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; EFGHe3eEOE- dhx6Tf MAGNETI C RECORDI NG | REPRODUCTI ON DEVI CWIMWW
FI ELD The present invention relates to a nmagnetic recording W on
device with high recording density and | arge capacity. BACKGROUNR;#RT The
recording density of magnetic recording J reproduction apparatus is
constantly increasing to realize small size and | arge capacity. Especially,
inthe field of hard disk drives, which are typical magnet mmmm"mlmuﬂm,m
devices, an areal recording density of nore than | Ghit/in2

avai |l able on the market, and an apgECREPPIONY density of | OGabgdzk N2 1S
expected within a couple of years. The technol ogy proceeds with a rapid

pace. One of I } t hi gh
recordi ng densi %W&@Q@@%@ /ﬁgggﬁqggg@mﬂgﬁ@mdue to

i nprove ic recording nedium the head-disk interface
perfor na”ﬁ'@g)%@mb@\‘ﬁﬁgﬁjm processi ng net hods such as "partial response".
However, in rec,fﬂt I%éears,.the rate .of increase of the hrac density has
exceeded that of Nf FFEFFMIVeniion) Flatesikha imgeneticy recording{ ERIC4UEEEBNE a
primry f(?ct,or ven. it cones tq increasjng the areal recording density.
Pract i cal d¢idee Brthhighrecarding donsikg and laggesarreits back signal perfor mance
is superior to that of conventional inductive type heads, has contri buted
to the progress in the track density. At present, it is possible to 1

read signals fromtracks of only a few mcrons width with good SIN ratio by
usi ng a NBAGKGREWUND WRType head. Furthernore, it is expected that with ,
further inprovenent of the head performance, the track pitch will reach the
sub-m cron randBhé n reberdingr demsitye. oflom=gaktic Sidpoading th Ripgbdtfibhaati o
by tracing such a narrow track, the tracking servo technique for the

magnet i ¢ dygadapheys con¥Rintly iReehiig t6 rBalif® snENREcCand 18A5Y BApAQER! hard
di sk has areas that are distributed

Especially, in the field of hard disk drives, which are typical magnetic

writing devices, an areal recording density of more than 1Gbit/in? is already
available on the market, and an areal recording density of 10Gbit/in® is
expected within a couple of years. The technology proceeds with a rapid
pace.

One of the primary technical factors that has enabled such high
recording densities is the increase of linear recording density, due to
improvements of the magnetic recording medium, the head-disk interface
performance, and new signal processing methods such as "partial response".
However, in recent years, the rate of increase of the track density has
exceeded that of the linear recording density, and has therefore become a
primary factor when it comes to increasing the areal recording density.
Practical use of magnetoresistive heads, whose read-back signal
performance is superior to that of conventional inductive type heads, has

contributed to the progress in the track density. At present, it is possible to



at predeterm ned angl es over an entire revolution of the disk, i.e. 360
degrees. Signals such as a tracking servo signal, an address signal and a
clock signal are witten into these areas. In this specification, these
signals are referred to as "preformat” signals. A magnetic head can nonitor
its position by reading these signals in predeterm ned intervals, and
correctly trace a track while correcting any displacenent in the radi al
direction of the magnetic disk. The preformat signals, i.e. tracking servo

si gnal ’re%‘adéigﬁélssﬁﬁﬂﬁh’acﬁk % %Rﬁ% g%kv &fi&oms%{deg REH g&ﬂ SNQGaticdpp! s for

precisely tracing a trac t e magneti c head. Theretrore, preci'se track

posi tiqmn;. | r j nf ti i I P di sk
drives lgérlggedqﬁ}gﬁgfeégbiéﬁ%gﬁi‘ge ?}hﬁeﬁ&}% nggﬁ%%&%gagnﬁh%pef éég((f;r st gﬁfe}gt racki ng’
servo signal,. the addres ignal, the clock signal, etc. by,usi a speci al
o vo- HEBE BTG IRt G be dToad PemEiag i Pe anck S R Th ESATE R L heads
have been installed in tge drgﬁe. The track positioning can be realized '
with tH8braRicEenrange 48 ithe ggankeiiitehe recording is performed while
precisely controlling the position of the built-in magnetic head wth an
ext ernal ~ act ub vead wrfignal withahighoB/N watip by tracins snak i@ PATIOMHBFag&Yi ce. To
this date) there were the followi ng problens with preformat recordings of
servo dihgntriasking) dewwstechhiueafdrothes mpgaiesic beatl playsk asiegpampaytant a
magneti ¢ head using the above-described dedi cated servo track recording

devi ce.rofé.r sFooéxainple,r&comehintipnilthara disfnieds ardesathatsateadistribuged i near
recordi ng based on the relative notion between the head and the recording
nedi umatThes@dteEmindd tdnglbe @kevannehtied wivoh@iod ighawdisk, freecdsly (-
controlling the position of the magnetic head using a dedicated servo track

recor digrdgyi C8igr204 sabh Yasl # tPadl@hgertd M AdWn’ 28dfaE difgaPaffiod mat
recordi ng, but al'so the dedicated servo track recording device is

relati Vc%é%e' a‘i‘i‘%ﬁ%vriwgh\(}mﬁgﬁeﬂ?&% drRad cm%&egﬁiﬁca&tw QR8Se Ligiaas! -

Secondly use of t ning of the recor g field caused by the

spacin e h a [ M he P r WalsE t he
magnet igazrlét %%tgﬁ{érd aﬁ‘gi 5 3% egﬁﬁ%%e %Eg?%)sr' m‘?%ggggﬁgﬁaﬁ:g%ﬁglggglstt}?ggis

shar pness...The current tracking.servo technol 1 d C

ki R g TR R L N e L g T SR S R
t he change in the reproduction output, anplitude,when.scanni.n isk with
the hoddags drert pRGLORT Grhitha Y (ERI-Ce ot dIRE Iy digh BPERg b Fe \° 1t
only for a goo ,%éN rati o when precisely tracking the track with the head
when réﬁﬁSBEEFg@S-he data i nformati on signal recorded between the
preformatted recordi ng areas, but also for a sharp %Qag%%ain t he

repr oduct i on Bag gerefemprt signalenés- t1HacHag) SeY oSN %c GRSy SIERAY t he
track (i.e. the off-track characteristics). The above-nentioned problem 3
goes agavdlssignal etoeeerveandreferansetsignalsdor paecisalyofragimea d8a¢k ¥kl ng servo
technol ogy for future sub-mcron track recordings very difficult. 4n the

ot her Hed magnetie hepdci fTheatfor, @redisk ktrackieposibiondsg 4s (reguarethtfpvnal
application nunber: PCT/JP97/02519), the inventors of the present invention
pr oposaftheae fihéSramatibhisignalec hiforksent, hahdrdisk drivemynet iegaipped preithea n
corresponding to a pattern in the surface of a master information carrier
is recywitglinmaghettdidad tletoratonds theituameliygcervacigmal, tthe sldreage of the
magneti c recording mediumwi th the surface of the master infornmation

carri ergighhi cGfhehd®cRMGiGhEEELY Hye kAN dctalPsdrivertraehr weitpondievire, 0 a
prefornag information signal formed on the surface of a substrate. Wth the
confi gui@ds o ﬁié@l&%@&isk@. At acddrictal hosdPhaTe e ibetalldlt ADEH4, a

magneti zation patiern corresponding to the ferronmagnetic filmpattern on

the masjgye! “’rgé "BhER o%ﬁﬁ&ﬁiﬁ% +a§1 %%%a%%goﬁiﬂﬁ%mesééﬁyf;%_e{s%ﬂg medi um
with the récording nagnetic freld generated by the ferromagnetic film ,
£t h ¢ e ti . ki . : P
G oot 1o e R ias BB RLE ieuishl) EnaIORRL eckition e
dj t.o the t Ki ' |, .t d ' ' i |,
and Cho BURroRgmREse PRl ee Srovne! ardrabt nR A PERCRL AR D 020

preformat recordi ng corresponding to these signals can be recorded on the
magneti c recordi ng medi um The charag%eristic feature of this configuration
is the static en-bloc recording withdut relative novenent between the
master information carrier and the recording nedium Due to this feature,

t he techni que




3/1 disclosed in Tokkai Hei 10-40544 displays the follow ng useful
effects with regard to the problens of prior preformat recording. Firstly,
because the surface is recorded en bloc, the tine required for the
preformat recording is much shorter than in conventional recordi ng nethods
using a nmagnetic head. Mreover, an expensive servo recording . device for
recording while precisely controlling the position of the magnetic head is
unnecessary. Consequently, it is possible to increase the productivity of
t he pref or satvo-d¢rackimritingdsiviter abl y, and to reduce the production costs.
Secondl y, because the recording is static without a rel ative novenent
between the mast &o ithisodaed,i chereaksdrer tigd Follbein @ qobldifls MefthU FBrefoderat
spaci ng between the two during recording can be mnimzed by contacting the

surface of rbhigdimsd OF sENd)rsf%dl@,”a&&fefs%eihfc\!ﬂrﬁ@tibﬂ%iﬁﬂs?%%doéloéﬁesi Reti c
recordi ng medium Mreover) there 1s no widening of the magnetic recording

field due to4fhe ﬂﬁlgﬁeﬁlaaﬂga@fuéigﬁ %@%dv‘é—ﬁ@@c@ibe%s deledBed Ssdrfo! P ckASE
of recording with a nmagnetic head. us, the magnetization transition at
the prefor - r track edges is nuch sharper than with conventi onal
recordi ng g\n&%%dgﬁgrggﬁlgﬁ c head, so that a nore precise tracking becones
possi bl e. Several_.preferable configurations have, been _ suggested tq.|et the
prefornat-recordlépdp i@ﬁeﬁ ’pﬁ?"coéa’rf‘ r%’#‘dé Hb"fﬁ’%g}ﬁ E’@P#oiﬁr%ﬁééc r ling
tracki ng servo signals, address signals and cl ock_signals. wever, .. since
in these cBPRAEATIGRAPed @éht% %*,:wmnefﬁoaé@twegﬁébpal}e%ea%tt gdlecordingng
device, a separate magnetic head is built into the drive, there 3/2 _are
severe |inedinghs Thereferenegitht thatabone parethed offrechedipgewhilenpreaistlyed
signal. For exanple, the recording track width of a nmagnetic head in a
magnet i ¢ r eowirdllmg tthe @osisihic of the deaguetic deafl umng andedicdtesk serviovtracks
usual Iy narrower than the track pitch, and a guard band of a certain width
i s provi detedoetliverdeads acetndnly és arldt offtitreacksirethier the prefionm dtrackrdings h
and the guard band wi dth cannot be deliberately changed according to the
si gnal typbut aléethe eedidmid rseevs desbk rooRdaig debhive s afedativellanigRmsivd)en
the performance for handling tracking servo signals, address signals and

cl ock si gnaihscle dshdiero AB69Erdble YaLRGsWIHRBst, €cordi ng track wi dths and
possibly letting the signals traverse a plurality of consecutive tracks.

Al so, in anot her sbASIAPCEedMiRCof ThEMBLRNEE 0P thFBGEEIdiAs! fidld BALSA By

bet ween nei ghboring tracks becones a problem it is rather preferable to

provi de sng/{ aéiﬁ%%‘ﬂiv@gnt}{&%‘rc;lgar}{@i %&ﬁu%g?!dgﬂ%ﬁg{eo&?—;%fa%e a%@o%ﬁ ead,

Moreover, In magnetic recor reprodu s“such as vi'deo-tape
recor der Sztﬁoiﬁé‘%ﬁ&ﬁ'%%%i @51%1&1%?\059%#9 rpﬂe?or?@?ﬂ-?%!@o@de&’.‘ '&'élf:‘kt e%?ﬁa%ﬁ: I ng
gaps are inclined wth a constdnt rncltmation angle agai nst t iTection
of the tras(;ﬁ<arvl\nnndetsg.' Tji“!b%’ ATt q:tch r'nréersleg:\sro {ée lljl%?osgyc rigs%ot %leléec%/ %he
misplacement of the magnetic head in the radial direction of the disk with
the change in the reproduction output amplitude when scanning the disk
with the head at a distance from the track. Consequently, there is a need
not only for a good S/N ratio when precisely tracking the track with the head
when reproducing the data information signal recorded between the
preformatted recording areas, but also for a sharp change in the

reproduction output amplitude when the head is misplaced away from the

track (i.e. the off-track characteristics). The above—mentioned problem



noi se from adj acent tracks and enables a recording w thout guard band. If
it were possible to performa preformat recording in a nagnetic di sk device
with such an arbitrary inclination of the magneti zation pattern agai nst the
track width direction, several configurations could be suggested to attain
better characteristics. However, in the conventional nethods for recording
preformat signals with a nagnetic head that is built into the drive, it is
not possible to obtain recording gaps that are arbitrarily inclined against
the track w k i3 t Al et . p i I
sol ve t hesgog%o | e]?rssecc%ﬂflgﬁﬁaghbra ihgrﬁggi t8 9611;1;1 rﬁ%gl\%i%lﬁgna&ﬁ}glgeggesﬁ @\é?g%:ﬂcﬁ? 5‘?%"% /
r epr oduct i di devi for netic _preformat-recordi. tterns that can
provi de opggﬁﬁﬁig%¥3%%%%%%%5F§?g%§HENFESkE?%%EFH%S%%?@%Eﬂ?gﬁa|s, addr ess
signals, and clock signal,s. DI SCLOSURE OF THE | NVENTI In dey tg attain
t hese objects, aa’?r Bth'ﬂri gﬂp {80t W@%H’ndi"\gkﬁka\}eﬁ{?f i%éopﬁi@sent
i nvention conprises at |east one di sk-shaped nmagnetic recordi ng nedium a
rotation mieviarnaiAenal appBeation mpmher:BGIdd PRT/0204PY Wy Mvantarwiof the
rotating shaft and for rotating the magnetic recording nedium at |east one
magneti c hpaesendr nypntiesor prapyseaf or npréfonmsitting staggnphmynagﬂmrbm a
recordi ng nmedium and (b) reading informati on signals recorded on the
magnet i ¢ r ecagmiitiza tiedpatheracdri@sgondinggtore gadtersnid thie susfhog of hemamtpret i ¢
head at least in a radial direction across the magnetic recording nediumto
perform tr aelormatioh nagiRlri 18t f@ordéd -od a pPRAGESHIC CAIcoedipgndhedium by
preformat information signal conprising at |east a tracking servo signa
has been r gg@iadeithgOthe e fARIOLIHLC@HR R RdorEdE U Al WwRHRBEI AR @Mofbdi t
pattern is recorded by contacting the surface of the nagnetic recording
medi um wi t : : : i r J i Wel o ¥

thd Rea et Eﬁ%‘%gfit}i&} BRSNS WRER HF.?sI[ ?ﬁq rbéﬁ@fl _@EI&OI&QQ&&I@ ??t@ern

pattern that is forne erronagneti c epoSited on a surface of a

substrate d 'y i i i I | yi ng
= magnet | o ereby 8 S PRt MRbn ERAMo ShARR swiRte PR

medi um At '%ﬁ%t a portion of the magnetization bit pattern has a recording
wi dth diff8¢ aﬁ%on1the recording track width of the magnetic head in a

radi al directiongaf, the maghetic. recordi ng medj um ordin hi g, f.i rst
Cont fgurat i on of Vit G RatAEos Grsipe s B Eot peP i atan O pokkal Hei
magneti zatj on ern can be realized that is design t.0 provi de. opti mum
per f or rranc%(s)T%(Fg‘g’la Hagnsteation Radert CQF@?QPE‘QP?‘E go gﬁ%if%‘?lp a@é%fr g on
a magnetic recording_ ./ reproduction device. As.a result, a nmagnetic

recor di ng PattepR ool cilieo M afteT cafeymation cearish ipdecordathos the swaggticas as
tracki ng performance, seek performance and reliability can be praqvided at

| ower costrechadingefrediumpwidy dhe recording | megnetigs ﬁgﬁi Haveratsrd thye thar d

di sk drive of the present invention, it is preferable that a portion of the
magnet i zatfesrobagpaticefilmcpattespooni Hp tmaster| sformationsicgraér, seihach g8 from
a clock signal and a synchronous signal has a recording width [arger than a
recor di ng mmznketizedtim ofie tdieeatigm etIncotlmadwiondsy bndomhink mefarromaghetice
magneti c recordi ng medium According to this preferable configuration) the
wi dt h of tfilengpattbrbardriispbhéineector dheg tedckdagl eertdhesighalktlsd gaddrensd t he
synchronous signal s can be made extrenely small, so that when the
magneti ¢ hgdrAg¥ioat 8ol e thedclockt kxrdal Obht tiee rRaGIdE B tHeaakabterbe
scanned, a decrease of the read signal anplitude can be suppressed.

