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REPRODUCTI ON ] l L FIELD 9 MAY 2002 The present inventi &MAY 2002
relates to a nmagnetic recording / reproduction device with high recordi ng

density and large cdff4€ity VvV BACKGROUND . ART r The recording density of
magneti c recording / reproduction apparatus is constantly increasing to

realize small mwumlmmm ll ge capacity. Especially, inthe field of hard

di sk drives, "I lm i cal magnetic witing devices, an areal recording

density of nore tlgget Goitlin2 i P/@égmﬁq\lé\wi | abl e on the market, and an
N
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|l inear r ' ' due to inprovenents of the nagnetic recording
medi um wﬁéﬁ&‘%ﬁﬁ%erface performance, and new signal processing

met hods such as_"partial response". However, in regent years, the rate of

i ncrease of t héherpregenkiryantiomselates teladnagnetisirecording{agprodaction ng
density, and has therefore beconme a primary factor when it cones to
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heads, whose read-back signal

BACKGROUND ART

The recording density of magnetic recording / reproducrtion
apparatus is constantly increasing to realize small size and large capacity.
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 s-uperior to that of conventional inductive type heads, has

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



performance is superior to that of conventional inductive type heads, has
contributed to the progress in the track density. At present, it is 9MAY 2002
possible to 1 9 MAY 2002 read signals fromtracks of only a few mcrons
width with good S/Nratio by using a nagnetoresistive type head. :
Furthernore, it is expected that with further inprovenent: of the head
performance, the track pitch will reach the sub-m cron range in the near
future. To read a signal with high SINratio by tracing such a narrow

track, pbA¢ of xga_ﬂléifP&nSﬁEM?? bEGRIY Q‘i@wf%’icoxlﬁgﬁ @ﬁ%@k&ﬁ’?ﬁs’w Phkichy STy

i mportant ro For exanpl e, a“conven areéas thrat are
distri e 1 angl e eran entire revol utj an of .i,he di sk,
o ahehiEathalhORE R TR R NG BRSRR o RiRelod Bin e
signal ,and a.cl ock signa re witten into these greas, In,thi

speci ff%'%gﬁsﬁmme‘é%mfﬁaﬁiﬁﬁe Beadmeriimande, the raspacharill leaghnthe A
magneti c, head can nonjtqQr its position by reading these signals in .
predet%?ﬁ%@%%?%ﬂ%@heaﬂ%ﬂlb BEetly trace a track while correcting any
di spl acenent in the radial direction of the magnetic disk. The prefornat
signal s, i.eTotreadka aigredmith diighdl/N vatdo bystracipgasuch haordkrrewgtralcket c. |,
serve as reference signals for precisely tracing a track with the magnetic
head. tetefduing serecitechrinaekopdhitmaghaticileadeplaysea vy itdpeséant
information signals. Present hard disk drives are equipped with a built-in

nmagnettale de Fdrtekaimyplec arcdaveneiohbbblarddlisle hve sieg8ahattdie didthibatedsi gnal ,
the clock signal etc. by using a special servo-track witing device, after

the meghgiredettiraiinedndngl®d FRENGI CrlipRdteAneioRcdR iHeSldabk edlel BaNe drive.
The track positioning can be realized with the necessary precision when the

recor djdigrees. PEIGPAIRRGCHNAL § HLERISE Eé&i\fboé‘itgh‘ai,l ziiﬂgi(fd}@sﬁ@%}féﬂaﬂoe[h&fa the

built-in magnetic head with an external actuator, which is part of the 2
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followng p ens Wt eformat recordings of servo signa

I nfor Bty QB 3h Sds aﬂl%f&lrggg' gigq{}ﬂés A magnetic head can monitor its
position by readin these signals in predetermined intervals, and correctly
trace a track while correcting any displacement in the radial dire'ction of the
magnetic disk.

The preformat signals, i.e. tracking servo signal, address signal,
‘clock signal etc., serve as reference signals for precisely tracing a track with
the magnetic head. Therefore, precise track positioning is required for
these information signals. Present hard disk drives are equipped with a
built-in magnetic head that records the tracking servo signal,' the address
signal, the clock signal etc. by using a special servo—-track writing device,
after the magnetic disks and the magnetic heads have been installed in the
drive. The track positioning can be realized with the necessary precision
when the recording is performed while precisely controlling the position of

the built-in magnetic head with an external actuator, which is part of the



wi th a magnetic head using the above-descri bed dedicated servo track
recording device. First of all, recording with a magnetic head i s baMAWYMRDO2
| i near recording based on the relative notion between the head and the
recording medium Therefore, wth the above nethod of recording while
precisely controlling the position of the nmagnetic head using a dedicated
servo track recording device, not only is a lot of tinme required for the
preformat recordin but . al ao the dedicated servo track recording device is
rel atively SSEYOMETarE Wiwhindhde¥Ws8s to a considerabl e increase in cost.
Secondl y, because of the w dening of the recording field caused by the
spaci ng bet ween h&adthiaddatesi theranwerectheo fellewing: droblamei wighh gaeformes
magneti zation transition of the preformat-recorded track edges | acks

shar pness. feverdingseof servackigngls eaddrese dnfuoioapion sigwaldeaadt clobke signals

m spl acenment of the nmagnetic head in the radial direction of the disk with
t he change with he mepnete ciéaah wmihputhambovbudescnitaid dedidited ddi9odimiekwi th
the head at a distance fromthe track. Consequently, there is a need not
only for a geeddidd\édte 0 Wwhen precisely tracking the track with the head
when reproducing the data information signal recorded between the
preformatted recofgl S : o] ge, | .
reproducti on out pﬁglsg?r% :é?g eec\?\#%w%i ﬁ@t{%eédﬁ% %i%%p g%gd‘fsav\k%?i%}?lgmh%eg t
track (i.e. Of r | St 1.C - Nt | r .em 3
o iy 2005 T5RELRE BALErSy NI SEAGH Bhiriod bolPEd PRY TR RRE RSORURY,
tracki ng servq.technpql o for future sub-m cron, trnack recordings ver
difficult. TGS oriheTolarRy With (it aBRYR  PFHARY of TeroriRgaT bhe: PitHSIE A4

i nternational pligatio unber.: PCT/JP97/02519)) the j.nventors of the
E)r esent i n\Fé’ﬁ’ttf‘gEl‘%ﬁr é}foggﬁtg’np?fgﬂkﬁ' H%?t&’?qugc g@%‘ﬁﬁ’&%%%ﬁ 3@6#1‘@?@%15%“’0 traCE
magneti zation pattern corresponding to a pattern_in the surface of a naster
V i nf or mat iT6ROEHPE ¢& qoé@ebawagﬁquﬁ@ﬂwe BF}H?HﬁeéE@iaﬁ#Pde&
contacting the surface of the magnetic recording mediumw th the surface of
the naster Duf alseetheoredignted pervghinackneeconding 8@@9 i gelativalyeamensia er n
corresponding to a preformat information signal fornmed on the surface of a
substrat e. ich lehds donafdopsidarable tiaehosinicost. t he specification of Tokkai
Hei 10-40544, a magneti zation pattern corresponding to the ferronmagnetic
filmpattern on t$eromdly, drecanterafatticowideninigeof the recarding fieldt dmusedgbyet i ¢
recording mediumw th the recording nagnetic field generated by the

f erromagnetthe dpiacingbétvesen hoad havdmedénm ahdthatpobs-shapedaecomtingthdasl,
magnetized in one direction. In other words, by formng a ferronmagnetic
film patt etheCcoiaig@epieationgtiansitien tofathd paefoemet—se@nded trhck adigeeslacks
information signal, and the clock signal on the surface of the nmaster

i nfornati ogheaphésy., TS eé@frant tRcdidiNge rRehABgHY ib0td h@stecti ghel s
can be recorded on the nagnetic recordi ng medi um

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 heaii 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
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The characteristic feature of this configuration is the static en bloc
recording without relative noverment between the nmaster information OdMAY&002
and the recording nmedium Due to this feature, the technique 3/1 9 MAY
2002 disclosed in Tokkai Hei 10 40644 displays the follow ng useful :
effects with regard to the problens of prior preformat recording. Firstly,
because the surface is recorded en bloc, the tinme required for the
preformat recording i s _nuch shorter than_in conventional recording methods
usi ng a magRees aeaEat, this mesde andamakep dhei vealivatipn elpmcisntragking serv
recording while precisely controlling the position of the magnetic V head
i s unnecess $eshnabogy fepubitury subt+micropotyackirecandinge vergs diffineltpr oducti vity
of the preformat recordi ng considerably, and to reduce the production
costs. Secondly, lkeraheeothra heaad; dnnghe sspicifidation tofoDkleair Eleat 10:040544
novenment between the master information carrier and the recordi ng nmedi um

t he spaci ng(ipgémeafiondleapphicsbish kbR POTJIPEN/02% 10) NtHE 286e/re YTt @4 | Ng
the surface of the master information carrier with the surface of the

t
edording TTa 8 Hue s he pol FURADS Pt Fo Ay IERRISIR, ShaRETA [
(1 case ol ARty TNSbSGSAD o Terd I AROTBALE S bolgicr
conventional Jdecording wih a magnetic head, so that a nore precise
{racking bevdERapiet battiel g cRORIcd aR 2 aRRene Pt Piiig 150N Bne by
Dot or manccARCHARCHHAAPERSRLR (1 Ses i e S e rous St ae SEPctock
signals. the master information carrier, which has an orderly ferromagnetic pattern
corresponding to a preformat information signal formed on the surface of a
substrate.

With the configuration disclosed in the specification of Tokkai Hei
10-40544, a magnetization pattern corresponding to the férromagnetic film
pattern on the master information carrier is recorded on the magnetic
recording medium with the recording magnetic field generated by the
ferromagnetic film pattern on the master information carrier, which is
magnetized in one direction. In other words, by forming a ferromagnetic
film pattern corresponding to the tracking servo signal, the address
information ‘signal, and the clock signal on the surface of the master
information carrier, a preformat recording corresponding to these signals
can be recorded on the magnetic recording medium.

