1 Novenber 2006 DESCRI PTI ON MAGNETI C RECORDI NG / REPRODWNGUnRr ZBY1 CE
TECHNI CAL FI ELD The present invention relates to a nmagnetic recording /
reproduction device with high recording density and | arge capacity.
BACKGROUND ART The recording density of magnetic recording / reproduction
apparatus is constantly increasing to realize small size and |arge
capacity. Especially, in the field of hard disk drives, which are typical
magnetic witing devices, an areal recording density of nore than

1Goit/in2 is already available QESTRIErKSL; and an areal recording
density of 10Ghit/in2 is expected wthin a couple of years. The technol ogy
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The recording density of magnetic recording / reproduci:ion :
apparatus is constantiy increasing to realize small size and large capacity. .
Especially, in the field of i1ard 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 deﬁsity, 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 inf_:rease of the track density has
exceeded that of the linear recording densitf, and has therefore become. a
primary factor when it comes to increasing the areal rebording density.
Practical wuse of magnetoresistive heads, whose read-back signal
performance is superior to that of conventional inductive type heads, has

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




1 1 Novenber 2006 read signals fromtracks of only a fewomnteormew dt h
with good SINratio by using a magnetoresistive type head. Furthernore, it
is expected that with further inprovenent of the head perfornmance, the
track pitch will reach the sub-micron range in the near future. To read a
signal with high SINratio by tracing such a narrow track, the tracking
servo techni que for the magnetic head plays a very inportant role. For
exanpl e, a conventional hard disk has areas that are distributed at
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degr ees. such as a Ki ng Servo 5|gna
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moni tof osition se signals in predetern1ned i nterval s,
ond cdurther yBBRotasBent o dedieall perloamance: e Ak it walTeAeh the  he
radial direction of the, magnetic disk. The preformat signals, i.e. . :
trackﬁﬂﬂ*§%¥?6n§ﬁéﬂﬁﬂnthﬂdﬁé§§ﬁBP@nal clock signal etc., serve as
reference SI nals for precisely tracing a track with the magneti ¢ head.
Therefore, pFfetead a sigoal widi highnBSAY rasior by tiacéne foch at hemew tfamdoat i on

si gnal s. Present hard di sk drives are equipped with a built-in magnetic

head tthattraekbrglsetetdchaiguienfprsidrey magirpnil headplagids easy ishgidhnt t he cl ock
signal etc. by using a special servo-track witing device, after the

nmagnetrofe.di Biaserathplbiea sagnaitiochAdaos]l drkeheared Nal 4:@Adistribited
| at predetermined angles over an entire revolution of the disk, i.e. 360 [
degrees. Signals such as a tracking servo signal, an address signal and e
clock signal a_;t'e written into these areas. In this specification, these signals
are referred to as “preformat" signals. A magnetic head can monitor its
position by reading these signéls in predetermined intervals, and correctly
trace a track while'correeting any displacement in the radial direction 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 treck 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




drive. The track positioning can be realized with the netlessdey2qpseci si on
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
2 1 Novenber 2006 servo-track witing device. To this date, there were the
follow ng problems with preformat recordings of servo signals, address

I nformation signals, and clock signals wth a nmagnetic head using the
above-descri bed dedi cated servo track recording device. First of all,
recordi ng WPEYP-Ar#igWaiting deuitei s basically linear recording based on the
relative notion pret')c/\figndt he head and the recording nedium Therefore, wth
t he above net hodlef caath, nthevdi werpr gd ; ' e_position of
t he magnetic head using a dedicated Servoﬂ%ﬁ?@é@ﬁﬁ%%&p@@r only
is a | ot ofecordmgseofibe®d §iohald rs ' but also the .
dedi cated servo track recor ing’gaeﬁ%ggilﬁrgag?ﬁg*%ﬁ’p@ﬂéi‘g%& sSignads

| eads to awlihnsi des i ' 0sk. . Second ecause of the w dening
of the récording fi%%jﬁ%@%%q%%é%}% %%Bgﬁcﬁeﬁcﬂbgg\eg‘?&ﬁ%ﬁﬁ &[uvorddackn and
t he pol eésﬂéagﬁgngﬁf&%g ng head, the magnetization transition of the
preformat-record track edges |acks sharpness. The current tracking servo
technology is toﬁ.lggg %ﬁt he, mspl acement of the nagnetic head in the

radi al direction of the®di SKWAXRE TREL changenstic thead éprlbahicallp nlinegput
anpl i tudergg :SC nniaﬂ) ta:? disk, with the head at a distance fromthe
track. Cong § ?ﬁse &y thg Zelatiyeapotion between the head and the recording

medium. Therefore, with the above method of recording while precisely

controlling the position of the magnetic head using a dedicated servo track
recording device, not only is a lot of time required for the preformat recording,
but also the dedicated servo track recording device is relatively expensive,
which leads to a considerable increase in cost. |
Secondly, because of the widening 61" the recording field cau-sed by
.the.épacing be?weex; head and medium and the pole—shaped recording head,
the magnetization transition of the preformat-recorded track edges lacks
sharpness. The current tracking seﬁo techﬁology' is to detect the
misplacement of the magnetic head in the radial direction of the disk with
the change in the reproduction output amplitude when scanning the d:iék
with the head at a distance from the track, Consequently, there is a need
not only for a good' S/N ratio when precisely tracking the track with the head
when reproducing the data information signal recorded between the
preformatted recording areas, but also for a sharp change in the
" reproduction ogtput amplitude when the head is misplaced away from the

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




not only for a good S/INratio when precisely tracking theotdghdekz006t h t he
head when reproducing the data information signal recorded between the
preformatted recording areas, but also for a sharp change in the -
reproduction out put anplitude when the head is m splaced away fromthe
track (i.e. the off-track characteristics). The above-nenti oned problem 3

1 Novenber - 2006 goes agai nst this need, and nakes the realizatian of -
preci se tracking servo technology for future sub-mcron track recordi ngs

very diffigedd aghinstiBiobees, BARUNalSs ttﬁ% ﬁ%%ﬁﬁ%&ﬁ%ﬁ%&gc <l sl_t%rgnt ors

10- 40544 (international application nu
y, wherein a

of the 'prfeiﬁﬁbldg?rvﬁgtfu%eoétﬂp—ﬁgﬁﬁagttgé f%ﬁ%? Iiréi trgrffg@&]ﬁgace of a naster

magneti zati on pattern correspo
information carriker .41 s r,ecorded, on magnet,i c recordi ng medi um by
contacting the sda‘ﬁf Ef&% et a%gh%ﬁih@ gE%@ﬁ&?ﬁgnnﬁﬂiqb?ﬁhﬂﬂtHelt H8-40544ce of
t he rra_ster.inforgmi n carrier, which has an orderly ferromagnetic pattern
dinigrpatianal ampticatiorpamber; SO ERRAN025Ee dhonibatavs 6tk of 4

correspon
substrate. Wth the configuration disclosed in the specification of Tokkai

Hei  10- 4(P328Snty HEARIEOR amiropogeat t or prefrmestiimgi ngchwolopg feheRARINEt C
film pattern on the master information carrier is recorded on the magnetic

recor di ng meaghelizadioh pelemeearetimgding beta pafteeh ¢n ghBanAFRE da Hifter
ferromagnetic filmpattern on the master information carrier, which is
megnet i zednfornuridonli coaidons rBc@ibEr oWOdSmaB¥etier Foltkdind Chl-ANRANSl ©
contacting the surface of the magnetic recording médium with the surface 61’:'
the master information carrier, which has an orderly ferromagnetic pattern
.correspondjng to a prefornélat‘information signal fo;rme(i on the surface of a
substrate.
' With the configuration disclosed in the specification of Tokkai Hei
1040544, a magnétization pattern corresponding to the ferromagnetic 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
o mag_netized in one direction. In other words, by forming a ferromagnetic
film pattern corresponding to the tracking servo signal, the address -
information signal, anfi the clock signal on the surface of the master
information carrier, a preformat rebording corresponding to 1éhese 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 teéhnique

3/1




filmpattern corresponding to the tracking servo signal j NoVenbadzhoéss

I nformation signal, and the clock signal on the surface of the naster
information carrier, a preformat recording corresponding to these signals
can be recorded on the nagnetic recording nmedium The characteristic
feature of this configuration is the static en-bloc recording w thout

rel ati ve novenent between the naster information carrier and the recording
medium Due to this feature, the technique 3/1 1 Novenmber 2006 discl osed
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recordi ng .
ording is static without a relative novenment between the

because the -rec ‘ :
mast er i nPb“i”#é’as' oWSIEEr #irrgaetc tleadr eMoxtiover,eali dkPentiR sRBCEGrgINEEN.
the two dyring recording can be mnimzed by contacting the surface of the

master | ndgmtﬁomrecarddn_grwhﬂe preédicelyucdraeslnle $HEpoRBASH &e&ﬁfﬁ%‘n‘ﬂt{ﬁg

medi um Moreover, there is no wi dening of the magnhetic recordingtield due

to the poheadhape uninetéssarpgneCossdifachtias it hes ®possible to increase the |
productivity of the preformat recording cdnsiderably; and to reduce the
production costs.

Secondly, because t]ﬁcording 1s static without a relative movement
between the master information carrier and the recording medium, the
spacing between the two during recording can be minimized by coﬁtacting

~ the surface of the master information carrier with the 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 f:han with
conventional recording with a magneﬁc kead, 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
bandling 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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is in the case of recording wth a magnetic head. Thus, 1 Nbenrbagoesi zat i on
transition at the preformat-recorded track edges is nmuch sharper than with
conventional recording with a magnetic head, so that a nore precise
tracki ng beconmes possible. Several preferable configurations have been
suggested to let the preformat-recorded signal pattern provide optinmum
performance for handling tracking servo signals, address signals and cl ock
signals. However, since in these conventional techniques, which. use a

speci al Seﬁi"é)'se%?&ha‘tiéq' j visce, a separate magnetic head is built into
the drive, there 3/ ﬂ%@g %r%énﬁgﬁe‘gw&% Rfrt%?%tqfoﬁbetmetfmat— |
magnet i zati't.éya gg&ggﬁﬁlof the preformat- recorded signal. For exanple, the
recording track w ‘of a magnetic head in a magnetic recording /

reproduction device, such as a hard disk drive, is wusually narrower than
the track pitch,*%§XamRier the Jegonsting trackawidthi df I nsagmtiy hdad fHetween
adjacent recording tracks. The recording track width and the guard band

wi dt h canrfBfeBatigeraceedingel yeprohysibradeviadi nmchoat he 15 @ sk drbvejd o be
preformat-recorded. However, there are instances, when the perfornmance for

handl i ng tuyssellyngagewen thayihe sradopiteh sarsd grg@{agd%gldcég%{gerta@ﬁ?&ﬁl &an be
i bl'y “Tettl

i nproved by using wider recording track w dths and poss ng 't he

PhETance here o {eronee ot egnetr et on pat Rl el o ng
tracks bethewsiaad paold wiflthicanh®t ba! RAIbRRENF ARhSed QB IS0 the signal
type to be preformat-—recorded. However, there are instances, when the
performance for handling tracking servo signals, address signals and clock -
signals can be improved by using wider recording _track widths and possibly
l§tting the signals traverse a plurality of consecutive tracks. Aléo, in
another instance where interference of magnetization patterns between
neighboring tracks becomes a problem, it is rather preferable to provide
smaller recording track widths and Ia;'ge_f guard band widths.
Moreover, in magnetic recdrding !/ reproduction devices such as
. video—tape recorders, so—called “azimuth récording” 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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smal l er recording track wdths and | arger guard band w diNegembsbz@ever, in
magneti c recording / reproduction devices such as video-tape recorders,
so-called "azinmuth recording" is enployed, where the recording gaps are
inclined with a constant inclination angle against the direction of the
track width. This, among other nerits, reduces cross-talk 3/3 1 Novenber
2006 noi g&d HOM AHLRGE Phcld Ak cha ?ﬂeg 12884 @ntﬁ(ﬁ.ﬁc%uq}dqganv(\f iR guar d
band. If It were ossi ble to pertforma preforna cording in a nmagnetic
di sk devi r [ t ation
Soble B, R ol b L b Al QiR by

pattern a a| nst t rac ion con ions could be
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DI SCLOSURE OF THE | EI\FI'I ON accordance with a first aspect of the
present i PG ERRd agAinst F’@"IF@MSW‘E’@H a hard disk drive, conprising: at

| east one di sr shaped r@qnetl c recording nedium a__rotation nechanismfor
support i ng saltd® Hhohetiol hepssat mycna Qwplvgithese problenned thg PEREAE and f or
rotating sai netic recordi ng nediunm at |east one rragnetl c head for
(a) reco @rqvm?%r%awsmﬁ%q greaArdingferraductipng fhish cdevigsorfel ngagnetic

preformat-recording patterns that can provide optimum performance for handling

tracking servo signals, address signals, and clock signals.

- DISCLOSURE OF THE INVENTION

In accordance with a first aspect of the present invention, there is provided a
hard disk drive, comprising: at least one disk-shaped magnetic recording medium; a
rotation mechanism for supporting said magnetic recording medium with a
rotating shaft and for rotating said magnetic recording medium; at least one
magnetic head for (a) recording information signals on said magnetic recording
medium and (b) reading information signals recorded on sai& magnetic recording
medium; and a driving mechanism for moving said magnetic head at least in a
radial direction across the magnetié recording medium to perform tracking; wherein
a magnetization bit-pattern corresponding to a preformat information signal
comprising at least a tracking servo signal is recorded on said magnetic recording

medium; the magnetization hit-pattern is recorded by contacting the surface of the




medi um and (b) reading information signals recorded on sRévdmbeEgoed i C
recording nedium and a driving nmechanismfor noving said magnetic head at
|l east in a radial direction across the magnetic recording nediumto
performtracking; wherein a nagnetization bit-pattern corresponding to a
preformat information signal conprising at |east a tracking servo signa
is recorded on.said netizati,o

magnet.i. c recordi dium the
it pact epiren@ic SeaaFRRENE L e oo BFS b RGP RA S2%8 Wil nber 2006
magnetic recordin diumw th_.the surface of mast er informati.on carrier,
Which  habies g il ibred POh SO i, RG] En A PB4 tod on a
surface of a ubstrate an orres ds to_ the preformat jnformation
signal . andbHpR ﬁ%goaespﬁagﬁ? the PRpERstnBormatiRn  Siengh g RAYEE %o of ¢ he
magneti c recordi medi um. and t |l easf  a portion of the nmagnetization
bi t - pat t ePREAHLE ﬁ‘gﬂé%éﬂéﬁkda‘ﬂkﬂlﬁt‘ﬁmﬁ% Of the ppanelie gerordipg mediimy @or di ng
track width of said, nagpetic head in a_radial directigon of the magnetic
r ecor di ng2msartuanportipm O\Eheanagnctizaien biicrasiean Has e deedirng vidh thabix i gur ati on
of the magnetic recaording/reproduction device, a nagnetization pattern may
be real i zBHere drong thegssordingdrack it elraidmapnsin hsad fop sadial diregiiony| |
different kinds of signals in a preformat recording on a magnetic
r ecor di ngpfEpmsgnetiqrsrrrdiagimediunns g result, a magnetic
recordi ng/ reproduction device with excellent performance in such areas as

tracki ng performance, seek performance and reliability may be provided at
| ower cost than before.
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A portion of the nmagnetization bit-pattern correspondi ngnb@nibr 200@St one
signal selected froma clock signal and a synchronous signal may have a
recording wdth larger than a recording track width of the magnetic head
in aradial direction of the magnetic recording nedium According to this
preferable configuration, the wdth of the guard band at the recording
areas for the clock signal and the synchronous signal 5 1 Novenber 2006

may be nmade extrenely small, so that when the magnetic head deviates even
only a littleAcbadinghe foecahfli nofifk acleohfehaiscanaed, the deqiRasg: of the
read signal anplitude may be suppressed. portion of the magnetization

- bit-pat t 1B &Rs/FGPRRRALA Udvicedla heRAREAMon AMES na 908kaliRY HaVes a
recording width smaller than a recording track wdth of the magnetic head
in a radyadioigr G%Cfafo@meoépthﬂﬁm”ﬁ&ﬂﬁﬁﬂmgcé frOA10 TR QiR of i@%ﬁ%%”@ to this

preferable Tonfiguration, there may be no nagneti zation erference areas

pr “Cont rglirat ror 't N0 magnet [ zaton” [t .
e suppr CORTARE rethaie B o oAl ol AR A AT, A s errore
and, GCC RSt ed iSRS NEHOF bV TMUPBEAAN LR Aplkc SHRREPTRALT, A Por i on

of the magHreti zation -pattern correspondin east one signa

sel ected Si ) i . tar a

o ural ;¢ e PeRirlilies s e ARHaR AT BRY Rurd R ORY e BUERRE %,
nagnetic}{g%%fging medi um According to this preferable configuration, no
guard'baﬁ& i)%ave to be provided at the recording area for the clock

signal and the synchronous signal, so  that when the magnetic head devi ates
even only a |itAinerionopd theemagnehization bitpatign; gprresponding to at least one

‘'signal selected from a clock signal and a synchronous signal may have 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




be scanned, the decrease of the read signal anplitude mapovemb&rraghs cat ed

al nost conpletely. In accordance with a second aspect of the present
invention, there is provided a hard disk drive conprising: at |east one

di sk-shaped nmagnetic recording nedium a rotation nmechani smfor supporting
said magnetic recording nmedium6 1 Novenber 2006 wth a rotating shaft and

or T oUah0g, el TRBEL. oS ReTI b RERRE  TEREY e
o R TR P IR S P P b L RO RS,

radial dirgection across the magnetic recordi ng nediumto performtracking;
wher ei n 83 ﬂﬁ@??%@tion bit-pattern corresponding to a preformat
i nformation signal .co Lsin at Ieaﬁ% a tracking servao siqnal has been
recorded on safdPYFHGREY 18 TBEBCHSHPn RE@PUGH: ¢9TEes BEit9 ALIEHL Pt - pat tern
is recorded by.contacting the surface of the nmagnetic recording nedi um
Wi th t heAddisss Sigoabmay hue p arcarmarhath Bhalles hares TecapRing tragl VidthRdt t er n t hat
is formed of a ferromagnetic filmdeposited on a surface of a _ substrate
and cor rt88 pegactico hepd 19y ar Hdight dirpstionnat ithe BgNFHE  resprdingo pregivwy a
magnetic field in a disk_ in-plane direction of the magnetic recording
nedi um Agfgrding e flys prafesable redndiguetionh dherggmeay At inon mAgnetizatioar n, a
magnetic transition region between bits is inclined with respect to a read
gap of dateaferensaereas brdwgen ediatcendisribehe 20dBss mdevmationgaress, shithatsecond
configuration of the hard disk drive, a

" noise may be suppressed during reproduction. As a result, address detection errors

and decrease in the seek velocity may be considerably suppressed.