Moreover, infodhigtibh! Edrrfiid g&!&ﬁ&iﬁt ook B 18bteShSHd Y8 tREsd gsent

invention, it Is preferable that a portion of the hagnetization bitpattern

correspondé'aqlgbé Qe d%éaoﬁ%fehnm%ggt@ﬁiﬁsreg&qﬁﬁkﬁﬁgiggnrecordi ng wdth smaller

than a recording trac € rmagne in a radial direction of
the magnetic re di di um Accor di to this preferafle fi ion,
there are no magﬁh? icg‘glrg%ﬁr’isﬁ]tceéﬁg?%eng; e ?rgt%{ OF W ec%t%t%lko%’tqgﬁﬁ% t he
address infornption areas, so.that noise i uppressed during _reproduction.
As a resuFPFaggHﬁé§?t %?%d?ﬁ%?v%rFHW?nﬁﬁﬁ 3@%W@§§e%$% Fﬁ@“?égkﬂng% PPy are
consi derably suppressed. Mreover, in the first confjguration of the hard
di sk dri veagrierhang, the recondiagt edium:  Bugr b3 dhagp|featgy til%&‘?‘thf&ﬁﬂ%f the
magneti zation bitpattern corresponding to at | east one signal selected from
a clock signal and a synchronous signal traverses a plurality of
consecutive recording tracks in a radi d/ldirection of the nagnetic
recordi ng nmedium According to this preferable configuration, no guard band
has to be provided at the recording area for the clock signal and the
synchronous signal, so that when the magnetic head devi ates even only a

little tomthe recording track to be scanned, the decrease of the read
signal anplitude can be eradicate d al nost conpletely.



Mor eover, a second configuration of the hard disk drive of the present

i nvention conprises at |east one di sk-shaped magnetic recordi ng nedium 6

a rotation mechani smfor supporting the nmagnetic recording nediumwth a
rotating shaft and for rotating the magnetic recordi ng nedium at |east one
magneti c head for (a) recording information signals on the nmagnetic
recordi ng nmedium and (b) reading informati on signals recorded on the
magneti c recordi ng medium and a driving mechani smfor noving the nagnetic
head at | e@sdcibdddid TdkRAI Hieh Q_;@)thgéc@%g@% LR8e %ﬂﬂ%h% &.{s@ﬁﬂréﬁ'&ﬂs pum to
performtracking. A magnetization bit-p tgrn corresponding to a prefornmat
informatio I 0 hSl . I ervo signal has been
recor ded o#?%lgpﬁdatg}% |(yl%g%rfglhr?g%%égﬂr%ﬁ%{%%éf&n%ﬁeti zation bit patternis
recorded by contagli t he sunface . of the magnetic.recording nediu i th
the surface of a MEiePerRFE: it TUHACSH TesPT s, pRrblnGdhe s B piraior o

f ormed of ferrgmagnetic fil mdeposjted on a surface of a supstratg and
corr espondgh? @mﬁ@ngﬂefrs?%éeng if gD BRORPH HRAD M LORTERHEPRY itRGORdIng
magnetic field in a disk in-plane direction of the nmagnetic recording

medi um At meadhetls juping pomamietst head ndlpreevemtaroexpensiyataesye reperdingnet i ¢
transition region between bits is inclined wwth respect to a read gap of

t he magnet deviceddr récwding mchileoptdviselyewotrbllingftibgupesition dfthemmalgaeticdi sk
drive, a magnetization pattern that offers enhanced performance that is
opti mal foheadl isli ihaeesssaky.ndsCofiséqiearthygt iibnissi goslilsles woh ineretasackheg
servo signals, clock signals, address signals and synchronous signals can
be real i zegroddutidteraf the tpreforataindecrding Woakldyrably, toed her deduck thei ve
of the present invention, it is preferable that at least in a portion of
the magnet pgati@bPédstpat t ern corresponding to a tracking servo signal, an
7 inclination angle is defined by (a) the nagnetic transition region

bet ween bit's andstBindly 162088 BhokedoREIPARLEE itAGus 29¢1 iR mbbEniEagNet i ©

recording / reproduction device further conprises a means for controlling

the trackifoedlod MRMRANEL! nigath by d8LAGH gy q:h%h?éceorﬁﬂ%ng%?ﬁun@ tfigd.

wavef orm o racking servo sign acconpani esa acene

the magnetic head iin a radial direction gf the neti.c.receordin Lum
accor ai ng. e iRE eeBelRdti e QrEe ftsfing Jn e it Be Lot atig et o
head can dgt ect trul.y..consecutive and. linear .phase,change qof the.read

o gnal t nats SuEass At RS R g hETgBREoH COFriehev iy AEr | EERERY T thRe
radial direction of the, nmagnetic dis As a result,, servo.arackin

t echni quesFERELCoRCEHE I e die ot egVet h&n§adS sPgn %’%’Pgoé%prt%i ded
wi th an excellent trackin reci sion. reover, first configuration of

t he mgnetm@%%rr&pwgimg%@gd guadeitsa H%g%ﬁbép%Pf ?h%nb%%seém%e &Afcihswe
conpri ses at | east one_ di skshaped magnetic recording medium a rotation
nechani smisdn thppate phrecondingayifd & anpgefie ih?@drreﬂﬁmﬁ, whe Hasnefiza ey

shaft and for rotating the nmagnetic recordi ng nediunm at |east one nagnetic
head for (tapnsiten dithe puéformatiracosiemhatackoedgascsmuynbkisharpecthan mgthedi um
and (b) reading information signals recorded on the magnetic recording

medi um amnxedtionabgecordimnivith 4 oagraticheadesontdgitet morbeaekisd ttaxkingi n a
radi al direction across the magnetic recording mediumto performtracking.
A magnet i Zadcogtesopdssildiel ern corresponding to a preformat information signal
conprising at |east a tracking servo signal has been recorded on the

magneti ¢ recor di 9g,dralligrateribte MBARAGhr&AbhOThid Hedh! Shfedsted GOlsteghdy 8
contacting the surface of the magnetic recording nediumw th the surface of

h 3 X o 3 X ¢
fert onagndi el Mecoflel Menil” SADR3 BrofideCidhiitin DoHRETRAR. B e 1o
t he prefor tnfo j: igpal .. At,le oL:t | o] h i.Zation
bit- Bat t erﬁ%ﬁ%g%%%% g!ﬁ St asr%g?l é.}s? y%‘;?)igrrgﬁ’sf)e%ltgb gﬂga %%%i g}c;gglgrr% fzdca)sr'lI of
ion of the

th ti di ng. nedi According to .this third confj t
nar o Sk TPFREC (R BT FAMHer 5 e PREPal esionia i a ORIl effsal i

l ength in the circunferential direction of the magnejic disk js small and
the recor &r?@& TR GF%R6fo o SRR CEITRaERS o PPed 1 bR hAzitg tﬁ%ﬂgb‘{e: There
demagneti zation | osses due to the demagnetizing field acconpanying this
recording bit shape may occur, and a sufficient recording signal strength
cannot be attained. However, in accordaée with the third configuration of
the hard disk drive) a sufficient recording signal strength can be easily
attai ned even when the signal bit length in the circunferential direction
of the magnetic disk is snmall and the recording width in the radi al
direction is relatively large, because the nagnetization remains in a

di rection where demagnetization | osses due to the demagnetizing field do
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have been preformat-recorded on a magnetic disk installed in a magnetic 9
recording / reproduction device in accordance with the first enbodi nment of
the present invention. Fig. 3 is a drawing of a conventional nmagnetization
pattern that has been preformat-recorded on a magnetic disk with a speci al
servo-track witing device and a magnetic head built into the drive. The
magneti zation pattern in Fig. 3 corresponds to those in Figs. 1 and 2. Fig.
4 is a drawing of a magnetization pattern for signals that have been

pref or mat - recor OR_& tjc.disk _installed in ma ic_reegording /
reproducti gggdsgﬁg‘%& |ﬁr[1lgl géﬁgﬂﬁaﬂﬁcgﬂ% W@ﬁglng@BnBag%SBdlgﬂeetﬁﬁe Bfgfoﬁgl resent
i nvention. Fi gi .S éa]adravm' ng of a magnetization pattern that has been
pr ef or nat - '& 8% magneti c di sk using a naster information carrier
that has been designed so that the recording wwdths in the radjal direction
are the sanme as thfg o¥afoRlefthenseqordmgitrack madkhobf enmagrghist headaada Fig.
6 is a drawing of a magnetization pattern for signals that have been
pr ef or mat - meggnetde repordinggneeprodyctioni devise] suchnas avduprdt diskr debrediisg /
reproduction device in accordance with the third enbodi nent of the present
i nventi on. usually narrower than the track pitch, and a guard band of a certain width is
provided between adjacent recording tracks. The recording track width and
the guard band width cannot be deliberately changed according to the signal
type to be preformat—recorded. However, there are instances, when the
performance for handling tracking servo signals, address signals and clock
signals can be improved by using wider recording track widths and possibly
letting the signals traverse a plurality of consecutive tracks. Also, in
another instance where interference of magnetization patterns between
neighboring tracks becomes a problem, it is rather preferable to provide
smaller recording track widths and larger guard band widths.
Moreover, in magnetic recording / reproduction devices such as
video—tape recorders, so—called “azimuth recording” is employed, where the

recording gaps are inclined with a constant inclination angle against the

direction of the track width. This, among other merits, reduces cross—talk

3/3



Fig. 7 is a drawing of another nagnetization pattern for signals that have
been preformat-recorded on a magnetic disk installed in a magnetic
recording / reproduction device in accordance with the third enbodi nent of
the present invention. Fig. 8 is a drawing of a conventional magnetization
pattern that has been preformat-recorded on a magnetic disk with a speci al
servo-track 10 writing device and a nmagnetic head built into the drive.

The magneti i L e i j C espqon g i | a 7.
g, oo e dareiond R iatissnd BADET RIPAbe siBRGH Bubb Band. “IE .
pr ef or mat - ,ﬁcorded on .a rraé%r}gé‘ic disk installed.in.a magnetic (ﬁef{o di.ng /
repr oduct i ¢h WFEGiRAsse 4e e & R RAL TPERT W%ﬁﬁ%@lﬁ S EHE P esent
invention. Fig. 10 is a drawing_of the surface of a master infornatiaqn
carrier usé@tgo?ruc PR ErBEAEY iedBradion of benmagretizatipn pattesn Agadnshhe of
a sectional drawi ng of the master information carrier in the track Iength
di rection draek widshphizection.| several sonfiguratgons coukELT ummestaIR tCARRIING
OUT THE I NVENTION The following is a detailed description of the present

i nventi on Wietterr dfsametarestics. t Heowevanmaihengnsentiongs methedbder recording
configuration of a magnetic recording / reproduction device according to
the presentpreforeidit signats ®iith hahapBetiddleadf thatdebuglttined ghe deise; &t i nbbhat
magneti c di sks are supported by a rotating axis of) for exanple, a notor

and can be gRkR€doVWHtAiR re8sidhp sHiutiedt ¥ed eebity¥ariMpaneined Reassstatle
i nstal l ed above recording surfaces of the magnetic disks. The nagnetic

heads can regar ¢difff M@ﬁb?.ﬂ signals onto the magnetic disks, and read
recorded information signals fromthe magnetic di sks. The magneti c heads

are provided witfy;3. di yi;00 6@&1&@%&%& T @Pﬁgvtg&%.?gg%@%ie%é‘ﬁf‘@ﬁe at

| east in a radial drrectr'on acros magnet i1 c di recording tracks

11 on the _magnetic diskshave the form of..concentri:c rin r .

spiral. WIRGnAE b PEORE S ARk B ool e ek A &iel o g
tracks whil e novj.ng ragi ally acraoss the nmm net%c di sks. The. rivir%

mechani sm iC2EPAHEd REGTHMRAGHEFOIGIG o (RALFISE « Pk AR s PRPYids PR gn?‘é%ld
out by the magnetic hegeads. The function of the driving nechanismis .t

per f of m t h@TOTAERE £5 RindlRr rigRB eV RS Bahifiese EPgseand tlaek

i ntended regording tracks. Usually, a voice coil notor or a linear notor is
used for tag@Rlsy] ng nmechani sm but to enhance the tracking performance,
the driving nmechani smcan be used in conbination wwth a variety of

m cro-actuators. The nunber of nagnetic disks that are stacked in the

devi ce of the
DISCLOSURE OF THE INVENTION

In order to attain these objects, a first configuration of the hard disk
drive of the present invention comprises at least one disk—shaped magnetic
recording medium; a rotation mechanism for supporting the magnetic
recording medium with a rotating shaft and for rotating the magnetic
recording medium; at least one magnetic head for (a) recording information
signals on the magnetic recording medium and (b) reading information
signals recorded on the magnetic recording medium; and a driving
mechanism for moving the magnetic head at least in a radial direction across

the magnetic recording medium to perform tracking. A magnetization bit—



present invention is not limted to one, and, as necessary, a plurality of
di sks can be used. In accordance with the nunber of nagnetic disks, nore
t han one magnetic head can be installed. The magnetic di sk does not have to
be permanently fixed to the rotating supporting nmenber, but can be an
exchangeabl e di sk that can be inserted into and retrieved fromthe device.
A magnetic bit pattern adapted to tracking servo signals, address signals
and clock signals is pre-recorded on the magnetic disk of the, present
i nvent i on. PAREIhERTESPAHNE toa PEpiermatiisionaation fgnal eornprising af ﬁ%ston
carrier: A ferromagnetic pattern corresponding to the preformat information
si gnal is 4tragkingAervosignak baebedn zecorted vartheonaghetiawecending meedinm.on
carrier. The magnetic bit pattern is then recorded by contacting the
surface of Théenagmsétezatiod ditvmatterncar récerdeod tHy tdrastingaide sfirfabe ofaheet i ¢
di sk. The conventional nethod of recording a preformat information signal
with a spesiaghetierécording modiuii ndtldeheé earfard of aagsgiriiafdematibaadribat i s
built into the drive cannot be enployed in the magnetic recording /
reproduct iQRidiehhS % phtfehf tHRSBMorhid\dent h%ﬂéﬁﬁﬁﬁﬁ@éibcﬂl‘nﬂ@ebésﬁﬂd%ﬂ ki ne
of the static en bloc-recording technique using the above naster
i nformati LeL, } i 1 r g in
Oéhr@ﬁer Jtaﬁé su‘?@%ﬁﬁe a?n&’é&Qe%ﬁé%cPﬁEé %Q‘H%@fo‘%&xﬂt"{dﬁ{méﬁgg %ﬁghows

accordance w e configuration o e prese I nventi on.

or et or mat FobaRr e S anArafil S g o) § GREL ARnR O ol SOk Bt
angular o SERRLBEIPRAG Rho Ak PaShR BRERERoqt U Seensn-encd MEnRRuErEtEsn of
WAL ORI MR T S el
AN L I e
disk after witing the master information pattern onto the magnetic disk.

