AND TP1D (J) PROPER?

FIG. 10
S$325: RETURN TO A TRACK WHERE A DEFECTIVE PATTERN WAS
WRITTEN WHILE ERASING ALL PATTERNS IN.A DEFECTIVE SECTOR
S326: REWRITE THE AFFECTED SECTOR WHILE DETECTING TP1D (J)
S327: EXERCISE SERVO CONTROL TO MOVE THE READ HEAD'TQ THE
NEXT SECTOR

- S328: READ HEAD POSITIONED AT A PLACE WHERE THE DEFECTIVE
SECTOR EXISTED?
S5329: TP, SP, AND PP DETECTABLE?
S330: RETURN THE READ HEAD TO A SECTOR WHERE A DEFECTIVE
PATTERN WAS WRITTEN
S331: DETECT TPl (J), WRITE TP1 (J) IN A DEFECTIVE SECTOR
WITH DELAY TWMD, WHICH DIFFERS FROM TW, WHILE MEASURING
TP1D (J), AND ACQUIRE AND THEN BUFFER TP1D (J) AND TP1MD
PREVAILING DURING A WRITE
S$332: RETURN THE READ HEAD TO A TRACK WHERE THE DEFECTIVE

SECTOR EXISTED
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FIG. 13
S401: ADJUST Ivom TO RETURN TO THE INNERMOST AREA OF THE
PRECEDING CLUSTER

S402: MEASURE TPl (J) TIME INTERVAL TP1D (J) IN THE CURRENT
TRACK

S403: TP1 (J) DETECTABLE?

S404: SET "TP1D (J) - D" AS TIMING DELAY TW

S405: DETECT TPl (J) AND WRITE A TP, SP, AND PP, WHILE
MEASURING TP1D (J), SO THAT TW AFTER TP1 (J) IS EQUIVALENT
TO A TP IN A WRITE TRACK

$406: ACQUIRE AND BUFFER TP1D (J) FOR A WRITE AS WELL AS
TPIW (J) |

S408: ACTUATOR IN CONTACT WITH THE CS?

S409: SP AND PP DETECTABLE?

S411: ERASE THE WRITTEN PATTERNS WHILE RETURNING

S410: ACTUATOR SERVO-CONTROLLABLE?

FIG. 14

S501: SERVO THE ACTUATOR WITH THE SP

S502: MEASURE TPl (J) TIME INTERVAL TP1D (J) IN THE CURRENT
TRACK

5503: TP1 (J) DETECTABLE?

S5504: SET "TP1D (J) - D" AS TIMING DELAY TW
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S505: DETECT TP1 (J) AND WRITE A TP, SP, AND PP, WHILE
MEASURING TP1D (J), SO THAT TW AFTER TP1 (J) IS EQUIVALENT
TO A TP IN A WRITE TRACK

§510: SPECIFIED NUMBER OF TRACKS COMPLETELY WRITTEN?

S506: ACQUIRE AND BUFFER TP1D (J) Fok A WRITE AS WELL AS
TPIW (J)

S511: CALCULATE A NEW TRACK PITCH FROM THE NUMBER OF
WRITTEN TRACKS '

§507: TP1 (J) AND TP1D (J) NORMAL?

S508: MOVE TO THE NEXT TRACK BY MEANS OF SERVO

S509: READ HEAD POSITIONED OVER THE MAGNETIC DISK?

S512: TRACK COUNT EQUAL TO AN INTEGER MULTIPLE OF Noal PLUS

Noffs?

FIG. 15

S513: PLACE THE READ HEAD-AT A POSITION THAT IS EQUIVALENT

TO P TIMES (INITIAL VALUE = 0) Ncal

S515: WRITE AN MP WITH THE TIMING DIFFERENT FROM THOSE FOR

THE TP, SP, AND PP

S516: MOVE THE READ HEAD BY Noffs TO PLACE IT IN THE Ncal +
Noffs TRACK

SSl7:IMEASURE THE MP'S PROFILE WHILE MOVING THE PES (MPES)

MEASURED IN THE RESULTING TRACK STEPWISE

S518: ACQUIRE AND BUFFER THE CENTRAL MPES OF THE MpP

CORRESPONDING TO EACH WPES
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§522: SECOND OR.SUBSEQUENT TIME?
$523: RECALL THE PREVIOUS WPES/MPES RELATIONSHIP FROM THE
BUFFER
$524: LINEARIZE THE POSITIONAL RELATIONSHIP BETWEEN THE PES
AND READ HEAD IN ACCORDANCE WITH THE PREVIOUS WPES/MPES
RELATIONSHIP AND CURRENT WPES/MPES RELATIONSHIP
$525: DETERMINE THE PES POSITIONS FOR SERVO WRITE
OPERATIONS TO BE PERFORMED IN VARIOUS STEPS ON THE BASIS OF