A portion of the magnetization bit-pattern corresponding to at least one
signal selected from a clock signal and a synchronous signal may traverse a plurality
of consecutive recording tracks in a radial direction of the magnetic recording

- medium. According to this preferable configuration, no guard band may have to be
provided at the recording area for the clock signal and the synchronous signal, so
that when the magnetic head deviates even only a little from the recording track to
‘be scanned, the decrease of the read signal amplitude may be eradicated almost
completely.

In accordance with a second aspect of the present invention, there is
provided a hard disk drive comprising: at least one disk-shaped magnetic recording

medium; a rotation mechanism for supporting said magnetic recording medium




magneti zation pattern that offers enhanced performnce 1Hakembe 20psi mal for
all different kinds of information signals such as tracking servo signals,
clock signals, address signals and synchronous signals nay be realized. At
| east in a portion of the nmagnetization bit-pattern corresponding to a
tracking servo signal, an 7 1 Novenber 2006 inclination angle may be

defined bhy.(a) .the etjig transiti.qn regj.on between bits, -an b) a read
gap of o bt RELEd fr b Bk M EhE PR BE e 4 LEFORREL 1 on
device may further. co ise means for controlling the tracki of the
monet i ¢ agaic B ERTRY g dng i n e ger o sebbaagiout SFenraie ne

tracki ng _servo si | that . acconpani.es .a di splacement of the netic head
in a rad IWraéE'?{@rFeB‘flmlgH@? i H80318 LEroIedP Iﬁﬁgne%&‘i‘i?gﬁ to this
second configuration. of the hard_disk dri V@ t he. nq%gneii ¢ head _rrﬁy det ect
atruly G GSITIRE TEFhaRisTh P8 o Vi e mpenetifchead 24 leagh igadpdighat i s
proportignal . to the position of the magnetic head in the radial direction
of the ndyReioncagpisktheamagnatisigperdingemgdiugy 4@ IR J&askinguedera_ ed on t he
phase detection of the read signal may be provided wth an excellent

t r acki ng MReBetizatighbit-paftcar soresperdingotaprafopmatinfosmatien signalqempsisingent
invention, there is provided a magnetic recording/reproduction device
conpri si Ahleast 9 bgekingneret sienshipe beangrearded onesast aiaggetieticondinga r ot at i on
mechani sm for supporting said magnetic recording nmediumwth a rotating
shaft an#heoym;the magnetizationl biteppttern is neeardedi by comadiingrthe suwrfabe gf theone
magnetic head for (a) recording information signals on said nagnetic

r ecor di ntgpagaeticutecendthg(ydinmaith ¢he svirbeenaf aonastérgnmaticrccarderd whichs ai d
magnetic recording nedium and a driving nechanismfor noving said

magnet i chireadatitrnl thatfis formed of a ferromagnetic film deposited on a surface of a

substrate and corresponds to the preformat information signal, and applying a
magnetic field in a disk in-plane direction of the magnetic recording medium; and
at least in a portion of the magnetization bit-pattern, a magnetic transition region

between bits is inclined with respect to a read gap of said magnetic head.
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in aradial direction across the magnetic recordi ng nmedi Noretmbenaeod or m
tracking; wherein a magnetization bit-pattern corresponding to a preformt
information signal conprising at |east a tracking servo signal has been
recorded on said magnetic recording nedium the magnetization bit-pattern
is recorded by contacting the surface of the magnetic recordi ng nmedi um

with the surfa of,. ster informati.on ..carrje i.ch. has .a pattern that
is formed of agﬁgFgggagﬁe@?% T d@ﬁ@§ﬁ?€8“oﬂ%éhé %Q&og§£b§PV%0@6 surface
of a substrate and corre n to the prefarmat information signal; and at

| east a %%??eﬁlﬁég} mﬁsmnééﬁeﬁ?%t%ﬁnﬁﬁtp £ E%a?rfﬁg%‘fﬂ?a} «-:3!8(19 al

subst ant i.al | arallel. to.a radial direction of the nmagnetic, recording
red um e B st bRk B PO CRIRE Feve Gieadne ot SEER of ¢ he
hard disk,drive, the fol]ow ng.effects may be attained: Wien the signal bit
lengt h i 39758 Sighels and smshionays Sgnalsapppbe Belizedhe nagnetic disk is small and
the recording n{q%h i.n the radiﬁl direction is relatively Iarge,

demagnet i zat i ol 168¥68 ypartiog ehthegwagpsiaation Rjt-paked exEeweaAigng thi s
recording bit shape may occur, and a sufficient recording signal strength
may not Be ratking S8Y0 MV, in accordance with the third configuration
of the hard disk drive, a sufficient recording signal strength nay be
easily attained even when the signal bit Ilength in the circunferential
direction of the magnetic disk is small and the recording width in the
~radial direction is relatively |large, because the nagnetization remains in

a direction where denmagneti zation | osses due to the demagnetizing field
may not occur as easily.




In accordance with a fourth aspect of the present inventiNoembérl2ee® s
provided a magnetic disk stacked in a magnetic recording/reproduction
device having a magnetic head, wherein a magnetization bit-pattem
corresponding to a prefomat information signal is recorded beforehand on
the magnetic disk, and a portion of the nagnetization bit-pattem

i . I i I d.fron | ock .Si I d
cynehr oot RgibPaflic hE93e ST b1, IR ERSEREY A A ke P or i ng
track width

f t ti d i ial directi ft ti
T TN R R BTN IR A, L
ARl M I R AT T T 4 T

bit-pattern, correspgnding to reformat. i nformation signal, i ecor ded
bef or ehaﬁ’éf ‘%f’%eoflﬂ% an@ﬁﬁ%ﬁg@gﬁi‘gﬁrﬁﬂd‘”’%"e phofiedracking é‘ﬂl;lati’?ton
bit-pattern corresponpding tq a tracking servo_signal has_a recording wdth
that is Iaa%mﬁﬁaﬂlsapap%ew? ths mignstix headdn B refiakdiectiompicte mageef i n a
radi al direction of the magnetic, disk. In_accordance with a_sixth aspect of
the pres&fRording Bredivgh Accprding toshisseeandegntiguratgines the handdislsdrivacdie i n a
magneti c recordi ng/ reproduction device having a nmagnetic head, wherein a
nmagnet i za@qgaﬁl%hqagﬁw datest adrHE spasrgptive end hinparatheparakangsfadtharsadn si gnal
is recorded beforehand on the magnetic disk, and a portion of the

magnet i z&tgnehthet is-nsepartenal te hemositon @f thy maengfic herdriaghe radfabdiragtionn si gnal
has a recording width that is smaller than a recording track width of the
magnet i c ohézrimagnetia digkas di resulti smvefrackingrtagmeques isedk on|the gbessr dance
with a' seventh aspect of the present invention, there is provided a
magnet i ¢ deliestiongif dhekread] dignabhmiap e provisled edthradiencpllentiraokling previsiaievi ce havi ng a

In accordance with a third aspect of the present invention, there is provided a
magnetic recording/reproduction device comprising: at least one disk-shaped magnetic
recording med1um, a rotation mechanism for supporting said magnetic recording
medium with a rotating shaft and for rotating said magnetic recording medium;
at least one magnetic head for (a) recording information signals on said magnetic
recording medium and (b) reading information signals recorded on said magnetic

" recording medium; and a driving mechanism for moving said magnetic head at least
in a radial direction across the magnetic recording medium to perform tracking;
wherein a magnetization bit-pattern corresponding to dpreformat information signal
comprising at least a tracking servo signal has been recorded on said magnetic
.recording medium; the magnetization bit-pattern is recorded by contacting the
surface of the magnetic recording medium with the surface of a master information

carrier, which has a pattern that is formed of a ferromagnetic film deposited on a




magneti c head, wherein a magnetization bit-pattern correspemder?god o a
prefom at information signal is recorded beforehand on the magnetic di sk,
and a portion of the nagnetization bit- pattern corresponding to at |east
one signal selected froma block signal and a synchronous signal traverses
plurality of consecutive recording tracks in a radial direction of the

e bt RSRRARER  oP A0 TR R
e R R P D S R TR B S b Raon < gne

is recordged befprehand on,the magnetic..disk,.in the magnetization bit-
pattern, 3aﬁﬁ§ﬁgg¥@§ngﬂgpFP8WnF oI diBe Mg i ts in a tracking servo
signal regionis inclined with respect to a read gap of the nmagnetic head,
and a portion of the nmagnetization bit-pattern corresponding to the
tracki ng servo signal has a recording 9a 1 Novenber 2006 wdth that is

| arger than at | east one of a read track width and a recording track w dth
of the magnetic head in a radial direction of the magnetic disk. In
accordance wth a ninth aspect of the present invention, there is provided
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 nmagnetic di sk,
in the magnetization bit-pattern, a nmagnetic transition region between
bits in a clock signal regionis inclined wwth respect to a read gap of

t he magnetic head, and a portion of the magnetization bit-pattern
corresponding to the clock signal has a recording width that is |arger
than at | east one of a read track width and a recording track wdth of the
magnetic head in a radial direction of the magnetic disk.

8a




In accordance with a tenth aspect of the present invent il didyenitee2d®si s
provided a magnetic disk stacked in a magnetic recording/reproduction

devi ce having a nagnetic 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
regi on between bits in an address information signal region is inclined
with respect to a read gap of the magnetic head, and a portion of the

magnetization bidor Bl i e’ GHRENANEH Jrdnd pﬁrda&lﬁ{ 8%, ' AfiiSRhaon o' gnal

has a recording w han at 1east oné o track

Wi dth angff@cftt gﬁgt aa&nt&g\sfg mgl@tstgﬁgf bit tt% HRane L ﬁntt%f?est lttndlf%c 8&'09'

di rection net accor ance mn event aspect of

t he presgnt V|de t di.sk st in a
magnet i cﬂ%ec%@lélﬁ%g S?E‘Tb?%@ (%{c})% e %“ﬁ‘gt\l}llﬂqgegmﬁr%élﬁgtmg 1?156 lv‘fivéher ein a
magneti z |, Ony bit ern, corr ng to a.preformat infornation signal
is recor %Fbe?mr%lﬁﬁza °8n1°ts§'?§ ‘ﬁg ﬂ? g‘arflg@etglﬂgt %dnaﬁ g‘r‘: bit-
pattern, i.c transition re tween bits 2 rackln servo

S gnal |+ EGPEITY Bt SFape Pz ol P%&Efﬂ%trﬁ FEartipgss O RGHBL | ¢ head,
and a por t he magnetj zati pa nlnthetr ing 9b 1
Novenber ¢ %@% ?io&e\‘/ﬁr’ %ﬁtd@@g‘iv@h thterth\‘i@ F%%‘fig“a 2tion, of ghe hayd gtSE &etutive
recordin racks in.a radlal ectlon of the Ha gnetic disk. I n_ accordance
with a t WPFIER! seeprding Yeng! ﬁ&%&t St bs prpdatiatned et whes thesigeal it a
magneti c, di k st cked in a magnetic recordi ng/reproduction_devjce haV|ng a
magnet i clof @ redicnmicrrafipl edirection off Hhe mpdnetés Wlidody e¥plntidhéhe o a

pref or mat |nfornat|on signal is recorded beforehand on the magnetic disk,
in the nﬁ’:‘gﬁ@gq&mqtbﬁn e radial direction is relatively large, because the magnetization

remains in a direction where demagnetization losses due to the demagnetizing field
may not occur as easily.,
In accordance with a fourth aspect of the present invention, there is provided
~ 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.
In accordance with a fifth aspect of the present invention, there is provided a
magnetic disk stacked in a magnetic recording/reproduction device having a magnetic

head, wherein




pattern, a magnetic transition region between bits in a1tsbasibestaaal regi on
isinclined wwth 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. In accordance with a thirteenth aspect of the present

i nvent i 08, mdgRedzAatidrS bit-phtRMi SReksFondRGNStd Srefd@Ba HinaiiRPSRl & ieeftdgeVi ce
conprising a magnetic disk and a nmagnetic head, wherein a magnetization

bi t - pat t BéfBrehftid @8PMdiRAdie sk’ fAP dBbrtioh %foﬂféaﬁﬂa%ﬁbﬁ%tﬂjﬂabiﬂpﬁtehﬁcor ded

bef orehand on the nmagnetic di sk, and a portion of the nagnetization

bi t - pat t girsSRIMBIPRREIRG strfo Sandl BESE 1sBHfing bR bhabi hﬁ%& Bfin QB g | OCK

signal and ‘a synchronous signal has a recording wdth that is larger than

2T ecOr diftk Gt ilioRincad % TGS 89 i al i rect on of the

magneti c disk. In accordance wt urteenth aspect of the present

nvent i on, ¢ hep ok radbOV ISRy RARRLE o SERLABA PR ANgeY oo

conprising a magnetic di sk an erern a rmagneti zation

0 P | EBeRAHER 0N 10 RSk Rk L PG A iocor 9o
T R AL S 2
napoct ol ot BBt b ERRBAYC Gyt ¢ o0 B0 s Treetfon, By pideh

ead, nGrERRRTEE0 b RSN SRR InTb- e Bt IR NG B b eBaer by espondi ng
to a pref ol mal oAl SR handiHead £ o 1o a ES%ion of the magnetic disk

In accordance with a seventh aspect of the present invention, there is

provided a magnetic disk stacked in a magnetic recording/reproduction device having a
magnetic head, wherein a magnetization bit-pattem 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.

In accordance with an eighth aspect of the present invention, there is
provided 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

%a




bef orehand on the nmagnetic disk, and a portion of the migoaimteardoen
bit-pattern corresponding to an address information signal has a recording
width that is snmaller than a recording track width of the nagnetic head in
a radial direction of the magnetic disk. In accordance with a sixteenth
aspect of the present invention, there is provided a nmagnetic

recor di Ng/dte B0 Weddr GiAn AEMhE BnEATHIEASHHR vAdtBEWlebSrd Al ShcleRittPof tRRONEL i C
head, wherein a magneti zation bit-pattern correspondihg to a preformt

i nf or mat {aBnetit §84llin bk Sadi B AREABH o PBE REERARsRN the magnetic disk, and a
portion of "the magnetization bit-pattern corresponding to at |east one

St anay  sel ect ot b ARALE kit 3hNRbeo BhehrBURFHL RS 1RHORToiAY or SE° @

plurality of consecutive recor tracks iTn ara tion of the
rragnetlcadlhgé

A R S i R S e T
o1 1 pat ¢ QPC PR R e TR P e MR Floh AR O oG
et of ehag M Uer BT Sfe lsBli t Eo AR Blould SPRIRE 241 o1
of the daame et SRVERS i e ey B PSR BB v
1 ack wi gt bt BR et o Sesbrton b IRugn eoFeomatE pihe,” oai o
the. pr es ek SR Docrthe adh ot 5 U et Sieb Rt =gk G Her bauct | on
agnet | 7 SFPEIPRTE il e TOBIEG DG I CERPR PR Bt mat | on si gna
is recorded beforehand on_the magnetic disk, in the nagnetization bit-

pattern, a magHbR§cerdapes withjadanthagpesh obthewnsessninvention, tegq is@rogdghal regi on

is inclined with _ i ) ) ) ) i i
: 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
1s recorded beforehand on the magnetic disk, in the magnetization bit-pattern, a magnetic
transition region between bits in an address information signal region is inclined with
respect to a read gap of the magnetic head, and a portion of the magnetization bit-
- pattern corresponding to the address information signal has a recording width that is
~ smaller than at least one of a read track width and a recording track width of the
magnetic head in a radial direction of the magnetic disk.