The characteristic feature of this configuration is the static en—bloc

recording without relative movement between the master information

carrier and the recording medium. Due to this feature, the technique

3/1



However, since in these conventional techniques, which use a speci al
servotrack writing device) a separate magnetic head is built into t®MAY 2002
drive, there 3/2 9 MAY 2002 are severe limtations to the magneti zation
pattern of the preformat recorded signal. For exanple, the recording track
wi dth of a magnetic head in a magnetic recording / reproduction device)
such as a hard disk drive, is usually narrower than the track pitch, and a
guard band of a certain width is provided between adjacent recording
tracks. ThediselosediingToldendidlod 4014054 divplgyartte falawingtusefalneifectsevith

del i berately changed according to the signal type to be preformat-recorded.
However, thmgardrite thegtrahleess ofvbeior pheforardtarerandiagt or handli ng tracki ng
servo signals, address signals and clock signals can be inproved by using
wi der recording tFaeklywbéidigeahd su@ssdebisyrec6tddden thse, thanims reg@NRIE ford
plurality of consecutive tracks. Al so, in another instance where

i nter f er enqgc0hromoRALK! f@éo&@%p% LRLER SR ‘B@P”c}ﬁﬁﬁiegﬂb&rﬂv'&gﬁtoh%? &%cg@mﬂgfﬁsa

problem it 1s rather prefer e to provide sna recording trac

and | ar ger gugkgha s el M BOVET . MBeSRANG GxbEEaLA I0vh recording

reproducti on devices ch—as vi dpe réec azinmu
recordi ng" js.enployed, ,where.the recordin s.are inglin wth a .
Const ant i EVIROH R e oDy GpPEriBE (Be posdliphInl trasotis
anong ot her. rits, reduces cromal K nﬁB ., 9. MAY 20@; noi.se from

adj acent t Bnd ERRASFRRYa KANGe hdbt 1Sy R MENdO LPCTeasfe tie

possible to performa preformat recording in a m negic di sk device with
such an ar MrPAHEYVItYCPE dkei Brelormekcrapagaitis £appisterpals eand dgareduce fhe
track width direction, several configurations could be suggested to attain.
better chaEﬁ@dBﬁﬂQﬂK@SﬁhFbmever) in the conventional nethods for recording
" preformat signals with a magnetic head that is built into the drive, it
i s not possible tIecobtly, becawseothdi regordipg isishatiamathobi 2 ralaitive moveinead
agai nst the track width direction.
between the master information carrier and the recording medium, the
spacing between the two during recording can be minimized by contacting
the surface of the master information carrier with thé surface of the
magnetic recording medium. Moreover, there is no widening of the
magnetic recording field due to the pole shape of the magnetic head, as there
is in the case of recording with a magnetic head. Thus, the magnetization
transition at the preformat—recorded track edges is much sharper than with
conventional recording with a magnetic head, so that a more precise tracking
becomes possible.
Several preferable configurations have been suggested to let the
preformat-recorded signal pattern provide optimum performance for
handling tracking servo signals, address signals and clock signals.

However, since in these conventional techniques, which use a special servo—

track writing device, a separate magnetic head is built into the drive, there
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It is an object of the present invention to solve these problens of the
prior art and provide a magnetic recording / reproduction disk devi @VAY¥2002
magneti c preformat-recording patterns that can provide opti num performance
for handling tracking servo signals, address signals; and clock signals.

DI SCLOSURE OF THE | NVENTI ON The present invention provides a magnetic disc
stacked in a magnetic recording/reproduction device having a nmagnetic head,
wherein a magnetization bitpattern corresponding to a preformat information
signal is rerorsedrdbelimitdtions do the magnetizatidns pastedna of othd predfrhhas-
magneti zation bit-pattern corresponding to at | east one signal selected
froma cl OCi(ec‘,?oirQQ@.lsigi{ul_ a synchronous signal has a recording width that is
| arger than a recording track width of the magnetic head in a radi al

direction of the megnglinipli She fecor&d(?“vfrr Sor vi C@f di gﬂi\ﬁxfét§chill%atii irta

configuration of the magnetl c recordin ctl on

reanet 22t | SRS ALY FERLIEGoh "Bhylks, SRS, bl b S00s)

per f or mance na’I S rec

a magnetic rec di n re rod ct on de ul t netic
recording /Y %Bﬁgf‘?‘%ﬁ aFﬁ pé "éﬁsgﬁéfgw%% ?‘?ﬂgﬁbﬁ”gﬂéé% as
t racki ng perfor seek ,perfor mange and eli lity an be rovj ded
ower cost PHRIGBLPeECHplAsHRF rosardine tra ﬁﬁmeger BEdTack YRRy
di sk drive Qf the present, invention, it._is g{eferable that_a portion of_ the
magnet i zat i B 5u@r<£banémdéblcaé§pbha.dﬁgbﬁaa ly changed mecardinalto dbeaigeal
froma clock signal and a synchronous signal has a recording width | arger
than a recdidientp theapkefpronai—rscorded. nefomaverhtherd are ingtiudesdiwbenithe of
t he magnetic recording medium According to this preferable configuration,
the w dt h gierftmmgnes dothhaddlingttireckigoselivogsigneds; dddresheighnalekansd ghadk and
t he synchronous signal 5 9 MAY 2002
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 preférable 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
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can be made extrenely small, so that when the nmagnetic head devi ates even
only alittle fromthe recording track to be scanned, a decrease of §WMAY 2002
read signal anplitude can be suppressed. . Myreover, in the first
configuration of the hard disk drive of the present i-nvention, it is .
preferable that a portion of the magnetization bit pattern corresponding to
at |l east an address signal has a recording wwdth Y smaller than a recording
track width of the nagnetic head in a radial direction of the magnetic

recor di ngnoisdiftom stjacstt tghcke drid snabRised abdoediraniithi e geard baade gfe no
magneti zation interference areas between adjacent bits in the address

i nf or mat i PRyeieepSesiBRR £4'PErfPnSE Praf BSReH B H%hgﬂ@ﬁ‘é‘{ﬁhkodbviéé a

result, address detection errors an ecrease 1 n the seek velocity are

ok dri ety SHAERE SRl OO Ehtiehof O iAo WidPHE et e [ e
ol ock - SRR 4o, SREBEc v tRRs SR00. D AvegiRtad 3p sctetn

consecutiyve recording tracks_jn a radial direction of the nmagnetic

recor di nPeHERR eharacterptichg Heweves, w@@pam@féwli yethedafor werogding b’
and has to be provided at the recording area for the clock signal and the
synchr ondursfennyaitapignads wrish avagneitic heamhéshatishbuilt deto theedriveeit thhpt a
little fromthe recording track to be scanned, the decrease of the read

si gnal ampiseibldeocabtdia mcatding edpaltimstarwoayittagily. indiiredy eghimststoond
configuration of the hard disk drive of the present invention conprises at
| east ondraelskidtiadérbetiogneti c recording nmedium 6 9 MAY 2002 a rotation
mechani sm for supporting the magnetic recording mediumwith a rotating
shaft and for re¢tiatangbjebe of Elgd phédentatRedting toesblvethéde prstlbntef tRgnet i c
head for (a) recording information signals. on the nagnetic recording

medi um apgidOhrt 83 PPotideOn MRbizABtLIS LH¥BFinger bHRH R dr AidIB AR LS for
recordi ng nmedium and a driving nmechani smfox noving the magnetic head at

| east inmRapacial lofGGhhfeRsiding [ PRLIARAEC G " QGQ diheviRdi BtinRuper form
tracki ng. A magnetization bit-pattern corresponding to a preforimt

i nformat i O h 313 IBS%‘S? tds g j I n
recor dedbggfot%he nggfr?ggﬁ %héjéﬂcigr%?%g %el’lﬁr%gl%ﬁélshggggﬁgz)g%n%%ébﬁ&%é%rn IS
recordedghy,ggntacting the surface of the magnetic recording mediumw th
the surface of a nmaster 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 and applying a
magnet i c it ' i ' | tion of the magnetic recording

medi um HPS%QQF%ESO%‘@]?%WCT&Q%H zation bit-pattern the magnetic
transition region between bits is inclined with respect to a read gap of

th ti d. A di to thi d fi. ti f t di sk

i ver 5 mmgRBE: PESFBh IBFRENh TRSIGeS: ReReERrHartio DEHERr AbrbdapRaRts o °
i mal . . cont ki . . . . g .
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be 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.



realized. Moreover, in the second configuration of the hard disk drive of
the present invention, it is preferable that at |east in a portion $MANH2002
magneti zation bit-pattern corresponding to a tracking servo signal, an 7

9 MAY 2002 inclination angle is defined by (a) the magnetic transition
regi on between bits and (b) a read gap of the magnetic head, and that the
magnetic recording / reproduction device further conprises a neans for
controlling the tracking of the nagnetic head by detecting a phase change
of a read waveform of the tracking servo signal that acconpanies a

di spl acenent of the magnetic head in a radial direction of the magnetic
recordi ng nedium According to this second configuration of _the hard di sk
drive) the magnetic head can detect a truly consecutive and |inear phase
change of the read signal that is proportional to the position of the
magnetic head in the radial direction of the magnetic disk. As a result,
servo tracking techni ques based on the phase detection of the read signal
can be provided with an excellent tracking precision. Mreover, a first
configuration of the magnetic recording reproduction device of the present

i nvention conprises at |east one di skshaped magnetic recordi ng nmedium a
rotati on mechani smfor supporting the magnetic recording mediumwth a
rotating shaft and for rotating the magnetic recording nedium at |east one
magneti c head for (a) recording information signals on the nmagnetic
recordi ng nmedium and (b) reading information signals recorded on the
magneti c recordi ng, nmedium and a driving nechanismfor noving the nmagnetic
head at least in a radial direction across the magnetic recordi ng nmedi um
to performtracking. A magnetization bit--pattern corresponding to a
preformat information signal conprising at |east a tracking servo -signa

has been recorded on the magnetic recording medium The magAetdZHhpdd
bit-pattern is recorded by 8 9 MAY 2002 contacting the surface of the
magnet i CthigClFti echfi@ehiatiBrivolf thiehgh sipthetRC BedirdtndBSirotlibAbARISERe CAr I €T,
whi ch has a pattern that is formed of a ferromagnetic fil mdeposited on a

surface fiaghetiptioiAbRIBRA O! bETBANGS ok 16 ARRRERITES phbiieBitudl 0Nl

At | east a portion of the nmagnetization bit pattern is imgneti Zed

subst antalehymBakalhe il Qifferkadil@hddidrasEhan & tﬁ&%f&ﬁ%ﬁﬁ%&oﬂcﬁﬁgfdﬂ RY

medi um ‘According to this 'third configuration of the rd-disk drive, the

follow r‘ﬂla%inrea 1% c6ANNBY ﬁ%:?@%lﬂ&ﬂén WAG kel hz}iﬁ(}:@@hltp hfl?nhgﬁgﬁ? robotdlf

circunfere irectron e magnetic S sha he recogdi ng
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£
due to the denagnetizing fi'e acconpanyi ng s recording bi ape-my