THE LINEARIZED PES

FIG. 16

S601: EXPRESS THE MPES-WPES RELATIONSHIP FOR EACH
.MEASUREMENT AS INDICATED BELOW:

APES[P] = MPES - WPES

S602: COMPARE APES FOR THE CURRENT MEASUREMENT AGAINST APES

FOR THE PREVIOUS MEASUREMENT TO DETERMINE THE VALUE AWPES

THAT SATISFIES THE FOLLOWING EXPRESSION AND IS ALONG THE
WPES AXIS:

APES[P] (WPES + AWPES) -~ APES[P-1}(WPES) = AWPES

S603: THE PHYSICAL VALUE OF Noffs REMAINS CONSTANT RELATIVE
TO P X Ncal. HOWEVER, THE VALUE ITSELF VARIES FROM ONE P
VALUE TO ANOTHER. WHEN IT IS EXPRESSED AS Noffs[P], AWPES
REPRESENTS THE RESULT OF ITS MEASUREMENT. SOLVE THE

FOLLOWING EXPRESSION:
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f'(WPES + AWPES/2) = (Noffs[P] - Noffs[P-l]—)/(AWPES[P] -
AWPES[P-1])

S604: SOLVING THE FOLLOWING EXPRESSION:

£'(WPES + AWPES/2) = J{£'(WPES + AWPES/2) }d(WPES + AWPES/2)
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Claims:

1. A servo information write method, comprising:

a first step of positioning an actuator on which a
composite head containing a read head and a write head is
mounted while said actuator 1s in contact with a crash stop,
and causing the write head to write a servo pattern and a
propagation pattern onto a disk-type storage medium; and

a second step of, when sald servo pattern written
on said disk-type storage medium by said write head can be
detected_by said read head, positioning said write head by
means of servo control based on detected saild servo pattern
and causing sald write head to further write a servo
pattern and a propagation pattern onto the disk-type

storage medium.

2. The servo information write method according to
claim 1, wherein said first step varies the amount of
current flow to a drive motor for sald actuator while the

actuator is in contact with said crash stop.

3. The servo information write method according to

claim 1, wherein said second step causes said read head to
detect said propagation pattern written on said disk-type
storage medium andg corrects the position of said write head

in accordance with the detected bropagation pattern.
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4, The servo information write method according to

claim 1, further comprising the step of determining a feed
pitch for writing a trigger pattern onto said disk~type

storage medium.

5. The servo information write method according to
claim 4, further comprising the step of determining a write
time interval between the instant at which said read head
detectéxsaid trigger pattern written on said disk—type
storage medium and the instant at which said write head
writes the next trigger paftern onto the disk-type storage

medium.

6. The servo information write method according to
claim 5, wherein said write time interval determination
step uses a réad/write offset which 1s the distance between

sald read head and sald write head.

7. The servo information write method according to
claim 5, wherein said write time interval determination
step causes sald read head to detect the time difference
between trigger patterns written onto radially adjacent

tracks of said disk-type storage medium.

8. A servo information write method for writing servo
information onto a disk-type storage medium by using a

composite head containing a read head and a write head, the



11109& ()- &L0% ()- 10 10 10YL610%&' ()- Y43109& ()- S210%& ()-
FgEé(c):[ [1& [1! ! 10((V¢)&' ()- 10%‘%-410%‘ ()- &L0%& ()- 109%& ()- 109%& () - #- ~dEbC
10[[!! 109& ()-109& ()-109& ()-sS109%& ()-109& ()-109%& ()-~)dEbC 10[[!!If,
109& ()-s*109& ()- (109%& ()-

69

servo information write method comprising the steps of:

writing, by said wrife head, a trigger pattern, a
servo.pattern, and a propagation pattern onto saild disk-~
type storage medium; and

detecting, by said read head, said servo pattern
written on said disk-type storage medium, and positioning
sald write head at the next write position in accordance

with the detected servo pattern.

9. The servo information write method according to
claim 8, further comprising the step of detecting, by said
read head, saild propagation pattern written on said disk-
type storage medium, and correcting the position of said
write head in accordance with the detected propagation

pattern.

10. The servo information write method according to
claim 8, wherein said trigger p;ttern and sald servo
pattern are to be written in a position information storage
area of saild disk-type storage medium, and wherein said
propagation pattern is to be written in a data stqrage area

of the disk-type storage medium.