In accordance with an eleventh aspect of the present invention, there is
provided a magnetic disk stacked in a magnetic recording/reproduction device having a
‘magnetic head, wherein a magnetization bit-pattern corresponding to a preformat
information signal is recorded beforehand on the magnetic disk, in the magnetization bit-
pattern, a magnetic transition region between bits in a tracking servo signal region is
inclined with respect to a read gap of the magnetic head, and a portion of the magnetization

bit-pattern in the tracking

9%




respect to a read gap of the 9d 1 Novenber 2006 nagnet h@lottead: 20a8d a
portion of the magnetization bit-pattern corresponding to the clock signal
has a recording width that is larger than at | east one of a read track
width and a recording track width of the magnetic head in a radi al
direction of the magnetic disk. In accordance with a nineteenth aspect of

t he pr eseqfvolsin@ltekiOftraveRes £plllityRIrosdvarlBa M abksif & Bl Higdcfigpr oduction
device conprising a magnhetic disk and a nmagneti ¢ head, wherein a

magnet i zaddmm i@kl €rn corresponding to a preformat information signal
is recorded beforehand on the magnetic disk, in the magnetization bit-

pattern, a MagRetie,libARS Wiion W@%ﬁw eb%}e%dt N RHIYRSS is

i nformation signa region 1s i i ne respect to a read gap of the

corr esporynacd B e R QR i ee RS AR BRI B Ve 0, a1 ¢
i h or et Heal "BAEcRNS, gl iR, bt ShPufing oty o>l
or ovi ded oHba e ATResPH BEBERI T b SZaBHIN oTE e e i et

Cor r oeporlly L BEret BFBIR I ARG & PARkToTL ggi@(%‘?&f%ﬁ‘[‘e??‘i’%? ehand on

i on natRERIp bieed efy s FRGRF G5 roronaf B aensiziion YIHGHERA w th

respect to read gap.of the magnetic head, and the_ regigon for recording
the tradid ﬂad%a f@?%ﬁi‘ve{sF%GéﬁTWé’?ﬁPﬁﬁe&WWeﬁdl% deuniz@dboor di ng
tracks in.a radig% direction of the magnetic disk. In accordance with a
t went y- f iditsgtiog opthemagpeticlisknr esent i nvention, there is

In accordance with a thirteenth aspect of the present invention, there is
provided a magnetic recording/reproduction device comprising a magnetic disk and a
magnetic head, wherein a magnetization bit-pattern cormresponding 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.

. In accordance with a fourteenth aspect of ti1e present invention, there is
provided a magnetic recording/reproduction device comprising a magnetic disk and a
magnetic head, wherein a magnetization bit-pattern corresponding to a preformat
information signal is recorded beforehand on the magnetic disk, and a portion of the

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

In accordance with a fifteenth aspect of the present invention, there is
provided a magnetic recording/reproduction device comprising a magnetic disk and a
magnetic head, wherein a

Oc




provi ded a magnetic recordi ng/ reproduction devi ce conpriKowmber 208gneti c
disk and a magnetic head, wherein a magnetization bit-pattern
corresponding to a preformat information signal is recorded beforehand on
the magnetic disk, in the magnetization bit- pattern, a nmagnetic transition
regi on between bits in a clock signal region is inclined with respect to a
read gap, : 1oNeye ' . . reqi for
recor di ngIH% é@?@gk&gl gnalr&h{?érS ver egong%[g%raaltiqﬁ@g%@%ggl églggsufelg(\s/rg&ir ecordi ng
tracks i ' |r ' t netic dj.sk. BRIL.EE [.PTI ON OF
ftuliifh T Bl BEAGE SR I BORU SO ek R B DR

DRAW NGS a magneti zation p W s that
have b t - d . tic disk i.nstalled in magneti c
e e AR AL Rt RPN el AR SRRl b
ot torn_ FoPerg R ot i Somocyaf g B Hation B0 AR SR Shermonet | ¢ di sk
installed i ic 9f. 1 Navenb 2006 di /T, duction device
i accor dance § EROESHICP [ ViE 2cHRSERRehPorirof MkePisieat dRenfifbelero Fig. 3

is a drawi n f a conventi qnal netization pattern that has een

pr ef or naxgrpy%g r%@ﬁ%"a‘%‘ﬁ?@@‘g&gﬁu@% ‘@’k’% RN 81 MaggRfo Sk 488 2 wri ti ng
devi ce and a. neti¢c head built into the drive. The magnetization pattern
in Fig. @awgg%ﬂﬁ nYEETE ¢ HBRgnefizptipn ghit-pattegy popresponding 0 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 traverses a plurality of consecutive recording tracks in a radial
direction of the magnetic disk.

In accordance with a seventeenth aspect of the present invention, there is

provided a magnetic recording/reproduction device comprising a magnetic disk and a

- magnetic head, wherein a magnetization bit-pattern corresponding to a preformat

information signal is recorded beforehand on the magnetic disk, in the magnetization

bit-pattern, a magnetic transition region between bits in a tracking servo signal region is

inclined with respect to a read gap of the magnetic head, and a portion of the

magnetization bit-pattern corresponding to the tracking servo signal has a recording width

that is larger than at least one of a read track width and a recording track width of the
magnetic head in a radial direction of the magnetic disk.

. In accordance with an eighteenth aspect of the present invention, there is

provided a magnetic recording/reproduction device comprising a magnetic disk and a

- magnetic head, wherein a magnetization bit-pattern corresponding to a preformat

information signal is recorded beforehand on the magnetic disk, in the magnetization bit-

pattern, a magnetic transition region between bits in a clock signal region is inclined with

respect to a read gap of the

od




Fig. 4 is a drawing of a magneti zation pattern for signaNsethbatzobeve been
preformat-recorded on a magnetic disk installed in a magnetic recording /
reproduction device in accordance with the second enbodi nent of the
present invention. Fig. 5is a drawing of a magnetization pattern that has
been preformat-recorded on a magnetic disk using a master information

carrier _that. has, been desi so that. t recordin L dt hs, i he radi al
i r ot | oR“BRE e, 488 Agogon 95 Plmieiaiop AErPEES PATRE VIR Tt Jofte nmgnet i ¢
head. Fig. i S a draw ng 0 . neti zatjon pattern for.signalg that have
been pr ePBFAES P EROIUBLB ohisgRe Las cof A8 af F e o Bt e
recording / .reprqducki devi ce ,i n, accor.dance w the third enbodi nent of
the pres rdi“ﬁ@@ﬁ‘t‘f“@&i‘.o(%a}e&ag?eqcéwéd H@Mﬂgﬂmﬂ%ﬂﬁgﬁ@ﬁgﬂ%ﬂ@ﬁi zation pattern
for signals thf\t have been gr ef or mat - recorfied on a magnetic di sk installed
in a magnetic I BeBFWERRY With & piederoth atpedleot & Pieseat dBYHABMFY ¥ the third
enbodi nent of _the present invention. Fig. 8 is a drawing of a conventi onal
magnet i zBPHHH A RGNS FRsprdmgaepredistion, AR Gomprisiag ¢ magnelis disk Mdet i ¢ di sk
with a special servo-track 10 1 Novenber2006 witing device and a
magnet i ¢ et diead Whergint femagnetization Hat-prigfRe CoresRIMEing [atat YA Fig. 8
corresponds to those in Figs. 6 and 7. Fig. 9 is a drawing of a
nmagnet i zapfogRatioasizaslis feeqrdes bpferphangd ga therraagaetiarliskn inpthe feagnetizatientbit-ded on a
magnetic disk installed in a magnetic
- pattern, a magnetic transition region between bits in an address information signal
region is inclined with respect to a read gap of the magnetic head, and a portion of the
magnetization bit-pattern corresponding to the address information signal has a
recording width that is larger than at least one of a read track width and a recording
track width of the magnetic head in a radial direction of the magnetic disk.
In accordance with a twentieth aspect of the present invention, there is
provided a magnetic recording/reproduction device comprising a magnetic disk and a
magnetic head, wherein a magnetization bit-pattemn corresponding to a preformat
information signal is recorded beforehand on the magnetic disk, in the magnetization bit-
pattern, a magnetic transition region between bits in a tracking servo signal region is
inclined with respect to a read gap of the magnetic head, and the region for recording the
tracking servo signal traverses a plurality of consecutive recording tracks in a radial
direction of the magnetic disk.
In accordance with a twenty-first aspect of the present invention, there is
provided a magnetic recording/reproduction device comprising a magnetic disk and a
‘magnetic head, wherein a magnetization bit-pattern corresponding to a preformat
information signal is recorded beforehand on the magnetic disk, in the magnetization bit-
pattem, a magnetic transition region between bits in a clock signal region is inclined with

respect to a read gap of the
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recording / reproduction device in accordance with the §Qwdibecstbedi ment of
the present invention. Fig. 10 is a drawing of the surface of a master
information carrier wused for a preformat recording technique. Fig. 11 is
an exanpl e of a sectional drawing of the master information carrier in the
track length direction along the phantomline A- A in Fig. 10. BEST MODE
FOR CARRY H ENTI The follow is a,detail ed description of

t he preserh%&iet%%%a;&i @AV%F%O% ere I(':‘]{é)ngt gjet"ﬂ‘gcka %g’ﬁﬁ??&ﬁga 8&‘?@%&@. The
basi c configuration . of .a  magnetjc .recordj /| reproduction device
accordindx?%%wﬁg“ﬁggggﬁ?dﬁﬁggﬁ¥#§HH nghﬁgng? Cﬂﬁgt of a conventiona
device in that magnetic di sks are supported by a rotating axis of, for
exanple, a notor and can be rotated with a certain angular velocity.
Magneti c i recordi ng surfaces of the magnetic

di sks. TﬁgﬁﬁggﬂggﬁﬁP%ﬂégggiﬁgﬁ$$§%§$d information signals onto the nagnetic
di sks, and reaq:_ recorged B nfognrmation_ signals fromthe magnetic disks. The
magnet i c heads F&rkiS% SAYEE ohid RAgneFatipnRALGEE Fsriiansls hat hagbesBve t he
magnetic heads at least in a radial direction across the magnetic disks.
The recoPdiigratrerorded 10m Moy épagetiogodisk oninstidledagitet & dnagstisave t he
formof concentric rings or of a spiral, Wth this configuration, the
magnet i ceRIGHE repductign dgyice ipecsp vith giesfisghpmlodiment afghe argisent] y acr oss

t he magnetic, di sks. The driving nechanismis
mvention,

Fig. 2 is a drawing of another magnetization pattern for signals that have

been preformat-recorded on a magnetic disk installed in a magnetic

of




linked to a signal detector for tracking servo signals neaenei2dog t he
magneti ¢ heads. The function of the driving nechanismis to performthe
tracking so that the magnetic heads can precisely scan the intended
recording tracks. Usually, a voice coil notor or a linear notor is used
for the driving nechanism but to enhance the tracking performance, the
driving nechanismcan be used in conbination with a variety of

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

devi ce r lLhvention is not. limted to ope, and, as necessary,
2ol ur aneedrepe HnEpROAuddE BbL R s fosdanttiarite therRrdtramhodmeniont

magnet i nore t.han one nagnetic head can be installed. The nmagnetic

di sks
di sk do%@e%‘fesm"?ﬁhﬁ@ pernmanently fixed to the rotating supporting
menber, but C%{i] be.an exchangeabl e di sk that can be inserted into and ‘
retrieved from&hdigddraing eratventional paageetizatioptpadtdra thaadidag servo
signals, address signals and clock signals .is pre-recorded on'the .
magnet | beem srefarmat-tgeensied: oni aveagnetic ik weighed | §pdlidl Batvbetsucks f or ned
using a nmaster information carrier: A ferromagnetic pattern correspondi ng

to the prefing deviceiaridamagoetis hgadbuils ihes R deivel Nt ahet2htidn
substrate of the master information carrier. The magnetic bit pattern is

then repattden ibFigcBobArebptadd tetliddeliadPigfl 1t gmster information carrier
with the surface of the magnetic disk. The conventional nethod of

\rMe;:gir‘gigngesi PERS. Of i rgg'ggagtﬁlg Bt BibeHanAbioN bBuyiRGE isf‘g'ngise (4 Haggk
been preformat-recorded on a magnetic disk installed in a magnetic -
recording / reproduction device in accordance with the second embodiment of
the present invention. | |

Fig. 5 is a drawing of a magnetization pattern that has been
preformat—recorded on a magnetic disk using a master information carrier
that has been designed so that the recording widths in the radial direction |
are the same as the width of the recording track of the magnetichead. A
Fig. 6 is a drawing of a magnetization pattern for signals that have
béen preformat-recorded on a n;agnetic disk installed in a magnetic
recording / réproduction device in accordance with the third embodiment of
the present invention. |
Fig. 7 is a drawing of another magnetization pattern for signals that
haje 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




head that is built into the drive cannot be enpl oyed i nq{iNgemREI®EI C
recording / reproduction device of the present invention. The following is.
an outline of the static .en bloc-recording technique using the above
master information carrier, which is used for performng prefornmat
recording in accordance with the configuration of the present invention.
Fig. 10 shows an exanple of a surface of a master information carrier used
for this preformat recording technique. Fig. 10 shows a naster information -
at t er nwhitihe dwtricht ' Rk t 30.s _di sposed at .a ,.given
b R durichlaai 4% tﬁﬂéwbuﬁi&"t% EPent BRI DEBPEHERBAD (i . 6.

predet er mi ned angul ar di stance al ong e circu

the dir b 197 t f.. Jf.0or exanple, a di sk-shaped magnetic
recordi%&nedlng%%'ﬁg&%agﬁé‘fgg&dﬁ%% lPtﬁrlg?'eﬁ atks in the radial

direction (i - 8 té;hle diﬁ%ecti on.of the track width) of the disk. Areas
defined by brgkens T fBEWIRE PEamagnetizabion ratiern forcricpals tomshaved f or

data areas in ﬁ%e magnetigI disk after witing the master information
pat t er PS5 Prefrmataaienrdeddpara magnetie divks testalietoinati anagastic ef
surface, information patterns as in Fig: 10 are forned at.

ter
pr edet é'reﬁ‘?%ﬂg Axgpreduction dewie¢ in ancaridance modhfthe doti-il exibbdithieanopnd f or
all tracks over the whole recording area of the magnetic record disk in
t he r adhapraseniciniventionhe master i nfornation pattern conprises a tracking
servo signal area, a clock signal area and an address signal area that are

arranged sedligniDally dehwige ofieheraakadti 6261 inABLASITIANA tiok0k le, in
Fig. 10.. The surface of the master information carrier according to the

pr esenused fiveatpreforbes chRlingRBaREGigye, fi | m pattern corresponding to this
mast er : -

Fig. 11 is an example of a sectional drawing of the master
information carrier in the track length direction along the phantom line A —

A’ in Fig. 10.

BEST MODE FOR CARRYING OUT THE INVENTION
The following is a detailed description of the present invention with
reference to the accompanying drawings. |
The basic configuration of a magnetic recording / reproduction device
according to the present invention is similar to that of a conventional device
in that magnetic disks are supported by a rotating axis of, for example, a
~motor and can be rotated with a certain é.ng'ular velocity. Magnetic heads
are insfalled above recording surfaces of the magnetic disks. The magnetic
heads can record information éignals onto the magnetic disks, and read
- recorded information signals from the magnetic disks. The magnetic heacis
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
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13 1 Novenber2006 information pattern. Each hatched pofNo@mberpobsg. 10,
for example, is a ferromagnetic filmportion on the surface. The fine
ferromagnetic filmpattern corresponding to the information signal as
shown in Fig. 10 can be forned easily by utilizing a variety of fine
processing techni ques such as master stanper processes for optical disks or
sem conductor processes. Fig. 11 shows an exanple of a cross section of .the
master information carrier in Fig. 10 along the phantomli ]Ele A-A -ne;rihg
hetikl f.Qr - Iti a.ferronagr
1 m 12 on e eufFang of-ghareho s & Fgﬁ%lﬁfcqﬁﬁgfy% a@ﬁasptart@i BT o
' i he resist filmto pattern jt _
accor di ey AR, E SRERRE Nehdsidt S r%%??bﬁ%w#agﬁﬁ orkde on the
Magn&k Id;iid2, M .Lh g dry etching techpique such as ion milling. In
Iﬁ;rgemnﬁllrlét%y lgeﬂ%én%&é),sst%ée é%(%ﬁ‘il‘?ﬁc dgﬁi“’n 0 Ih@h@”dfé‘w engehpen isns
reaches;.ipto.the.su rate and. the ferromagnetic film12 remains only at .
t he prokpga‘iﬁ%ap%g]ﬁ’b‘&i%ﬁecm b Eracking perval signplssiagatthy thephggaetiet chi ng
depth that,is ]ess than the thickness of the ferromagnetic fll_le, so t hat
the f ?f&ﬂﬁag § tunctien ebtheduivire medianisiofis e pedfopnr thotraching/®l | as at
the protruding portions. Using the master information carrier as shown in
Fi gs. ladileimagneiic hegdechn precimelly sgumehi uimtehded @y ardehgnetic
disk, is preformat- recorded by contacting the surface of the master
i nf or nedsemllgaar iveicewic}}ﬁ bivdor sarr faadinedir iftofBENQb foRCERdli @iGviidi um In
the case of, for exanple, an
mechanism, but to enhance the tracking performance, the driving

mechanism can be used in combination with a variety of micro—actuators.

