; kl e3ehe$"6TA, . ~I~, MAGNETI C RECORDI NG MEDI UM AND DRI VE APPARATUS
THEREFOR BACKGROUND OF THE | NVENTION Fiel d of the Invention The pfesent
inverition relates to a magnetic recording medium and in particular to a
renovabl e fl exi ble magnetic recordi ng medi um provided with signals for
servo tracking. The present invention also relates to a drive apparatus for

driving a nagnetl r.di dj i ptian rt

General ly spe%d}?@fﬁ%ﬁ%@g&ﬁg vﬁﬁm (??{;[;\igréggp*%’rgﬁ?%ﬁtﬁ&%ﬂ;gge is a
demand for increased storage capacity and | ow cost. Further desired are
so-cal | ed hi gh-speed access nedi uns, which are capabl e of advantageously

readi ng out the data of a qﬁﬁﬁ&ﬁgﬁ#ﬁggﬁgﬁﬁEifh&h@ﬁ%ﬁﬁ;Ij me. Exanpl es of

t hese hi gh-density nagneti c recor uns 1n t he magnetic
recordi ng nmedi uns such as the ent i.gnal .di.sks or flexible disks
used in ZIP (lomega) drives oFE deok éﬂk Inre7%lhqlghison to floppy disks, the
data recording regio f hi gh- RN rdi.n i L hat
SGHOD Rl 2‘5 \!5“9{?%81@{'&6 e 1RGQr dh g H%%ﬁ%??ﬂo?ﬁ?&&%

descri bed above i's provi a narrower trac I°’ng servo

technol ogy ngReRe! hddia daanel Le1 Dead apcluial el 056305 b e RALIQU i dth

track, plays a substanti al e in achieving a hig ratio .
convent i Onabe S&E Qg SRIMAMTBLBOdabs Wi delyidtsad 8L RELLQr pLoGiMe tracking
servo operat?on.:gﬁ% sectggggervo met hod fgﬂg'nethod mhere?% sé?gg dat a
such The present invention also relates to a drive apparatus

for driving a magnetic recording medium.

Description of the Related Art

Generally speaking, with regard to magnetic storage
mediums, there is a demand for increased storage capacity and
low cost. Further desired are so-called high-speed access
mediums, which are capable of advantageously reading out the
data of a desired location in a short time. Examples of these
high-density magnetic recording mediums include the magnetic
recording mediums such as the conventional hard disks or flexible
disks used in 2ZIP (Iomega) drives or the like. In comparison
to floppy disks, the data recording region of a high-density
recording medium such as that described above is provided with
a narrower track. So-called tracking servo technology, wherein
the magnetic head accurately scans the narrow width track, plays
a substantial role in achieving a high S/N ratio. A conventional
sector servo method is widely used for performing the tracking
servo operation.

The sector servo method is a method wherein servo data such
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as the track positioning servo data, track address data signals, clock
signals, and the |like are recorded within servo fields distributed
regularly at uniform angles over the data recording surface of the disk. A
magneti ¢ head scans these servo fields and reads out the servo data to
confirmand correct its position. In general, a portion of the servo signal
i's recorde i .di spl t j td: fromthe
h
center |i nceja%% ga&ﬁ%ﬁ%Qaﬁgﬁgg?g%ad%lﬁ%hgﬁ%g\%%%@% LI'ss g? €f3 hsg%g]ieérl Vo si gnal
(i.e., thegpcg:lr 3 Sl i I d o re Jrecorded
on the center k?ﬁ%gg% ?’I’lebg?g{cﬁeaﬁ%\&e%t ?%go?gggkw%?l&xﬁ] %\iee%‘{(ﬁ lgi%data
track w dthyd t r in 1 V, i |, which
enconpassesjf eﬁgll{t%\rég£?(%€€%l\/g]g'tt h@qgkglma%%%ggg%dgﬁdé g%nrge(f%l or%ﬂ %gth

si des of t%:ﬂ%tcae Lratke dNG S ¥QgfBE RSty Qﬁa“n%r enboL el &dss gt i s,

t
recorded on t magneti c recording mediumin advance at the tine of the

manuf act ur a4 hee8@l ol €8813kkYo BRAVE: IOReh HhNh APPAF &L USRS gRGH G Servo
signals on disks one track at a tine, at a 1/2 track pitch. Therefore, a