In a real thastfinsticomficvaation efathe anagnetiacecordinger reprodustionodeyiset @r ns
as in Fig. 10 are forned at predeterm ned angular intervals in the

ci r cunf er emagaktidaticvtpaiberandat dre reidizedathiest wyvdesighed whglrevidec optlimgmar ea
of the magnetic record disk in the radial direction. The master information
pattern comrforseanee foraalidiffesentvhimigofkbigmada ina prefokmaitgrabrdingsorand an
address signal area that are arranged sequentially along the track

di recti on magabtisrecdrding X aspraluctionFdevicd0. Ahersulf, act a@fnctiverdrosditig
information carrier according to the present invention has a ferronmagnetic

film patterfpredneEes dvice With Biksell@s! perfbBmanicafiar §tdH afedtnht erckinach
hat ched portion in Fig. 10, for exanple, is a ferromagnetic filmportion on

the surfagerfdiifahid)@ebRIPHRIBhECahll | /A RBIESF Baik BEROGRMUH AO1dWet Bost
i nformation signal as shown in Fig. 10 can be forned easily by utilizing a
vari ety ofyanendyppgessi ng techni ques such as master stanper processes fox
optical disks or sem conductor processes. Fig. 11 shows an exanple of a

cross section OfMtopgoJEq',stiﬁrtﬂenﬁ‘i%ﬁgkﬁg'uration of the hard disk drive of the

present invention, it is preferable that a portion of the magnetization bit—
pattern corresponding to at least one signal selected from a clock signal and
a synchronous signal has a recording width larger than a recording track
width of the magnetic head in a radial direction of the magnetic recording
medium. According to this preferable configuration, the width of the guard

band at the recording areas for the clock signal and the synchronous signal



carrier in Fig. 10 along the phantomline A-A'. The structure shown in Fig.
11 has been forned by depositing a ferromagnetic film 12 on a surface of a
pl anar substrate 11, applying a resist filmto the surface, exposing and
developing the resist filmto pattern it according to a digital information
signal. A one pattern is formed on the ferromagnetic film12 wth a dry

et ching technique such as ion mlling. In the denonstrated exanple, the

et chi ng dept h, of tge delpreised rtiqns reaches into th sabr(ftr_ate 11 and
t he ferrongﬁé?ifea ¢ EXIERSIE SR He hiRAtavherd ﬁrréﬁgﬁ%ﬁlﬁgeﬁ VLSS a¥SRever
it is also possible to apply an etching depth that is |l ess than the

t hi ckness okl adittle frormghe rreortingntrack so behsaanmed, redewwagn of ithefreagh 12
remai ns at the depressed portions as well as at the protruding portions.
Usi ng t he sigabdamplitodentandre sappresseds shown in Figs. 10 and 11, the
magneti c recording nmedium for exanple a magnetic disk, is

pr ef or mat r ecor deMdrgoeamntiacthen dirst eodtfigh@atioal of ke Nagide dislh fdeiventof othe
carrier with the surface of the nagnetic recording nmedium In the case of,

for exanpl gresantiiAveh€ibg, MRENEHdErille oHHtNG pdrfikn EHHE M BrrfbitiRGiodTRaNet i C
excitation field 14 is applied in an in-plane direction of the disk, so

that the ppotteididordPohHaS té’fattlgﬁsf S QEBLAR! %1%1151 |h?31§ 8ol dif o Wedid
information carrier are magneti zed and a preformat 1 nformation srgna
correspondj fe L rRgnst i a i int etic
recordi ng ér'rlgglné%ﬂ{bﬁlt Fé caggg H\ﬁﬁ%]%l Jtvg%t@lntggﬁg}%i éﬁ%{e&ﬁ%g%gge{ehn ‘Jggrr?p etely
del eted before.recording the preforpat infornatipn signa .sufficient
Fecor di ng LBCb St BB ReBE IR RERUE, RGaRiEE o 481 Pretebfifa oo
to conventi onal t hods, using a special servo witi device, the

Hbove- descH IR0, RAtte: B8 a0nguAERABEAtBR P ELeRss | ATdas Totieemd | s
very cheap.  Moreoyer,. the netization gradient at _the recqrded trac

edges is v%@J;aC%’E‘Eg’&S %ﬁ% g@ﬁﬁ%cggfométmemaﬁg Sﬁr@(ﬁtsli“?iﬁ‘? 1§ puppdesse
configuration in Fig. 10, the recording wdth in the radial direction (with
respect toduragmepiadnetion.skits anesnt.i address feteetjon pergrsranshdgaraase i | m
pattern width on the naster information carrier, is designed to be

subst ant i atheysadkevelasy age chnsidecablyi supnneasdd.wi dt h of a magnetic head.
Consequent |y, when preformat recording of a magnetic disk is performed with
the master inforNmreoveranriter firat Fogfigi@ativheof dherhindy dwsldtdrivé dofhthe
magnetic bit pattern in the radial direction of the magnetic di sk becones

t he sane aprdshat iacentlongitt isapkeferalilh tdfataa pagtiohi «f tieachaghutizatidre bit—
magnetic bit pattern recorded on a nagnetic disk with a master information
carrier sheateRs cofrebpomdiby tngk Idaet BrgndEhal bélected! frehina lcbsul sigehald anal
magnetic disk in a conventional manner wth a special servotrack witing
devi ce andy ayABRAIdUE sh%ﬂé!l fHaivbisdsnd LRIt oM@ REEulIRS kEHrYng RPadan® 15
Wth the above-described preformat recording technique using a master

i nformat i of GAAT QirectionDEE UAE SmMARHSHR! FodoRdirBE O ShiNRINCAcbordih gPS tRIS.
that could not be realized with conventional nmethods using a spécl al
servo-tra BN ' . ' ' js '

ecord a paeAe GodEheRuRE nd etV HAAto i phoiBLR o e ot Rl

abovedescrihedegr of of Rl FEOL0LAG LR NG HSING B FESLel L nton IRt 0N

carrier, the ferronaghetic m pat tef n”on the sur e naster

i nformation carry.i coryesponds to a,nag i c,bit pattern,.of

br ef or mat -PEEGP GGV AL YRR RBY & Jrde 9 8P eGording iashet? 2% i on
pattern of a preformatrecorded, signgl .is not as restricted gs a

Gonvent | oriAnBeds herdecteass ohiths aafmigRabarlituia cenvs pradicated almostq

t he magneti zatjon pattern of the preformat-recorded signal can be designed
arbitrarilgpuepletelst ri ving the ferromagnetic fil mpattern on the surface of
the master information carrier accordingly. Thus) a nagnetization pattern
that can provi deMopedvarma pecdrat eanftguragiomafithe hgrd diskkdrige ofthe preggntl s,
address signals, and cl ock signals can be preformat-recorded. The foll ow ng
i s a descringehtionaforhimdses ehelexst cambditikrahbpediméb petic esmrtling veediuom,
adapted to preformat signals, with reference to the acconpanyi ng draw ngs.
Fi rst Enbodi nent

6



Figs. 1 and 2 show an exanple of the magnetization pattern of a signal that
has been prefornmat-recorded on a nagnetic disk installed in a magnetic
recording / reproduction device according to the first enbodi nent 16 of
the present invention. The magnetization pattern in Figs. 1 and 2 is
recorded by contacting the surface of a nmagnetic disk with a nmaster
information carrier, which has the sane ferromagnetic film pattern

devel oped i . I Ei ] rates an._exanpl e of
= convent i st duT i d5RiedYor SABBAIER Ihe henctit ot SERt Bt WHR=0,
magnetic di sk wt speci al servo-track witing device,and a neti c head
burl ¢ i nt or QB shAft BRAdORxelalimg (he magnescasrrulipEmetion nat JERS aPRs
illustrated in Fjgs. nd Figs..1 to 3 illustrate_an exanple of a,
magnet i zat FPGHBTFEC i}eﬁéw%% éévﬁ%?rdﬁ}gefléf?ﬁ?a@%né}@aﬂ%c%da@ i Fragnetic
preformat area provided at certain angle intervals in the circunferenti al

di recti on t4cosdinghanedivaetand & rasdingabiformagion) signals orecoxdarblan the
magneti c di sk. These preformat signals conprise a tracking servo signal, a
cl ock si gnalagheticsyerodorg zaediom); anddaasynotimgnmeshshignal for habvaeg vibe as a
reference signal for anplitude gain control. In the radial direction of the
magnet i ¢ disdgneticeheddatdeasicin anrafial dérdctiaekaods lthe iiageeticatdcsrding
illustrated. For illustrative reasons, the portion corresponding to the

recordi ng iedelmofo ﬁeﬁmgﬂQkéékthadA' mh?ﬁb@i'zlaﬁ_@niBltiﬂlﬁté’tqy&&@e%ﬁoﬁdl%\g‘r‘toas a
broken line. In the conventional exanple in Fig. 3, the recording track

wi dt h_Canngly g aid attoRiaoALiehX] BnAseShdafc oath L chd ki 108 ssbael o0

be prefornmat-recorded) because the preformat signal 1s reco

magneti ¢ NEAd blohNebotdbdObh the Hhenthie rgE&vdgﬂg%F&@Fen%&m apelZgepst 0

wi dths of the thus-recorded trac g Servo sit ock S gn _
370 the nanerfEndsdetbistbFieon iR Bhe sTHRSE el RRBRE e Rfihg" © "
guar d band & elee SOB "y Hufbll! 5 B U180 pelveen sdlacent Lecardng,
the ci ock BFGAER LAk IEHBVESACH brBUS SR gReiie S3m ARpoted Bant SAHIMFCR 3 |
:jgglr gg;gg_ gubpschftitieogn fcérggsgour?drsd tcl>3 atrlllccia gi'eftoggla%ngllfg-nulggio%f s}gg%l,r %?Si Sain nal
applying a magnetic field in a disk in-plane direction of the magnetic
recording medium. At least in a portion of the magnetization bit—pattern
the magnetic transition region between bits is inclined with respect to a read
gap of the magnetic head. According to this second configuration of the
hard disk drive, a magnetization pattern that offers enhanced performance
that is optimal for all different kinds of information signals such as tracking
servo signals, clock signals, address signals and synchronous signals can be
realized.
Moreover, in the second configuration of the hard disk drive of the

present invention, it is preferable that at least in a portion of the

magnetization bit—pattern corresponding to a tracking servo signal, an



The cl ock signal and the synchronous signal serve as reference signals fox
J controlling the recording / reproduction system so that such a decrease
of the read signal anplitude is not desirable. Consequently, it is
preferable to make the width of the guard band 6 in the preformat recording
area of the clock signal and the synchronous signal as small as possible.
However, using the techniques of the prior art, this is inpossible. In the

configuratjon of.the esent .i nyent i qn), however he netizati.on pattern
For pret or innAdien ARBLSROAERLEY B 0"t Rt PRRERHR Teekdt mefvRRn ' o
the prior t, and the width of the guard band in the t preformat_,

recor di ng @&%&ngf(g? aeead gap ofithaanagnetic hea Ff%*bﬂ%e magrskicagronkingade
very small. In the configuration of the present invention shown in _Fig. 1,
of au the /fprexrefdustionidgvidesiurtrmcomprises armanng for pentretingithe tracking of
the cl ock signal and the synchronous signal in the radial direction of the
di sk ( i . eof he miagndticdwadoby detediing agdiasai diamgeanfen weatk waviedorm lof the
recording track width 5 of the nagnetic head 1. By adopting this

conf i gur at tragkidtgheerwiodiifn alf tHdiea cgompdnbeandsliépliadeinfens oftha magndidc edd
extrenely small, so that when the 18 magneti c head deviates even only a

little from hhedigcairdetion tofatls m@gﬁéﬁﬁc‘i@ﬁdﬁh&ﬁn?%d&ﬁiﬁas Aebrdihg foethls
signal anplitude can be suppressed. In the configuration of the present

i nvention shewl donffgh@atidn FthdHadd'Qidk &Fi0F Mile MLNR R BEAMahILREE a
drawi ng, the recording areas of the clock signal and the synchronous signal
traverse =1 C egut.| r 4 t cﬁ& i h aﬁﬁgi .
directiona‘g]glh H%hﬁﬁéﬁg%?cggﬁsﬁgh?ﬁe?ﬁgépé%% |8upgt|on}%ﬁﬁé§1 I'S %%agdgrd
band 6 in ' reas.for ot cl ock..siignal . and the.synchronou
orgnal . CoRRBEaRRRDY T8 BRI of B8, B aBREHT SO if Mo SRR REAEROR T
decrease of, the read sj.gnal ,anplitude that ocgurs jn.the prior art en t he
magnet i o heiMARRH Sk AR T resalh SeTYq dHCkIRE itbrleurtibAsed R EBEo be
scanned. Thus, this .configuration i referabl. o the configuratiqn in
T ot SCGREARH RF GE bl & SRANRA P PROYiRE] TR GHG-UEPE JFRGRnE e
magneti ¢ di sk, hecones too | arge conpared to the signal bit length in the

ci rcunf er PHSCHII0Bi rection (i.e. the direction of the track length), a
sufficient recording signal strength may not be attainable, because of the
i nfl uence of thelMgseexatet rzifipts iconfigyyatipn tdie thecomaigngtibi tregoreding /
Therefore, it is preferable to select a configuration that is suitable for
t he recor diepgodirgiien deaiceephthe presemtcimvengisnacimopsises Ritgeast oarddizk—t he
recording width of the tracking servo signal in the radial direction of the
magnet i ¢ délsdpeds mapmesizneecasdinigemedimmeli regrétosok miedhhnxsroffor kappagtieti c
head 1. However, the present invention is not limted to these

conf i gur atthenmagaedic Feroréinny dicdguin diith ianrdtacidy shiftngnd doy eotatinglthar eas
can be | arger than the recording track width 5 of the magnetic head 1 as
wel |. 19 mbhetiefecordifgt inedtonf i g¥rlahstooné mkgdetid holaldefore@) rdcoeiiageas
of the clock signal and the synchronous signal traverse all consecutive
recordi ng jnfeekatibl bipRala kbl idGhetit écorhbhg aap@hire ShiKeb)brdadibel S

al so possible to group tracks together to certain signal areas’in the

radial di rieebi088h éi%ﬂFIEBQQS‘&zjdﬁiidéﬁ kbheaﬂﬂaéﬂe%YceEé@orEiEg% QES&’jI&ﬂ{\“g alhldagks

only within these signal areas. In the latter case, W be guard
bands 6 o Si t _theig iRfl i .

o ani 1 canty Rt Ee s O HaoBlsl BRe; Blledeff hobl' hbCHES Wy 'a 38l 1
effect of t.he present invention gcan be provid sufficiently teover, the
Cattor coftPERIG 1AGH0ss CHE dPARBPHC TRdoT R, BITREE 0P RHEDHBOFASRER, ched
demagneti zing fi.elds ﬁgn be decreased. Eﬁfond En%gdinent ig%WA shows .an
exanpl e ofARBeHEHAR] MiThatterh CoReRP R IR To AT efermat, Jatopfigtion signal
preformat-recorded on a magnetic_disk installed in a nagnetic

comprising at least a tracking servo signal has been recorded on the

magnetic recording medium. The magnetization bit—pattern is recorded by



recording / reproduction device according to the second enbodi nent of the
present invention. The magnetization pattern in Fig. 4 is recorded by
contacting the surface of a magnetic disk with a naster information
carrier, which has the sane ferromagnetic filmpattern in its surface. For
conparison, Fig. 5 illustrates an exanple of a magnetization pattern that
has been preformat-recorded on_a magnetic disk with _a master_information
carrier wherdactiagthesuafarg ofithennagnetinaeecrding mpdivg robh she syafricgwdd to
be the sane as the recording track widths 5 of the nagnetic head, as shown
for exanpl & mastdrginfoemation garrier,n whicki bas 5 qatteaspshds sofarmeed®f a
pattern illustrated in Fig. 4. Figs. 4 to 5 illustrate an exanple of a
magnet i zatfeoromaghetio filint Bepmitrdbnpr efiofanatof 3 guiadtsatecand dedrdspoads to
preformat area provided at certain angle intervals in the circunferenti al
direction fle grefoP@adiinfrin Mo®fsidghal. t rRacledsenopbiti®d of fthe M¥gABtigation
magneti c di sk. These preformat signals conprise a tracking servo signal, a

clock si gngit.pdr@is 3HLESS 63 Sﬁ@ét-anlt%é}f‘ﬁafeﬂ?él_ad tﬂi)r:‘:lﬁf%li @ReQioh B8 the

magnetic disk (i.e. the direction of t track w ur tracks are

illustrateg. 0] rative:reaso (AN r [ e
recordi ng I?‘ra C ElgfxlegUﬁ%él e{nl\é?l ead ‘?Eclorx{s {egcyhliér)]%‘ﬁg %‘gﬁ)@%t{g&shgv%gas a
broken |ing, . hhe .conuentional  ex le_im Fig. .5 .therecordi ng tyrack

i ot b of CRE BRSO TEE M B g S0 Fakhe whaiped " SRR TR PRalE o:
5 of the neti.c head 1. nse ntly, t recordi wi.dths of. th

racki ng SERRED 4 S i eReah g A estign e desepeRa it i Srpll gid the

Mor eover, as i ,the,%@ie OL recording the pre or_mit signal with g speci al
servo- t r ackeRF¢iEny?! 1t éhg g RefipR 1paslathyaly tlarge.odemasaetigationne

wi dt h of the guard band 6 provided between adjacent recording tracks is the
sane for apssed dnalto the demagneatiwng figld aegempogiing thisecardingskit shgnal

i ncludes a track nunber indicating the radial position and a sector nunber
i ndi cat i ngmlyeoesiure anflea enitffiglengordcordimgorignad sverdgtihe cainot benattatned

di sk. Therefore, in the recording portion on the nmagnetic disk

cor r espondHowetver,tiheacadritaase withndle thind canfgurdtéon epelie hhve dipsdr deidieca
signal as the tracking servo signal and the synchronous signal, but a

conpl i cat eshffficieniatdcerdinigs sighadriesh gthhean shc bagily citphinedt ecebivvh@atthern i s
recorded as shown in the exanple in 21 Fig. 5, interference arises anong
bits of ad§igaahtbit Naedh idnthet Bechederditivl dBeBEbh Za t1oh Heyebiedisk is
conpl i cated unstabl e magneti zation interference areas 7 across the guard

bands 6. Thesl sRAN F&dor@ihd WidtheheRRE RIIEAS dfre@ﬁbﬂ’ei%nrél@jtﬁ%?ﬂtla?éé,s axe
undesi rabl e, because they cause noi se at signal reproduction and may cause

address def&sli@niRr gpgg%emqtﬁmd@@ﬁﬁ%%e ei{rafe a tcdei@eac;iﬁa% WHRIr@CAd fhaghBeization

occurrence of suc magneti zati on | nter eas 7 has been recogni zed

al'so i n copuent 908) 1k ﬁfeg{ajﬁkt{zgrgé’?éwt%.ﬂb%io%gﬁgagBﬁgﬂﬁ' servo-track

witing device and a nagnetic he into rrve, and it is becom ng
a serious problemconsidering that nmagnetic recording / reproduction
devices record with ever higher track density. To reduce this interference

betveen adpREN DRICRIPTION BFDHRAWHSas

Fig. 1 is a drawing of a magnetization pattern for signals that have
been preformat-recorded on a magnetic disk installed in a magnetic
recording / reproduction device in accordance with the first embodiment of
the present invention.