The number of magile"tic disks that are stacked in the device of thé
present invention is not lmited to one, and, as necessary, a plurality of disks
can be used. In accordance with the number of magnetic disks, more than
one magnetic head can be installed. The magnetic disk does not have to be
permanently fixed to the rotating supporting member, but can be an
exchémgeable disk that can be.inserted mto and retrieved from the device.

A magnetic bit pattern adapted to tracking servo signals, address -
signals and clock signals.is pfe—recor‘ded on the magnetic disk of the present = -
invention. The magnetic bit pattern is formed using a master information
carrier: A ferromagnetic pattern corresponding to the preformat
information signal is formed on the surface of a substrate of the master
information carrier. The magnetic bit pattern is then reporded 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
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I n-pl ane magnetic recordi ng di sk medium a direct nmagneyingvemtet 2gaki on field
14 | Novenber2006 is applied in an in-plane direction of the disk, so that
the protruding portions of the ferromagnetic film 12 of the naster
information carrier are magnetized and a preformat information signal

corresponding to the ferromagnetic filmpattern is recorded in the
magnetic recording medium In this case, when the nagnetic di sk has been

conpletely deleted before recording the preformat information signal, a
suffici N oge tg a ;saturatiqgn,recording can_be achieved
easily. q%(%lr(rirp?riggl So%(%ir?v‘glh i @healdrﬂr’éet rﬁ?&’éiq%s Pﬁgeﬁpg%'égi H ther voagmétic ng

devi ce, the@%oye-des ri.bed %r.ef oi;rgaé recording nethod requires very little
time andFENRFY r@ﬁﬁ%‘%{mm% Xieg of theprespmdtinyention gradi ent at the

recor ded tracﬁ;edgﬁipis very steep, which enhances the tracking precision.
In the config hg WigHsAn ogtling of the statingnvbldc-recording teakthfue

direction (with respect to the magnetic disk), which is defined by the

f err onadstlg eheiabayramaster Wigrinadiont bernest whidnioueed ifoR pedfdrning S
designed to be substantially the sanme as the recording track width of a
magnet i préformatCoredirentihyaccobdandy ofioh Mite cesBEREATP L %Héa?ﬁ%eirﬁ: di sk
Is perfornmed with the master information carrier in Fig. 10, e recording
wi dt h oinvelmtiomgnetic bit pattern in the radial direction of the magnetic
di sk becones the sane as the recording track width of a magnetic head.

i of mati on carFi of “ensantsaaniblp Rl B Tallofh RIS it B ot arrn

used for this preformat recording technique. Fig. 10 shows a master
mnformation pattern to be written in a preformat area that is disposed at a
given predetermined angular distance along the circumferential direction
G.e. the direction of the track length) of, for example, a disk—sﬁaped
magnetic recording medium (the magnetic disk) for ten tracks in the radial
.airection G.e. the direction of the track width) of the disk. Areas defined by
broken lines correspond to recording track portions used for daté areas in the
magnetic disk after writing the master information pattern onto the
magnetic disk. In a real master information carrier surface, master
information patterns as in Fig. 10 are formed at predetermined angular
intervals m the circumferential direction and for all tracks over the whole
reco;'ding area of the magnetic record disk in the radial direction.

The master information patterﬁ comprises a tracking servo signal
area, a clock signal area and an address signal area that ére 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
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recorded on a magnetic disk in a conventional manner W § RodeniResdogl Servo-
track witing device and a magnetic head built into the drive are basically
the sane. 15 1 Novenber 2006 Wth the above-described preformat recording
techni que using a nmaster information carrier, it becones possible to record
magnetic bit patterns, that could not be realized with conventi onal
met hods using a special servo-track witing device and a magnetic head
built into the drive to record a prefornmat information signal. That is to
ormat recording techni que using a naster

say, wt.h.the above- descrjbed pre |

i nf or matREFRAReN patter o llf:%ﬁ'ﬁ} &?&ﬁiﬁ%@i@lﬂqulﬁaaﬁ'ﬂgerw, dor texamplef, dgeaof t he
master information _carrier corresponds to a magnetic bit pattern of a

pr ef or nferrogRzRRtdc Sigmartioprorathmaneface. di sk. Therefore, the magneti zation
pattern of a preformat- recorded signal is not as restricted as a

conventional pFkd finedernoevagmitivgfilm yiattem aaryepondiek tovthé infrdawiee, and

the magneti zation pattern of the preformat-recorded signal can be designed

- arbi tr asignalys showniini Fig. (10@anfles formedehsily iy Mibakies vaebty g Bhe Face of
the master information carrier accordingly. Thus, a magnetization pattern

t hat . caprpscasinie tefiniqueR sBa heHRERR Al SideBsek BF Egggggﬁié;l%eéﬁ gnal's,

address signals, and cl-ock signals can be preformat-rec

fol | ow BQndiéor?d&ﬁéPb}cEHels?&,Qf the preferred enbodi ments of the present
i nvention adapted to preformat signals, with reference to the acconpanying

draw ngs. Fig. 11 shows an example of a cross section of the master information
carrier in Fig. 10 along the phantom line A—A", ‘ {
The structure shown in Fig. 711 has been formed by depositing a |
ferromagnetic film 12 on a sufface of a planar substrate 11, applying a resist
- film to the surface, exposing and developing the resist film to pattern it
according to a digital information signal. A fine pattern is formed on the
ferromagnetic film 12 with a dry etching technique such as ion milling. In
the demonstrate_d example, the etching depth of the depressed portions
reaches into thé substrate 11 and the ferromagnetic film 12 remains only ai
the protruding portions. However, it is also possible to apply an etching
depth that is less than the thickness of the ferromagnetic film 12, so that the
ferromagnetic film 12 remains at the depressed portions as well as at the
| profruding portions.
Using the master information carrier as shown in Figs. 10 and 11,
the magnetic recording medium, for example a magnetic disk, is preformat-
recorded by contacting the surface of the master information carrier with the
surface of the magnetic recording medium. In the case of, for example, an

in~plane magnetic recording disk medium, a direct magnetic excitation field
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First Enbodinent Figs. 1 and 2 show an exanpl e of the magpednbeaidoen pattern
of a signal that has been preformat-recorded on a magnetic disk installed
in a magnhetic recording / reproduction device according to the first
enbodi nent 16 1 Novenber 2006 of the present invention. The nmagneti zation
pattern in Figs. 1 and 2 is recorded by contacting the surface of a
magnetic disk with a master information carrier, which has the sane

ferromagnetic filmpattern devel oped on its surface. For conparison, Fig. 3
magneti zati on pattern that has

il lustr n;exanpl e_of a,conventional,, t
been pr 26% %ﬁﬂg?@ F%@Hrl&é'ai)"ﬂ?'? dirgetion of gh‘%ifié‘-‘vk’ sqthat thepratrutingpedicnsack
writing gevi ce,and a magnetic head built into the drive. The pattern in
Fig. 3 Obrthaplsanemagnefie flm: ebdhsoff |thestmasted imfoFnmation | camier?. ardi gs. 1
to 3 illustrate an exanple of a nmagnetization pattern with several
pr ef or mEagnegiteds arsk or dexkformat pirdbomationaségmalr eersapoatinertaithe angl e
intervals in the circunferential direction (i.e. the direction of the track
| engt h) fexromiagmeticafijh ateemminesdorddd Sk. thEhes@mRLRS psdRlisd gnaliantonpri se
a tracking servo signal, a clock signal for synchronization, and a
synchr ohouhis Shgeaivhichathes eiy@etas disk HaRl BASE csindalel) el E&fb g gain
control. In the radial direction of the magnetic disk™ (i.e. the direction
of the #dcoeling ehdprefofin%e ibfodalaticl @iéﬂzﬂ Ug fshi‘ﬁéignt 'iggofdi{%g%ﬁésgt le

0 netic

reasons, the portion corresponding to t e recording trac
head 1 adiwbr@tibR%ebsrdilE can be achieved easily, '

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

In the configuration in Fig. 10, the recording width in the radial
direction (with respect to the magnetic disk), which is defined by thé
ferromagnetic film pattern ~width on the master information carrier, is
designed to be substantially the same as the recording track width of a
magnetic head. Consequently, when preformat recording of a magnetic disk
is -pe'rfoi'med with the master information carrier in Fig. 10, the Tecording
width of the magnetic bit pattern in the radial direction of the magnetic disk
becomes the same as the recording track width of a magnetic head. Thus,

. the magnetic bit pattern recorded on a magnetic disk with a master
information carrier shown as in Fig. 10 and the magnetic bit pattern
‘recorded on a .magnetic disk in a conventional manner with a special servo~
track writing device and a magnetic head built into the dfive are basically

-the same.
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device is shown as a broken line. In the conventional exag®netsoobi 9. 3,
the recording track wwdth cannot be varied arbitrarily in accordance with
the kind of signal to be prefornmat-recorded, because the preformat signal
is recorded with a nagnetic head 1 that is built into the drive.
Consequently, the recording w dths of the thus-recorded tracking servo
signal, clock signal and 17 1 Novenber 2006 synchronous signal are all
equal . Moreover, since the recording track width 5 of the magnetic head 1

is usually na ly.h p bapd. 6 of constant
width is prowg g gg%v\gg%‘té; g{::lgﬁ%d %}eg' ?Ib rfe?adrgi& qef’ﬂﬂ'fﬂlen’é‘&h%%i% head 1
I n the conventi anpl e |IIu trated in F|% 3 deV| ates even only a
ttle f%ﬁefhanofga@a%mgﬂms& OTESROREDINEO EPER SIaERbiCabet { ho
synchronous si gn g SO a ié)pscans an area including a portion of the
guard bXagtednst fagnenie aet F%@l?%dv%hmvem@mthodsh@sm@w si gnal

and the synchronous S|gnal serve as reference signals for controlling the
recor di fgegiaf é@%ﬁﬁmql@wrg:m device andhamagticchaietb el mtofthetdrive ad

signal anplitude is not desirable. Consequently, it is preferable to nmake
t-he wi dirécarfl ahprefommat biaforbationt signpl.ef Theatisrcesydi witlathe Mbovdche cl ock
signal and the synchronous signal as small as possible. However, using the

t echni qdescrilbed peefornnit retérdibpitechsiquenesst b Raster ﬁﬁ’&zﬁﬁﬁﬁh %Hi-ﬁ&i- on of
t he present invention, however, the nmagnetization pattern f

pref or nglhe rfBﬁ@ihﬂ@@néﬂng TS pattarel oﬁuﬂh@%hrfa‘?:etJSlethé %Esﬂe?sfﬂ'fbﬁ’hhﬂeﬁ as the
prior art, and the width of the guard band 6°in

carrier corresponds to a magnetic bit pattern of a preformat«—recorded signal .
on a magnetic disk. Therefore, the magnetization pattern of a i)reformat—
recorded signal is not as reétricted as a conventional preformat recording
using a servo-track writing device, and the magnetization paftern of the
preformat-recorded signal can be designed arbitrarily by contriving the
ferromégnetic film pattern on the surface of the master information carrier
accordingly. Thus, a magnetization pattern that can provide 6ptimum
| performance for handling tracking servo signals, address signals, and clock
signals can be preforﬁat—»’recordéd.
The following is a description of the preferred embodiments of the
present invention adapted to preformat signals, with reference to the

accompanying drawings.

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

magnetic recording / reproduction device according to the first embodiment
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preformat recording area of the clock signal and the synrbreameumosi gnal can
be made very small. In the configuration of the present invention shown in
Fig. 1, of all the preformat signals shown in the drawi ng, the recording
wi dths of the clock signal and the synchronous signal in the radial
direction of the disk (i.e. in the direction of the track wdth) are w der
than the recording track wdth 5 of the nagnetic head 1. By adopting this
configuration, the width of the guard bands 6.in this area can be nade

ext r enof yhe peésentdavehtibnwhen the 18 1 Novenber 2006 nmagnetic head
deviates even only a little fromthe recording track to be scanned, a

decrease of (e meashetizatioh pafRdid HITISAN D84 %}‘i@ E{egéﬁ%ﬁ I(:#' Qgﬂla%titqge

configuration of the present invention shown

pr ef or td <&03lT sPlioel diD IR %staﬁ?%{ogﬁ%&gﬁq“ v%ggr?mggg{‘ﬁ% ¢l ock

signal and the synchronous sign traverse
recor dj | . Lal_.diregtign of the magnetic disk. In this
confi gt}?%?%%%?ﬂé?ﬂdeﬂr} %é?%lélgﬂgd)aartge%ﬁ v‘glopﬁéf)ﬁe‘% %E’%Jéﬂ?-ng areas for the .
clock signal, and the .synchrongus,signal . Consequently, it is possible to.
eradi cate afl ROsTROMIFBef 18-t ﬁeﬁbé%%é%‘seaﬁf ekpaplenf 8i gerverdmmalt ude t hat
occurs_in %he prior _art when the magnetic head 1 deviates even only a
it t | SORERGREOD RAteH thetiharckeqn Phefosmmintarordedion a hiagnetiefdighr ati on i s
- preferable to th configuration in Fig. 1. However, when the recording

wi dt h Wi 4 speaial servogirask: weiting dewisermghe thaguetik hbad bk inee thar ge
conpared to the signal bit 1length in the circunferential direction (i.e.
_the diddeei oRbefpatfeyntinalig. Bewgrégponds to the patterns illustrated in Figs.

1 and 2.

Figs. 1 to 3 illustrate an example of a magnetizatibn pattern with
several preformat signals recorded in a preformat area provided at certain
angle intervals in the circumferential direction (i.e. the direction of the track
length) of, for example, a magnetic disk. These preformat signals comprise
a tracking servo signal, a clock signal for synchronization, and a synchronous
signal that serves as a reference signal for amplitude gain control. In the
radial direction of the magnetic disk (i.e. the direction of the track width),
five tracks are illustrated. For illustrative reasons, the portion
corresponding to the recbrding track of a magnetic head 1 installed in the

‘device is shown as a brokenline.. .. .. .. ..