si gnificantrg raaf, &l PBrison et f1d fatvo stibBall esf peEBEdddktORer ation
of one di sk; ereby a problemexists fromthe standpoint of manufacturing
ef ficiency.didtdhe i bglabaddy TRORELIwiddRBS e FRLBRUS InEBhE ZdMGeaCCUr At €
and efficient pre formatting, wherein the data such as a servo signal or
the |ike boritee &F 8afBsteichedindnthe PagaEtitaldompbhanstesf eghd enebromto
a magnetic recording nedium have been proposed in, for exanple, Japanese
Unexam ned fignaRat(@nt .Pubhé cadd et sNdata68{ 988 ,- KIdeX3s140419%a 4B=44, and
10(1998) - 269566. According to these magnetic transfer technol ogies, a
mast er nedi likdlavregrecoxdstien i tcentepr bineed whehtmmmakaghean ertdyer on
the surfaces of the protrusion portions thereof corresponding to the data
that is to beaak aigichr wadthe Thesdpter itoracke widithgiaedaumeyer dihare tinedi um
is prepared. By bringing this master nediuminto close contact with a slave
medi um t o fERAREIGENT i Heal Bhgys e abPtadh nghich PARSTER S ARY SEEIAN Hiirel d
thereto, a magnetic pattern corresponding to the data (e. g., a servo

si gnal ) borhedh Wi hmasfer 2n8gRitnhand fdanfrereddopobPehe $tdRR qfediPdm The
preformatti can a%ﬁ(dperformad wi t hout changing the relative positions of

t he master cﬂ%cﬁd-ﬁi the slave nedium that is, while the two nedia remain

latively static, Theref t only.is it i b) f t
Fecording of the TBFerorRBCATA Bo P eeonts BReera o T8 Aty amTHessa y do
S0 in an exty GHE! ¥ SHOLT o LidIRe Al PRESEN s f UKL LIS ESnL L4 R cdat a

storage capacity o exi magneti'c recordrng medi Uits are sought.

To this endy, SIS ol @nBIEEEW PASsIAA0K WALR 1R cbegsnt Nabh3r s even

| ess than 1 um have been undertaken. I n order to achi evé such narrow track

Wi dt hs, i npravsd BBY0SY G860 4liang kERSHAIREaBR\E: heame]eyelpped  raksk MR
heads, PRMZ channel s and the |i ke have been enployed to satisfy the

recor d/ pl aypiedh .pr gpetréEspe Pla 8igRofEidr: ERGOHEIJHtIREIiWrBaVi pgd Forar r ow
track width such as that described above . However, even with an
el abor at el ytivepreBormatting operation of one disk; whereby a problem exists
from the standpoint of manufacturing efficiency.
On the other hand, magnetic transfer methods realizing
accurate and efficient preformatting, wherein the data such as
a servo signal or the like borne on a master medium is

magnetically transferred therefrom to a magnetic recording

medium, have been proposed in, for example, Japanese Unexamined



desi gned and stable HM (head-nmediuminterface) , a flexible disk cannot
avoid vertical nedia run-out on the order of 1-10um Wth regard to the
sector servo nethod, the position of the head is corrected within the servo
ftelds, and the data regions between the servo fields are position control
free regions. By further narrowng the track width, the size of the

posi L on contyeale 980 1£6058R RECOMRS IAIALIYSY 3| A1 80Louh [ Iudempeahal 0 the
servo field. erefore, in a sector servo nmethod’having the conVenti onal
nunber of Sﬁﬁlgg‘g)e_lz%@,%%t_ is difficult to achi eve adequate tracking
control (track followng). Although it is possible to achieve an