Fovever DroREbPl R neTieRRRP PR R e BRI BT & e

a suffi é:i ent rﬁgordi ng signal strength can be easily attained even when
t he. sigw‘?ﬁ ?'ength in the circunferential direction of the magnetic

disk is small d the r.ecardi wi dth in the radial directign is atively
| ar ge, because%ﬁ%o‘ff&'gﬂ@t ﬁi%liﬁ%ﬁ e Hqn é’fgq%reeb@?gm&ﬁke ve’of h
dermagneti zati on | osses due to:ghe de q?etizin f%eLd do not, occur, as
easi | y, present invention, it 1s pre erable 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



BRI EF DESCRI PTI ON OF DRAWNGS Fig. r is a drawing of a nmagnetization

pattern for signals that have been prefornmat-recorded on a magneti c 9dAX 2002
installed in a nmagnetic recording / reproduction device in accordance wt h
the first enmbodi ment of the present invention. Fig. 2 is a draw ng of

anot her magneti zation pattern fox signals that have been ‘preformat-recorded
on a magnetic disk installed in a nagnetic 9 9 MAY 2002 recording /

repr oduct i eandevineelei extacmolydamad], wotthat hehdn thé neadrodichesd devidtes prveaent
invention. Fig. 3 is a drawing of a conventional nagnetization pattern that

has been poalpranBitlé Fhsthadd fé&o?dﬁ?%ﬂ%kcwbélgc%hedaa&meaée 8LtHerehACK
writing device and a nagnetic head built into the drive. The magneti zation

pattern 'nSia:é nagne?ﬂm&é@gﬂ%% tptregor sgin Figs. 1 and 2. Fig. 41is a

drawi ng of I 'zat1 on patt signal s that have been

e

| nvention. gent 1nven%1on 1t 1S %re;‘erabim%ﬂ% Iazgg{'t%]n %?t Snerrrﬁatg%%hza ion ﬁﬁn .
pattern corresponding to at least an address signal has a recording width
smaller than a recording track width of the magnetig head in a radial
direction of the magnetic recording medium. According to this preferable
configuration, there are no magnetization interference areas between
adjacent bits in the address information areas, so that noise is suppressed
during reproduction. As a result, address detection errors and decrease in
the seek velocity are considerably suppressed.

Moreover, in the first configuration 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 traverses a plurality of consecutive recording tracks in
a radial direction of the magnetic recording medium. 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 hee:d deviates even only a little from the recording track to be
scanned, the decrease of the read signal amplitude can be eradicated almost
completely.

Moreover, a second configuration of the hard disk drive of the present

invention comprises at least one disk-shaped magnetic recording medium;



preformat-recorded on a magnetic di sk using a master information carrier
that has been designed so that the recording widths in the radial dPMAY 2802
are the sane as the width of the recording track of the nagnetic head. Fig.
6 is a drawing of a nagnetization pattern for signals that have been )
preformat-recorded on a magnetic disk installed in a maghetic recording /
reproduction device in accordance with the third enbodi mnent of the present

i nventi on. &Frafativn meahanizm figr sfppordidpetheaoetdtiarécondeg meedinhowith gnal s
t hat have been prefornmat-recorded on a nagnetic disk installed in a

magneti c raeedtdhp@haflt £id Estuitheifgddei e ghBtie¢eedrdang enddiuing hat 1dHdtbne
enbodi nent of the present invention. Fig. 8 is a drawing of.a conventi onal

megnet | zat i:9BeRBYiE Chbad Nt AP REGILIBECIANMALatiALOERAAION0A HRONETd dhaticok

with a special servo-track 10 9 MAY 2002 writing device and a magnetic
o those | Aoy unBguilai bl FRURENLAE LRBRbLE, Biodhas fhoofaGE GBS
for signals_that,.have been preformt-recorded. on a netic, disk installed
o magneaPeeReEs, oRTRe, BBAE: | SR cevodi meluraan dof Ve s  h
enbodi ment rg;gxtlgﬁc o eﬂ léans\é%gté%gdial direction across the magnetic recording
medium to perform tracking. A magnetization bit—patte;cn corresponding to
a preformat information signal comprising at least a tracking servo signal
has been recorded on the 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 and
applying a magnetic field in a disk in-plane direction of the magnetic
recording medium. At least in a portion of the magnetizaﬁon bitf—pai‘:tern
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



Fig. 10 is adrawing of the surface of a nmaster information carrier used

for a preformat recording technique. Fig. 11 is an exanple of a sec®iMMi%2002
drawing of the master information carrier in the track length direction

al ong the phantomline A A in Fig. 10. BEST MODE FOR CARRYI NG OQUT THE

| NVENTI ON The following is a detail ed description of the'present invention
with reference to the acconpanyi ng drawi ngs. The basic configuration of a
magnet i ¢ r éncivatign|angle rie(r;f&ﬁ.ﬂeﬂ]%gre@) cheanmpneticgttamstition pregsemtbetweent i on
is simlar to that of a conventional device in that magnetic disks are

supported hytswand(blid fgadgap ofthe htagttihéad, andEHA tHehagRBtiee-ebOfdihed
with a certain angular velocity Magnetic heads are install ed above

recordi ng 3uehAsRictRin 886G EFAPHrCoth Sl Ses I;ﬁegﬁgwh&ﬁs ¢RE tr£A8h

information signals onto the nmagnetic di sks) and read recorded I nformation

nf or mat i o the _ ed 1 nf
drivi ng o OREY ki A P%%%ﬁ%%%@%?é%@%%%%Rgﬁgg%éfa“ foll peRBt it

i i [ [ T ' 9 Y,20Q2
he- magnet (DR ESRL0 SRS thaf REGRnpARfas £ ARt NipEnE o Sn magneliy Hegd "

this configuration, j.he magngtic heads.can scan all.recordi ng j.racks while
movi ng r adPAiA G HESHHET RGP EE et SocOrang SR, RIS fos thenked
to a signal detectoy for . tracgkjng servo, sjgnals read out- by the nmagnetic
heads. TheSPERRY FoRLigRratien ef the ée%ﬁkr&rém,iélqmq@emhwdn@apr rhg so
that the magnetic heads can precisely scan the intended recording tracks.
Usual | y, atxalyceosegquiiis (ﬂn(grh@ean mdasenshapge sofidde freadt kigndi Yhat) is
mechani sm but to enhance the tracking performance, the driving nechanism
can be usegropoxtimizilnmt thenpositivracf dhe enggoétienbend- acthatradsl divectionindr of
magneti c disks that are stacked in the device of the present invention is
not |i m tedhé¢ anagaetiandiskas Axcaessaily, sarvol trakiny tethdigks basedeornithd. I n
accordance with the nunmber of magnetic disks, nore than one nagnetic head
can be i nsphlhkedetdditorraftlas taadlbighalieas beoprovadel witlhanpsicatiegdttyciinged
to the rotating supporting nmenber, but can be an exchangeabl e di sk that can
be inserteg@rbftpnand retrieved fromthe device. A magnetic bit pattexn
adapted to tracking servo signals, address signals and clock signals is
pre-recorded on WerJaRenetd C fighe K cOhfibheati6eS Rt theveRhEABtic TREcHRIBAR! i/C
bit pattern is fornmed using a master Information carrier: A ferromagnetic
pattern Copgeaongionddlfick 4t tHeChUsERE shOLAEIBR! dlpfbo0alat BakObEERYIAR ! NE
surface of a substrate o

the master i1nformation carrier. The magnetic bit

ot o mat | ofCar LR e h TP O PERAfe, B FHALBR 8RR Shippottipg na
method of Leeorglng;a BLSIRIRhBALE WA 8" thAYY sl hift 389G lting the

servo-trac g dévice a a nmagn

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-pattern corresponding to a preformat information signal
comprising at least a tracking servo signal has been recorded on the

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



9 MAY 2002 head that is built into the drive cannot be enployed in the
magnetic recording | reproduction device of the present invention. FMAY 2002
following is an outline of the static en bloc-recording technique using the
above master information carrier, which is used for performng pr eformat’
recording in accordance with the configuration of the préesent invention. w

Fig. 10 sh : I f : : | Of» i ' ed
For thi's prorrasse FEB shrfice df e e n hip R L L ph R R R ST 001
pattern to be witt I n_a prefor.nat_ar hat is dis ed at .a _giyen

pr edet er m r?egn%tﬁgl ﬁto’éﬁn@%c §a518ﬁgwﬁ*§€c$?% Lﬁﬁp&tg?ﬁrfﬁmgi }Seé?lilgﬁ‘!(?f &
the direction of the.track,!| engt of, for exanple, a disk-shaped gnetic
recordi ng rBHHORMRAEREHRC ﬁgﬁn‘éﬂ?@?’?ﬁ Ry & 6’1‘If{a§ﬁ 0 Pa%‘&“i”ﬁtec ﬁEdr"&ﬂF%ﬂP"g’aEeiPt i on
(i.e, the direction of the track w dth) of_ the disk. Areas defined by
broken | i négechriefeypahdniosmatian gignplt r £dklogst 15 portior &f ther magngtizatisn i n
the magnetic clisk after witing the master information pattern onto the
magnet i ¢ dikik-pdthern ieaiagnedized swhsiantialiynparalldldio g uafzaledirgetivarof the
information patterns as in Fig. 10 axe forned at predeterm ned angul ar

i nterval s imagheticirecording enbidaimdi rAabrdingavsl thiy thidd toeigsratiet ofhthe
whol e recordi ng area of "the magnetic record disk in the radial direction.

The nmast er Hardodight d@te, Piie RITOvERARDSHSRS cant b akidifeder Wheh 3Ralsigh8BbitR
cl ock signal area and an address signal area that are arranged sequentially

al ong the fgas#h i (RS cheOnfRraeNNdirketiof T RLhakRe fit Risk G sHA1 AHATEe

.of the master information carrier according to the present invention has a

ot or mati onC e e PR CRT R AR Mol 3o Pl iR Bk ed domi bS8
losses due to the demagnetizing field accompanying this recording bit shape
may occur, and a sufficient recording signal strength cannot be attained.
However, in accordance with the third configuration of the hard disk drive, a
sufficient rgcording signal strength can be easily attained even when the
signal bit length in the circumferential direction of the lmagnetic disk is
small and the recording width in the radial direction is relatively large,

because the magnetization remains in a direction where demagnetization

losses due to the demagnetizing field do not occur as easily.

BRIEF DESCRIPTION OF DRAWINGS

Fig. tis 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 igvention.