In the conventional example in Fig. 8, the recording track width
cannot be varied arbitrarily in accordance with the kind of signal to be
preformat-recorded, because the preformat signal is recorded with a
magnetic head 1 that is built into the drive. Consequently, the recording

widths of the thus-recorded tracking servo signal, clock signal and
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a sufficient recording signal strength may not be attai nfiblembelmoause of
the influence of the demagnetizing field due to the recording bit shape.
Therefore, it is preferable to select a configuration that is suitable for
the recording signal pattern. In the configurations in Figs. 1 and 2, the
recording wdth of the tracking servo signal in the radial direction of
the magnetic disk is the sanme as the recording track width 5 of the
magneti c head 1. However, the present invention is not limted to these

conf i gusghelumsmouandgihflea¥egh eduad, M&E@Vér,”sikxﬁg t%% qglé%r%% ﬁ ]‘[93\[/0%0 ‘%#& al areas

can be larger than the recording track w dt d 1 as

e : - fi on.in Fig. 2 th
we 19 of thevaabREtie WG d g%ﬁg}’ n&ﬁ%ﬁf@%@ﬁ%ﬁﬁﬂ@@ ﬁgilag&‘}agfde? sg all .

recordi ng areas of the cloc

consecut,l ' : In.the.radial direction of the magnetic disk,
but it Fgﬂglqs(?c%glgg% ggggfﬁsg?%%d?(f%%ge%ﬁg’@ﬁ%m recoxdmainacks.gnal  ar eas

in the radi aIIﬂ#reecti on,.of %ﬁlag]r. netic disk, and traverse the recording -
tracks only wthi OpERSHC he in the.ganvendiongd examnde iBusaatadher Bigii 1| be
guard b%”cﬁef'G onl y betyeen 'ng signal groups, but their influence will be
si gni fi-2aHTEEeSRER PR 3 LittlRefropy the merawing dradk i wehen sehgnii; the t hat

t he effelct of _taie pyesent invention can is be provided sufficiently.
Mor eoveftock fign ﬁlb’{ the pynehranovsreigralusethdt itmcahatan tbe afdedingef the

above- nentj oned demagnetizing fields can be decreased. Second Embodi nent
Fig. 4RNWSWS ehthragmind bandhe, thgranplinideoof phtt £5al efgrinl SddRahsdshat
The clock signal and the synchronous signal serve as referencel signals for ("
| controlling the recording / reproduction system, so that such a decrease of )
~ the read signal amplitude is xiot desirable. Consequenﬂy, it is preferable to
make the width of the guard band 6 in the preformat recording area of the
clock signal and the synchronous signal és small as possible. However,
using the techniques of the prior art, this is impossible.
In the configuration of the bresent invention, however, the
- magnetization pattern for preformat—recorded signals is not subject to fhe
 same restrictions as the prior art, and the width of the guard band 6 in the
preformat recording area of the clock signal and the synchronous signal can -
be made very small. |
In the configuration of the present invention shown in Fig. 1, of all
the preformat. signals shown in the drawing, the recording widths of the |
clock signal and the synchronous signal in the radial direction of the disk (i.e.
in the direction of the track width) are wider than the recording track width

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

guard bands 6 in this area can be made extremely small, so that when the
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has been preformat-recorded on a magnetic di sk install efinbrenbermgaetic
recording / reproduction device according to the second enbodi nent of the
present invention. The magneti zation pattern in Fig. 4 is recorded by
contacting the, surface of a magnetic disk with a master information
carrier, which has the sane ferromagnetic filmpattern in its surface. For
conparison, Fig. 5 illustrates an exanple of a magnetization pattern that
has been preformat-recorded on a nagnetic disk with a naster information
carrier : e ' widths in.the radial direction are designed to
be the sa eglsct %gargé)%ﬁé?%nga@yﬁdmge Froge thee reegyding érankado beas shown
for exa In_Fhg. 10. e patfern in Fig. 5 corresponds to the 20 1
Novenberg%ﬁﬁed?ﬁa‘{i%gﬁﬁs? P{ g‘%‘i E%ﬁ %i‘ginﬁi pigplitpndemtagsbe suppréssed] ustrate an
exanple of a fragﬂetiz ion pattern with several preformat signals recorded
in a prefornat® P& ratgnaaf tder prasent dnygeetiontsirorat $niFigt Beof all’
circunferential direction (i.e. the direction of the track [Iength) of, for
exanpl ethepiaforeet signalk sivhesin thelrawitg, thenetsrdiabnireas of 8hd FRRKI MY

servo signal, a clock signal, and an address signal. In the radial
di rectiggnel amd Hegrmiichronsks (digeal ttheveliseeat Myt e Lohaskuiidt h) .
four tracks are illustrated. For illustrative reasons, the portion

Co copenat o wuaeis o Bl saskich of ATt 1L LS,

the recohfign@atibaC kh¥vedidn®fguard ba_nd 6 in the recording areas for the clock
signal and the synchronous signal. Consequently, it is possible to eradicate
-almost completely the decrease of the read signal amﬁ]itude that occurs in
the prior art when the magnetic head 1 deviates even only a little from the
recording track to be scanned. Thus, this configuration is preferable to the
configuration in Fig. 1. However, when the recording width in the radial
direction of the magnetic disk becomes too large compared to the signal bit
length in the circumferential direction (i.e. the direction of the track length),
a sufficient recording signal strength may not be attainable, because of the
influence of the demagnetizing field due. to the recording bit shape.
Therefore, it is preferable to select a configuration that is suitable for the
recording signal pattern.

In the configurations in Figs. 1 and 2, the recording width of the
tracking servo signal in the radial direction of the magnetic disk is the same
as the recording track width 5 of the magnetic head 1." However, the
present invention is not limited to these configurations, and the recortiing

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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the preformatted signals is the sanme as the recordi ng t 14 fekenmdet2dosS of the
magneti c head 1. Consequently, the recording wdths of the tracking servo
signal, clock signal and address signal are all equal.. Mreover, as in the
case of recording the preformat signal with a special servo-track witing
device and a magnetic head built into the drive, the width of the guard
band 6 provided between adjacent recording tracks is the sane for all
signal areas. O the preformat signals, the address signal includes a track-
number i ndi caViongodie inatheadonPi@eirhtion RNER B egGio Ll GatR 0o the:
circunferential posi t?on on the surfaceﬁggﬁahﬁé’ rrag%eedta?c gt%ﬁ%‘rz%?ore, I n
t he recqieelng; t4 PREREL | ' e ' to the address
signal, not aggimr}p?]g@rtg%eét){i?ihve perlh%élgg%g?g%lé %E%P ﬂ%g%té‘&ﬁ‘ﬁ’rgg?g/o

si gnal : Oin ' a.conphi gated .bi attern is
recorded:.il Qa{ﬁﬁgﬁtgﬁg‘%@ﬂcgﬂn}%ﬁ%@p g@%%ﬁéiﬁ%tfceaﬁglﬁ’ iqie‘ oF @i%‘P Qgsséﬁ&/\h’i n the
exanpl e in 1. 1 venmher 2006, .Fig. 5, interference ayises .anong bits of
adj acent®™? ngﬁzg?k%ﬁag‘f’ T rtgc%FEﬂIHgggﬁﬁbﬁé?‘i‘%é‘Pit f Iii’él&gf BpecieRm tha ed

unst abl e magnetization,interference areas 7 across the guard bands 6.
These magh ‘%ﬂ%t‘ﬁ%ﬁ ARfdraReisp hearacgyding bracke cnlidyidéntthese signal

undesi rabl e, becayse they cause noise at signal reproduction and nmay cause
addr ess 2dgtectibiherleste” ears, shees mallsbe @uardebandelé valpbetyeed ke
occurrence of such nmagnetization interference areas 7 has been recogni zed
al so i nstglegitaunsal byr dheir naflueacorwithds sighificamtls deweal thaer #19-theack
writing device and a magnetic head built into the drive, and it is
beconi ngoavemi¢malsexzmmplecim Fign8j stethaiothehdTocond tleé beededt 3hdbmboh can

———

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

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

econ iment

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

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

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

as shown for example in Fig. 10. The pattern in Fig. 5 corresponds to the
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reproduction devices record with ever higher track densityvemberZoggduce this
i nterference between adjacent bits, it is preferable that the wdth of the
guard band 6 in the preformat recording area of the address signal is as

| arge as possible. On the other hand, as explained above, a |large guard
band width is not desirable in the preformat recording area for the clock
signal and the synchronous signal. This neans that in the conventi onal
preformat recording nethod the recording track width 5 of the magnetic .

head lpagsbrhiBusti¥cBd sh Fig_eti.guar d. band 6 cannot be arbitrarily -changed,
but there is a trade-off between the two. On the other hand, with the

configurati omy d | nvention he magnetization pattern of the
Dies QS,?EE?;&}%EG Agy SFareple 8% dgmaghetization pattern svith and t he

pref or mat - recor ded 'si gna

wi dt h rd hand 6. can b ptimzed for all preformat recording
ar eas,&gvr?%?fl ng%FB%aqaﬂaPéls‘;sreﬁ%ﬁ%f In @ predormgs arearprovidett bt cantssnsi gnal .
I n the configuration shown in Fig, 4, of all the preformat signals in 22 1
NoventEISga8eTials 1 the Hrguminesntislsliveatipmi(ict fthofditdutiont kthosirgsll ©n ¢ he
radial, directjon of the nmagnetic disk (that is in the direction of the
track JPgth) of dor example.ramagneticrdiskr diMhgse pacformistt dighalf conbigrigganet i c
head 1, and the recording width of the address signal in the radial

di r ectd bracking servemsigaal,a diosk signslmahlem aﬂﬂﬁégstgignggcqrﬂjm}gré(gg_ﬁk width 5
of the magnetic head 1. By adopting this configuration, the wdth of the

guar d dizendich ofithbemmgaetiexdiskn@ley thBBdiredtion tdTecH aslskaal, 3ga and
extrenely large. in the address signal area. This
tracks are illustrated. For illustrative reasons, the portion corresponding to
the recording track of a magneﬁc head 1 installed in the device is shown as a
broken line. |
In the conventional example in Fig. 5, the recording track width of
the preformatted signals is the same as the recording track width 5 of the
magnetic head 1. - Consequently, the recording widths of the tracking servo~
_signal, clock signal and address signal are all equal. Moreover, as in the
case of recording the preformat signal with a special servo-track Writinlg
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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hat when the magnetic head 1 in the clock signal {aoeans@exioat es even
gﬁﬁgsatl ittle fromthegrecordi ng track to be scanned, a decrease of the
read signal anplitude can be suppressed. On the other hand, nagnetization
interference areas 7 anong adjacent bits as shown in Fig. 5 do not occur in
the area of the address signal information. Care needs to be taken that the
recording width of the magnetic bit pattern-in the address signal area is
not too small, because then the read output anpli t_udehof th: ?]C|S| glnﬁlg i

i i Flome [ 3 netic ags [

becones Fig 5, sitbtfer Yfikes hﬂlﬁiéabltse&e%@oﬁtggﬁﬁ?w}sr ap %ﬁ%ﬁ&’a%mnt,

i nductive recording el ement and a nagnett e oeoent
Cecent TaEmetEALE Torbie B Ea G fronFheSraion Sterernmor i on
i's smal t’ it a h reproductjon track width of the

r epr od ué(l:lteelracs) nw%%}g trsré %{15 ﬁgllatr ﬁ g:rqn]ﬁg éev mwwemtzﬁﬁlﬁntlﬁéenf@mcd iamgas fack

] I n the range ere the present invention sufficiently
\(ljmi g;ray@%{‘%{’gﬁj@f??ﬁ tngg ?E%g‘%@ﬂiﬁbl%mbﬂﬁumeﬂmb’ taese aditeess sihgal does
not decrease drastically, even when the recording width of the nagnetic
bit patt8F ‘F(ﬁ“‘ifh@né’dmaé’s%a‘éﬁegﬁédr%se;&tesummrmméra decd3ade BOYREDEr 2006
Rat her , hi gh reproduction S/Nratio can be attained by decreasing the
noi se S€§ s‘éﬁgo@ﬂi}’-t héhanseurmese rofheachmyaghetieation ihtd@sficenG@aargas 7. In
the configuration shown in Fig. 4, the recording area of the clock signal
can be agr heein asecogaiaedsialep dnptoivdy thynf pROfbR Rt FYSIHRARY dishig tyacks in
the radial direction of the magnetic disk, as in the configuratidon shown in

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 w1th ever higher track density.

To reduce this interference between adjacent bits, it is preferable
that the width of the guard band 6 in the preformat recording_ area of the
address signal is as large as possible. On the other hand, as explained
above, a large guard band width is not desirable in the preformat recording
area for the clock signal and the synchronous signal. This means that in
the conventional preformat recording method the recording track width 5 of
the magnetic head 1 and the width of the guard band 6 cannot be arbitrarily
changed, but there is a trade—off between the two.

On the other hand, with the configuration of the present invention,
the magnetization pattern of the preformat—recorded signals is not restricted
as in the prior art, and the width of the guard band 6 can be optimized for all
preformat recording areas, that is, for address signal, clock signal and

synchronous signal.

In the configuration shown in Fig. 4, of all the preformat signals in
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Fig. 2. Mreover, in the configuration shown in Fig. 4,1Naenbeczodi ng w dth
of the tracking servo signal in the radial direction of the. nmagnetic disk
is set to the same width as the recording track width 5 of the nagnetic
head 1. However, the present invention .is not restricted to this
configuration, and also the recording width in the tracking servo signa
area can be set larger than the recording track wwdth 5 of the nmagnetic

head 1. Third Enbodi nent Figs. 6 and 7 show an exanpl e of the magneti zation
t.-recorded on a magnetic disk

' I .has_.heen f
patter “tl%f dﬁaw?ﬂ%a“cglﬁe e?@tdrl%gg\aﬁ]%ﬁg)f%ﬁg ! ghabin theradiabdizectionpft o t he

installed In a

third. i t .0 e, present Jjnvention. The magnetization pattern in
Fi gs. 6&%%%5%@1% g}’(?ﬁfr @gﬂt B%/mcg'h% Sixachign ofdestrach sadoh) s lagaethandi sk
with a %%ster Lnformation carrier, which has the sanme ferromagnetic film
pat t er H§SFEOFHAE trackvaddh & efcthe magnetiepaeddsbrandile récirding twidtkes an
exanpl e of a conventional magnetization pattern that has been

pr ef or hftthecaddrnrss sigmal imtiveradiadidikection bf the pegimltiSEIskOR! §AGK 't i ng
device and a magnetic head built i'nto the 24 1 Novenber 2006 drive. The

gat tF er tthian thegre@rding tephntilthcs bhehe ahiedtsc hbhdt 1 %fﬁdb}?ﬁﬁ?&%ﬁs 6 and
. gs. 6 to 8 illustrate an exanple of a nagnetization pattern wth
sever alcopfighoatioh, shgnddth 64X gesrd Padd B PP ady &&r@ﬁﬁﬂf gedapy certain

the clock signal area and extremely large in the address signal area. This

means that when the magnetic head 1 in the clock signal area deviates even .

.'onlyT 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 address signal information.

Care needs to be taken that the recording width of the magnetic bit
.pattern'in the address signal area is not too small, because then the read
output amplitude of this signal becomes too small. However, in dual-

, elément magnetic heads including an inductive recording element and a
magnétor@as’istive reproduction element, such as are installed in maghetic
recording / reproduction disk devices of recent years, the recording track
width of the recording element portion is smaller than track pitch and the
reproduction track width of the reproduétion element portion is even smaller
than the recording track wzfdth. 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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angle intervals in the circunferential direction (i.e. tNeveibeezbéon of the
track length) of, for exanple, a magnetic disk. These preformat signals

conprise a clock signal, and a tracking servo signal. In the radial
direction of the magnetic disk (i.e. the direction of the track w dth),
four tracks are illustrated. For illustrative reasons, the portions

corresponding to the track pitch 4 have been nmarked by broken |ines and
nunbered sinply as tracks 1- 4, to clarify the position of the recording

t racks. ' hni gques, .t he.di spl acenent{ of ,the
- mgnetiwggge‘ﬁﬁ%h %%@%?ggiagﬁﬁdﬁﬁéﬁ(?%#ﬁ?&ﬁa&n &é’éféf‘%?ﬁ?ﬁ@& pdkSecent er
line is I det ectsed, and contr.oll.ed hased on the read signal
anpl i tuggﬁ%%ﬂ ?%etﬁ{e %gjzzo%ieﬁgé%%fw Haghs lzﬁg‘%ﬂﬁ@i’?ﬁ’%’n&erﬂrﬁfi&m ty of adjacent
tracks and beiw& n tr;]ei;itra%ks. The tracking servo signal patterns shown’
for exanple if® ?‘ﬁs".o gurgtionsheynda ig; 4, theareconding avea vétheiclnsk and

control the. displacenent of the nagnetic head 1 in the radial direction of
the m ’rgél"’il@aﬁﬂéek 055%62]@%#&“@?@%@31@@%&@@%&% rebiomting traddsi 5

t echni que poses the problens that the frequency band of the position signal
det ect i Hhtle radiad direotieasefstheopagmeticwlish dshin theaedn fiensition skewnihat noi se
I nfl uences the tracking precision. As a counterneasure, therefore, :

Publ'i caFigi®.of Unexami ned Patent. Application No. Sho 60-10472 discl oses a
tracki ng servo technique based on 25 1 Novenber 2006 phase detection of

the read si gridoreévey, 18 thé ovafigir SIGHBhGWR n Fig BRI iAR WRkh §Fn for a
tracki ng servo signal used by the tracking servo :
- the tracking servo signal in the radial direction of the. magnetic disk is set to {
the same width as the recording track width 5 of the magnetic head 1.
However, the present invention is not restricted to this configuration, and

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

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

Third Embodiment

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

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

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

with a special servo—track writing device and a magnetic head built into the
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t echni que based on phase detection as disclosed in thisjpddnyepdiogn. I n the
tracki ng servo technique disclosed in this publication, a nmagnetic bit
pattern is recorded with a constant phase shift for every half track on
the magnetic disk, as shown for exanple in Fig. 8. Wen 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 ti encounters a phase shift of the reproduction
in the radial direction of

signal ijn..Aacc nce. Wi th f1s . own displ acenent € :
t he rragrtlie%"iaeé gtli}g{p %%\%e58r181 jﬁ’&j@&“ﬁﬁ@“ﬁ@&%ﬁ%@“@% dlugbratedmmrfigef t he
magneti& he(g%l in the radial direction of the magnetic di sk can be

det ect ed 3% t he phase shift of the read signal so that tracking canbe
per f or med sucg,_that the magnetic head 1 precisely scans the intended
recording trackes-T® tenplilystmite aar exkinple adra anbgedtiiaticn pubiesh withbased on
the phase detection of the read signal, with maxi nrum effectiveness, it is

pr ef er agtveral paefarneaipbiznaloteddrded dpro girefansely ¥fo:5 hgsaHed ré'lff}f}%{il\giaiﬂr‘aduaI |y
and linearly wth the radial displacenent of the magnetic head 1. Regarded

this wegngletintenvals ¢hehabiuniieiisl AngBALMARS! A BFLLEHN oPIhd fIG ok 2CKi NG
servo signal recorded on the magnetic disk follows a gradual an I near

 phase s wh i xeagesh Ml i ARBERA OSSN LR "0 °

pattern of constant phase shift for each half track, a _
ovenera oA bt RRg o R L LA ARSI S e
Nove”b%ggﬁgtic 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 fhe position of the recording tracks.
In preseﬁt tracking servo techniques, the displacement of the
magnetic head 1 in the radial direction from a pre(ietermined 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 adj.acent
tracks and between the tracks. The tracking servo signal patterns sht;wn
for exaniple in Figs. 1 — 5 and 10 use this tracking servo technique and
control the displacement of the magnetic head 1 in the radial direction of the
'.magnetic disk based on this read signal amplitude. However, this
technjque poses the problems that the fréquency band of the position signal
detection circuit increases together with the track density, and that noise
influences the tracking precision.