Fig. 2 is a drawing of another magnetization pattern for signals that
have been preformat-recorded on a magnetic disk installed in a magnetic
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that the wdth of the guard band 6 in the preformat recording area of the
address signal is as large as possible. On the other hand, as expl ai ned
above, a large guard band width is not desirable in the prefornmat recording
area for the clock signal and the synchronous signal. This neans that in

t he conventional preformat recording nethod the recording track wdth 5 of
the magnetic head 1 and the wdth of the guard band 6 cannot be arbitrarily
changed, but there is a trade-off between the two. On the other hand, with

t he confi : f resent i.nvention, the neti zation,.pattern of
the pref Sgérgﬁ‘ta Ellrlgzgggéamgﬁtg)ﬁlaﬁgvﬁcg RoteP 8@%‘?‘%%%8‘"336 ﬁifsi r?énlb‘?qlg?e%tr ‘E'ff] and
the wdth, of the guard band 6 can be optim zed for all preformat recording
areas, tHaf plrgs,er\‘tgpvﬁﬂapgss signal, clock signal and synchronous signal. In
the configuration shown in Fig. 4, of all the preformt signals in 22 t he
drawi ng, the r‘l‘gg%'rgil?@ diadtine of & spnvendiomad maagnetization pasksral that hast i on of
the magnetic disk (that is in the direction of the track width) is |arger

t han t he beer oprsfernetaerotded: ansa omagneticadisdkt Witheadspecialngenvhetraskor di ng
wi dth of the address signal in the radial direction of the magnetic disk is
smal | er wrating idevicecondiangagretik head il info the dobgnetThe hegdetizafipn
adopting this configuration, the wdth of the guard band 6 can be nade

ext renel pasterhliniPigt Beortespbnds emshoserimaFipd1exid 2nely large in the address
signal area. This nmeans that when the nmagnetic head 1 in the clock signal
area devi ates Bygn galydrwingtdfen bipmdthatinr patiedd fbf atkndls that Heened, a
decrease of the read signal anplitude can be suppressed. On the other hand)
magnet i ZpbbRNpidTbAinh@LRIE iad] hf1Sd 8 S atfel 9. 5
do not occur }Dn the area ﬁeﬂ{ ﬁgﬁagdd?ﬁer%ggg?gﬁgﬁl@%géﬂi%i%n.gocﬁ& %gecds to
be taken ; I: | .46 bit t {

addr ess g(%%gg}r{é;ﬁa{;ﬂ?gﬁg%?ﬂ{i %%Qtsgﬁgl C,CB%gf:%ggﬁﬁlh@r? %eﬁgﬁraé%ﬁ“;dl}b%ux{t%
anplitud .S :Sl beconmes too small. However, in dual el enent

magnet i cahé;ggg%ﬁéﬁggﬁqﬁgn'an i nductive recording elenent and a

magnet oresi stiye reproduction el epent, such as are jnstalled,in pagnetic
recording / re ?’%dﬁct‘? ¢h -ag\fgngegfecaesmggnggl@ﬁpnygajptg,rnt at asy BeFB t r ack
wi dth of t recordin | ement portiqgn.is smaller than track pitch. and the
reproducPf%ﬁngﬂFW‘gq oA PSRt BHKCEPE RIBASHT BUPTRBHORCATHISR

smal ler than the recording track wdth. Therefore, .in_the range where the
present Fhfches fren dasigned 60 fhat she apeording ayidshs intthe yadial diregion
anpl i tude of the address signal does not decrease drastically, even when

t he recot Hee wmierasdfhetwit%agfrtbeir@cmdmgamcdx of the megnetitrkesd. si gnal area
is made snmaller. 23  Rather, a high reproduction S/Nratio can be attained
by decreasing Fig tis salrasisgdflsy magnesizavimondpstterbdar sigpads ithat ihave
interference areas 7. In the configuration shown in Fig. 4, the recording
area of béen cheftrmbtacorird lba foormeagdnatict dislerinistalled pirural magnetic
consecutive recording tracks f in the radial direction of the nmagnetic

di sk, asrdcording £esprodutidbn alevideoim acsorBagce vitMiheakird entbddigment of
configuration shown in Fig. 4, the recording width of the tracking servo

si gnal ithd preseadinlestiigcti on of the magnetic disk is set to the sane
width as the recording track width 5 of the nagnetic head 1. However, the
present | nventiph 7 f Adkakdid bf &h6thdiOnhbhéticaibhGitebidior Sadardl ! he

recording width 1n the tracking servo signal area’can be set [arger than

the recopgifebhaste b racdelinen @%{%ﬂ&1yﬁ?ﬂ{ InstBi9 irf a¥d ghedipOW an

exanpl e of the magneti zation pattern
recording / reproduction device in accordance with the third embodiment of

the present invention.
Fig. 8 is a drawing of a conventional magnetization pattern that has

been preformat-recorded on a magnetic disk with a special servo—track
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signal that has been preformat-recorded on a nagnetic disk installed in a
magneti c recording / reproduction device according to the third enbodi nent
of the present invention. The nagnetization pattern in Figs. 6 and 7 is
recorded by contacting the surface of a nagnetic disk with a nmaster
information carrier, which has the sanme ferromagnetic filmpattern
deposited in its surface. For conparison, Fig. 8 illustrates an exanpl e of
a conventional magnetization pattern that has been preformat-recorded on a

magnet i L it [ ot W L NG fevi tic head
ur 1 REaRE ey AgaRsb B RETKAT HAR i che WY R R PG
patterns i)Jlustrated in Figs., 6and7. Figs. to illustrate an exanpl e of
a nagnetp@%getr on €1§ft ecrolgrﬁpgﬁdggggﬂg?e B}g?%ﬁ’%a ngi%gnal s recorded in a

pr ef or mat areivgrﬁvide at. certain angl.e intervals %Q t.he fircu erenti al
direction (i.é&18tHdSd FEATenCld MABNEHZAHOR DRGteTy WF sigpilsd e a
magneti ¢ di sk. These preformat signals conprise a clock signal, and a.

t r acki n§eenr peelormadtrecordecheon adi magnetictdisk sstaHednignat magnetic (i . e.
the direction of the track width), four tracks are illustrated. For

i | | ust r ae¢arding fzeproductionpisvi¢eorms acerdasepmitinghe foutth embedimentcof 4 have
been marked by broken |lines and nunbered sinply as tracks 14, to clarify

t he posithé pmessnttineentionr di ng tracks. In present tracking servo techniques,
t he di splacenent of the magnetic head 1 in the radial direction froma
predet er m ned Rigatl isendeawingef ithe gandicl bf abpiakteeirdfoiadtipndcaaivy ol | ed
based on the read signal anplitude of the tracking servo signal recor ded

in a plweadifbyaPreftinditaebotdiaghktscimdect ween the tracks. The tracking
servo signal patterns shown fox exanple in Figs. 1 - 5 and 10 use this

t Ki ; i he. & t i c head
racki ng ser qulé_ecﬂnl 1§P%naré]9(atﬁﬁi(;lér gk Lhege d?g)&ldagggg.ghgofof s "RGREL,I ¢ hea

1 inthe radial direction o magneti c K n this read signal
anplitu e - hi chni p . frequency
pand of "TREERREIT barridl B AR A e B R T Ao B A e e

track dxii Eﬁé ﬂ?d t hat noi se influences the tracking precision. As a

count er 3 " therefore, Publication of Unexam ned Patent Application No.
Sho 60-10472 di scloses a tracking servo techni que based on 25 phase
detection of the read signal. Fig. 8 shows an exanple of a magneti zation
pattern_f ' j ki ng servo techni que
based oﬁ%giébﬁgﬁﬁmé%f\tg@@m mﬁ&zati on. In the tracking
servo technique djsclagosed in_this publication, a nagnetic bit, pattern is
recorded wi t h Theciolomang 1pmadetaslers descaintiane pf the PresangdmventioRevilignet i ¢
di sk, as shown for exanple in Fig. 8. Wen such a tracking servo signal is
read wi réfezemeegirethecatrompanyingidygwang@pr oduction track width in the radial
direction that is larger than half the track pitch, then the magnetic head
1 ; encount er The s coshgdtatom ofhe magneticicedording Hrefirofdnctiondeszaece with
its own displacenent in the radial direction of the magnetic disk.

Accor di agedrdingis the plreseqianvehtdodiis pimdlarsot thatt df mecoragméional leattel in t he
radi al direction of the nagnetic disk can be detected fromthe phase shift
of the ihaHasirgaghetio dislad atd aafspogtedaby kerpeitingg arik of)cfor tdxamples amagnet i c

head 1 precisely scans the intended recording track.
motor and can be rotated with a certain angular velocity. Magnetic heads
are installed above recording surfaces of the magnetic disks. The magnetic
heads can record information signals onto the magnetic disks, and read
recorded information signals from the magnetic disks. The magnetic heads

are provided with a driving mechanism that can move the magnetic heads at

least in a radial direction across the magnetic disks. The recording tracks

11



To enploy this tracking servo technique, which is based on the phase
detection of the read signal, wth maxi numeffectiveness, it is preferable
that the phase of the reproduced servo signal changes gradually and
linearly with the radial displacenent of the magnetic head 1. Regarded this
way, it is preferable that the magnetization pattern of the tracking servo
signal recorded on the magnetic disk follows a gradual and |inear phase
shift within each single track and between adjacent tracks and not a

tt . .4 f . h i ig. 8.
Povever O tHERAEIGORARS 1htc the RienfBF(hdBhkeib kB0 ofSe 238MA) DWiLR. DL
recordin

[ : - K [t devi ge, h .f t, 26 . ..Si
wih o nRapheneRRoaLtht e Eac FE% HABlaly Srfind R0k riilfi One
and || noBoVERG LAY (ASHAR Ao BARTS Ui (hBtr BHoRaiiAg aRaghasgy T8

tracki ng . seryo techni que based on phase detection, difficult. Therefore, a
conf i gurinkes thadigpalietsansdertracking servopmanalsgrpdous bygderragaetieo t he

di spl acenent of the magnetic head 1 was_ approximated by recording a

magnet i Zagadm phire éumctivn pf thesdwiypegi nptehapisiis to pasfoshotie tracking s@. Wen
a magneti zation pattern with a stepped phase shift, as shown in Fig. 8) is
used) t hihatr ek nagredios beads ban quecisaty cban $hbaswended rbeordines éraidtsect i on
of the read signal, cannot provide sufficient tracking precision. Mreover,
t o recorUstulily,magveidez abilomqgiat t & m ilinddrg m&ort e usedofsh nhet dawbngv dt h of
the magnetic head 1 installed in the device has to be made as sonewhat | ess

than t hemetRgkisph ! Chut}. t6Si BRBahd Stl@dhickend e pdribrintindb SOthts edrivixig
recording regul ar data signals, the recording track width of the data

si gnal s GeRARENS QAR WMAhsd B ScdmiBihdtith #Wilf vt of mitfil dcbgatosgd out put

anplitude of the data signals decreases nore than necessary Mreover, in

the convent i onphe TRENBES of WAlatRe: BicRACHAA!arRCLUARLE 35 KRB\ ddvi a0 fleN] ce for

the preformat recording, ler bit pattern has to be recor or

ot oot aeenEnddiion Wond BB RRGRL. ol e e P S B DR YR on o
th tic h 1.b t |y difficult,t trol, with ext I
act uat or &1 PREFEr wdPATHE NG theontrher ot BagREH gk MRt Hfer vo

techni que based on {he. phase .defectjon, of the read signal S bee

br oposadme et ket PR PG SELAIIR. LA LI DR e LG 1o De
reproduction devices based on the anplitude detection of the read signal
have nowWwaidRHMNtIN| @gemnth@mw@% HSIPROAHAS DRRIMRAY N Prz%?ﬁﬁfme ARtern
for preformat recorded signals in the configuration of the present

i nventi cﬁthgng@@b&dlskrﬁhag@aaéoet msepeddnte and nefrigved froam &he devicet he
present invention, it is possible to record nagnetization patterns with a
gradual and | ifAeaagphtiseis mattenpridapredi to drackingosenvaciigngls, eddresgies
based on phase detection of the read signal. In the configurations of the
present siguelstard chkivbvaighalsh pre—fecanded pndhetrhagpetid diskaof thegmaisent ecor ded
on the magnetic disk, the magnetic transition region between the bits in
the bit ip&kheion. c Flie spanbitivobit pdtberd isafdenitgl asingoa shgstal ihfssneation
inclination angle 10 with respect to the reproduction gap of the magnetic
head 1. ddgfRr: " megneferforhhgnsti¢ | YAttt Ofbrrédordihfe tborther pefoiAnt bet ween
adj acent bits having opposite magneti zation polarity in the circunferential
di recti GRfHmANBNEGASGL 16 HiBKd 4R theISurfBcaE o subBerake'dfethe istbet ween

t he hatched bit portions and the unhatched bit portions (for exanple the
portion ;1@ ).} h eti r j.td 20l n;t hi r

magnet i zlg?? Q&léﬁgfla?c???gg of??%eﬁﬂ%%%dﬁie}g l?)lgr P ?gkﬁghoé%og%gﬁ t%goﬂiﬁe?%’ zation
pol arity, of 1 i . QV | &bt ar ea,
Phe mmgrestiratiifig {HEnEeRE, PO et BrfoBiiagichl Blrrfer Wit Bfe SBBREORE
polarizq;%o

magnetic eaog, ?%g@f‘ﬁ&k; Ir egacé%‘gg‘a‘iqf?‘g%ﬁi?ﬁthg’htaﬁgige:cs@éggﬁoﬂrefmﬁta

information signal with a special servo-track writing device and a magnetic
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substantially parallel to the radial direction of the disk is used to read
a tracking servo signal as showmn in Figs. 6 and 7, then the magnetic head 1
encounters a phase shift of the read signal that is proportional to its own
di spl acenent in the radial direction of the magnetic disk 1. Consequently,
with the magnetic recording / reproduction device of the present invention,
t he di spl acenent of the magnetic head 1 in the radial direction of the
magneti ¢ di sk can be detected fromsuch a phase shift of the read signal so