Fig. 2 is a drawing of another magnetization pattern for signals that
have been preformat-recorded on a magnetic disk installed in a magnetic

)



ferromagnetic filmportion on the surface. The fine ferromagnetic film
pattern corresponding to the information signal as shown in Fig. 109d4AY2802
formed easily by utilizing a variety of fine processing techni gues such as
mast er stanper processes for optical disks ox sem conductor processes. Fig.
11 shows an exanple of a cross section of the master information carrier in
Fig. 10 along the phantomline A A . The structure shown in Fig. 11 has

been formed by depositing a ferromagnetic film 12 on a surface of a planar

vl b arBedring PaH I AiSE Heblod! 1l ebhdEo WIHAOR, sREPRANR AR of

devel oping the resrs mto pattern 1t accor rgital informtion
si gnal . fin altern.is formed on the ferromagnetic film1l2 with a dry

et chi ng tﬁgéﬁﬁge uemsvl?@ﬁloéls ion mlling. In the denonstrated exanple, the
etching depth Qf the depressed, portions reaches into, the-substyate 11 and
the ferr orragnéﬁgc%flﬁ Ian‘ﬁgaé” mgef £§°BY1‘F%“%&13 magnegization patiers thak ?‘aﬂowever ,
it is also possjble to apply an etching depth that is less than the .

t hi cknedeent Prafarmatrineg ion & meaetiediskavithha speeighmgneetrack| m 12
remai ns at the depressed portions as well as at the protruding portions.
Usi ng t Meritingtdevi¢eand samiagnetiarheiadr baidt sitovihei drive.gsThetmaguetizatiome
magneti c recordi ng nmedium for exanple a magnetic disk, is

pr ef or maatroridelighy caordsponidagotthess im fige banti: nmaster information
carrier with the surface of the nagnetic recording medium In the case of,
for exanple, @igj4-iplaadeawagnef hombeaetidationdstkerte drudignaldthigchag@gnetic,
excitation field 14 9 MAY 2002 is applied in an in-plane direction of the
di sk, spebhapréfdempitOiddediied HQ' Al aMSedtid hbiskeihoummaetine of ithAxdeief the
master information carrier are magnetized and a preformat informtion

signal  ¢QldasRoNd NG detibi&idvidd ﬁﬁEQ&%hﬁ\cIé] glﬁlm RRE 58E¢hd én{bﬁ&gﬁn@ﬁg ofn the

magneti c recording nmedium In this case, the magnetic S been

conpl et%%p?@ée?ft‘éﬂv@ﬁ{' Le recording the preformat information signal, a
sufficient “recording close to a saturation recordi ng can be achi eved

easily. Conpa .CO i I t j a i.al r Ltin
dev: cg, thgpaggg’etﬁgégc%lg'g%hg{rb:fogpgnap?%weﬁiﬁq%gn réﬁ%%értgaaﬁi ¥g§%%érl§/ Igi ttle
time and_is_very che Nor eover),.t magnet i zati on. gradi ent at the

oo aoirePrRtlrehEaRd ofh SRuEhde al SHEE 1 Riastes RaREREHaRkabiE ¢ on
In the gonfjguration i.n FLg. .10, .the recordin idith.Jjn the,radial

il eor i A hAR R nC0eingd Yo bok b rdb R GhE Mats i chd =hf B Gion e
ferromagnetjc hlmpattern, wd on the master information carrier, is

desi gne%rq the,gamg Q}ﬁ}"’&‘llm/m{ ToeEding tn%ﬂr%égﬁdpﬁgnﬁla@ﬁa% dth of a
magneti ¢ head.  Conseci uent|ly, when preformat recording of etic disk
i s perfornmed ¥igtb iha dnasriveg ofna snagnedratian madtermfor; f@gnﬁfﬁ, %%glm\%or di ng
wi dth of the magnetic bit_pattern in the radial direction of the magnetic

di sk bekestesprefermateregerdate erecar magpatiadishi instalieda inagnanagnetiad.
Thus, the magnetic bit pattern recorded on a magnetic disk with a nmaster

i nf or nexdconding £ reprodustionadeviee b grecaBlanne with thetbirdcembodizaentoh
recorded on a magnetic disk in a conventional nanner with a speci al

ser vot rlekpresent ngventfdgonce and a magnetic head built into the drive are
basically the sane. 15 .

Fig. 7 is a drawing of another magnetization pattern for signals that
have been preformat—recorded on a magnetic disk installed in a magnetic
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

10



9 MAY 2002 Wth the above-described pxeformat recording technique using a
master information carrier, it becones possible to record nagnetic BIMAY 2002
patterns, that could not be realized with conventional methods using a
special servo-track witing device and a magnetic head built into the drive
to record a preformat information signal. That is to say, with the
abovedescri bed preformat recording technique using a master information
carrier, the ferromagnetic filmpattern on the surface of the nmaster

i nfor L j er__corr onds, t net | it patgern of a. .

pr ef o???&% R';he% gé{éigg aspldg)%ﬁg er%éc %%%@Pﬁﬁqaf%tﬁe ?Fllé,leef g]?}ée magn M zation
pattern of a preforgatrecorded sj.gnal, i.s. not as,restricted as a
convent‘?%ﬁﬁ?ng?ﬁl%'rﬂg?rrf’ﬁﬁ‘?ﬂ 'f?gé Y g‘@e%\%‘-dc J?ack writing device) and
the magneti zagjon pattern of the preformat recorded signal can be designed
arbitrarily b¥lgchis adrayingef remagnedivation patterpdor signals thes kawe ace of
the master information carrier accordingly Thus, a nmagnetization pattern

t hat cdreepr quiefermopt-iracondedr oor marmaghetichdiskt i imgtalad kimga seragnetiqgnal s,
address signals, and cl ock signals can be preformat recorded. The foll ow ng
I s a descordihigdireplrodietiqy déweice éd azobatimeenwithothd franhesebddimpmenéf on
adapted to preformat signals, with reference to the acconpanyi ng draw ngs.
First ~theln@issBtinvdidion.l and 2 show an exanple of the magnetization
pattern of a signal that has been preformat-recorded on a magnetic disk

installed in pgragng hcdﬁaﬁﬁﬁgddf“ﬂmd sﬁ?ﬂ&'&:@qj{cz’iixﬁﬂsﬁi@iﬁrﬁ@r:ﬁﬁﬁ%ﬁg&[ﬁiéﬁ the

first enbodi nent 16 9 MAY 2002 of the present invention.

magnet i,.zaki 8y i j is recorded by contacting the
surface o%“g #&Z’}légﬁ]%ag?% dr% éegﬁ%g ‘tgeer information carrier, which has the
same ferromagreti ¢;74d 'HrPaéxﬁa%g;edea’fe'aoF’s%%gﬁﬂa'ltari%!izigPSf {re' S Al
Fig. 8 illustr&fes an exanple a conventi onal nagneti zati on pattern that
has been,preformat-r.ecorded . on,a, nagnet.i c di sk,with a_special,seryvo-track
ot nariBregon Rarhet an e ERSIER dirbetiod Sushe 0pP SIBSHE 1BBAR, [
Fig. 3 qorr]glsgpgads to the patterns illustrated in Figs. 1 and 2. Figs. 1to
3 iIIuéAtFHt an~exanpl e of a-nmagnetization pattern with several preformat
signals recorded in a preformat area provided at certain angle intervals in
the circunferential direction (i.e. the direction of the track |ength) of,

servo. BERRMOPETBOR Sagmyive ST Bhi SNBeNINBYG 2 Cyncr onous. <1 gna

that serves as a reference signal_ for anplitude gain control. In the radial
direction of FhefoHayiag ic aidefailed desqmption o thedpresent Aavenider Witht h) |
five tracks are illustrated. For illustrative reasons, the portion

cor r espefedenee to ththraceaspanying drayelgsf a magnetic head 1 installed in the
device is shown as a broken line. In the conventional exanple in Fig. 3,
t he recordi nJChe hasicwodfigucationbf bemagnetid rectidingr/iteproducttiovdduivee wit h
the kind of signal to be preformat-recorded, because the pxefornmat signal
i s recaccudingtth theryrgsent invemsibnlis diatilaxstdthat of atconvhrtidnal device
. Consequently, the recording widths of the thus-recorded tracking servo
si gnal in ahatkmapabtic dibks hfe supported by a rotating axis of, for example, a
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



9 MAY 2002 synchronous signal are all equal. Mreover, since the recording
track width 5 of the magnetic head 1 is usually narrower:than the t9 &by 2002
pitch 4, a guard band 6 of constant width is provi ded between adjacent
recording tracks. If the magnetic head 1 in the conventional exanple
illustrated in Fig. 3 deviates even only a little fiomthe recording track
when scanning the clock signal and the synchronous signal so that it scans
an area including a portion of the guard band 6, the anplitude of the read

si gnal eﬁ%@qﬁsggeﬁbw&so%? :tHé‘%rxﬁ"b@ cbﬂ&@mgggg%g@pﬂl. SEK as

reference signa or controlling the recor I on system so

h : C foath ' I i ' iyr abl
Consequiti SRR e R8s DA AR blP sh OB RIS 1 1 ce
preformat recordi.ng area of .the cl ock s@ggal 3@% t.he .s nchrgnous signal as
t HERP
n

smal | aBQ3RE; WAty aetase, this thgepsic i qUde GFIViRG BSeBRISR 1 his is
i npossiple. .In the configuration Qf the prese i nvention, however, the
magnet i Qaﬁpéﬁo aa‘%lggaﬁﬁfétﬂctq;r F SFamising seprQEignalyieadontsbybie magnetic t o t he
same restrictions as the prior art, and the' wdth of the guard band 6 in
the preheadat Fheduartion of sbe driving mechwaisimgisdio parforrn dhe fradkkivgaes si gnal
can be nmade very small. In the configuration of the present invention shown
in Fig.that the ahagndtic heaflorcamt preaysedy sscahothe intended dresording traeks.ecor di ng
wi dt hs of the clock signal and the synchronous signal in the radial

di rect i Uguallyt e wiisk doil .motornot he Hhegctmotorofis tised fackthe driyingre w der
than the recording track wdth 5 of the magnetic head 1. By adopting this

confi gunachafisnhhebut dih ehhbfiee J¥he d thadldfigb petforii sncy, €3he amrdeingade
extrenely small, so that when the 18 9 MAY 2002 magnetic head devi ates

even OninbcRahishh lc@nfBPibddfn EARBIAH 16N Wikt h vadidl9 cTGARPEUactRalss, €ase of
the read signal anplitude can be suppressed. In the configuration of the

present | nverhehysheR of nfifotie difils fd ARERIREA NS OREL DIYAANN | N
the drawi ng, the recording afeas of the clock st gnal and the synchronous
si gnal -al Liy utlye .0l t I radi al
i Foot i DIEREE PR Ao lifhil Hofled PRORE Shahd REBSELR] o SIREHAYY B bl B0
band 6 | conrdi e i Nds. ous
o gnal R REeEn 15! Ao PIERS. it PR piinhe) Y SREngBIERE BEPE IRHCLE
decrease of the read signal .anplytud hat _occurs. ikn.the prior art when the
mmgnet | e mariptirfrad sIRRedRobac s The Shaffil Makdeelaidle B0 hek 10 be
scanned. Thus, this configyration.is preferable to.the.configuration in
o1 DRty ekl b Yo cPBRE BTG HRORRER A FRL: PENBST ¢ he
magneti c di sk beco o0 | arge, co ed to the si | bit length in the