As a countermeasure, therefore, Publication of Unexamined Patent

Application No. Sho 60-10472 discloses a tracking servo technique based on
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signals with a magnetic head built into the drive i nposegesdniseetdosal
limtations that made a preformat recording of a magnetization pattern with
a gradual and |inear phase shift, which has to be regarded as preferable
for a tracking servo techni que based on phase detection, difficult.
Therefore, a configuration had to be adopted where the phase shift
proportional to the displacenent of the magnetic head 1 was apptroxi mated
by recording a nagnetization pattern with a stepped phase shift, as shown
in Fig. ,8 Lzat] pattern w.th t epped phase shiff, as
shown ip%m,g%fﬁ%&?ct@gﬁéﬁgt k%&r%@%al‘g \é%gvogt \%l&‘ﬂﬁg q®R, CRATERE | Q% tased on
the phase d t.ecét.i on %{ tt}e read fﬁ\ig'?nal’ cannot provide sufficient tracking
preci si SA*BRRIBFLACR PALEIIRE 3, Farkiig seversignal wredohy the srackipggerw t he _
recording . track wdth of the magnetic head 1 installed in the device has

to be n¥ Iagueslzﬂ‘?é%ﬁw Phase defratiomas disalesast incthis pudilivesionhi shnthmet i c
head 1 is also wused for recording regular data signals, the recording .
track witRAKiBg sereo thehaique disslesedanotis publieation, 4 essgrdtanbithmttermck pitch
4, and the read output anplitude of the data signals decreases nore than

necessalyreddsdedweith 4 nondthat phasendiifinfal evethbd¥f frigk oS thantawity
servo-track witing device for the preformat recording, a two-tier bit

pat t er ndisks dsostevn dopesdploin ®igr 8. WhGKsudl® althabkinbesdriviBigrgeasary for
the preformat recording becones . extrenely |long, and the phase of the

recor di peh ek ﬂagnéﬂ@ heaai 1 hevig a bl odlﬁ%ﬁgr&c GAdi 5:?%8 Taas! ! enel y

difficult to control with external = actuators. Fasttiorwar years from

the t ieg%ir\g?zgﬁxalfmﬁg g gg@&g@g{) HALE EHRCHACA el Y58n Vhe! 15 RBBR S 3O 1 O7 "

encounters a phase shift of the reproduction signal in accordance with its

own displacement in the radiz;l direction of the magnetic disk. According to

this technique, the displacement of the magnetic head 1 in the radial

direction of the magnetic disk can be detected from the phase shift of the

read signal so that tracking can be performed such that the magnetic head 1

precisely scans the intended recording track.

To employ this tracj;ing servo technique, which is baéed on the phase

detection of the read signal, with maximum effectiveness, it is preferable

. that the phasebf the reproduced servo signal changes gradually and linearly

| with the radial displacement of the magnetic head 1. Regarded this way, it

is preferable that the magnetization pattern of the tracking servo signal

_ .recorded on the magnetic disk follows a gradual and linear phase shift

within each single track and between adjacent tracks and not a pattern of
constant phase shift for éach half track, as shown in Fig. 8.

However, in conventional methods that perform the preformat

recording using a special servo—track writing device, recording the preformat
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27 | Novenber 2006 tracking servo techniques for magnet Nevdneptodsng /
reproducti on devices based on the anplitude detection of the read signal
have now becone mainstream On the other hand, the magnetization pattern
for preformat- recorded signals in the configuration of the present
invention is not as limted as the prior art. In accordance with the
present invention, it is possible to record nmagnetization patterns with a
gradual and |inear phase shift optim zed for servo tracking techni ques

based o tection of the', read signal. In the configurations of the
pr esent %\ngszﬁgﬁ h ig-hgad é’“i&rdl , %? iy ep iamesadt stiughalad
record?}d ogathe neti.c di sk, the magnetic transition region between the
bits i MRS Bade @d}fﬁgéﬁ%ﬁ’amcgrdl@gtqf@ magaetizagicepattesh grigh has an
i nclination anlgle 10 with respect to the reproduction gap of the magnetic
head 1.2 gEd@ualapdisearphasmehift,onhichdiiscn'beeaasdelierdoreieralNe i Hn

bet ween ‘agljﬁglcent bits having opposite nmagnetization polarity in the

ci r cunflépemigaseryor technmeobasdte onepindel detdictibn, diffidtilels TReAgrd 4 t he
border |ine between the hatched bit portions and the. wunhatched bit

por t i oenfigoradsanpid to he adeptednwhard the e@ﬂf@bksﬂoﬁifﬂ{gﬁiﬂ ap, region.
che

In this area, the magnetization polarity of the hat porti ons opposes

e, T o g W SV, A
Into theaORRtich PRERE %At AstBpplEPhfisd ShifS é:saéllloetgnq%gﬁ%t. igC
When a magnetization pattern with a stepped phase shift, as shown

in Fig. 8, is used, the tracking servo technique, which is based on the phase
detection of the read signal, ‘cannot provide sufficient tracking precision.
Moreover, to record the magnetization pattern in Fig. 8, the recording track
width of the magnetic head 1 installed in the device has to be made as
.somewh&j; 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 lthe preformat recording becomes
extremely long, and the phase of the recording signal and the position of the
magnetic head 1 become extremely difficult to contro]l 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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transition region. Wen a magnetic head 1 having a readq@gfnther &6 on 9
that is 28 1 Novenber 2006 substantially parallel to the radial direction
of the disk is used to read a tracking servo signal as shown in Figs. 6
and 7, then the magnetic head 1 encounters a phase shift of the read
signal that is proportional to its own displacenent in the radia

direction of the magnetic disk 1. Consequently, wth the nmagnetic
recording / reproduction device of the present invention, the displacenent

of the nagnetic head in the radial direction of the magnetic disk can be
det ect Jﬁagﬂ% SEEYP 4e egnfort nyggnatic recatdingnakemmduchish Hdewieks ng can

be perfornmed such that_the nagnetic head 1 precisely scans the intended
recor di%ggr%k*?h@&mﬁhﬁﬁde fdedeetitie ofoblenteiadn aigrednhi géir v Oecglgwn in
Fig. 8 the magnetic head 1 in the configurations shown in Figs. 6 and 7
can defeamsireamul y gradual and |inear phase shift of the read signal that .
Is proportional to its own displacenent in the radial direction of the

magneti ¢ di siOn Tthus, othersdawd, t {18 kind! Bﬁggﬂbﬁu?ap@§ﬁdf&n_ﬁe?ﬂ%get_det ection’
of the read signal can provide excell'ent tracking precisi‘on. ?’eover, :

e et QPG S I B e

signal can be recorded en bloC using a nast'er

been explidgédelt 8ROVShioS %rf.hafn atcg'(ﬁ-d\é%rcja \?vgﬁ:pfglgeg lg%ﬁngeirftﬁéllj{é{ﬂn "ﬂgﬂ,i n the

preformat recording wth a specral —ser _
?gg‘;'r g#é}%élyﬁp%oz ?g%&%gf[ Jﬂgghg%igggéﬁnpgt%erﬁs%v\{ﬁg a gcfa%u%? uaerPc{ lh%ba? prlgitgs_QEt '
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 ther magneiic disk, the magnetic
transition region between the bits in the bit pattern corresponding to the
tracking servo signal has an inclination angle 10 with respect 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 magnetié

transition region.

When a magnetic head 1 having a read gap direction 9 that is
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enpl oying the configuration of the present invention cannagniRyVi@ed 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 29
1 Novenber 2006 band between adjacent tracks as shown in Fig. 6, or the
recording areas of the clock signal and the servo signal can traverse a
plurality of consecutive recording tracks as shown in Fig. 7. The guard

band wi : tremel y..small, as shown in Fig. 6, and it is
prefer agflgsm%ﬁ?’hg% (riiglc%%lregq ﬁge Rﬂydd?%ecﬂ?é of Hha digly i iuseddta head macki ng
servo sggﬁr&;l in the radiial direction of the magnetic disk is |larger than
the rea A SGHER il (aseshosam ineRigso® andd, rtbeur thenmagrmtic et h of t he
recordi ng head. The_confjguration of the present invention, where an
i ncl i naPPerntsEy eephase §h§féfofrfén@ 1ad ajgualethmi gogiriopottionsl td M3 6wl On
between the bits and (b) the read gap 8 of the nmagnetic head 1, cannot
only bedisplgneseentoin the kadigl dimrctins bftied snagdielticadzR 1.0 goﬂgéd'a tr%la;‘)f - ot her
signals. Al'so, by adopting an inclination angle defined by ( '% thé
ragnet i witthr tms imagneticpiondingt MegirddiRtion Bidise 8PHHhs @reg% ﬁ%ﬂ@ap 8 of

S suc & addr ess

the magnetic head 1 for recording other preformat si‘gha
si gnal sthendisplacdnenous chdRdhdnetdc WRANEL i atHO QLR QL1 H zed for
each signal can be provided, a%%l t he in?eﬁ%igéc]{ecggga tgﬁegﬁg s‘;?c be

th s can B o et ke Beoth Mk, o Bidsh PR 2T dRg end sisebbee aai

di rect it@R¢ Hrablis MBI (bef]I}o?EJetdhg{lcfl Sthsar%ail:]_:ltee;nzigr}l%%ic head 1 precisely
scans the intended recording track.

| Different from the coﬁventional configuration shown in Fig. 8, the

magnetic hgad 1 in the configurations shown in Figs. 6 and 7 can'detect a
truly gradual and linear phase shift of the read signal that is proportional to
its own displacement in the radial direction of the magnetic disk. Thus, a
servo tracking technique based on a phase detection of the read signal can
provide excellent tracking precision. Moreover, with a configuration
acéordin’g 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 vﬁth 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 conventiona_l 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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the recording track width 5 of the nagnetic head 1, as imotdebeez@mepl e of an
address signal shown in Fig. 4. Fourth Enbodinent Fig. 9 shows an exanpl e
of the nmgnetization pattern of a signal that has been preformt-recorded
on a magnetic disk installed in a nagnetic 30 1 Novenber 2006 recording /
reproduction device according to the fourth enbodi nent of the present

i nvention. The nagnetization pattern in Fig. 9 is basically the sane as the
magneti zation pattern in Fig. 2. However, in the configuration shown in

Fig. 2, {the netization bits corresponding to preformat information are
magnet i g ﬁgﬁ’ﬁ%erbﬁa&ﬁ%rfgﬁf’k%@scﬁ ST 1A 1% 61 o thegaewmidingliazkas vfier eas

in the confiquration shown in Fig. 9, the magnetization bits correspondin
AN : : ponding.

to prefh hhe servegiganl ted txavmisant phidalitpafalonebeiitive he

radial direction of the magnetic disk. This neans, in the configuration
shown i Fecquding traekse asegdrosvi ant Fign ol Blid fyard Maridheribel eh8bdekddeons and
the magnetization polarity 3 of the unhatched portions are anti-polar to

each oenbreniglytdmall] newhoaeiniFig. dj ﬁﬁdtﬂ;Q@p@éfe&ﬁﬁle”ﬁ%tefﬂecréﬂo%i’ng’mer eas
in the configuration shown in Fig. 9, the nmagnetization polarity of the

hat ched wifth bf cins cloel difgalBAAChE 234d19R: ReHAY é_igglg?gfhaé Qsd{m‘ @]{egcﬁl%ﬂhe

portions are -anti-polar to each other I'n theI I rectl

edor dog by ROl BTk PaBR chE0R tadk Hiaqf of P Fefd Beddcs,

I nf or Mg ORe &8 Llrack width of the recording head. |

| The configuration of the present invention, where an inclination L
angle 10 is defined by (a) the pagnetic 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 én
inclination angle defined by (a) the magnetic transition region between the .
bits and (b) the read gap 8 of the magnetic head 1 for recording other
preformat ‘signals such as address signals and synchroﬁous signals, a
mégnetization’; 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 direction of the magnetic disk that is smaller than
the recording track width 5 of the magnetic ﬁead 1, as in the example of an

address signal shown in Fig. 4.

Eourj;h‘ Embodiment
Fig. 9 shows an example of the magnetization pattern of a signal that

has been preformat-recorded on a magnetic disk installed in a magnetic
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whi ch has the sanme ferromagnetic filmpattern in its suniNaeenbeHeM8ver, to
record the magnetization pattern in Fig. 2, a master information carrier is
used, wherein the ferromagnetic filmportions are magnetized in the
circunferential direction of the magnetic disk. On the other hand, to
record the magnetization pattern in Fig. 9, a master information carrier

I s used, wherein the ferromagnetic filmportions are nagnetized in the
radial direction of the magnetic disk. 31 1 Novenber2006 The

confi gur has th dvantage that a sufficient recording
si gnal sl%trcgir)\gt % @g%)%cﬂhgggﬂ ée%ff? a?rcﬁ g Whrefoutth embodithent ofitHeh in
t he radi s? EeCtI n of the nmagnetic disk is nuch larger than the signal
bit | endt PR PR unferential direction. As has been expl ained for the

first enbodi rrg,ﬁta%vmth reference to Fig. 2, demagneti zation | oss occurs
because of th rﬁ@ﬁ@?ﬂ%@ﬂ@nmﬁ@mmcﬁmr&/lmgaatéittaﬂl;f eROTHNY i thshape,

when the signal bit length in the circunferential direction of the nmagnetic

di sk i s IBagnetizaidon I titeon inli g, B dHowevden M bn ﬁl%qﬁ({rpg bw%n
conparatively large, so that a sufficient record| ng Signa lf'reng]t% may

not be ﬁlgafzn&héanaghatﬂzhaoﬁdﬁts auFrekh O iR E er hand, the
magneti zation remains in a di rectlonpv\/ner dde gne |za]§H§Wf‘ 28 Yfe to the

demagnenizgmgidddeldthaloies I S hat magneti zation | oss
° ; RO SRR the BRehOB: AR hEHe

does not occur and a. suf ficient recor

. s it o, o o NGRS Bana o "
i nf or medhieFhrdiag %&'oﬂﬁ&ﬁﬁﬁnal%aﬁla%%e%lezleﬁ su%s'tantially parallel to the radial
- direction of the magnetic d.islic. This means, in the configuration shown in
Fig. 2, the magnetization polarity 2 of the hatched portions and the
@agnetization polalfity 3 of the unhatched portions are anti—polar fo each
other in the circumferential direction of the magnetic disk, whereas in the
configuration shown in Fig. 9, the magnetization polarity 2 of the hatched
portions and the magnetization polarity 3 of the unhatched portions are
anti—polar to each other in the radial direction of the magnetic disk.