Scans. ¢ ndoRAL SRACAS TRl GRKD e StEver RhabUhe ERIThY AL YEORbE egRarc

configuration.shown in Fj.g. .t he netic head. 1 in the configurations
shown inrgqogg}n% 5%#“6@3%@%’&‘&0%{3%32}19&8@? RFERYORd | i near phase shift of
t he read signah‘th i s proportiqnal %o its own displacenent in the radial
direction of t e@g}q@ppg igjagyoutinesof thesgtatee e Mag-wgcardingitechnigaged on a
phase detection of the read signal can provide excellent tracking )

preci si onsingdtheedovewmakter ydarmgtiont tanrier cvhidhny need er peefoenting
invention, a preformat signal can be recorded en bloc using a naster

i nf or mat poeformwati xecordimghas dxeerdanel siitledhaboudigwmtionanf tthe presentis

probl enms occurring when preformat recording with a special servo-track
witing dewantéornas in the configuration shown in Fig. 8 can be sol ved.
Consequently, a nmagnetic recording / reproduction device enploying the

configuration ®ig!1®shewsaftexamvsiBtdfes\edacdef 4e4stedinTurRatiaanetickhan a
conventional magnetic recording / reproduction device. In the configuration

of the puge@Norl MRNpoBrmalerdBantll Mocmigas. OFENoIP! Mok si-0nRhsiard the
tracking servo signal can be separated by a guard 29 band between
adj acent ; dﬁ)?x%'é%io"il?gﬁﬂ%m thbe W Pittn if'a gpgfohﬁ%@rq%g%hag ‘?é‘%ﬁég’éosfeﬁ?at%“k

nd the seér ap 'ty o

signal a 0 signal can travers ura consecuti ve

recordi ng. t rack s..sh i 1 0.1: 1. . The qauard band wi.dth n.h de

et r emel gemapr A Er BT debulhd didsanflcaBe the BRPuhliEtchef 0B B0
recording width of the cl sj_gnal , an he, tfackin ervo ,signal in the
radial diectholEpctR ?fﬁéﬁ%&@cgi L%P&’d@s 'y foF crampled, SRk rharedyi dr h
of the read head or the recordi track width of the recordi head. The
conf i gur BAERETSt r%caééﬁs&ge@@ﬁfurpn@ﬁtmeﬁ{w%g@)éfar iteR ItF‘?’fa‘ﬁ Bhag‘hgﬁi a0 s
defined by (a) the magnetic transition r%gion bet ween t he E%és and (b) the
read gapdBesfonfbenthdirpetipn gfithe tragkwididniof the d&‘ﬁ%pt*@%ﬁaﬁ afnadbrig servo
signals, but also to a variety of other signals. Al so, by adopting an
i ncl i nat brokeankines derrieseendio regprding traghdordons naed {dralntecyesn lbgh%en t he
bits and (b) the read gap 8 of the magnetic head 1 for recording other

pr ef or namagngtizl sliskichftes wittins sthed gnakteramifosyrattoronmattesi gnetbs tha
magneti zati on pattern optim zed for each signal can be provided, and the

i nt endedncipmest eislst | da @amrehk mapterv énforhmativar aragaiee eswrfbe t meastiegnal and
the magneti zation pattern, this can be conbined with a recording w dth of

t he si gnalformatiog padiezhs Hy aethigh 10 arbeform@gdeat oroisterinintd i smgubak| er
than the recording track width 5 of the magnetic head 1, as in the exanple

of an adgitesealsiiginéhe sfieumfbibdtifl déectiondnd E¥baditraskseoverdtite whalBows an
exanpl e of the magnetization pattern of a signal that has been

pr ef or MepedoBGHgIREbLH thoMABRELE rlbora ARRLA! the a1 FEENsE]. ¢ 30

recording / reproduction device according to the fourth enbodi ment of the
present inventir@n. JTRERAL i t I i i j C t he
sane as the rragglgt?l-zggt?? on pg‘t!'ntlaéir%trll1 pﬁt@%&rﬁﬁbﬁ%m{ég‘;rmgkiﬁ Egﬁ}(‘?on | gar ation

shown | Nef1:9. o ZiohS, JRONEHLL I OUD LR LESIRAONA Hoe Bulbeg

i nf ormat i"ofn’ar e " nagne e circuntere irection o

di sk, whereas . in,the contiguration shown in,Fig. .9, the magnetg.zation bits
cor r esporssninely ApSe e HRRk dite PRt e, Shatfl £7L ahame, Shch g 11"
parallel o the radial, direction of the nmagnetic disk. This,neans, in the
onti gur BhPcHRGa Pt Hhei st B magig, PARuFbrcporing (b 308 PTeeThar ched
portions, and the_rmagnejization polarity 3 of the unhatched portions axe
ant i - pol divepgioxy hasof nierrqmagnetie; filoy attenn carregpordiugoto dhig meast§gnet i c
di sk, whereas in the configuration shown in Fig. 9, the nmagnetization
polarity 2 of the hatched portions and the magneti zation polarity 3 of the
unhat ched portions are anti-polar to édch other in the radial direction of
t he magnetic di sk. The nmagnetization patterns in Figs. 2 and 9 are both
recorded by contacting the surface of a magnetic disk with a master
information carrier, which has the same ferromagnetic filmpattern inits
surface. However, to record the magnetization pattern in Fig. 2, a naster
information carrier is used, wherein the ferromagnetic filmportions are

. S . . Y



The configuration shown in Fig. 9 has the advantage that a sufh.cient
recordi ng signal strength can be easily attained even when the recording
width in the radial direction of the nmagnetic disk is much |arger than the
signal bit length in the circunferential direction. As has been expl ai ned
for the first enbodinment with reference to Fig. 2, denmagnetization | oss
occurs because of the demagnetizing field acconpanying this recording bit
shape, when the signal bit length in the circunferential direction of the
magneti c .di.sk | s _smal nd the recording wdth in t radi al direction is
conpar at i\?ﬁ%fm%épﬂgg a%Sﬁ?‘haﬁa(gh N Ff‘%‘i!i éﬁ}r\f\ﬂp&m otinl 8y r@r gfﬁhlexélﬁ%lﬁgtlﬁ %ay not
be attainable. In the.configuration of, Fig. 9) on the other hand, the
nagnetizggrﬁﬂn?%ﬁgﬁﬁgquQPJF%%%Pb%ﬁ“ﬁ%ﬁ?e demagneti zation | oss due to the
demagneti zing fjel d does not occur . so easily, so that denagnetization |oss
does not occur 'tlh‘él wedgrraagnatic Ehsmatierrstoyresponding ge ihe Anfosmatiami ned
easily. Thus, with this configuration of the present invention, a recarding
magnet i zazigpal 8% shewinom Figatlli earsbe tfened feasily hy pibizorgratvaridtyrofdinen
signal pattern can be selected. The nagnetic head 1 installed in a nagnetic
r ecor di ngrocespngdachnioued such esi maataxosthanma pidchsddsefopropsral diskeot i on
havi ng the configuration of Fig. 9 has to have a suitable gap to detect a
pol ar i zatdepmicohdagdrgirotdseesmgnet i zati on recorded in the radial direction
of the magnetic disk. In the foregoing, four enbodi ments of the present

invention are eRjgl 3iR@dwsHIEYAhpld 8fa BFRERELILAVERhE dadtsr Mforhdtidied to
t hese enbodi nents, but can be applied also to various other devices. For

exanpl e, dahificfbAVE gL ThUbAEMSpRAN SRR £XR) @i ned with the main focus ory

hard di sk drives as the nmagnetic recording / reproduction 32  devices.

However, the prﬁ@%xﬁ&‘dﬁé‘téh%d ?n.”Pfgr.'iiﬂhgl%dbé% *}ﬂhﬂeg'@f&% 'ogfﬁn%"hd can
r ecordi ng uction devi

equal ly be applied to other nagnhetic r repro es such

as flexihle t i vi ces whose disks gan xchanged. Such, a

cont | gur ArTRSrReBs it Fileot? AT H St Pl o iR 1, 0P LHER 2 PP over

t he above..empodj,nment s. have been expl ajned with.the in,focus qn devices
o ng i nTHFRAE. i ABEIaCey SEBTANECA I Jetelone e THE BB ER ARt o can
equal ly be applied to, devjces using perpendicuylar magneti ¢ recordi ng di sks.
Such a cAFFPEIPEt %A ‘Egﬁagﬂ? TR atn §‘e&¥@?ad\‘?‘aﬁpﬁg¥&tt%§1 é%(gqré.‘i‘ GPabve.

Mor eover, the above enbodi nents have been explained with the pnmin focus on
pr ef or matferiomagnetieofln nwith asdighetehing techndnng ssehwas ongmallingn Bydr ess
signal, a_clock signal, and a synchronous signal, which are recorded on the
magneti c th%demqm&pécd expanple; otheaetdningi deptihs of othenhidenressed ppexidons
invention can be applied are not limted to these signals. By applying the
present ireaches o thensuhsérdte kleand dhaderronmgreaticfilron Zrarmeamadelyeat/ar i ous
data signals such as for exanple audio or video signals have been recorded
en bl oc che pmotpadirigdpdrtadnd. ovHewster, Tihdspalssiguiskiltle s applyi an adtching ovi ng
the intended characteristics can be enlarged nuch nore when performng
pr ef or matdepeh ahdt ig)esantlaa theithididrsk of ohd fagofgneticAln a8, pathes thecan be
desi gned according to each kind of signal. As has been expl ai ned above, the
present ifgmemdSieti@fidh MRdeaidinstdtothddAepfddacd pdidionsads k1AL idE #ed so
that the preformat recording of a magnetic recording / reproduction device
can proviggudihgreghtor mance for each kind of signal possible.
Consequently, a nagnetic 33

Using the master information carrier as shown in Figs. 10 and 11,
the magnetic recording medium, for example a magnetic disk, is preformat—
recorded by contacting the surface of the master information carrier with the
surface of the magnetic recording medium. In the case of, for example, an

in—plane magnetic recording disk medium, a direct magnetic excitation field
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recording / reps oduction device with excellent performance in such areas
as tracking performance, seek performance and reliability can be provided
at | ower cost than before. Moreover, an even higher track density can be
realized with a nmagnetic recording / reproduction device in accordance with
the present invention. 34 CLAIMS 1. A hard disk drive conprising: at

| east one di sk-shaped magnetic recording nmedium a rotation nechani smfor
supporting said nmagnetic recording nediumw th a rotating shaft and for

rotating.sajch: . recording. med; at | east. gne netic head for (a)
recor di nbslgfr)ﬁé?&rrg? géﬂﬁsf’gar%ﬁ T %l%g%ﬂi?a%kt e %tc%eﬁ%gg%‘i‘a’ﬁﬁﬂriw&s( b)
readi ng i pfar I on_si gnal s.recaqrde sai d magnefic recordi ng nmedi um and
a drivi naP n@%?’é%?gae%vﬁi@ 2‘3?1 oodfngglﬁet’?%stﬁéagléfrqaéé@c (;ar;r%rr aeal
direction across the gnhetic recording mediun1t% perforn1trackin%' wherein
a magnet Pyagnedizedi @nshid eprefepak sHUAEIMALION, Signfle COFTASPOPAINE it itH8 si gnal
conprising at |least a tracking servo signal is recorded on said nmagnetic
recor di néerraeiagretichilmenptéenty ig regerdpd -Ipathee magneticrenogdingmedinmnct i ng
the surface of the magnetic recording nediumw th the surface of a naster
i nf or mat erthéacaser whemi the asgee hatdisk mashbeen sofnplataly odelatdde beforagnet i ¢
filmdeposited on a surface of a substrate and corresponds to the preformt
i nf or mat rerrdimgnthe pacidrazplinforgnationgheialc af dudfidient recordikgidlog tona
direction of the magnetic recording nedium and

saturation recording can be achieved easily.

Compared to conventional methods using a special servo writing
device, the above—described preformat recording method requires very little
time and is very cheap. Moreover, the magnetization gradient at the
recorded track edges is very steep, which enhances the tracking precision.

In the configuration in Fig. 10, the recording width in the radial
direction (with respect to the magnetic disk), which is defined by the
ferromagnetic film pattern width on the master information carrier, is
designed to be substantially the same as the recording track width of a
magnetic head. Consequently, when preformat recording of a magnetic disk
is performed with the master information carrier in Fig. 10, the recording
width of the magnetic bit pattern in the radial direction of the magnetic disk
becomes the same as the recording track width of a magnetic head. Thus,
the magnetic bit pattern recorded on a magnetic disk with a master
information carrier shown as in Fig. 10 and the magnetic bit pattern
recorded on a magnetic disk in a conventional manner with a special servo—

track writing device and a magnetic head built into the drive are basically

the same.
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at least a portion of the magnetization bit-pattern has a recording wdth
that is different tomthe recording track width of said nagnetic head in a
radi al direction of the nagnetic recording nmedium 35 2. The hard di sk
drive accor ding to Claim1, wherein a portion of the magneti zation
bit-pattern corresponding to at |east one signal selected froma clock
signal and a synchronous signal has a recording wdth that is larger than a
recording track width of said magnetic head in a radial direction of the

magnet i ¢ recor diig, Tadi 4BveddedBEbERN She! 'ﬁaﬁ%x&d@ﬁg%‘éhﬂﬁﬁu 1?%%3 )

wherein a portion of the nmagnetization bit pattern correspohdl ng

recor di ndet Tt bRl el SIC AR BbRbI o Ra® pllatedf 48 (e
wher ei n_ BTERTCOET (HADBER P! SAERER BT SRAE o SRR H5IT0 By

{1 aver SoSPRCI APETTIFAGH VEUHSE BRTIC SN ke BRI Rorek Bl Talored VRS ect | on

of the magnetjc recording nmedium 5. A hard disk drive conprising: at |east
one di skISRdsb@ REgiosmat inderpatiog memakm Thatdsata saAyneaHathernboye—
supporting said magnetic recording nediumw th a rotating shaft and for
rot at i ng deatribed paefarmatereseriling teeliniame wsingenstasterinfaymetion deeadrf or (a)
recording information signals on 36 sai d magnetic recordi ng nmedi um and
(b) readithg fenfonaghetin Singnedtserrecor dhe sanfse@i df thgnmiaister deformiatiprredi um
and a driving nechanismfor noving said nagnetic head at |east in a radi al
di r ect i oragfiepssrieBponidg behimapgRetit itgattesh bihal Preférvh t-Febsrdeli dighal
on a magnetic disk. Therefore, the magnetization pattern of a preformat—
recorded signal is not as restricted as a conventional preformat recording
using a servo-track writing device, and the magnetization pattern of the
preformat—recorded signal can be designed arbitrarily by contriving the
ferromagnetic film pattern on the surface of the master information carrier
accordingly. Thus, a magnetization pattern that can provide optimum
performance for handling tracking servo signals, address signals, and clock
signals can be preformat—recorded.
The following is a description of the preferred embodiments of the

present invention adapted to preformat signals, with reference to the

accompanying drawings.

First Embodi
Figs. 1 and 2 show an example of the magnetization pattern of a
signal that has been preformat—recorded on a magnetic disk installed in a

magnetic recording / reproduction device according to the first embodiment

16



wherein a magnetization bit pattern corresponding to a prefornmat

I nformati on signal conprising at |east a tracking servo signal has been
recorded on said magnetic recording medium the nmagnetization bit-pattern
i's recorded by contacting the surface of the magnetic recording nediumwth
the surface of a master information carrier, which has a pattern that is
formed of a ferronmagnetic filmdeposited on a surface of a substrate and
corresponds to the preformat information signal, and applying a magnetic
field iof thedpsdsentipveartioni recti on of the nmagnetic recording nmedium and at
| east in a portion of the magnetization bit-pattern, a nmagnetic transition

regi on bet weeThbirh&gh8tikdtin pattevhlil FREPEGInd 2 id réQAdecday &intadtidgmagnetic
head. 6. The hard disk drive according to daim5, wherein the |ncF| ned

magnet i gat kQFFabd bf a%aggletiba%s@wia?%r ﬂ?gge ;rgi,gngﬁgh J[asféie%r gafict hag @

recording track wdth t he magnetic adi a Irection of the

i w dth ad T'n’a direction oF th
wher ei H‘}e{qiﬁ?%%ﬂ%g?%%%%%’?@gﬁqﬁeﬁgﬁfﬁ%ﬂéﬁﬁeﬁé R Cor di ng i dth ¢ hat
[ 37n . than th di t Kk wwdth of th ic.h '

a0t 8l i oot Fh SERHIHhORE B RLBF e Ro T UMPIS O TRCCHIAPRGN or i ve

according to, Caim5, wherein the inclined nmagnetiz iion bit-pattern

t r aver SEEERCHZAION RALteHn %{g&%h??%pf%fg%tﬁgecpf‘g?figni%m&gi%&c 188 recti on
of the magnetic recording nedium 9. The hard disk drive accordi ng to daim
5, wherWith asppeiad servp—drask vrdmefevice anthadnpgnetiohepithyiliinge the

corresponding to a tracking servo signal, an inclination angle is defined
by (a) dmgena@‘hgtpat,ttern in Fig. 3 corresponds to the patterns illustrated in Figs.