1T unfSeBAREaRLR TSk Y cep.@lq%gpﬁ e AR TaGriev R Trom ke ), a
sufficient recording signal strength may not pe attainaple, begause of the
i nfl uence of £HBAgBRHGNRY | Bathern | a@t%éot@aﬁg@% é%’ﬁfodﬁlr%‘%’ta‘g%é.
Therefore, jt is 1%rﬁef erable to select a configuratioon that is suitable for
the recogaplsand glegk signelsrig prenreqesded on thermegsatic id@h:péﬁhe Prefedt? the
recording width of the tracking sexvo signal in the radial direction of the
magnet ilovdptieni s The nsagneticsbitheattenvisiforgned asikngwaduhsteranfompatiagnet i c
head 1. However) the present invention is not limted to.these

conf i guwaatieons, Andferbmnagnetici mutvernt hcorrespondingc kiongtleer preferyadl ar eas
can be larger than the recording track width 5 of the nmagnetic head 1 as
wel | . Jfiformation signal is formed on the surface of a substrate of the master

information carrier. The magnetic bit pattern is then recorded by
contacting the surface of the master information carrier with the surface of
the magnetic disk. The conventional method of recording a preformat

information signal with a special servo-track writing device and a magnetic

12



9 MAY 2002 Moreover, in the configuration in Fig. 2, the recording areas_of
the cl ock signal and the synchronous signal traverse all consecut i v@ MAY 2002
recording tracks in the radial direction of the magnetic disk, but it is
al so possible to group tracks together to certain signal areas in the

radial direction of the magnetic disk, and traverse the recording tracks
only within these signal areas. In the latter case, there will be guard
bands 6 ox~,y between the signal groups, but their influence will be

signifi { I rvthan.in th onventionak exanple jn Fig. 8, so that the
ef fect gﬁé%iéhsg\é\%er?tauﬁn%tﬁt |h(5§ @%Xeb‘éarﬂ? ilbaeamﬂ?ﬁ‘%ilgnfﬁ?mﬁgpﬁmer, t he
| atter configuration is useful,in tgat the effect. of the above-nentioned
denmagnetiesPrRe’ dieptodugtion dewice Of the PregentJRVeRtgH: m-n~ Fig. 4 shows an
exanpl e of thgprragg tization pattern of a signal_ that has been_

pr ef or mat - r ecofF @ dolbewinanyar utlisef thesstatican blpcareregding techaianei ng /
reproduction device according to the second enbodi nent of the present

i nvent i osingHaenaboes imastevninfatmationicarfiey, whick iseesrddéar pyrioomingt i ng
the surface of a nmagnetic disk with a master information carrier, which has
t he sangprbfornomtagnediding i inmapedridenie i witht $he utohdfipmration obrtharpsentFig. 5
illustrates an exanple of a nmagnetization pattern that has been

pr ef or mahvéegiehded on a magnetic disk with a master information carrier
where the recording wwdths in the radial direction are designed to be the

same as the remiel 40nGoWsaakKehRpIS ofa Gurfdtd JTRONBsE inge¥nafidn DALMEY f O
exanple in Fig. 10. The pattern’in Fig. 5 corresponds to the 20 9 MAY

2002 i | L4y B Fimi | le of
PatfsgNfdy tH ;;ﬁ’e?dl' ak rb&rqﬂngrt%ﬁm ub 0 @‘1%1 Sl‘ﬁftesgzggx%eg“n?ﬁ‘&ﬂl’ e ot a

magneti zation pattern wth severa eformat sign in a
pr ef or . i t . al le. i i II renti al
i rect 1 SHErERiet BtAEA B b Tl BH Grefuhb fin chat 1S oMY €7
magneti c.di sk. These .prefor siygnal s ¢ ri,se a_tragking. servo signal, a
Clock. sEHER Prafreim Bad, seetier Aitanty HIoe thE iz ffbnrie] ritreied
magnet i ¢, di (i,.e. the direction af t track width), four. tracks are
et r i Hig SRRy phrihpe tHatls JRRENDh Olp Pt |SATRRNe, p il RBARS 1 he
ecording track of a _rmagnetjc head 1 installed in the deyice is sh as a
br oken mwetv%r%wé&&mdl%zq%ee%e@q ﬁl%lsff? dor ten fwytﬁeeoﬁ}m Wgﬁ?f ack
wi dth of the preformatted signals is fhe same.as the recording track w dth
5 of th8iieghieBLe. ﬁh&dnfﬁcﬂoed#st&?ufé'ﬁﬁkﬁldttﬁbof a%f‘oé’d‘ing Aeas HoTised b
t racki ng servo signal, clock signal and address signal are all equal.
Mor eoveProken linesigerrespendito reeanddna fragkepertiqns: for gasn appahimthgeci al
servo-track witing device and a magnetic head built into the drive, the
wi dt h omagretiuatigkbafiere writingd e bmassen wdprmationr pasvedinngnte athe is t he
sanme for all signal areas.
magnetic disk. In a real master information carrier surface, master
information patterns as in Fig. 10 are formed at predetermined angular
intervals in the circumferential direction and for all tracks over the whole
recording area of*the magnetic record disk in the radial direction.
The master information pattern comprises a tracking servo signal
area, a clock signal area and an address signal area that are arranged
sequentially along the track direction as shown, for example, in Fig. 10.

The surface .of the master information carrier according to the present

invention has a ferromagnetic film pattern corresponding to this master

13



O the preformat signals, the address signal includes a track nunber

i ndi cating the radial position and a sector nunber indicating the 9MAY2002
circunferential position on the surface of the nagnetic disk. Therefore, in
the recording portion on the nmagnetic disk corresponding to the address
signal, not a sinple repetitive periodic signal as the tracking servo

signal and the synchronous signal, but a conplicated bit pattern is
recorded. When such a conplicated bit pattern is recorded as shown in the

exanpl € jnfodhation NattefRO2RELE- hatchleR! ﬁBft?de'}ﬁeFPgéL’\fg,sfcﬁﬁgﬂ £3idfa

. 1
adj acent tracks, and the recording nmagheti zati on | ops co I'cat ed

unst abl ef@??‘%ﬁ%ﬁ%@%@?‘h&%ﬁgﬁ%ﬂg%ﬁe a}?\cgs 7 across the guard bands 6. These

magnet i za ence areas én adjacent bits are undesirable,
because t hey C'f si. noj se at sitgnglt1ll r_eproduction a&.d may: c(;a.]&u)g.e addr ess
detection error 3¢ A HIHULREAYC Jim pRALEER ROTFEFRMRENE thrihie nlormaiion of
such magnetization interfeacence areas 7 has been recogni zed alsq in .
convent 13EaRl BP SPGWFRIN i‘“é@owﬁ%@e rigdeasplychn utding a yarrtef fineg
device and a magnetjc head built into the drive, and it is becomng a .
seri ous pHOeBIEREdeABnMes fchie mastee stampex progesges & eptieali diskdeni ces
record with ever higher txack density. To reduce this interference between
adj acentsemhicenpdiictarprocefsesabl e that the width of the guard band 6 in the
preformat recording area of the address signal is as |arge as possible. On
t he ot her handFigadlehowa aedxahplepf a crosgsecgioar of thend aviadtinfoanation
desirable in the preformat recording area for the clock signal and the
synchr oraysiesiif/Bilg, 10hilen phhfiddmi Iind AeAconvent i onal preformat recording
met hod the recording track width 5 of the magnetic head 1 and the wi dth of

the guard bandrie Gapfcturd SRRl ihaFig.y 17 NaNg8den dknidd®e b dSpsbitingds- of f

between the two. On the other hand, with the configuration of the present

. Ci . ; ) o |
ot 1 es oTIOEEARAR el VOB QBIBGS B 8 pIARE: BB GATRIL| BRAERE oS L
b O o ¢ . Lo ;
o gnal | TIEte e Rttt CbBbARLe  SEE SoRnE o vy B ATpBAER
Fig. 4 f al.l th .ef i |s.in,22 9 Y, 2 t i th
L0 ) ot BB TRlorB R0 St 4 s PuBRR e BB L0
disk (that is in the.di t.| f the.t i dth) ks | dh h
Fecor di moPRRRk U BB SR E G hlibeAachae Muity s ML ShiRRD JRG 1 o
th dd i in,th i al, di L t ti i sk i. |
{han- & nEOR AU AP R Blh e teE BgRER (& HB P TRl ROEORS ¢ hi o
fi tioon,.th i dth of t d d 6 t.X' ~ I |
Tt he EPBA RO bR g L e e, OFHRRET o BUThLATeeits SR S o,
Thi s .meaps that when the magnetic head 1 in the ¢lock sigphal area .deviates
even onfhe Protry &P@IW‘PH%-hﬁ?@GB?HiH‘ig‘stﬂléekpqstﬁlﬂé 9c 8ARBY ange 8ase of

t he read signal anpl i tude can_be suppressed. On the_ other han\cﬂl_}Eil

nmagnet i 2gPththahislassthandhgthicknessafthe fegromagnatic 8lmdl % sedhat thei g. 5
do not occur in the area of the address signal information. ,, Care needs
to be tfaromagnetith&lmeldneiraing att thefdephessedgpentionsbns well tasr at ithet he
address signal area is not too small, because then the read out put

anpl i t ugeofudihg postignal becones too small. However, in dual el enent

magneti ¢ heads including an inductive recording el enent and a

magnet or esi st iWsingetheo thigtéoinforanwivn catkibr as shicevn iatRigsed O andeldnet i c
recording / reproduction disk devices of recent years, the recording track
wi dt h othé heagR61id Teédididg aflrlitind) ok iekBmsle TRl d galetichdik] fpiefbimal-and t he
reproduction track width of the reproduction elenent portion is even snaher
than thedaonyeotaatie th'shn RS Bastdr inlGrriAA6R WRAEE wiflk tRe esent
invention sufficiently di'splays 1ts effect, the read output anplitude of

t he add i | t .a5s tigal dw. e ecordi ng
w dth ofibies® eiiHe, HAERMS roIBRLERS AR, 18 e UM WIPBxAGIC "l

smal | er_in—zf?lane magnetic recording disk medium, a direct magnetic excitation field
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9 MAY 2002 Rather, a high reproduction S/Nratio can be attained by
decreasing the noise caused by the above-described magnetization 9MAY 2002
interference areas 7. In the configuration shown in Fig. 4) the recording
area of the clock signal can be formed as traversing a plurality of
consecutive recording tracks in the radial direction of the magnetic di sk,
as in the configuration shown in Fig. 2. Mreover, in the configuration
shown in Fig. 4, the recording width of the tracking servo signal in the

radi al ¢l ‘] 4 h ' i =h ; e
Fecordi ot PP A T B R BIARORGELAoflol the 88 o thal o DO AifE ook