The magnetization patterns in Figs. 2 and 9 are both recorded by
contactmg 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 lﬁ.lm portions are magnetized in the radial.

direction of the magnetic disk.
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The magnetic head 1 installed in a magneti ct irg(r:]o[]gi/ingg/:mmimuonf im;ogggt Con of
device in accordance with the present inven o o o P

[ as to have a suitable gap to detect a polar _ _

Elag-net?i Qation recorded in the radial direction of the magnetic disk. In the

f oregoi ng, four enbodi nents of the prefen;tiSVSntiﬁgsgreengég!ﬁégfg. out
! . . . . O . ,
wever, the present invention is not linite
Egn be applieg al so to various other devices. For exanple, the above

' . ai M.t hethe. main focus on hard disk drives as
The amoretic o IEe egﬁﬂé% E‘r@%?iﬁ;‘%%mﬁ%‘gﬁtg- §élag%h@\ﬂéimtag@ﬂﬁat deuffident

t he magnetic recordin and can

; ipyention is not limted to hard disk drives
cqual |y TSCOEHRE SSEHRL SRRBH Hhey Dol isilecettaineg bvomprhdacicoroiatiges. Such
ag flexivpiltd% 13! etic.disk devi ces whose di sks can be exchanged. Suc a

cont gunalt B calf EE8 kosan i awneisdnk bt gabosy oy eover.
L ment s, have been expl ai ned w \ g
LQ?nSbfﬁfﬁﬂﬁﬁg% %theé@mm&gemxakdlrebhmyggs hlaisp?ee%a : egli%é@égggﬁ Id ?Eg
i ' ' ndi cul a
can equa] |y be applied to devi ces using perpe s exel ol ned
di sks. gﬁ% Airgt @@?ﬁqcbm%ttl withcafewtricai o Fhe ﬁ%a@%tﬁ%@igﬁ% ﬂcctlﬁ'

nbodi ment s have been | € main
oo ol Snbtie kg St s R, LA
Secord carbon tHrosighabdii Eertfth in QM€Y Shm il 1T QEIRIOD, 519 o agnete "
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.
VIn the configuration of Fig. 9, ;)n 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 oceur and a
sufficient recording signal strength can be attained easily. Thus, with this
conﬁgl;ration 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 magnetie 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

32




the present invention can be applied are not Iiph}ﬁg }opzﬁfigﬁi%?gﬁlzésze
' ' tion, a nagnetic reco . .
e B Ao SRl | f | e audi o or video signals have
where various data signals such as for exanp co.signals have
t low cost. The possibilitie
been recorded on bloc can be provided a 0 A e
i i i enl arged much nore
roving the intended characteristics can be _ nor e
g;r;anSng grefornat recordi ng, and a suitable recordi ng nagneti zati on

' i i i as been
[ ccording to each kind of S|gnal: As has
B i el Ahave s opaned 2 invgntion makes - magneti zation patterns, that

expl ai ngdyahave givgg*f%ﬁﬁ?e rr]?%ef)"r"étf Hivertion, iscapldlimjited ta hamdrtsk drivagor di ng /

can be optim ze e optinmum performnce for each kind of

[ epr odugh ol eri oy §§%@§ﬁ£}’1'¢g ofhppgragmietic r88orting v esedaRE6n deorsdi Ng /

si gnal poss _ \ i ch areas as tracking

- i Vi. with excellent perfornmance in su :

per 1 or oS ng‘éﬁkﬁ’;%elm@apﬁandesladawoes velbosel digles aAnliR HicBunded. aBuch OVeT

cost than before. Mreover, an even higher track density accor dance wi th

ro sy s e o RS R

conpri sing: aareawdr, dhe dbove haPEinEBRRChEGe RSN LhpGiTBHI UL 1o
main focus on devices using in—plane magnetic recording disks. However,
the present invention can equally be applied to devices using perpendicular
magnetic recording disks. Such a configuration can attain the same
advantages as explained above,

Moreover, the above embodiments have been explained with the
main focus on preformat information signals, such as a tracking servo signal,
an address signal, a clock signal, and a synchronous signal, which are
récorded on the magnetic disk. However, the information signals to Which
the present invention can be applied are not limited to these signals. By
applying the present Invention, a magnetic recording / reproduction device
where various data signals such as for example audio or video signals have
been recdr'ded 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 recordiﬁg magnetization
pattern can be designed according to each kind of signal.

As has been explained above, the present invention makes
magnetization patterns, that can be optimj_zed so that the preformat

recording of a magnetic recording / reproduction device ean provide optimum

performance for each kind of signal possible. Consequently, a magnetic
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a rotation nmechanismfor supporting said nagnetic recordiNwgempgedoasm with a
rotating shaft and for rotating said nagnetic recording nedium at |east
one magnetic head for (a) recording information signals on said magnetic
recordi ng medium and (b) reading information signals recorded on said
magneti c recording nmedium and a driving mechani smfor noving said nmagnetic
head at least in a radial direction across the nmagnetic recordi ng nedi um
to performtracking; wherein a nagnetization bit-pattern corresponding to

a preforfmhrd | ' .ConpLi Sing.at | egst a tracking servo signal
is recor dedroiraligoysal %&?@9?@?@0%& ﬁécﬁ%é‘a%ﬁ?rafgmanﬁgmw t3LeAS as

- bi t-patterni rded by contacfing the surface _of the magnetic

recor di n%a?r%g?%hgﬁfofﬂlq%& §'Eﬁq'f Reriogmance and rehebilitincanbe provided,atwhi ch
has a palttern t a% i S feg.rrred of a ferromagnetic filmdeposited on a

surf ace '8IVeY Qifsthaw oddnke. c Mergysadan evenechighefrotnamrk dedsityraismnbe
signal, ang applying a rragtnetic field in a disk in-plane direction of the
magnet i FeRBEBHIVHE Rewrgngtiaratordingehsepmdpotivhateviée 18 ceMmARALE ZRiHON
bit-pattern has a recording wdth that is different fromthe recording
track withetpuesestinvemdipreti c head in a radial direction of the magnetic
recordi ng nedi.um 35 1 Novenber 2006 2. The hard disk drive according to
Claim1l, wherein a portion of the magnetization bit-pattern correspondi ng
to at | east one signal selected :

\.
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froma clock signal and a synchronous signal has a recondiongnbar gioh that is
| arger than a- recording track width of said magnetic head in a radi al
direction of the magnetic recording nedium 3. The hard disk drive
according to Caim1, wherein a portion of the nagnetization bit-pattern
corresponding to at | east an address signal has a recording width that is
smal l er than a recording track wwdth of said nagnetic head in a radi al

direction of the magnetic recording dium 4. The hard di sk drive
according to Caiml1, wherein a porti%ﬁAIMSthe magneti zation bit-pattern

corresponding to at | east one signal selected froma clock signal and a
synchronous signal traverses a plurality of consecutive recording tracks
in a radia dlrectlon of the magnetic recording nedium 5. A hard disk
drive conﬁ¢|3|ng at |Acherd disk dirisle-chapsidinmgnet i ¢ recording nedium a
rotation nechanlsn1for supporting said magnetic recording nmediumwth a

rotating shaft atdedsroneofndki-shsp @d(inﬁr?ﬂm&k@co& 855 s nedi um at | east
one magnetic head for (a) recording information signals on 36 | Novenber

2006 said nmagnef iwtigeRr ﬁié&la'ﬁ@'mu%ﬁnguﬁ}brtﬁ ogadé%a lﬂgfﬁgﬁgﬁéhgﬁ?@ naI S
|

recorded on said magnetic recording nmediu

g\;n 219| (s: aggﬁélidg?g?ﬁogitﬁeg?ﬁaﬁggjpgrﬁ?hr a d‘r31 g%]f(%ﬁggﬁ;l di said éu%%n%%{coigcc}rr&?ng
" medium;
at least one magnetic head for (a) recording information signals on
sald magnetic recordmg medium and (b) reading information signals |
recorded on said magnetic recording medium; and
a driving mechanism for moving said magnetic head at least in a
radial direction across the magnetic recording medium to perform tracking;
wherein a magnetization bit—pattern correspondmg to a preformat
mformatmn signal comprising at least a tracking servo signal is recorded on
said magnet;c recording medium;
the magnetization bit-pattern is recorded by cohtacting the surface
of the magnetic recording medium with the surface of a master information
carrier, which has a pattern that is formed of a ferromag'netic ﬁlm depositéd
on a surface of a substrate and corresponds to the preformat information
31gnal and applying a magnetic field in a disk in- -plane direction of the
magnetic recording medium; and
at least a portion of the magnetization bit-pattern has a recordjné

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

in a radial direction of the magnetic recording medium.
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wherein a magnetization bit-pattern corresponding to a pmnetsbartoos
information signal conprising at |east a tracking servo signal has been
recorded on said magnetic recordi ng medium the nmagnetization bit-pattern
is recorded by contacting the surface of the magnetic recordi ng nmedi um
with the surface of a master information carrier, which has a pattern- that
is formed of a ferromagnetic fil mdeposited on a surface of a substrate
and corresponds to the preformat information signal, and applying a
magnetic field in a disk in-plane direction of the magnetic recording

medi um angd at | east i a,portd.gn . .of the magnetization bit-pattern, a
magneti c rzfgransi tion r’@bﬁf Bﬁr‘%élt‘@éélﬁw@i %%Cogg-ﬁgn@ Cladan i, hhemspecpotttora r ead
gap of sai magnetic head.., 6. The hard disk drive according to Claimb5,
wherein t t?g the ﬁ@?%@%ﬂ@i‘ﬁ%ﬁtﬁm correspendiagrtoldadeast emo sifinad suledtdy t hat
is larger .t han fl recording track width of the nagnetic head in a radial
di rect i on M elockeianel and e aynshmynoudisignal/had herd%@f@iﬁgb_ﬁrlidﬂi kN is

on

according.to Claim5, wherein the inclined rmagneti zati it-pattern has a

r ecor di nglafggrhthamta irscambihg etracR 7widfioerngaa ﬁﬂ%@eﬁ&alﬁehﬁe%ﬁ eg ol
track width of the magnetic head in a radial direction of the rmagnétic

recor di ngdiredtiomof&he thegheticrabosdinl iediggcor ding to d.aim5, wherein the
inclined nagnetization bit pattern traverses a plurality of consecutive
3. The hard disk drive according to Claim 1, wherein a portion
of the magnetization bit-pattern corresponding to at least an address signal
- has a recording width that is smaller than a recording track width of said

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

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

medium.

5. A hard disk drive comprising:

at least one disk-shaped magnetic recording medium;

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

at least one magnetic head for (a) recording information signalé on

36




recording tracks in a radial direction of the magnetic 1 ee@ntbengposedi um 9.
The hard disk drive according to Caimb5, wherein at least in a portion of

t he magneti zation bit-pattern corresponding to a tracking servo signal, an
inclination angle is defined by (a) the magnetic transition region between
bits and (b) a read gap of the nagnetic head, and the nagnetic recording /
reproduction device further conprises a neans for controlling the tracking
of said naguét nt, t ecorlinet mHiam PRage aghangs. of .a.read .wavef or m of
the tracking serj%ﬁgignal tha? accgﬁ%aﬁﬁésag hii gFﬁ%éﬂgﬂF“%mogaﬁﬂﬂﬁﬁgnetic

head in ar@a@y@dﬁg%h@gg%ic%gorég@ggﬁgc r_tra?:gﬁg lgng medi um 10. A

magneti c recording / reproduction at | east one
di sk- shaped nmagnetii.G.: rci ng. mediuny a rotation nechani smfor supporting
said magnetic r e%cg%gﬁlfﬁgcﬁﬁgﬁ%ﬁﬁg?% Movngsaidgnegaetic end at leastinrg sai d

magneti c ordi:ng.. medi um at | east one magnetic head for (a) recording
i nformat i %ﬁ&ﬁlg"dﬁ%@%w S Iﬁ?\lé%gﬁﬁéilc rewsdinginddimmrietperfores or ghilifgmedi um

and (b) reading informati on signals recorded on said magnetic recording
medi um and a dPRATRIR feEtpanedination hitvpagtesai cbrpegoeiditg e agl p%fdrﬁﬁa%‘k 'n-a
radi al direction, across the magnetic recording mediumto performtracking;
. Py . - s ™
wher ei n auhé. ymationa signalbrompaising ratc byetst SR adbkish et SerfroP LR ”ﬁ%s been -
information signal conprising at |east a tracking servo signal has *58en
récorded on said magnetic recording medium;
the magnetization bit—pattern is recorded by contacting the surface
of the magnetic recording medium with the surface of a master information
carrier, which has a pattern that is formed of a ferromagnetic film deposited
on a surface of a substrate and corresponds fo the preformat information
signal, and applying a magnetic field in a disk in-plane direction of the
 magnetic recording medium; and
at least in a portion of the magnetization bit-pattern, a magnetic

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

‘magnetic head.

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

“magnetic recording medium.

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

inclined magnetization bit-pattern has a recording width that is smaller
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recorded on said magnetic recording nedium the nmagneti zfbicaibel2dospattern
is recorded by contacting the surface of the magnetic recording nedi um
with the surface of a master information carrier, which has a pattern that
is formed of a ferromagnetic filmdeposited on a surface of a substrate
and corresponds to the preformat information signal; and at |east a
portion of the magnetization bit-pattern is magnetized substantially

I . o . di 39”1
Noverber 2008 (1. v Gl A e Matt QPO Encic Hiagh o oradial direction of
recordi ng/%%ggﬂgfibggggﬁyé%&%gvi ng a nagnetic head, wherein a

magneti zation brt- pat ding to a prefonnat information signal
is recorded beforehand on the nmagnetic disk, and a portion of the

magneti zation bit-pattern corresponding to at | east one signal selected
froma clgck signal and a_synchronous signal has a recording width that is
| arger -than a recordi ﬂg‘e tl%ﬂi‘éik digkt driye aberdagnabi Clhgad 5l Nwlefddi #he

direction,of . the magnetic disk. 12. A magnetic disk stacked in a magnetic

recor di ng:‘%:l%lbli1 JeapBetigatipne bithpaittegna tragnssd & heRalitheb e dagl%% %uth%nal

magneti zation bit-pattern corresponding to a preformat informa

is recor #eeprdiigtrsichadn anrddial BagRebhGIhS n o St ion._of..t he
magneti zation bit-pattern corresponding to a tracﬁ?ﬁg%%%msqddﬁﬂ}' has a
recording'width that is larger than a recording track width of the nmagnetic.

head in a radial .
9. The hard disk drive according to Claim 5, wherein

at least in a portion of the magnetization bit—pattern corresponding

to a tracking servo s’ig?lal, an inclination angle is defined by (a) the magnetic
trangition region between bits and (b) a read gap of the magnetic head, and

the magnetic r_ecording / reproduction device further comprises a

| means for controlling the tracking of said magnetic head by detecting a

phase change of a | read waveform of the tracking sérvo signal that

accompanies a displaceme;lt of said magnetic head in a radial direction of the

‘magnetic recording medium,

10.' A magnetic recording / reproduction device comprising:

at least one disk—shaped magnetic reéordiné medium;

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

at least one magnetic head for (a) recording information signals on
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direction of the magnetic disk. 40 1 Novenber 2006 13, 1fovengaetdoe di sk
stacked in a magnetic recording/reproduction device having a nagnetic
head, wherein a magnetization bit-pattern corresponding to a preformt
information signal is, recorded beforehand on the nmagnetic disk, and a
portion of the nmagnetization bit-pattern corresponding to an address
information signal has a recording width that is smaller than a recording
track width of the nagnetic head in a radial direction of the nagnetic
di sk. 14, magne stacked in a magnetic recordi ng/reproduction

3%“ %’é’g ﬁ%@?'é

devi ce hsg\ll n Rg amedingr aimd a(h)agewdnngatmmrghgmﬁaﬁ%?‘
corresponding.to a preformat information signal. is recorded orehand on

t he magrt&qX eéloéksaldrmaﬂnpbcu'emrdm,ghimiiﬂﬁgnegﬂgati on bit-pattern
corresponding to at | east one signal selected froma block signal and a

synchronous sRg#dving avectzassl ﬂfxahidﬂngfsa?& ’liﬁgméﬁl‘ Shdad 915 ﬂ' g&at racks in

a radial direction of the rragnetlc di sk. netic di tkéd in a

magnet i Eam&dwcnghraﬁb@mé ﬂ?ﬁb’lﬂe netk gad &erel n ia
0 TROKIRE si gna

magneti zation bit-pattern correspon

i-s recorded ﬁqafegémhgqg c.disk, in th magneti zati on
bit-pattern, a magneti R gﬁg%‘?ﬁgﬁ?e% B Ibé’f’%éﬁoﬁa!%g %ﬁ % prefoamiaitng ser vo

signal  jrfghBRtibe & Ia!l RSkt Lo, 2 read e Sbigant e o2
and a portion of t Wartg)%ﬂﬁlgzgllgr giplﬁﬁﬁt Baftaiing orargspeisaiah haso betw
tracki ngo§fTaos 'sgﬂﬂnagnetm recording medium;
the magnetization bit-pattern is recorded by contacting the surface
of the magnetic recording mec}ium with the surface of a master information
carrier, which has a pattern that is formed of a ferromagnetic film deposited
on a surface of a substrate and corresponds to the preformat information
signal; and
at least a portion of the magnetization bit-pattern is magnetized

substantially parallel to a radial direction of the magnetic recording

medium,
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has a recording width that is larger than at |east one @lovéndefashst I ack
width and a recording track wdth of the magnetic head in a radi al
direction of the magnetic disk. 16. A magnetic disk stacked in a magnetic
recordi ng/ reproduction device having a nagnetic head, wherein a

magneti zation bit-pattern corresponding to a preformat information signa
is recorded beforehand on the nmagnetic disk, in the magnetization
bit-pattern, a nmagnetic transition region between bits in a clock signal
region is inclined with respect to a read gap of the magnetic head, and

41 1 Novenber 2006 a portion of the magnetization bit-pattern correspondi ng
to the clock signal has a recording wdth 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. 17. A magnetic disk stacked in a
magneti c recordi ng/ reproduction device having a magnetic head, wherein a
magneti zation bit-pattern corresponding to a preformat information signa
is recorded beforehand on the nagnetic disk, in the nagnetization
bit-pattern, a nmagnetic transition region-between bits in an address
information signal region is inclined with respect to a read gap of the
magneti c head, and a portion of the magnetization bit-pattern S
corresponding to the address information signal has a recording w dth that
is smaller than. at |east one of a read track width and a recording track
wi dth of the magnetic head in a radial ditection of the magnetic disk. 18.
A magnetic disk stacked in a magnetic recordi ng/reproduction device having
a nmagnetic head, wherein

11 A magnetic disk stacked in a magnetic recording/reproduction device hav‘ing a
magnetic head, wherein

| a magnetization bit-pattern corresponding to a preformat hifonnatién signal is
recorded beforehand on the magnetic disk, and
a portion of the magnetization bit-pattern cori'csponding to at least one signal selected.
from a clock signal and a synchronous signal has a recording width that is larger than a recording
track Width of the magnetic head in a radial direction of the magnetic disk.