1 and 2.

Figs. 1 to 8 illustrate an example of a magnetization pattern with
several preformat signals recorded in a preformat area provided at certain
angle intervals in the circumferential direction (i.e. the direction of the track
length) of, for example, a magnetic disk. These preformat signals comprise
a tracking servo signal, a clock signal for synchronization, and a synchronous
signal that serves as a reference signal for amplitude gain control. In the
radial direction of the magnetic disk (i.e. the direction of the track width),
five tracks are illustrated. For illustrative reasons, the portion
corresponding to the recording track of a magnetic head 1 installed in the
device is shown as a broken line.

In the conventional example in Fig. 3, the recording track width
cannot be varied arbitrarily in accordance with the kind of signal to be
preformat-recorded, because the preformat signal is recorded with a
magnetic head 1 that is built into the drive. Consequently, the recording

widths of the thus-recorded tracking servo signal, clock signal and
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txansition region between bits and (b) a read gap of the magnetic head, and
the magnetic recording / reproduction device further conprises a neans for
controlling the tracking of said magnetic head by detecting a phase change
of a read waveform of the tracking servo signal that acconpanies a

di spl acenent of said nmagnetic head in a radial direction of the magnetic
recording medium ~.0. A magnetic recording / reproduction device
conprising: at Least one di sk-shaped magnetic recording nedium a rotation

mechani saryﬁa{romae%agmgafegme gnetierddee’ dheg tg@%wpdmg BraRkWiRhi N9

shaft and for rotating said magnetic recprding medi uny at Teast one _
rRgnet | © SN Aeh i BERATEINGRPETBIL O S0l oy oon GBI ©
nead at PRREE o SsheTRRY B Rontide d bPSuER ATAehator T BRaRRg e um ¢ o
D ef or mat | nf oFiha BIREBPE HeeBon Pt FRrant il examla dnHgaGe Porl-gnal
has been_recaorded on said netic recording nmediuny the nmagnetization
bit - pat t &r ‘f@tqseéﬁ?’éléﬁﬂbyanigﬂﬁa@t)%éhﬁ Hecefipgcleagk whennmegnaing thecor di ng
mediumw th the surface of a master information carrier, which has a
pattern €legk signdloanedhefsyachemonsesjgnel eo thathitdwassi aredremincludinigge of a
substrate and corresponds to the preformat information signal; and at |east
a porti opodion hd theggeaird dtdmah 6bithe panpéitnde ofndpneead esdignal decreases.

The clock signal and the synchronous signal serve as reference signals for {

controlling the recording / reproduction system, so that such a decrease of

the read signal amplitude is not desirable. Consequently, it is preferable to

make the width of the guard band 6 in the preformat recording area of the

clock signal and the synchronous signal as small as possible. However,

using the techniques of the prior art, this is impossible.

In the configuration of the present invention, however, the

magnetization pattern for preformat—recorded signals is not subject to the

same restrictions as the prior art, and the width of the guard band 6 in the

preformat recording area of the clock signal and the synchronous signal can

be made very small.

In the configuration of the present invention shown in Fig. 1, of all

the preformat signals shown in the drawing, the recording widths of the

clock signal and the synchronous signal in the radial direction of the disk (i.e.

in the direction of the track width) are wider than the recording track width

5 of the magnetic head 1. By adopting this configuration, the width of the

guard bands 6 in this area can be made extremely small, so that when the
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substantially parallel to a radial direction of the magnetic recording
medi um 39 11. A magnetic disk stacked in a nagnetic
recordi ng/ reproducti on device having a nagneti c head, wherein a

magneti zation bit-pattern corresponding to a preformat information signa

I s recorded beforehand on the magnetic disk, and a portion of the

magneti zation bit-pattern corresponding to at |east one signal selected
froma clock signal and a synchronous signal has a recording width that is

| arger than_a.recordi.ng.track wdth of..the ngtic head in _a,adial
i v oct i RaBReEh L BFARE Y 0 A s R i kediBnedeiek B e o
recording/reg&odgption q§vhce havi n 1a nagne I C hgad, wherein a
magnet i FEEPBRALR HERERASE/H tABFPRL S AP Etade,can e mPrressSdnat i on si gnal
i s recorded beforehand on the magnetic disk, and a portion_of the
magnet i zat i on 1B the)genfgwraiinmg éggbﬁdﬁrﬁgemoné’emmkﬁiwgéﬂv&gsi?grﬂflalhas a
recording width that is larger than a recording track width of the magnetic
head i nthe radfarmati sigualoshowntihndheadpasting, thekecotding areas of the clock
signal and the synchronous signal traverse a plurality of consecutive
recording tracks in the radial direction of the magnetic disk. In this
configuration, there is no guard band 6 in the recording areas for the clock
signal and the synchronous signal. Consequently, it is possible to eradicate
almost completely the decrease of the read signal amplitude that occurs in
the prior art when the magnetic head 1 deviates even only a little from the
recording track to be scanned. Thus, this configuration is preferable to the
configuration in Fig. 1. However, when the recording width in the radial
direction of the magnetic disk becomes too large compared to the signal bit
length in the circumferential direction (i.e. the direction of the track length),
a sufficient recording signal strength may not be attainable, because of the
influence of the demagnetizing field due to the recording bit shape.
Therefore, it is preferable to select a configuration that is suitable for the
recording signal pattern.
In the configurations in Figs. 1 and 2, the recording width of the
tracking servo signal in the radial direction of the magnetic disk is the same
as the recording track width 5 of the magnetic head 1. However, the
present invention is not limited to these configurations, and the recording

width in the tracking servo signal areas can be larger than the recording

track width 5 of the magnetic head 1 as well.
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13. A magnetic disk stacked in a nmagnetic recording/reproduction device
havi ng a nagneti c head, wherein a magnetization bit-pattern correspondi ng
to a preformat information signal is recorded beforehand on the magnetic
di sk, and a portion of the nagnetization bit-pattern corresponding to an
address information signal has a recording width that is smaller than a
recording track width of the magnetic head in a radial direction of the
magnetic disk. 14. A magnetic disk stacked in a magnetic _
recordi ng/ r epr (Mgedoven, Hevhe QoRA¥ LSS TAANGL I2C theacodiBbeirad of the
magneti zation bit-pattern corresponding to a preformat information signal
I's recor destidsfabehant tRE sy RehIRIRE! éigngl %{‘ave%F@' A1 BGhLd AR éc@?ilin
magneti zation bit-pattern Corresponding to at |east one si gnaf sel ect ed
froma bl ' . chr | I av pluralit f

R e rgﬂ rlgdclﬁéslcgmn% S S gqglﬁc 4BV Lz §e tl% gl.t's:?a Bé\ses\[(}lal% 80 <)

consecutive recordin a radia rection of

15. A magnetic di;sk,.stacked in a.magnetjc_recording/ reprqduct.i on Vi ce
navi ng & SRaBRERCon ASRARER do cRruinraERel st B the iRl EehinR e ng
to a preformat_.infaormation signal is recorded beforehand.on the nagnetic
di sk, | i n RAEAGH AT/ ARq FHaYRIES e EohT ’élgn’éFg"ﬁgFiocPl%’r‘ﬁ iR 55¢ 38
bet ween bits inlﬁg f*[a cking servpo signal region is inclined with respect to
a read gagess thet aﬁ&eirccaffﬁéaahe%ﬁmwa borguagd bandnd enbndetwaendihe
bit-pattern correspondi nght.o the tracki n%ese.r vo_signal_ has a recording
wi dt h t haignad geoupss hutatheir indaencerieilbbeasigaificantdy dowedt thaanin sthe
recordi ng track

conventional example in Fig. 3, so that the effect of the present invention can

be provided sufficiently. Moreover, the latter configuration is useful in that

the effect of the above—mentioned demagnetizing fields can be decreased.

Second Embodiment

Fig. 4 shows an example of the magnetization pattern of a signal that
has been preformat—recorded on a magnetic disk installed in a magnetic
recording / reproduction device according to the second embodiment of the
present invention.

The magnetization pattern in Fig. 4 is recorded by contacting the
surface of a magnetic disk with a master information carrier, which has the
same ferromagnetic film pattern in its surface.

For comparison, Fig. 5 illustrates an example of a magnetization
pattern that has been preformat-recorded on a magnetic disk with a master
information carrier where the recording widths in the radial direction are
designed to be the same as the recording track widths 5 of the magnetic head,

as shown for example in Fig. 10. The pattern in Fig. 5 corresponds to the
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wi dth of the magnetic head in a radial direction of the magnetic disk. 16.
A magnetic disk stacked in a nagnetic recording/reproduction device having
a magneti c head, wherein a nmagnetization bit-pattern corresponding to a
prefortnat information signal is recorded beforehand on the nmagnetic di sk,
in the magnetization bit-pattern, a magnetic transition region between bits
in a clock signal region is inclined with respect to a read gap of the
magneti c head, and 41 a portion of the magnetization bit-pattern

corresp L0g - i gnal has a recording width that is larger than
at | eas Q%hglgé?ﬁséﬁrgg%%h??%%w dth and a recording track width of the

magneti ¢ headqi radi I rection of the, mgnetic dj.sk. A netic
di sk stacked F}g%aaqhﬁ%ﬁeﬁh&raet@o?ﬂieﬁ‘ép?%lﬁr%fdﬁ Pgﬁeﬂé%élffg IFI%%?% vgf%ﬂagnet iC
head, wherein a neti.zatjon bij-pattern corresponding.}jo, a preformat
't or meAENGRAL PEHAF AL S Gaels ReqoHiad b ARRE TGN AR G s s ReTGEn( e
magneti zation bit-pattern, a magnetic transition region between bits in an
addr essanglednienviads in the sircnmderemtiad dirrationed.enithe divespiont ofithexraglid gap of
the magnetic head, and a portion of the nagnetization bit-pattern
cor r esplengthyof, dox hxarmpde, e magmeticrdisk onThega arefoamad signalsdiongpmiset h t hat
Is smaller than at | east one of a read track width and a recordi ng track
wi dt h od traukinggeevo signedda clock sigiilalandi aeatddeessodighhk nhgtied radial sk.

direction of the magnetic disk (i.e. the direction of the track width), four

tracks are illustrated. For illustrative reasons, the portion corresponding to

the recording track of a magnetic head 1 installed in the device is shown as a

broken line.

In the conventional example in Fig. 5, the recording track width of
the preformatted signals is the same as the recording track width 5 of the
magnetic head 1. Consequently, the recording widths of the tracking servo
signal, clock signal and address signal are all equal. Moreover, as in the
case of recording the preformat signal with a special servo—track writing
device and a magnetic head built into the drive, the width of the guard band
6 provided between adjacent recording tracks is the same for all signal areas.

Of the preformat signals, the address signal includes a track number
indicating the radial position and a sector number indicating the
circumferential position on the surface of the magnetic disk. Therefore, in
the recording portion on the magnetic disk corresponding to the address
signal, not a simple repetitive periodic signal as the tracking servo signal

and the synchronous signal, but a complicated bit pattern is recorded.

When such a complicated bit pattern is recorded as shown in the example in

21



18. A magnetic disk stacked in a magnetic recording/reproduction device
havi ng a nagneti c head, wherein a magnetization bit-pattern correspondi ng
to a preformat information signal is recorded beforehand on the magnetic
disk, in the nmagnetization bit-pattern, a magnetic transition region
between bits in a tracking servo signal region is inclined wth respect to
a read gap of the magnetic head, and a portion of the magnetization
bit-pattern in the tracking servo signal region traverses a pIuraIity of

consecutyye 5%@{%(@% fég%ldnrﬂgﬁ N 6&@1}5&&% P}@?. o @eglsk

19. A mag etlc stac gnetic tecor |ng I‘epro ice
o a pr aPOpASRka el adveltle Bl sgPﬁééf%tel%"%ea%n BREHb R R R et ¢
o TR AL P T e Bl R8T .
0RO R R e R B et RS o o S 7 1
recording~tracks in a radial direction of the magnetic disk. 42 20. The
magnet i deRFeduGkiabRrERNgay caisp astdress debegtinn eurors ang ajesredse of theast a
portion of the magnetization bit-pattern is magneti zed substantially
par al | elseek weloeidy.al Thie rascuiremcefoft suchrapendtizagiak interference areas 7

has been recognized also in conventional preformat recordings using a

special servo-track writing device and a magnetic head built into the drive, {

and it is becoming a serious problem considering that magnetic recording /

reproduction devices record with ever higher track density.

To reduce this interference between adjacent bits, it is preferable

that the width of the guard band 6 in the preformat recording area of the

address signal is as large as possible. On the other hand, as explained

above, a large guard band width is not desirable in the preformat recording

area for the clock signal and the synchronous signal. This means that in

the conventional preformat recording method the recording track width 5 of

the magnetic head 1 and the width of the guard band 6 cannot be arbitrarily

changed, but there is a trade—off between the two.

On the other hand, with the configuration of the present invention,

the magnetization pattern of the preformat—recorded signals is not restricted

as in the prior art, and the width of the guard band 6 can be optimized for all

preformat recording areas, that is, for address signal, clock signal and

synchronous signal.

In the configuration shown in Fig. 4, of all the preformat signals in
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21. The magnetic disk according to any one of clainms 11 to 19, wherein at

| east a portion of the magnetization bit-pattern is magneti zed al ong a
circunferential direction of the magnetic disk. 22. The nagnetic disk
according to any one of clainms 11 to 19, wherein the magnetic disk is an
exchangeabl e disk that can be inserted into and retrieved fromthe nagnetic
recordi ng/ reproduction device. 23. The nagnetic di sk according to any one
of clainms 11 to 19, wherein the nagnetization bit-pattern is recorded by

ot or rettT B 0e b th%]ifw%@l% wi(?@e?ﬁ% P pighat 1§ the Sofict i Ee Gt

|nfornat on_signal 4. I c,recordi duct i evi ce _conpri si ng
a magnetfe IH? et&ﬁ(ﬁhsflk alireciin 8? gﬁ Fﬁ&@ﬂé?ﬁtlﬁgﬂrgﬁﬁ tern
correspondi ng tQ for rrat [ nf ormation signal is recorded_befor ehand on

t he nagﬁbﬁlrSCQFdéRg ta wideh §|®WMfm@aée%@ﬁedulzamdnthq)mcogémgewm
corresponding to at | east one si selected froma clock signal and a
synchr onbibe sidgrabs signad inetder mdglgl wirgchionheft thesmagmgtic diskinis smalder di ng
track width of the magnetic head in a radial direction of the magnetic

di sk. 25han thegreebrdingetrackiiwigth épobthe i agmedivhesd domByi adopting whimet i ¢

di sk and a nmagnetic head, wherein a magnetization bit-pattern correspondi ng

to a prebnfigatratioh orlewidih of iheagudrsl bacd6drcth be ik antdemiely baalipgnet i ¢
di sk, and a portion of the nmagnetization bit-pattern corresponding to a

t r acki nghselok Sigadlarbaari s£ehtlPdariddin thoAddresd SigAAl avdaN Bhiecordi ng
track width of the magnetic head in a radial
means that when the magnetic head 1 in the clock signal area deviates even
only a little from the recording track to be scanned, a decrease of the read
signal amplitude can be suppressed. On the other hand, magnetization
interference areas 7 among adjacent bits as shown in Fig. § do not occur in
the area of the address signal information.