I nventi | estrigted to i spcqnfiguration, and. .al so-the recording
wath i A CRkeeRREhebh oy 1A St ra Be, Bt Ranger S AR
recording track wwdth 5 of the magnetic head . 1. Figs. 6 ‘and 7 show an
exanpl e“%}gll%bzeﬁla i%aPF‘E;IHnB&ftg‘?ﬁ"ﬁ’fat’ambi%}ﬁ&firtgﬂfgew Bgn to the
preformat-recorded gn a magnetic disk installed in a magnetic recording /
r epr odutarremagaeticelibn eatdern 1 geeordednin ghe imaaneidatresprding mediwmn:

i nvention. The magnetization pattern in Fi %sé 6 and 7 is recorded by

eeh

cont act Imghieaser hon the amagnetdc idiski bas ecomnlately idelesedehéfore

carrier, which has the sane ferromagnetic film pattern deposited in its
sur f ac eredeoding tipa pirefomin 4fi ipforinatibnstignak s suffexemprecorflineg clmse gotd onal
magneti zati on pattern that has been preformat-recorded on a magnetic disk

}[M'ht h2a4§m&hﬁ|on81@’cﬁﬁdihlg&fdﬁb‘é athitgedadsily. and a magnetic head built into
. 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 ?onﬁguration in Fig. 10, the recording width in the radial
direction (with respect to the magnetic disk), which is defmed 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. Conseguently, 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 recorde_d 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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9 MAY 2002 drive. The pattern in Fig. 8 corresponds to the patterns
illustrated in Figs. 6 and 7. ' Figs. 6 to 8 illustrate an exanpl e 8MAY 2002
magneti zati on pattern with several preformat signals recorded in a '
preformat area provided at certain f angle intervals in the circunferential
direction (i.e. the direction of the track length) of, for exanple, a
magneti c di sk. These preformat signals conprise a clock signal, and a
tracking servo signal. In the radial direction of the nagnetic disk (i.e.
the direction Withhthe rmbokevdakchibedf prefornmetk secrding |teshnijued usbhog a
illustrative reasons) the portions corresponding to the track pitch 4 have
been narkedtdy ibfeieeatibh nesrridig tUBBEsEs ShoadiMeaso! Faokd AthgdadicIAti fy
the position of the recording tracks. In present tracking servo techniques,

the di sphagerRat tidt (chRldaRRehs crefmedlwin;}.l ;c'agxgtléﬁﬁ'gﬁhl %Eg%dsomlsiﬁ g a

predeterm ned track center line is genera etected and controll ed

based on r Sj I | i Ki Y0: S | 3.5 -ded
e pl ol Ao CtiRlR witie doiit: Bh siaEh 3RS AR IR A RCRS
servo signal ;patterns. sho for.exanple i nnfFigs. 1 - 5 an usg this .
tracking&§8F o € Pﬁ%@lmﬁﬁngﬁHP}ﬁﬁg?ﬁk 3?2%?&%éﬁéﬁ?ﬁoﬁnﬂhigﬁaaﬁgY?e head
1 in the,radjal, directian of .the netic di sk based on this read signa
anpl i t uoescrRRd R OTRAL TR RS tREATIUS USIRE BraBFtaTipEPating S Bifiency
band of the position sigpal detection_circujt increases together with the
track deihs fgpropaenetic Iy pattesp o ides surace r¢lc ko gupptar wigrmagion
.counterneasure) therefore, Publication of Unexam ned Patent Application
No. Sho @oriegsperefposidsdesn magnedic big podtarn obe prefprmataseeprdadzdgnab vAY
2002 phase detection of the read signal. Fig. 8 shows an exanple of a
magnet i zat momagaetierdiskor Therefars, the sexaretsiajioy pasednbyf a peeforaeking
servo techni que based on phase detection as disclosed in this publication.
I n the tweackdelysgpraloist rothak qestidcied as ed convéliisnalprefoatiatnrecardagnet i ¢
bit pattern is recorded with a constant phase shift for every half track on
the nmagnelihg 4lisskvosackhomsiting dexrepland théigagletivhtionspaiietn of the
tracki ngservo signal is read with a magnetic head 1 having a reproduction
track wiglelorinat-iecsididakighaledn de tdeaigned |a&bﬂﬁ“b.rilﬂalﬁw hetnftrivingg t ekack
pitch, then the magnetic head 1 encounters a phase shift of the

r epr odughi ¥ 296 il pARAFHMCEhdVshiPfach DFANE KiasEdrelifoPRhtion édygidradi al
direction of the magnetic disk. According to this technique, the

di spl ac : he nej i y dj Lhegt.d Ookpti ghetic
G ok cantEodBely. (OTRRELE (HaPRRtadubR, pRRcER Rl CahoproRasobptifusn

Sk R LAY il {5 RIS nased it gk sdens 1

i nt ended recor ng servo technique, which is

based. on. s&? g?%ir%&}nia(eﬂ for{l%&‘. read signal, wth maxi num

effective%esg) i eferaple at the phase of the reproduced servo

si gnal change [ ally and Linearl.y w t he £adial di acenment.,of the
magneti c headslilge %‘éd‘S% 3 R gewnﬁ qftst rgf@gﬁﬁfﬁeﬁ&%ﬁ?ﬁ%ﬁggn‘i Fi zati on
pattern of the .tracking servyo,signal .recorded t he.magneti c dj ak,fol | ows
D or adudrossiiy ipaaRoRsad8pke o Mphieaah vensliy Wity JeeTange bl vk

adj acent tracks and not ,a pattern of constant phase shift for each half
track, RECURPARYIRE ALaWinegs.Lowever, in conventional nethods that perform
the preformat recording using a special servo-track witing device,
recording the preformat 26 9 MAY 2002 signals with a magnetic head built
into the drive inposed structural limtations that nade a preformt
recordidﬁmﬁt&nﬂnggnnumzation pattern with a gr adual and |inear phase
shift, which has to be regarded as preferable for a tracking servo

t echni que basdtigen 1pand 2 dhbec anoaxamiplé iofullte nmretization patterni glimat i on
had to be adopted where the phase shift proportional to the displacenent of
the nmagréiial tieadhds WeenapRiferthabtedoRded 6604 ¢hagneticalisietihgiallednipat t ern
with a stepped phase shift, as shown in Fig. 8. Wen a nmagneti zation

pat t er n (b hetic $bERISH: PRepBodiitidn dRFicehAWdrdihd t@ the firss eusleslimerithe
tracki ng servo technique, which is based on the phase detection of the read
signal, cannot provide sufficient tracking precision. Mreover, to record
the magnetization pattern in Fig. 8, {fe recording track width of the
magnetic head 1 installed in the device has to be made as sonewhat |ess
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
signal s becones sonmewhat |ess than the track pitch 4, and the read out put
anplitude of the data signals decreases nore than necessary. Mreover, in

t he conventional nethods that use a special servo-track witing device for

Y T oy - 4 a o v




Fastfo~wardi ng 10 years fromthe tine when the tracking servo techni %Je
based on the phase detection of the read signal has been proposed, fSMAYQ002
MAY 2002 tracking servo techniques for magnetic recording / reproduction
devi ces based on the anplitude detection of the read signal have now becone
mai nstream On the other hand, the nagnetization pattern'for
preformatrecorded signals in the configuration of the present invention is
not as |imted as the prior art. In accordance with the present irwention,
it is pbtha Bresend ingerfanmgneti zati on patterns with a gradual and |inear
phase shift optim zed for servo tracking techni ques based on phase
det ecti on of Theemagadtisatjoalpatternt ireFigmfli gnd & isarsornded by cphesstitig
invention shown in Figs. 6 and 7, of the preformat signals recorded on the
nmagnet il Susfice bie Mgmeticditk anghld eladtes iRdrRRitife Bather, Rikishi Kad he bit
pattern corresponding to the tracking servo signal has an inclination angle
10 Wi tihd 8HR8IbricinhRRti CAIAIALE A AGR0BEd URG 1EBAPRIEC head 1. Heres
"magnetic transition region” ‘means the border portion between adjacent bits
havi ng oppost ‘qulg? Lzat okl i h i r.ent.i i tion.of
t he magneti cF ?s : %tlll‘}(?!gsw% gng?"}%ttr%iﬁéeéqt?tgr %é{rg Ilﬁgggﬁe &gggé?ﬁgﬁﬁgtched
bit porti . t nhat ched bit portion for exanpl e the portion "a")
s ¢ hegdRERRR SReb BT RS Brén BRI RIS R dP e Sadee RS0
polarity.2 of the hatched,.portions, opposes the magneti zatignp.pol arity of
Phe urToRReHal SPEHG CAK PAUAE Qparcesard A Roghengey rahibinie
magnet | zatiop, polarizatign 2 shifts graduaJly into the opposite.,
pol ar i 95Yeon he Redted in Fig 3 sorregpongdn e b epaﬁ%pﬁilﬁﬂsﬁr@&%ﬁ. Kigen a
magneti c head 1 having a read gap direction 9 that is 28 9 MAY 2002
substahﬂpélz-y parallel to the radial direction of the disk is used to read
a tracking sexvo signal as shown in Figs. 6 and 7, then the magnetic head 1
encount ers afigsadets!d ﬂluﬂtfatehenrmp?@néla mapnetizagiogppattesnavitho its own
di spl acenent in the radial direction of the magnetic disk 1. Consequently,
w t setvheahprpforinatragoaldi regorded pn cd prefovmadentieacpividéd abreestain
i nvention, the displacenent of the magnetic head 1 in the radial di,~ection
of t heanglgriatdwvalk ik thanirbemfetarnigddirecrivs @ich thephizsetiahof thofrdacke read
signal so that tracking can be perforned such that the nagnetic head 1
pr eci dehgtis)csh fort beamples;ndathgetiyy dishky (Tlask. priafdiines e signfalo sompeise
conventional configuration showmn in Fig. 8, the magnetic head 1 in the