1L A servo information write method for writing servo
information onto disk-type storage medium by using a
composite head containing a read head and a write head, the

servo information write method comprising the steps of:
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sald disk-type storage medium; and

determining a write time interval betweeﬁ the
instant at which said read head detects said trigger
pattern written on said disk-type storage medium and the
instant at which said write head writes the next trigger

pattern onto the disk-type storage medium.

12. The servo information write method according to
claim 11, wherein said write time interval determination
step uses a read/write offset between said read head and

sald write head.

13. The servo information write method according to
claim 11, wherein said write time interval determinatioh
step causes said read head to detect the time difference
between trigger patterns written onto radlally adjacent

tracks of said disk-type storage medium.

14. A servo control method for positioning a composite
head containing a read head and a write head at a specified
position on a disk-type storage medium, the servo control
method comprising:
a first step of detedting, by said read head, a
servo pattern written on said disk-type storage medium; and
a second step of converting a position error signal
of the detected servo pattern into a physical position on

sald disk-type storage medium.
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16. The servo control method according to claim 14,

- wherein sald second step writes, by said write head, a

measurement pattern at a position other than the position
for said servo pattern on said disk-type storage medium;
detects, by sald read head, a profile of sald measurement
pattern written on said disk-type storage medium; and
linearizes the relationship between said position error
signal and the position of said read head in accordance

with the detected measurement pattern.

17. A data storage device, comprising:

a first servo write means for positioning an
actuator on which a composite head containing a read head
and a write head is mounted while saild actuator is in
contact with a crash stop, and causing the write head to
write a servo pattern and a propagation pattern onto a
disk-type storage medium; and

a second servo write means for, when said servo
pattern written on said disk-type storage medium by said
write head can be detected by said read head, positioning
said write head by means of servo control based on the
detected servo pattern and causing the write head to
further write a servo pattern and a propagation pattern

onto the disk-type storage medium.
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second servo write means is writing a servo pattern and a
propagation pattern, causing said read head to detect said

propagation pattern written on said disk-type storage

medium and correcting the position of said write head in

accordance with the detected propagation pattern.

19. A data storage device, comprising:

a write means for causing a write head to write a
trigger pattern onto a disk-type storage medium; and

a determination means for determining a write time
interval betWeen the instant at which said read head
detects said trigger pattern written on said disk-type
storage medium and the instant at which said write head

writes the next trigger pattefn onto the disk-type storage

medium.

20. The data storage device according to claim 19,
wherein said determination means uses a read/write offset

between said read head and said write head.

21. The data storage device according to claim 19,
wherein said determination means causes said read head to
detect the time difference between trigger patterns written

onto radially adjacent tracks of sald disk-type storage

medium.
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of sald servo pattern read by said read head into a
physical position on said disk-type storage medium: and

a controller for controlling the position of said
read head 1n accordance with the conversion result produced
by said converter.
23. The data storage device according to claim 22,
further comprising a write head which is positioned at a
predetermined distance from said read head and used to
write data onto said disk-type storage medium, wherein said

servo pattern is written by said write head.

24, The data storage device according to claim 22,
wherein said read head consists of a magnetoresistivé
device and sald write head consists of a transducer

induction device.

25. A program enabling a computer to exercise a first

function for positioning an actuator on which a composite
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function for, when said servo pattern written on saild disk-
type storage medium by gaid write head can be detected by
salid read head,.positioning sald write head by means of
servo control based on the detected servo pattern and.

causing the write head to further write a servo pattern and

a propagation pattern onto the disk-type storage medium.

26. The program according to claim 25, further
including a function for determining a feed pitch for
writing said trigger pattern onto sald disk-type storage

medium.

27. The program according to claim 25, further
including a function for determining a write time interval
between the instant at which said read head detects a
trigger pattern written on sald disk-type storage medium
and the instant at which said write head writes the next

trigger pattern onto the disk-type storage medium.

28. A program enabling a computer to exercise a

function for writing a trigger pattern, a servo pattern,
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and a function for causing saild read head to detect said
servo pattern written on saild disk-type storage medium and
positioning said write head at the next write position in

accordance with the detected servo pattern.

29. The program according to claim 28, further
including a function for causing saild read head to detect
sald propagation pattern written on said disk-type storage

medium and correcting the position of saild write head.

30. A program enabling a computer to exercise a
function for causing a write head to write a trigger
pattern onto a disk-type storage medium and a function for
determining a write time interval between the instant at
which a read head detects sald trigger pattern written on
said disk-type storage medium in accordance with the
detected propagation pattern and the instant at which said
write head writes the next trigger pattern onto the disk-

type storage medium.

31. A program enabling a computer to exercise a first
function for causing a read head to detect a servo pattern
written on a disk-type storage medium, and a second

function for converting a position error signal of detected

sald servo pattern read into a physical position on said

disk-type storage medium.