Care needs to be taken that the recording width of the magnetic bit
pattern in the address signal area is not too small, because then the read
output amplitude of this signal becomes too small. However, in dual-
element magnetic heads including an inductive recording element and a
magnetoresistive reproduction element, such as are installed in magnetic
recording / reproduction disk devices of recent years, the recording track
width of the recording element portion is smaller than track pitch and the
reproduction track width of the reproduction element portion is even smaller
than the recording track width. Therefore, in the range where the present
invention sufficiently displays its effect, the read output amplitude of the
address signal does not decrease drastically, even when the recording width

of the magnetic bit pattern in the address signal area is made smaller.
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direction of the magnetic disk. 43 26. A magnetic recording/reproduction
devi ce conprising a magnetic di sk and a magnetic head, wherein a

magneti zation bit-pattern corresponding to a preformat information signa

i s recorded beforehand on the magnetic disk, and a portion of the

magneti zation bit-pattern corresponding to an address information signal
has a recording width that is smaller than a recording track width of the
magnetic head in a radial direction of the magnetic disk. 27. A nagnetic

recor di ngy,i ' HABWIC S| net | i n tic
nead, wnSrareh SFHEH RbiORKlias SO B B SRATEC By oSt SERIEL
I nf or mat | Si i C r on.the.magnetic disk, and a
portion Sgg%%degﬂgiglﬁeatﬁ()%g??%s%?b|e? ?1%§§§§'§§3%39 %%4;958%83% A4 | east one
signal selected froma_.clock signal and.a sypachronoys signal .traverses a
plurality of cgﬂ&‘&ﬁ(’r‘\f/’%u% 8Poﬁq’r‘?§vq F%%Rg' ‘i’n{}}f it ’rn%liag%f’f %ﬁﬁe Sfo he
magneti c di sk. 2§. magnetj c recordi ng/ reprogducti on device conpriging a
magnet i cswin@E Caﬁgﬁ%fg %Erawéa%{lg\m@ﬂléaﬁ%ao entine reponging sracksy n
corresponding to a prefonnat information signal is recorded beforehand on
t he magnit the apdial direatinn ofidecmiagnetioflish.taspin the eonfigwmadinn shownadnsi ti on
regi on bettveen bits in a tracking servo signal region is inclined with
respect Fug.€.read gap of the magnetic head, and a portion of the
magneti zation bit-pattern corresponding to the tracking servo signal
Moreover, in the configuration shown in Fig. 4, the recording width of
the tracking servo signal in the radial direction of the magnetic disk is set to ;
the same width as the recording track width 5 of the magnetic head 1.
However, the present invention is not restricted to this configuration, and

also the recording width in the tracking servo signal area can be set larger

than the recording track width 5 of the magnetic head 1.

Third Exbodi

Figs. 6 and 7 show an example of the magnetization pattern of a
signal that has been preformat-recorded on a magnetic disk installed in a
magnetic recording / reproduction device according to the third embodiment
of the present invention.

The magnetization pattern in Figs. 6 and 7 is recorded by contacting
the surface of a magnetic disk with a master information carrier, which has
the same ferromagnetic film pattern deposited in its surface.

For comparison, Fig. 8 illustrates an example of a conventional
magnetization pattern that has been preformat—recorded on a magnetic disk

with a special servo—track writing device and a magnetic head built into the
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has a recording width that is larger than at |east one of a read track
width and a recording track width of the magnetic head in a radial

direction of t

he magnetic disk. 29. A nagnetic recording/reproduction

devi ce conprising a magnetic disk and a nmagneti c head, wherein a

magneti zati on

bit-pattern corresponding to a preformat information signal

I s recorded beforehand on the nagnetic disk, in the magnetization
bit-pattern, a magnetic transition region between bits in a clock signal

regi on i&rik’??'
a portion of t

TREpAEh LEFRETS cotteTab AL 1O BB, Bhetlfia TSR U o™

si gnal h@;1 %,};ecordi ng wwdth that is larger than at | east one of a read

track wi
direction of t

f%hd a recordi ng track width of the nagnetic head in a radial

e netic.disk. 30. A magnetic recording/reproduct.i.on
devi ce conpri SF F%Sv}gﬁ‘é&n@ﬁ%r%ﬁesﬂnawrﬁpﬁaat@t m@gﬁéé’&?t\%ﬁeﬁ’%ﬁtﬁr%w“h
magneti zation bit-pattern corresponding to a preformat information_signal
i s recortf¥erabpERioEmAt Benalseracatird ir ayprsormatiareamypvided at cevtain
bit-pattern, a magnetic transition region between bits in an address

i nf or matarglednigryials iythmcirsumferdantial direction §igsdhetdirectiaraef theprack t he

magneti ¢ head,

and a portion of the magnetization bit-pattern correspondi ng

to the dengtlsof, foexramnpdn =imagetivadisk. r Swsdiprgforndathsighals ¢anprisger t han
at |east one of a read track wwdth and a recording track width of the

magnet i ca kebodk

bignal) addad tehdkéngi ervofsighal. mdantlid eadiad klirétionfofrelaeet i c

recordi ng/ reproduction device conprising a magnetic di sk and a nagnetic
magnetic disk (i.e. the direction of the track width), four tracks are

illustrated. For illustrative reasons, the portions corresponding to the track

pitch 4 have been marked by broken lines and numbered simply as tracks 1 —

4, to clarify the position of the recording tracks.

In present tracking servo techniques, the displacement of the

magnetic head 1 in the radial direction from a predetermined track center

line is

generally both detected and controlled based on the read signal

amplitude of the tracking servo signal recorded in a plurality of adjacent

tracks and between the tracks. The tracking servo signal patterns shown

for example in Figs. 1 — 5 and 10 use this tracking servo technique and

control the displacement of the magnetic head 1 in the radial direction of the

magnetic disk based on this read signal amplitude. However, this

technique poses the problems that the frequency band of the position signal

detection circuit increases together with the track density, and that noise

influences the tracking precision.

As a countermeasure, therefore, Publication of Unexamined Patent

Application No. Sho 60-10472 discloses a tracking servo technique based on
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head, wherein a magnetization bit-pattern corresponding to a preformt

I nformation signal is recorded beforehand on the magnetic disk, in the
magneti zation bit-pattern, a magnetic transition region between bits in a
tracking servo signal region is inclined with respect to a read gap of the
magneti c head, and the region for recording the tracking servo signal
traverses a plurality of consecutive recording tracks in a radial direction
of the magnetic disk. 32. A magnetic recordi ng/reproduction device

conpri si e MBBRREIIn Wfskhansb-A N@gnst i ¢ Figad Wﬁiz{haef‘ﬁlﬂgﬁi Lc(?:tgtra:jgg

bit-pattérn corresponding to a preformat information signa

bef or eha@x??glkt?m%@%ﬁ%eirﬁ fgié tﬁ%ra&ﬁg%r%@ﬁ%lé@s%hwgﬁg h%%ﬁﬁr?% Qelers‘%

magnetic tr tion region ween birts In ; regio _
Tt 0 ARG RSIER 4 aRgh et A0, MISIANS! b gt TR 459
oL L8RSk GOSN kS B BETRINSS g i P I
32, wherein at least a portion of the pagnetization bif-patternis .
magnet | zéﬁrgwéﬁgﬁﬂtam;%%taam asp Shittrign expr hp bRk og% thenmagnghict i ¢
ai sk. disk, as shown for example in Fig. 8. When such a tracking servo signal is
read with a magnetic head 1 having a reproduction track width in the radial
direction that is larger than half the track pitch, then the magnetic head 1
encounters a phase shift of the reproduction signal in accordance with its
own displacement in the radial direction of the magnetic disk. According to
this technique, the displacement of the magnetic head 1 in the radial
direction of the magnetic disk can be detected from the phase shift of the
read signal so that tracking can be performed such that the magnetic head 1
precisely scans the intended recording track.

To employ this tracking servo technique, which is based on the phase
detection of the read signal, with maximum effectiveness, it is preferable
that the phase of the reproduced servo signal changes gradually and linearly
with the radial displacement of the magnetic head 1. Regarded this way, it
is preferable that the magnetization pattern of the tracking servo signal
recorded on the magnetic disk follows a gradual and linear phase shift
within each single track and between adjacent tracks and not a pattern of
constant phase shift for each half track, as shown in Fig. 8.

However, in conventional methods that perform the preformat

recording using a special servo—track writing device, recording the preformat
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34. The magnetic recordi ng/ reproduction device according to any one of
clains 24 to 32, wherein at least a portion of the magnetization
bit-pattern is magneti zed along a circunferential direction of the magnetic
di sk. 35. The nmagnetic recording/reproduction device according to any one
of clainms 28 and 31, wherein at least in a portion of the magnetization
bit-pattern corresponding to a tracking servo signal, an inclination angle
is defined by (a) the nagnetic transition region between bits and (b) the

Gevi co Fifeplsr SaBROR st naBT bR RO FafiR opathd RiraitienL "
[T acki ndiTOAgRE a4 PR at PIERS MR Eena oL HaEHEHE  H BV HGNAAY ¢ head
Fecar df RGPS FBNRE G Tabe SYHIFhBaF dodiyrosneded saplable s 2,
wherein the magnetic disk is an exchangeabl e di sk that can be inserted into
and r et traskdnefseawettechnipechasedr e arhassgdeteptiony diffisnlevTherefar, aThe
magneti ¢ recordi ng/ reproducti on device according to any one of clainms 24 to
32, whecenfiguhatipm ito diei adorited-where the iphase carifie grégortimmad aoi thp a
surface of the magnetic disk with a surface of a master information carrier
havi ng digdatement ool ekpandgnetit chddre 1pmefsoapptroxind atedabiyorecoirdired .a 46

magnetization pattern with a stepped phase shift, as shown in Fig. 8.

When a magnetization pattern with a stepped phase shift, as shown

in Fig. 8, is used, the tracking servo technique, which is based on the phase

detection of the read signal, cannot provide sufficient tracking precision.

Moreover, to record the magnetization pattern in Fig. 8, the recording track

width of the magnetic head 1 installed in the device has to be made as

somewhat less than the track pitch 4. Since this magnetic head 1 is also

used for recording regular data signals, the recording track width of the data

signals becomes somewhat less than the track pitch 4, and the read output

amplitude of the data signals decreases more than necessary. Moreover, in

the conventional methods that use a special servo-track writing device for

the preformat recording, a two—tier bit pattern has to be recorded for every

track, so that the time necessary for the preformat recording becomes

extremely long, and the phase of the recording signal and the position of the

magnetic head 1 become extremely difficult to control with external

actuators.

Fastforwarding 10 years from the time when the tracking servo

technique based on the phase detection of the read signal has been proposed,
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igs. 6 and 7, the border line between the hatched bit portions and the

[{Pel)

unhatched bit portions (for example the portion “a”) is the magnetic
transition region. In this area, the magnetization polarity 2 of the hatched
portions opposes the magnetization polarity of the unhatched portions. In
fact, over a limited, narrow area, the magnetization polarization 2 shifts
gradually into the opposite polarization 3, hence it is called magnetic

transition region.

When a magnetic head 1 having a read gap direction 9 that is
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substantially parallel to the radial direction of the disk is used to read a
tracking servo signal as shown in Figs. 6 and 7, then the magnetic head 1
encounters a phase shift of the read signal that is proportional to its own
displacement in the radial direction of the magnetic disk 1. Consequently,
with the magnetic recording / reproduction device of the present invention,
the displacement of the magnetic head 1 in the radial direction of the
magnetic disk can be detected from such a phase shift of the read signal so
that tracking can be performed such that the magnetic head 1 precisely
scans the intended recording track.

Different from the conventional configuration shown in Fig. 8, the
magnetic head 1 in the configurations shown in Figs. 6 and 7 can detect a
truly gradual and linear phase shift of the read signal that is proportional to
its own displacement in the radial direction of the magnetic disk. Thus, a
servo tracking technique based on a phase detection of the read signal can
provide excellent tracking precision. Moreover, with a configuration
according to the present invention, a preformat signal can be recorded en
bloc using a master information carrier, as has been explained above, so that
the various problems occurring when preformat recording with a special
servo—track writing device as in the configuration shown in Fig. 8 can be
solved. Consequently, a magnetic recording / reproduction device
employing the configuration of the present invention can be devised much
cheaper than a conventional magnetic recording / reproduction device.

In the configuration of the present invention, the recording areas of

the clock signal and the tracking servo signal can be separated by a guard
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band between adjacent tracks as shown in Fig. 6, or the recording areas of
the clock signal and the servo signal can traverse a plurality of consecutive
recording tracks as shown in Fig. 7. The guard band width can be made
extremely small, as shown in Fig. 6, and it is preferable that the recording
width of the clock signal and the tracking servo signal in the radial direction
of the magnetic disk is larger than the read track width of the read head or
the recording track width of the recording head.

The configuration of the present invention, where an inclination

angle 10 is defined by (a) the magnetic transition region between the bits and
(b) the read gap 8 of the magnetic head 1, cannot only be adapted to tracking
servo signals, but also to a variety of other signals. Also, by adopting an
inclination angle defined by (a) the magnetic transition region between the
bits and (b) the read gap 8 of the magnetic head 1 for recording other
preformat signals such as address signals and synchronous signals, a
magnetization pattern optimized for each signal can be provided, and the
intended characteristics can be improved. In accordance with the signal
and the magnetization pattern, this can be combined with a recording width
of the signal in the radial direetion of the magnetic disk that is smaller than

the recording track width 5 of the magnetic head 1, as in the example of an

address signal shown in Fig. 4.

Fourth Embodiment
Fig. 9 shows an example of the magnetization pattern of a signal that

has been preformat-recorded on a magnetic disk installed in a magnetic
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present invention.

The magnetization pattern in Fig. 9 is basically the same as the
magnetization pattern in Fig. 2. However, in the configuration shown in
Fig. 2, the magnetization bits corresponding to preformat information are
magnetized in the circumferential direction of the magnetic disk, whereas in
the configuration shown in Fig. 9, the magnetization bits corresponding to
preformat information are magnetized substantially parallel to the radial
direction of the magnetic disk. This means, in the configuration shown in
Fig. 2, the magnetization polarity 2 of the hatched portions and the
magnetization polarity 3 of the unhatched portions are anti-polar to each
other in the circumferential direction of the magnetic disk, whereas in the
configuration shown in Fig. 9, the magnetization polarity 2 of the hatched
portions and the magnetization polarity 3 of the unhatched portions are
anti—polar to each other in the radial direction of the magnetic disk.

The magnetization patterns in Figs. 2 and 9 are both recorded by
contacting the surface of a magnetic disk with a master information carrier,
which has the same ferromagnetic film pattern in its surface. However, to
record the magnetization pattern in Fig. 2, a master information carrier is
used, wherein the ferromagnetic film portions are magnetized in the
circumferential direction of the magnetic disk. On the other hand, to record
the magnetization pattern in Fig. 9, a master information carrier is used,
wherein the ferromagnetic film portions are magnetized in the radial

direction of the magnetic disk.
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% 109% & () - nRRABeFonfigueafeNGbwilin Fig. 9 has the advantage that a sufficient
recording signal strength can be easily attained even when the recording
width in the radial direction of the magnetic disk is much larger than the
signal bit length in the circumferential direction. As has been explained for
the first embodiment with reference to Fig. 2, demagnetization loss occurs
because of the demagnetizing field accompanying this recording bit shape,
when the signal bit length in the circumferential direction of the magnetic
disk is small and the recording width in the radial direction is comparatively
large, so that a sufficient recording signal strength may not be attainable.
In the configuration of Fig. 9, on the other hand, the magnetization remains
in a direction where demagnetization loss due to the demagnetizing field
does not occur so easily, so that demagnetization loss does not occur and a
sufficient recording signal strength can be attained easily. Thus, with this
configuration of the present invention, a recording magnetization direction
that is suitable for the preformat information signal pattern can be selected.

The magnetic head 1 installed in a magnetic recording / reproduction
device in accordance with the present invention having the configuration of
Fig. 9 has to have a suitable gap to detect a polarization change of the
magnetization recorded in the radial direction of the magnetic disk.

In the foregoing, four embodiments of the present invention are
explained. = However, the present invention is not limited to these
embodiments, but can be applied also to various other devices.