conf i guUtralckons s&RdMighhl, bl dsck Bighad fdr Spicld@besdticn,tdnt ¥ sghakittlowdnd | i near

phase shift of the read signal that is proportional to its own displ acenent

in theisRall BhadbdRekl fa PofdRac0RIPRAT fordhdiblithAt aid RAtMSl. t TAGKEN]

techni que based on a phase detection of the'read signal can provide

excel Lallal BAGKIOH & fd MhetlDARR Al. el dirBeION dFtAHaER BHRAJII NO 1O

the present 1 nvention, a preformat srgnal can be recorded en bloc using a

Mast elg Jenf 21 etsi e Aifddtateds haf‘g?e%ﬂut%ﬂtﬂéqege%%‘ée’ 13:1Y glhgﬁhe

various pr s Ooccurring whén preformat recording wth a spe

ol voorishelihe 18 AE GG Ahe teblCof fn bR, IR I MER] b 018, R0 0T

the confi urat}i1 on of tﬁe resent invention can be devised nuch cheaper than
a conVEVIT i tavey A B (Egﬁ'ﬂf"'ng / reproduction device. In the

configuratian the present invention, _the recording.areas ,of t cl ock

si gnal and tﬁe%% aﬁ%"ﬁ&t@@@i@@ laaﬁlgbé,s@p%lra%%% fga@ﬁaﬁ"&ﬂgg
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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9 MAY 2002 band between adjacent tracks as shown in Fig. 6, or the

recordi ng areas of the clock signal and the servo signal can t r aver §MAY 2002
plurality of consecutive recording tracks as shown in Fig. 7. The guard

band wi dth can be nmade extrenely 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
recor di ngrreheshodd gigaahairg ulleéq . oMo ver, eS864 thé\&‘@wram% tMMeRIWidth
inclination angle 10 is defined by (a) the magnetic transition region

bet ween g heikd hiagitdid Rdad R8s r%l%aﬁo@ferfdh%r{%'ﬁtajcﬁ. Digaf 4la &Q%(e}rﬁm onl'y

be adapted to tracking servo signal’s, but also to a variety of

si gnal s. , t i j ' . ' he magnetic
transi tibo‘e(r?1 (fgé)f%ﬁngee%q&e&é@Pﬁg B 6??@%?%‘4 t beﬁ{]%ﬁrc g’%@%&g@%&%ﬁ " magnetic
head 1 for reg@rding other,prefarmat signals such as.address, sjgnals and
synchr onous siclgﬁgfa a?‘%ﬁ%hg?&}dﬁn%ﬁ%’é‘t FELW"@EF?‘W&G B?tré%&?b&lal can
be provided,.and the inj{ended characteristics can be ipproved. . In :
accor dant eW”EtﬁstG}Y@nsPBL?'aP Hie dremnthpmaecording fragk ¢ 1 SCAnRiRg thee
conmbined with a recording width of the signal in the radial direction of
the mag§tackesignak angbthg synchyopens spgnelisecthatcidraseng anaree induding af t he
magnetic head 1, as in the exanple of an address signal shown in Fig. 4.
Fig. 9 postionael éhearglardobantcb nblymamplitudm of dheereadisignali decreasemt has
been preformat-recorded on a magnetic disk installed,in a nagnetic 30 9
MAY 200 heeclocki signal nedr thitusyndmwrateviscignsl seriven gs treféreact cughalsefobodi ment
of the present invention. The magnetization pattern in Fig. 9 is basically
t he sanmeonatrolling nh@nsicoRdinigon reptddRicbionnsystem, Zso Heawevach d dedérddase of
configuration shown in Fig. 2, the magnetization bits corresponding to

pr ef or nghe irBAQ rsﬂ%&éb@m@'lﬂuﬂ@ﬂ@ abt dedirbBld. heCEh s TS it isl’ﬂ:\imelféfaﬂﬂé iten of

t he magnetic di sk, whereas in the configuration showmn in Fig. 9, the
magnet i £d ke ehe vk RAtRG ﬁﬁ:p?un&'fdlgahﬁ @i tRE Preforthet PelordinAheedB8gRRE | ZEM
substantially parallel to the radial direction of the magnetic disk. This
means, | hg; f i Qariat. k NaiEd th‘ g js i ity 2
of the hg)tc%hgl %grélggn@ea%t e\f{%x‘alllgg'nse1 |ggta|%oﬁ po ;% i ?gé%gge? ?E%‘Qg{rz at ched

porti O”ﬁsﬁ‘%t@?éi@ﬁ\fl\i’hﬁ@s %Ptl’fé‘ﬁ -ogtm’r¢j3 id oSyt er ential direction of

t he magne ereas i1n e contirguration shown in Fig. 9, the

: . Lar | N h q . . . .
porari ty 3 of Bnctiinrcrdisllrabish |3 Dbt IpaRtbts BORRGL 18T o

di al di ion.of th i G disk. Th ' i . in Figs.
2"and 0TGRS Esv i By pooHeRl s R AR TR ARG P b sic W in
a master infornati.on cary.ier t he. sane, f.erromagneti.c, film pattern

t . which h
Tn its SORALESITIGHRNS S T PHOR GG RA tha RSO theEPard Band 6 the o o
master information carrier is,ysed, wherein t ferro neti¢ fi]J]mportions
are nagHE?fi%EB’cfti TRCOFUng aﬁ?@n?fefﬂ@nglpak smae\mfgﬁhﬁﬁmﬁ igpalicak . on
t he ot h!e)t[3 hand, to reci)rd t he magneti zation pattern in Fig. 9, a naster

i nf or rabednadeveresmallysed, wherein the ferromagnetic filmportions are

magneti zed in_the radial direction of the magnetic disk. 31, 9 MAY 2002
In the comfiguration 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 mag_netié 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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The configuration shown in Fig. 9 has the advantage that a sufficient
recordi ng signal strength can be easily attained even when the reco?&@ﬁﬁzooz
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, demagnetization |oss
occurs because of the demagnetizing field acconpanying this recording bit
shape, when the signal bit length in the circunferential direction of the

magnet i 1Sk : r r giqg i i nadi i ion is
conpar aft}a\cyé% &1# %Qég?aésgla? a{eggns%ﬁ i gi en%%&%r%n%g(gqrgﬁgé %?&eﬁétﬁe may not
be attainahl e Iﬂ%the coggﬁ%uxa ion ?f Fiﬂt , _on,the other.hand, the
nagneti%%ﬁnrl?ﬁfl’rae Gase R Fet it ATep ReisipPreitedoss due to the
demagneti zing, field dges not ogf r so easily, so that demagnetization | oss
does not occufnaRE condigurationne ﬂl“bBF%ﬁeﬂﬁ vgptionsshowmdn Figa hotall ai ned
easily Thus, with this configuration of the present invention, a recording
magnet i e prafommas@ignalstshown in she dypwangothe rrsopdisrgoareas dfitherdleslt on
signal pattern can be selected. The nagnetic head 1 installed in a nagnetic
r ecor di signal r apdothet symchienpue signal cradanse av plurality pofesensedutvant i on
havi ng the configuration of Fig. 9 has to have a suitable gap to detect a
pol ar i zedcoodinghangekfint tiee nmglial idisdctivm rofcthidagagnetibediskdi dn dhigcti on
of the magnetic disk. In the foregoing, four enbodi ments of the present

i nvent i @yhfahfra@ioH, Aheedl is Meveysfd bhhid @igthBtreconBALl HBak FoP@he ldldak ed to
t hese enbodi nents, but can be applied also to various other devices. For

exanpl ey; f ; e lprsR { i i us on
har i SR PR SRIHLR, SIEHAZ CRaReguphal 1e s Bob bl PR ed R, 5002

devi Cesalni‘&’é‘t’ec}’o?ﬁglettg Pﬁ%?@geajsgvmﬂeopeddss 1l ddiplifdd %Q@B&d&js% drives

and can equal e app to other magnetic recording / reproduction

devi CosyUsHoRSrk WNLR It TRABSLEE 1llafly dBYIfiBS 4BRSGId SHPnE WoRGhe
exchangéd.”Such™a configuratron can attain e sane advantages as expl ai ned
above. Mboregver) t bove e difyent s,have been expl ain iith t mai n
focus dCREHEraGR e HEmTIRIG o i PSP arai i SR ES e rlibbol 2%, e
present invention can,eqyal be appl, ed o deviges using. endi. qul ar
et IconE RN, e 1 sTarerabahe the rorbie piddhnif 7h S

advant ages .as e ai ned ahove. reover, the above e di rent.s haye been
expl ai %He%“?rh O)fI%erFH?ﬁnFHELigS]B%DeﬁPE‘feﬁrWﬁtlaFﬁ? S?Wg‘g%gitgga?g?a ¥h as a
tracking servo signal, an address signal, a clock signal, and a sypchronous
si gnal ,lem‘ph,hn&fle cwewﬁ’éan@ﬁi frechagae: &h?jﬁsnectlpiengﬁgp ,tr%ﬂﬂélqnﬁtg\ mati on
signals to _which the present invention can be appljed_ are not limted to
these # gnfflcienByeennding signalestyerednmanpehbieoHtamablgrecadiseaidbyi ng !
reproduction device where various data signals such as for exanple audio or
vi deo dnfiwgince haf ethre edemegnetizinge figdodusartobsher sraogdingatbit oshabet . The
possibilities to aimat inproving the intended characteristics can be

enl ar g&heneforendt ds wirefenadlé do raehertpa cbufigaration ditditrig, swdtabla fouithebl e
recordi ng magneti zation pattern can be desi gned according to*each kind of

si gnal referdiag sigral pagtegnned above, the present invention nakes
magneti zation patterns) that can be optim zed sa that the prefornmat

recording of Ia gRhEnRnfigurationd g Figs.epraxtla, ithe frvrdiagCaidth ofitihe opti mum
performance fox each kind of signal possible. Consequently, a nagnetic 33
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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9 MAY 2002 recording / reproduction device with excellent performance in
such areas as tracking performance) seek performance and reliabilitMAXY 2002
provi ded at |ower cost than before. Mreover) an even higher track density
can be realized with a nagnetic recording / reproduction device in ’
accordance wth the present invention. V1 34 9 MAY 2002 CLAIMS A
magneti c di sk stacked in a nagnetic recordi ng/reproduction device having a
magneti ¢ head, wherein a magnetization bit-pattern corresponding to a
preformat i nf dlioeedwer, shghel cordiguratiodenh Bég.o2 etizndecordihg aregaefithedi sk,
and a portion of the nmagnetization bit-pattern corresponding to at | east
one si grdbcls siginilesnd rihe &yrehe6kows gitslalatidvarsey allNdiveuative Feabrdiag a
recording width that is lager than a recording track width of the nagnetic