' 12 A magnetic disk stacked in 2 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 magnefic head in a radial
direction of the magnetic disk.
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a magnetization bit-pattern corresponding to a prefornmag noier®iogson si gnal
is recorded beforehand on the magneti c¢ disk,. in the magnetizati.on :
bit-pattern, a magnetic transition region between bits in a tracki ng servo
signal region is inclined wth respect to a read gap of the nmagnetic head,"
and . a portion of the nmagnetization bit-pattern in the tracking servo
signal region traverses a plurality of consecutive recording tracks in a
radial direction of the magnetic disk. 19. A magnetic disk stacked in a

magneti c nacor di nyiagidtie Gkl dRReAHV eLi c_head, wherein a
magnet i zation bit- atgitw;rn corregpﬁndﬁ%}gﬁtmc lpgf?F‘%ﬁ'Fn‘?“rﬂWY@&am gnal
is recor GBEGKhsrG TN t he magnetic disk, in the nagnetization
bit-pattern,. a gﬁ% Ji9n regi on between bits in a cl ock si gnal
region is incline bﬁzaﬁlé{gﬁ% ?IB 03“% %‘Hi“&'atﬁ agfetprpat Wé‘gﬁ@twn:mg@aﬁ and a
portion. ofecﬁﬂdedhﬁ'grwandzmﬂaemamﬁcmw nin the clock signal region

traverses a pl ural consecutive recording tracks in a radial '
di rection of the ﬁﬁﬁ t?@ed?ﬁmtl%?@onbliPMWP@@O@tOEﬁ)addfmumagmiohc di sk
accor di ngsigmal Anya oG dRE wEliti R id rtion of the
magnet i zat i, on bi t.- attfgrn is ma %%’%'9?‘318 g(ﬂrﬁ \t‘“@“ﬁﬁa gi'F etf@eadﬂaau al
~direction® 8’1‘1 tiFrstipmphibe megmstisidisko 1. The magnet i ¢ di sk according to any one
of claims 11 to 19, wherein at |east a portion of the magnetization
circunferential direction of the

bit-pattegn is '
magneti c di sk. 2% g&crna{s nsét??q(%dm %E‘aﬁ‘FE’BF@PWg‘g{r@@ﬂ“}CU@née\o'ﬁe Iedviiges 11 to
19, wher @nagnetic head, wherein

a magnetization bit-pattern correspondmg to a preformat mfonnatlon signal 1s.
recorded beforehand on the magnetic disk, and
a port]on of the magnetization bit-pattern correspondmg to at least one signal selected

from a block mgnal and a synchronous signal traverses plurality of consecutive recording tracks-
in a radial direction of the magnetic dlSk

15 . A magpetic disk stacked in a magnetlc recordmgfreproductlon device having a.
- magnetic head, wherein

a magnetization bit-pattern correspondin g to a preformat mfonnatlon signal is
recorded beforechand on the magnetic disk, -

in the magnetization bit-pattern, a magnetic trans:tlon region between bits in a
track:mg servo signal region is inclined with respect to aread 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 ofa read track width and a recording track

- width of the magnetic head in 2 radial direction of the magnetic disk.

16. A magnetlc disk stacked 1n a magnetic rccdrdmg/reproductlon device having a
magnetic head, wherem

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 ipclined with respect to a read gap of the magnetic head, and
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t he magnetic. -disk is an exchangeabl e di sk that can be i pagydyadr 2da0 and
retrieved from the magnetic recordi ng/reproduction device. 23. The
magneti c di sk according to any one of clainms 11 to 19, wherein the
magneti zation bit-pattern is recorded by contacting.a surface of the
magnetic disk wth a surface of a naster information carrier having a
pattern corresponding to. the prefornat information signal. 24.- A nmagnetic
recording/reproduction device conprising a nmagnetic disk and a magnetic
head, wherein a ARgriehiof tieinm@nitizHaebit ﬁtfbnﬁéliﬁe@%ﬁﬁ i f f.onnat
I nf or mat ifg&rﬁihg%hmitﬁat.recor ed l:ief'ore-ﬁand on t e_naéﬁg%eicgocgisﬁlgl%gg a -
portion of Fheeyagnatl FHPTEsHAR ftigast ene of aderd sk svidthand & cecatdingataak vah
si gnal selféetesknetic headan al-atd deaalorandy iy onous signal -has a -
recording width that is larger than a rec%fng?{ér}glm'track wi dth of the
magnetic head in a radial direction of the nmagnetic disk. 25. A magnetic
r ecor di nd/r epr odfeRigapticttish gaskedimur magmatic eecomippatbrodbtivk dansh l?avi@%et i c
head, vvh%;a%h -&ﬁﬁg@ﬁ&&ﬁation bit-pattern corresponding to a preformat
information signal’ I's” recorded beforehand -on the magnetic disk, .and a
portion of the ragagtetizaiohbit-paittmpaitPbRLEO | tracking servo
si gnal h"r'le%or edigeﬁ)ordi c?ﬂ \élm dt ﬁﬁt hat i S®| ar gée)r atelﬁgﬁﬂgét?g%%qual HgSIgtI_lPQEK wi dt h
of the nagnetl ¢t LAgnd fin themagpetic digk, r ect i on of the magnetic disk. 43 1
Novermber 2006 26n ti HBSB@iatisn bi! ' . i on_devi ce canprising a
magnet c, sk.and a. magnetic hé%&’%ﬁéﬁ%?%ge%mog 1egion be%weenqbl §in an

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

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

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

18. A magnetic disk stacked in a magnetic recording/reproduction device having a
magnetic head, wherein |
a magnetization bit-pattern correspondirig 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
tragking 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 regfon traverses

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

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

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

in the magnetization bit-pattern, a magnetic transition region between bits in a 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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a magnetization bit-pattern corresponding to a preformk no@erBigdson 5|gna
is recorded beforehand on the nagnetic disk, and a portion of the

magneti zati on bit-pattern corresponding to an address information signal
has a recording width that is smaller than a recording track width of the
magnetic head in a radial direction of the magnetic disk. 27. A magnetic¢
recordi ng/ reproduction device conprising a magnetic disk and a nagnetic
head, wherein a magnetization bit-pattern corresponding to a-prefornat

i nf or mat | 8% si gndheimgnatieckiskdiechriiaf @5 AMARE TRIIRE TBABEKLEH Sk, and a
portion of t he ma?&%s&r: zatjon &gt- pattern corresponding to a Ieast one
si gnal sel ected R ptizggign hitppitremi Fsdmmlstlmdgnbdtmﬂyﬁﬁrslﬁ a

pl urali tyto@fradﬁh&ﬁb%ti&ﬂdﬁhél%ﬁg{eqb@gkt racks in a radial direction of the
magneti c disk. 28. A magnetic recording/reproduction device conprising a:

magnetic disk and a nmagnetic head, wherein a magnetization bit-pattern

corr espondii-ng to%maglﬁmmaacnzfdmmtanylﬁwbgd]ﬁ}nsuq;to (2684 beforehand on
etizatjon bit-pattern, a nagnetic transition

the magnetic dis

regi‘on between blléti SASF%P%{%METB%E%W@H%PW Wi-paftern ¥ anienetized along ki ned wit h
respect tarcamfeadiabdipectibn bihe fRGNELIdGskhead, and a portion of the

magneti zation bit-pattern corresponding to the tracking servo signal has a
recording wi dth that is |larger than at |east one 'of a read track w dth and
a recor di“g tra@ﬂ‘emﬂgat’tw(b‘!rkqcmdmgguemyandﬁammmlmorl@dmbmﬁi rection of the

magneti c di sk. 2§ L r [repr uctlon deyice conprising a .
nmagneti c d| sk andegéﬁg ngﬁ(é &%%" EPS}SE Ffé‘d’ﬁé’ﬂﬁeﬁta‘ﬂ%mmlﬁ Hed om
correspo fﬁggllebcspcplrdafg&ppradudtmﬁdéﬁeél on signal is

23. The magnetic disk according to any one of claims 11 to .19 wherein
the magnetization bzt-pattern is recorded by contacting a surface of the magnetic disk

with a surface of a master information carrier having a pattern correspondmg to the preformat
mformat}on $1 ignal.

- 24. A magnetic recording/reproduction device co’mpfising a magnetic disk and a magnetic .
head, wherein

a magnetization bit-pattern correspondmg to a preformat mformatlon signal is -
. recorded beforehand on the magnetic-disk, and
a portion of the magnetization bit-pattern correspondmg to at least one signal selected

ﬁ-om a clock signal and a synchronous signal has a recording width that is larger than a recording
. “track width of the magnetxc head in a radial direction of the magnetic disk,

25. Al magnetlc recording/reproduction devme comprising a magnetic disk and a magnetic |
head, wherein-

a magnetization bit-pattern corresponding to a preformat information signal is
recorded beforehand on the magnetic disk, and
a portion of the magnetization bit-pattern correspondlng toa trackmg Servo s:gnal has

a recording width that is larger than a recording track width of the magnetic head i in a radial
direction of the magnetic disk. '
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recorded beforehand on the magnetic di sk, in the magnet ihz@bdnsdar fdok- pattern,
a magnet-ic transition regi on between bits in a clock - signal region is
inclined with respect to a read gap of the magnetic head, and 44 1 Novenber -
2006 a portion of the nmagnetization bit-pattern corresponding to the clock
signal has a recording wdth that is larger than at |east one -aof a read
track wwdth and a recording track wwdth of the nagnetic head in a radial
direction of the magnetic disk. 30. A nagnetic recording/reproduction

devi ce conpri si ng,ﬁaggy@tgﬂ%gg Gl _a . agnetic..head, wherein a’ T
magneti zation bit-pattern cori %%8%?‘8% d?‘ggcacﬁﬁpé'%’rgﬁa‘m@ﬁ%ﬂﬁhﬁlﬂdﬁﬂmﬁal
is recor 883 wb¥reehand on t he magneti c di sk, in the magnetization _

' i on between bits in an address

bit-pattern, a Lc transition re X

i nformation si ggg?‘ﬁg}é%l%%t OniabslgP ' ﬁ(EEF%quFPgrtééﬁé@P@% inforestiongmpaldd t he

magnet i ¢ teeended beforehadpankd agolic the, sgnet i zation bit-pattern

corresponding to the adfdress I nformation signal has a recording w dththat

is larger than afPPEgRP!bREagnetizatiembit-pritank cotradpindimptoanmédreshfgmationack

w dt h of il FRGNCsdrdin R | ' ' Lon of ft. netic disk. 31.

A magnet i cg(?ec_or di ng/ r%prod%%%o%ﬁgg%?g%%ﬁ%ﬂ%aﬁ% “59 pagnghicheadfr a

magneti c mﬁ@h‘afecmféﬁlmeglwﬁgdis’ki zation bit pattern corresponding to a '

preformat information signal is rtecorded: beforehand on the nmagnetic di sk,
pagpeti c. transition region between bits

in the nagnetizat | t-paltern, a )
in a tracking g;é}rn\g%] eglc 5%%%“?32&?{%‘“?%0@ de¥ior fREPIFiRh2 ragpettditand a ragktgap
of the ndgadtilerdiread, and the region for recording the tracking servo

signal traverses a &I urality of consecutive
a magnetization bit-paitern corresponding to a preformat information signal is

recorded beforehand on the magnetic disk, and

a portion of the magnetization bit-pattemn corrcspondin'g to at least one si gﬁal selected
from a clock signal and a synchronous signal traverses a plurality of consecutive recording tracks
in a radial direction of the magnetic disk.

28. A magnetic recording/reproduction device comprising amagnetic disk and a
magnetic head, wherein '
- a magnetization bit-pattern corresponding to a preformat information signal is
recorded beforehand on the magnetic disk,
_ in the magnetization bit—pzﬁtem, 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 |
2 portion of the magnetization bit-pattern corresponding to the tracking ser;vo signal
has a recording width that is larger than at least one of a read track width and a recording track
vﬁdth of the magnetic head in a radial direction of the magnetic disk. '

29. A magnetic recording/reproduction device comprising a magnetic disk and a fnagnetic :
head, wherein
. @magnetization bit-pattern corresponding to a preformat information signal is
recorded beforehand on the magnetic disk,
| n the magnetization bit-pattern, a magnetic transition region between bits in a clock
signal region is inclined with respect to a read gap of the magnetic head, and
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recording tracks in a radial direction of the magnetic dinNgkendser 2dbshagneti c
recordi ng/ reproduction device conprising a magnetic disk and a .nmagnetic
head, wherein a magnetization bit-pattern corresponding to a preformat -
information signal is recorded beforehand on the magnetic disk, in the
magneti zati-on bit pattern, a magnetic transition region between bits in a
clock signal regionis inclined with respect to a read gap of the nmagnetic
head, and the region for recording the clock signal traverses a plurality

of consecutive rgggkidi .0 a.radial direction of the magnetic -

i sk 261 Novenper 908 8te siabfilfalch B oRter? cuisrirritpere e slovk sigorl ies! ce

accor di ng*¢diaaywidthehasfs laiger than AedsooR2of a rkERRkRyvidh aﬁ@@l%%?rﬁi:%%%;%ggd f the
€

magnet i zalei |t tern is magnetized substantially para adi-al

directioﬁﬁgi tﬁ%Eﬂgg%gf?é“ﬁ@ggﬁggﬁmifﬂg“ﬁﬁ@ﬁé?ﬂ@krecording/reproduction

device according to any one of clains 24 to 32, wherein at |east a portion

of the nmagneti z mapnddkredahit | tized al.ong a circunferential

di rection %{. the. nag%et ic di s%eﬁﬁdgﬁcﬁe%ﬁ%&H%Y‘P‘&Sl?ge%aﬁ%’ieﬁfgshﬂém@me@n'

devi ce ad€ Whe§it 0 any one of claims 28 and 31, wherein at least in a
corresponding to a tracking servo

ortion' of the 3 Lon hit-patter
g? gnal., an incl iana%})g{rl]éaglﬁgp b’pflgelﬂégg?@an%9gtoaﬁer Enghirforenation sigaalds t i on
regi on b&cwkled beforebamhoh b naghdtie digad gap of the nagnetic head, and

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

| adq;ess information signal region is inclined with respect to a read gap of the magnetic head and.
a portion of the magnetization bit-pattern corresponding to the address information
signal has a recording width .that is larger than at Iéast one of a read frack width and a recording

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

31‘_ A magnetic recording/reproduction device comprising a magnetic disk and a‘magnetic
head, wherein ' ‘ '

amagnetization bit~pat§em corresponding to a preformat information signal is
rec_orded beforehand on the magnetic disk,

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

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

recording tracks in a radial direction of the magnetic disk.

32. A magnetic repording/reproduction device comprising a magnetic disk and .a
~ magnetic head, wherein ‘

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

m 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

the region for recording the clock signal traverses a plurality of consecutive recording
tracks i1_1 a radial direction of the magnetic disk. ‘ '
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t he magneti c recordi ng/ reproduction device further conpying@sniar fiogns for
controlling the tracking of the magnetic head by detecting a phase change
of a read waveform of the tracking servo signhal that acconpanies a
di spl acenent of the magnetic head in a radial direction of the magnetic
di sk. 36. The magnetic recordi ng/reproduction device according to any one
of claims 24 to 32, wherein The magnetic disk is an exchangeabl e di sk that

can be inserted into and retrleved from the nagnetic
gneti c recording/reproduction

recor di nghrepro 7 The
devi ce acéor di nglﬂ? blaghe mdﬁ%’ %f' Lespdre u?‘llngff vipeggcordingtoragyione hiclaag2dits 32t | on

bi t - pat t ewhereirs recorded by contacting a surface of the magnetic disk wth
a surface of a rra ter i nfformation carrier having a pattern corresponding to
the preformat idhiahideriom ofithprapenchgation bit-pattern is magnetized substantially paraile]

to a radial drrectlon of the magnetic disk.

34. | Thd magnetic recording/reproduction device according to any one of claims 24 to 32. .
- ‘wherein . ' |
at least a port:on of the magneﬁzatlon bit-pattern is magnetlzed along a ‘

cxrcumferentlal direction of the magnetic disk.

35. The magnctlc rccordmg/reproductlon device accordmg to any one of claims 28
a:nd 31, wherein

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

the magnetic recordmg/reproductmn device further comprises a means for controlling |
the trackmg of the magnetic head by detecting a phase change of a read waveform of the tracking
servo signal that accompanies a displacement of the magnetic head in a radial direction of the

magnetic disk.

36. The magnetic recording/reproduction device according to any one of claims 24 to 3;2
wherein ' . |
‘the magnetic disk is an exchangeable disk that can be inserted into and retrieved from

- the magnetic recording/reproduction device.

37. The magnetic Fecording/reproduction device according to any one of claims 24 to 32
wherein ' -

the magnetization blt—pattern 15 recorded by contacting a surface of the magnetic dlSk
w1th a surface of a master information carrier having a pattern corresponding to the preformat

information signal.
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