For example, the above embodiments have been explained with the

main focus on hard disk drives as the magnetic recording / reproduction
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a configuration can attain the same advantages as explained above.

Moreover, the above embodiments have been explained with the
main focus on devices using in—plane magnetic recording disks. However,
the present invention can equally be applied to devices using perpendicular
magnetic recording disks. Such a configuration can attain the same
advantages as explained above.

Moreover, the above embodiments have been explained with the
main focus on preformat information signals, such as a tracking servo signal,
an address signal, a clock signal, and a synchronous signal, which are
recorded on the magnetic disk. However, the information signals to which
the present invention can be applied are not limited to these signals. By
applying the present invention, a magnetic recording / reproduction device
where various data signals such as for example audio or video signals have
been recorded en bloc can be provided at low cost. The possibilities to aim
at improving the intended characteristics can be enlarged much more when
performing preformat recording, and a suitable recording magnetization
pattern can be designed according to each kind of signal.

As has been explained above, the present invention makes
magnetization patterns, that can be optimized so that the preformat
recording of a magnetic recording / reproduction device can provide optimum

performance for each kind of signal possible. Consequently, a magnetic
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recording / reproduction device with excellent performance in such areas as
tracking performance, seek performance and reliability can be provided at
lower cost than before. Moreover, an even higher track density can be

realized with a magnetic recording / reproduction device in accordance with ~

the present invention.
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at least one disk—shaped magnetic recording medium;

a rotation mechanism for supporting said magnetic recording
medium with a rotating shaft and for rotating said magnetic recording
medium;

at least one magnetic head for (a) recording information signals on
said magnetic recording medium and (b) reading information signals
recorded on said magnetic recording medium; and

a driving mechanism for moving said magnetic head at least in a
radial direction across the magnetic recording medium to perform tracking;

wherein a magnetization bit—pattern corresponding to a preformat
information signal comprising at least a tracking servo signal is recorded on
said magnetic recording medium;

the magnetization bit—pattern is recorded by contacting the surface
of the magnetic recording medium with the surface of a master information
carrier, which has a pattern that is formed of a ferromagnetic film deposited
on a surface of a substrate and corresponds to the preformat information
signal, and applying a magnetic field in a disk in-plane direction of the
magnetic recording medium; and

at least a portion of the magnetization bit—pattern has a recording

width that is different from the recording track width of said magnetic head

in a radial direction of the magnetic recording medium.
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2. The hard disk drive according to Claim 1, wherein a portion

of the magnetization bit-pattern corresponding to at least one signal selected
from a clock signal and a synchronous signal has a recording width that is
larger than a recording track width of said magnetic head in a radial

direction of the magnetic recording medium.

3. The hard disk drive according to Claim 1, wherein a portion
of the magnetization bit—pattern corresponding to at least an address signal
has a recording width that is smaller than a recording track width of said

magnetic head in a radial direction of the magnetic recording medium.

4, The hard disk drive according to Claim 1, wherein a portion
of the magnetization bit—pattern corresponding to at least one signal selected
from a clock signal and a synchronous signal traverses a plurality of
consecutive recording tracks in a radial direction of the magnetic recording

medium.

5. A hard disk drive comprising:

at least one disk—-shaped magnetic recording medium;

a rotation mechanism for supporting said magnetic recording
medium with a rotating shaft and for rotating said magnetic recording
medium;

at least one magnetic head for (a) recording information signals on
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recorded on said magnetic recording medium; and

a driving mechanism for moving said magnetic head at least in a
radial direction across the magnetic recording medium to perform tracking;

wherein a magnetization bit—pattern corresponding to a preformat
information signal comprising at least a tracking servo signal has been
recorded on said magnetic recording medium;

the magnetization bit—pattern is recorded by contacting the surface
of the magnetic recording medium with the surface of a master information
carrier, which has a pattern that is formed of a ferromagnetic film deposited
on a surface of a substrate and corresponds to the preformat information
signal, and applying a magnetic field in a disk in-plane direction of the
magnetic recording medium; and

at least in a portion of the magnetization bit-pattern, a magnetic

transition region between bits is inclined with respect to a read gap of said

magnetic head.

6. The hard disk drive according to Claim 5, wherein the
inclined magnetization bit—pattern has a recording width that is larger than
a recording track width of the magnetic head in a radial direction of the

magnetic recording medium.

7. The hard disk drive according to Claim 5, wherein the

inclined magnetization bit-pattern has a recording width that is smaller
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than the recording track width of the magnetic head in a radial direction of

the magnetic recording medium.

8. The hard disk drive according to Claim 5, wherein the
inclined magnetization bit—pattern traverses a plurality of consecutive

recording tracks in a radial direction of the magnetic recording medium.

9. The hard disk drive according to Claim 5, wherein

at least in a portion of the magnetization bit-pattern corresponding
to a tracking servo sigpal, an inclination angle is defined by (a) the magnetic
transition region between bits and (b) a read gap of the magnetic head, and

the magnetic recording / reproduction device further comprises a
means for controlling the tracking of said magnetic head by detecting a
phase change of a read waveform of the tracking servo sigmal that
accompanies a displacement of said magnetic head in a radial direction of the

magnetic recording medium.

10. A magnetic recording / reproduction device comprising:

at least one disk—shaped magnetic recording medium;

a rotation mechanism for supporting said magnetic recording
medium with a rotating shaft and for rotating said magnetic recording
medium;

at least one magnetic head for (a) recording information signals on
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said magnetic recording medium and (b) reading information signals
recorded on said magnetic recording medium; and

a driving mechanism for moving said magnetic head at least in a
radial direction across the magnetic recording medium to perform tracking;

wherein a magnetization bit-pattern corresponding to a preformat
information signal comprising at least a tracking servo signal has been
recorded on said magnetic recording medium;

the magnetization bit—pattern is recorded by contacting the surface
of the magnetic recording medium with the surface of a master information
carrier, which has a pattern that is formed of a ferromagnetic film deposited
on a surface of a substrate and corresponds to the preformat information
signal; and

at least a portion of the magnetization bit—pattern is magnetized
substantially parallel to a radial direction of the magnetic recording

medium.
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11. A magnetic disk stacked in a magnetic recording/reproduction device having a
magnetic head, wherein
a magnetization bit-pattern corresponding to a preformat information signal is
recorded beforehand on the magnetic disk, and
a portion of the magnetization bit-pattern corresponding to at least one signal selected
from a clock signal and a synchronous signal has a recording width that is larger than a recording

track width of the magnetic head in a radial direction of the magnetic disk.

12. A magnetic disk stacked in a magnetic recording/reproduction device
having a magnetic head, wherein

a magnetization bit-pattern corresponding to a preformat information signal is
recorded beforehand on the magnetic disk, and

a portion of the magnetization bit-pattern corresponding to a tracking servo signal has
a recording width that is larger than a recording track width of the magnetic head in a radial

direction of the magnetic disk.
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13. A magnetic disk stacked in a magnetic recording/reproduction device having a
magnetic head, wherein
a magnetization bit-pattern corresponding to a preformat information signal is
recorded beforehand on the magnetic disk, and
a portion of the magnetization bit-pattern corresponding to an address information
signal has a recording width that is smaller than a recording track width of the magnetic head in a

radial direction of the magnetic disk.

14. A magnetic disk stacked in a magnetic recording/reproduction device having a
magnetic head, wherein

a magnetization bit-pattern corresponding to a preformat information signal is
recorded beforehand on the magnetic disk, and

a portion of the magnetization bit-pattern corresponding to at least one signal selected
from a block signal and a synchronous signal traverses plurality of consecutive recording tracks

in a radial direction of the magnetic disk.

15. A magnetic disk stacked in a magnetic recording/reproduction device having a
magnetic head, wherein

a magnetization bit-pattern corresponding to a preformat information signal is
recorded beforehand on the magnetic disk,

in the magnetization bit-pattern, a magnetic transition region between bits in a
tracking servo signal region is inclined with respect to a read gap of the magnetic head, and

a portion of the magnetization bit-pattern corresponding to the tracking servo signal
has a recording width that is larger than at least one of-a read track width and a recording track

width of the magnetic head in a radial direction of the magnetic disk.

16. A magnetic disk stacked in a magnetic recording/reproduction device having a
magnetic head, wherein

a magnetization bit-pattern corresponding to a preformat information signal is
recorded beforehand on the magnetic disk,

in the magnetization bit-pattern, a magnetic transition region between bits in a clock
signal region is inclined with respect to a read gap of the magnetic head, and
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of the magnetic head in a radial direction of the magnetic disk.

17. A magnetic disk stacked in a magnetic recording/reproduction device having a
magnetic head, wherein

a magnetization bit-pattern corresponding to a preformat information signal is
recorded beforehand on the magnetic disk,

in the magnetization bit-pattern, a magnetic transition region between bits in an
address information signal region is inclined with respect to a read gap of the magnetic head, and

a portion of the magnetization bit-pattern corresponding to the address information
signal has a recording width that is smaller than at least one of a read track width and a recording

track width of the magnetic head in a radial direction of the magnetic disk.

18. A magnetic disk stacked in a magnetic recording/reproduction device having a
magnetic head, wherein

a magnetization bit-pattern corresponding to a preformat information signal is
recorded beforehand on the magnetic disk,

in the magnetization bit-pattern, a magnetic transition region between bits in a
tracking servo signal region is inclined with respect to a read gap of the magnetic head, and

a portion of the magnetization bit-pattern in the tracking servo signal region traverses

a plurality of consecutive recording tracks in a radial direction of the magnetic disk.

19. A magnetic disk stacked in a magnetic recording/reproduction device having a
magnetic head, wherein

a magnetization bit-pattern corresponding to a preformat information signal is
recorded beforehand on the magnetic disk,

in the magnetization bit-pattern, a magnetic transition region between bits in a clock
signal region is inclined with respect to a read gap of the magnetic head, and

a portion of the magnetization bit-pattern in the clock signal region traverses a

plurality of consecutive recording-tracks in a radial direction of the magnetic disk.
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at least a portion of the magnetization bit-pattern is magnetized along a

circomferential direction of the magnetic disk.

22. The magnetic disk according to any one of claims 11 to 19, wherein
the magnetic disk is an exchangeable disk that can be inserted into and retrieved from

the magnetic recording/reproduction device.

23. The magnetic disk according to any one of claims 11 to 19, wherein
the magnetization bit-pattern is recorded by contacting a surface of the magnetic disk
with a surface of a master information carrier having a pattern corresponding to the preformat

information signal.

24, A magnetic recording/reproduction device comprising a magnetic disk and a magnetic
head, wherein

a magnetization bit-pattern corresponding to a preformat information signal is
recorded beforehand on the magnetic disk, and

a portion of the magnetization bit-pattern corresponding to at least one signal selected
from a clock signal and a synchronous signal has a recording width that is larger than a recording

track width of the magnetic head in a radial direction of the magnetic disk.

25, A magnetic recording/reproduction device comprising a magnetic disk and a magnetic
head, wherein

a magnetization bit-pattern corresponding to a preformat information signal is
recorded beforehand on the magnetic disk, and

a portion of the magnetization bit-pattern corresponding to a tracking servo signal has
a recording width that is larger than a recording track width of the magnetic head in a radial

direction of the magnetic disk.
43



10%@& () - 10%@& () - #109%@& () - S10%@& () - " 10%@& () - $n$$Y068% &AEAVT

L@ #10%@& ()-f 10%@&' ()-" 109%@& ()- S10%@ ()-#10%@&' ()- , 10%@& ()-- &

&8& c' ' dEIV7 @ @10%@& ()-$! 10%@& ()- #F10%@& ()- ! 10%@& () -
109@& ()-109%@& ()-'' F(]1(((-)dEdV7 @ 010%@& ()-/10%@& () -

- 3109%@&' () - +1094G& () - *10%G& ()-' 10%@& ()--)|))*** **f*xnbC @ 10%I& ()- 10@
10@ 10@B&910%@& () - @f 10%@& () - 3 10%@&' () -, 210%8& () - f * n***K+S++dEnbC

10967& () - 10967& ()-"10967& ()-Y 10967& ()- 1094& ()-F

26. A magnetic recording/reproduction device comprising a magnetic disk and a magnetic

head, wherein

a magnetization bit-pattern corresponding to a preformat information signal is

recorded beforehand on the magnetic disk, and

a portion of the magnetization bit-pattern corresponding to an address information

signal has a recording width that is smaller than a recording track width of the magnetic head in a

radial direction of the magnetic disk.

27. A magnetic recording/reproduction device comprising a magnetic disk and a magnetic

head, wherein

a magnetization bit-pattern corresponding to a preformat information signal is

recorded beforehand on the magnetic disk, and

a portion of the magnetization bit-pattem corresponding to at least one signal selected

from a clock signal and a synchronous signal traverses a plurality of consecutive recording tracks

in a radial direction of the magnetic disk.

28. A magnetic recording/reproduction device comprising a magnetic disk and a

magnetic head, wherein

a magnetization bit-pattern corresponding to a preformat information signal is

recorded beforehand on the magnetic disk,

in the magnetization bit-pattern, a magnetic transition region between bits in a

tracking servo signal region is inclined with respect to a read gap of the magnetic head, and

a portion of the magnetization bit-pattern corresponding to the tracking servo signal

has a recording width that is larger than at least one of a read track width and a recording track

width of the magnetic head in a radial direction of the magnetic disk.

29. A magnetic recording/reproduction device comprising a magnetic disk and a magnetic

head, wherein

a magnetization bit-pattern corresponding to a preformat information signal is

recorded beforehand on the magnetic disk,

in the magnetization bit-pattern, a magnetic transition region between bits in a clock

signal region is inclined with respect to a read gap of the magnetic head, and
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a magnetization bit-pattern corresponding to a preformat information signal is
recorded beforehand on the magnetic disk,
in the magnetization bit-pattern, a magnetic transition region between bits in an
address information signal region is inclined with respect to a read gap of the magnetic head, and
a portion of the magnetization bit-pattern corresponding to the address information

signal has a recording width that is larger than at least one of a read track width and a recording

track width of the magnetic head in a radial direction of the magnetic disk.

31. A magnetic recording/reproduction device comprising a magnetic disk and a magnetic
head, wherein

a magnetization bit-pattern corresponding to a preformat information signal is
recorded beforehand on the magnetic disk,

in the magnetization bit-pattern, a magnetic transition region between bits in a
tracking servo signal region is inclined with respect to a read gap of the magnetic head, and

the region for recording the tracking servo signal traverses a plurality of consecutive

recording tracks in a radial direction of the magnetic disk.

32. A magnetic recording/reproduction device comprising a magnetic disk and a
magnetic head, wherein

a magnetization bit-pattern corresponding to a preformat information signal is
recorded beforehand on the magnetic disk,

in the magnetization bit-patten, a magnetic transition region between bits in a clock
signal region is inclined with respect to a read gap of the magnetic head, and

the region for recording the clock signal traverses a plurality of consecutive recording

tracks in a radial direction of the magnetic disk.
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33, The magnetic recording/reproduction device according to any one of claims 24 to 32,
wherein
at least a portion of the magnetization bit-pattern is magnetized substantially parallel

to a radial direction of the magnetic disk.

34, The magnetic recording/reproduction device according to any one of claims 24 to 32,
wherein
at least a portion of the magnetization bit-pattern is magnetized along a

circumferential direction of the magnetic disk.

3s. The magnetic recording/reproduction device according to any one of claims 28
and 31, wherein

at least in a portion of the magnetization bit-pattemn corresponding to a tracking servo
signal, an inclination angle is defined by (a) the magnetic transition region between bits and (b)
the read gap of the magnetic head, and

the magnetic recording/reproduction device further comprises a2 means for controlling
the tracking of the magnetic head by detecting a phase change of a read waveform of the tracking
servo signal that accompanies a displacement of the magnetic head in a radial direction of the

magnetic disk.

36. The magnetic recording/reproduction device according to any one of claims 24 to 32,
wherein
the magnetic disk is an exchangeable disk that can be inserted into and retrieved from

the magnetic recording/reproduction device.

37. The magnetic recording/reproduction device according to any one of claims 24 to 32,
wherein

the magnetization bit-pattern is recorded by contacting a surface of the magnetic disk
with a surface of a master information carrier having a pattern corresponding to the preformat

information signal.
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