head i n Ratkdlisdkhel fo@6al @iteliiof BE (RBANEERCE G, Bu f IPHOBIIJssHliIBkos! acked

in a magnetic recordi ng/ reproduction device having a nagnetic wherein

a magnetj i Lt.- r spandi . e tq..nfor i.on signal
i's recpréaégbb@‘gsggﬁg%‘ﬁ%% t{&hée:eq'rrtr%fg%ne g!n(? 12&% géB lanﬁ{eafr%gr i%‘ﬁe%tfc_’ﬁg the
mRgnet i 284 b o0l disRhh A" BaSerdCBRO 18N P BabR Skl it el BinS

areas. In the latter case, there will be guard bands 6 only between the

signal groups, but their influence will be significantly lower than in the
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 sixows an example of the magnetization pattern ofa 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 t?e tﬁe 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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a recording wwdth that is larger than a recording track width of the
magnetic head in a radial direction of the magnetic disk. 35 9 MAY MHY2002
3, A magnetic disk stacked in a nagnetic recording/reproduction device )
havi ng a magneti c head, wherein a nmagnetization bit-pattern correspondi ng

to a prefonmat information signal is recorded beforehand ‘'on the nmagnetic

di sk, and a portion of the magnetization bit-pattern corresponding to an
address information signal has a recording width that is snaller than a

r ecor dpatterndtikstaded infFighe magnetic head in a radial direction of the
magnetic disk. 4. A magnetic disk stacked in a magnetic

recordi ng/r e@‘i%éiiu&ttb%‘ iHay¥irate RAYERHINMPIARY %hieggeﬁ%ﬁd&? E)%%ké}nawith

magneti zation t-pattern corresponding to a pr r mat _'formation si gnal
o SoBEARL by B R FUBNSH £ 4 A BRCLORR .
REUGNTEE Ve T R TR Ve EE N TR P
A OOt 8 5 ek 1 SRR bls, SFBLd D SR EL R Setes havine
T O acking Servo Sgnal n tlock signal, and an address Signal. In thexadial © °

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 tra::king 8ervo
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
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in the magnetization bit-pattern, a magnetic transition regi on between bits
in a tracking servo signal region is inclined with respect to a read ‘$2992
t he magnetic head, and a portion of the magnetization bit-pattern
corresponding to the tracking servo signal has a recording width that is

| arger, than at |east one of-a read track width and a recording track width
of the magnetic head in a z~adial direction of the magnetic disk. 6. A
magneti c di sk stacked in a magnetic recordi ng/ reproduction device having a

magnet i Eiiefdntedferarice arisagagiongabiternfidjapait eraeke 0hhastheneicogding
prefonnat information signal is recorded beforehand on the magnetic di sk,

in the pRGMGLLAMONOAePblopRatdiRplicat dRANELDIE &ﬁ@gﬁﬁia&@oﬁ ergh@ffei?&%&een bits
I o ad gap o

in a clock signal regionis inclined wwth respe toare t he

Ci 2 . e At
by o o PR TacrE 1O guald MARIE S Tl diaflefizatid iHBOBBILER MRS T 00 i
n w.dt h,and a recordi ng track -w dt h

of e IgikeR aciREhe HiF Bhe SRRl Pelish RY slgh i AL chERA 2
MEAE A RN TR g S
Pret o Tk veoeity | he octiatence of sach magnonzation intariarence aress 7 o 0
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 ié as large as possible. On the other hand, :jts 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 preseht 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 s.igna.l.

In the configuration shown in Fig. 4, of all the preformat signals in
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in the magnetization bit-pattern, a magnetic transition region bet Sp.ggbaz
In an address information signal region is inclined with respect to A

gap of the magnetic head, and a portion of the nmagnetization bit-pattern
corresponding to the address information signal has a recording width that
is smaller than at | east one of a read track width and a recording track
width of the magnetic head in a radial direction of the magnetic disk. 8. A
magnetic di sk stacked in a magnetic recording/reproduction device having a

ragnet! Sd AR R TEGIAGA B Bbic BROATA S81VERRCASLAGS B2

pr ef or ma 't 1 on S|gna 'S Tecor e & nagneti ¢ di sk,

in the netlz n atter net tranltl onbtween bItS
inat rgggp}%g%e glséﬁ g‘%‘&@ 17 éﬁltglﬁ (&mﬁﬂ °¥]§‘ae \RHCﬁ‘ Wé@ﬁg gap of
t he mag etlchad an n, of the magn ati bit- ptternlnthe
t racki nbPSEFSPE é‘?%ﬁ’éﬂ qﬁ'@b‘f@hgt"?&bﬁr’%%f’%{mﬁ) é f dggh 3{&3 vadthecor di ng
tracks i n a radial direction of the magnetic di sk 9. A magnetlc di sk
st ackedof Fh%laddg%& signaddortdierxpdiabdiegtiononf theymagnesici digkasrrmgaler c head
wherein a magnetization bit-pattern corresponding to a prefonnat
i nf or matlam the gredrdingread: sadtlhé of BreanthgmetichkeahdnetBycadoptingithis he
magneti zation bit-pattern, a magnetic transition region between bits in a
cl ock se@tfiguratiprmrtheswidthldfritbd gumdnd bash6aant loe madwaekigamedy stadl iragnet i c
head, and a portion of the nmagnetization bit-pattern in the clock signal
regi on ﬂieamehebﬁgﬁaphvé@hhuye:&&emmﬁ esrtlc MEtHS adddésOsiighat lkk¥ean Thiadi al
direction of the nmagnetic disk.

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. 5 do not occur in
the area of the gddress 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 recotding 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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9 MAY 2002 10. The magnetic di sk according to any one of clainms 1 to 9,
wherein at |east a portion of the magnetization bit-pattern i s nmagn&tMA¥®2002
substantially parallel to a radial direction of the magnetic disk. 11. The
magnetic di sk according to any one of clains 1 to 9, wherein at |least a
portion of the magnetization bit-pattern is nagnetized along a
circunferential direction of the magnetic disk. 12 . The magnetic di sk
according to any one of clainms 1 to 9, wherein the nmagnetic disk is an

exchan dj sk } . into.and retri;eved fi omthe

magnet ??@ge@g’r%?‘ﬁ%# ? g&%ﬁ%ﬁ&ﬁﬁﬁgg&:@ggn% a_t%% gﬁ%?’l’e@sm%ﬁ‘%%’c??di ng to
any one of clai 1 to 9,, wherein the magnetizatjon bit-pattern is recorded
byycont f@ﬁsﬁﬁ%gn@lﬁ?}é%v@—gg?cﬁ%d H%?gg@tt?z@%mnswztﬁféﬁﬁe%cesﬁ? afce of a master
information carrier haying a pajtern corresponding to the prefornmat

i nformation sﬁ{x‘)ng;q configuratigggshown in Fig. 4, the recording area of the clock
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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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Figs. 6 to 8 illustrate an example of a magnetizatioﬁ 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 clock signal, and a tracking servo signal. In the radial direction of the
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. ﬁowever, 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 tra_.cking 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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10%33“1(&)‘?%%%% %%%@a(t% Or %ﬁg rf‘g&é‘éfqr%\@grllap used by the tratking servo

technique based on phase detection as disclosed in this publi'cation. In the
tracking servo technique disclosed in this publication, a magnetic bit pattern
is recorded with a constant phase shift for every half track on the magnetic
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 tlhat tracking can be performed such that the maénetic 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 trackiné 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.

Howe_ver,. in conventional methods that perform the preformat

recording using a special servo~track writing device, recording the preformat
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a gradual and linear phase shift, which has to be regarded as p.referable fora

tracking servo technique based on phase detection, difficult. Therefore, a
configuration had to be adopted where the phase shift proportional to the
displacement of the magnetic head 1 was approximated by recording a
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 magnetm head 1 instalied 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 record;ing becomes
extremely long, and the phase of th(«; 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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based on the amplitude detection of the read signal have now become
mainstream.

On the other hand, the magnetization pattern for preformat—
recorded signals in the configuration of the present invention is not as
limited as the prior art. In accordance with the present invention, it is
possible to record magnetization patterns with a gradual and linear phase
shift optimized for servo tracking techniques based on phase detection of the
read signal.

In the configurations of the present invention shown in Figs. 6 and 7,
of the preformat signals recorded on the magnetic disk, the magnetic
transition region between the bits in the bit pattern corresponding to the
tracking servo éignal has an inclination angle 10 with resi:)ect to the
reproduction gap of the magnetic head 1. Here, “magnetic transition
region” means the border portion between adjacent bits having opposite

" magnetization polarity in the circumferential direction of the magnetic disk.
In Figs. 6 and 7, the border line between the hatched bit portions and the
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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110%& (substivi@ally Pith®¥ §o (he ARI&I Qirection 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 diyection 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 displacelment in the radial direction of the magnetic dilsk. 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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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) t};e read gap 8 of the magnetic head 1 for reéording 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 diregtion 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 Emabodiment
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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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 sﬁown 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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The configuration shown in Fig. 9 has the advantage that a sufficient
recording signal strength can be easily attained even when thé recording
width in the radial direction of the magnetic disk is much Iérger 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. Th:us, 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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devices. However, the present invention is not limited to hard disk drives
and can equally be applied to other magnetic recording / reproduction devices
such as flexible magnetic disk devices whose disks can be exchanged. Such
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 s1gna1 a clock signal, and a synchronous signal, which are
recorded on the magnetic disk. However, the information s1gnals 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 nﬁagnetization
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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1. 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.

2. 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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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 headina -

radial direction of the magnetic disk.

w

4, 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.

5. 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.

-

6. 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 maghetization 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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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.

8. 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
trapking 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.

9. 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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10. The magnetic disk according to any one of claims 1to 9, wherein
at least a portion of the magnetization bit-pattern is magnetized substantially parallel

to a radial direction of the magnetic disk.

11. The magnetic disk according to any one of claims 1to 9, wherein
at least a portion of the magnetization bit-pattern is magnetized along a

circumferential direction of the magnetic disk.

-

12, The magnetic disk according to any one of claims 1to 9, wherein
the magnetic disk is an exchangeable disk that can be inserted into and retrieved from

the magnetic recording/reproduction device.

13. The magnetic disk according to any one of claims 1to 9, 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 paftern corresponding to the preformat

information signal.
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