| mproverent in tpackiAga600bT Dhe AEGIARKIDY (raRLEBS1 DO dyitier jof servo

fields, because data regrons an fields are provi n the data

track accordi i achben3Eatioly SEWRVER Dotk o BLaOLAOAANSeS ddhddial I f the

nunber of servo fields is increased, the data region 1s reduce UWARY OF

THE | NVENTI QN T, Prigsent kaveRt b e Nias, Rashsdenebepedohd vhemdH the
forgoing circunstances, and it is an object of the present Invention to
provi de a ragneldgodBnef th ReeRliUrhsaRab & paft faG feirtati 110 a gRRAdeacki ng
control even if the track width thereof is narrow, and a drive apparatus
for drivingr&ad @ifmRONEHLen N @CHL v OGhBAMYM s ﬁ&@pwéaetﬂéﬁbﬂ:ﬁﬁgi% e igedi um
according to the present invention is a magnetic recordi ng medi um provi ded
Wi th a magneidiepaddaaum WhtehcDess scattamr siighabssiavé heed2gh aits fofrmt he
guard band adjoining the data regions bearing the recorded data. 4 Her e,
t he referend cohjdfnaddagnaid appl héndpantrdos ftdnayoagi ¢ feedat thdneaoks,
which is forned between the data tracks and on both sides of each data
track. Convenidpredlilcy pathernegoonsspéndivg duartiebdadaade oy nj ngy dcevadat a
track have been unused regions. According to the present invention, these
convent i onagignaiiubedneegn dire maetef freastiiupelip sans farfegt fonghers 1eaied
regions a magnetic pattern for performing the tracking servo operation. As
to the rragﬁ%%cildmpai"g@rmeb’@éfniaﬁglﬂﬁézaé”ebﬁcpesﬁfgwa‘leﬁi,W%‘th@&ncbén%@@i‘i@@d on
ei ther a guard band on only one side of one track or guard bands_on both
si des of onefkatdole Poshhkens rakKitfgmasser vrediym anckiiecsings RFditHe above

descri bed cqnf.i gurati.qns can be used in conbination with . ,the conventional
Sector ser vt Rod it e GHE T T PR T FE L O P UE S 5 - GTTRALSR ¢ hat
di agonal | y nﬂigraecggjhpeotgagf q&;eggkop %ngheugg ad&i%F%i Lt -%he

desi rabl e t'Hat “Cné magnef’lg T ernPrhcPtiiea 5Fura G‘rty of “elEnght's

di sposed ateladamual 82000, LR chEackoflnoat AN qTie JRANRHeaBad aEn can

be forned use of a nmafgnetic trans us

accordi ng tg, the esentbryepihon is a drive apparatus for driving a
magneti c recordi ng nmedium conprising a magnetic head for recording data on

the data track ofatSgidkdmgnehiené£eaLdbnge SRA tHB aRa RHtAYa08 aklecisi d
recorded data; further conprising a second magnetic head for detecting the
servo si gnas £ieqibl Be1iRgNed driethidl €68rdbng mediums are sought. To this

end, efforts to narrow the track width to less than 3 pm, or

even less than 1 pm have been undertaken. In order to achieve

such narrow track widths, improvéd magnetic recording mediums

have been developed, and MR heads, PRML channels and the like

have been employed to satisfy the record/playback properties

of a magnetic recording medium having a narrow track width such

as that described above. However, even with an elaborately well



According to the magnetic recording nmedi umof the present invention, a
magnetic pattern bearing servo signals is provided on the regions of the
guard' band adj oi ning the data regi ons, which bear the recorded data, of the
data track. By this configuration, the conventionally unused regions of the
guard band adjoining the data regions are effectively used. Because the

SErvo contr@ls{ oP&n@%EBBEMIC%A Jﬁ%&%gﬁn%@?%fée% tL 35Ki0g cHIEROI can

be perforned even magneti c recor avi'ng a narrOM/track of

a widih of Lestod N Yes B ks« UNgy A0k o 01808680 -l be

i ncreased because, ke in the servo sector dat a

not encr oacgch ':!'QBQrdttDj'iEhé e WY QUER, Rk hBY, S@{éf ob LBl 88 oMt *Pl%%d as

descri bed above, can be thought that, if only the conventional sector

servo met hogs '&oﬁfg}it@éﬁ%ltﬁlﬁ(%@ﬁéd@éﬁ% e idI£a3@8dl BhkhgaPaMhes; Bs servo
fields is required in order to perforn1accurate positioning control for

cases in WhEHddif theaskryd ¢l 10352 PEYHSTRABNNGER OMET £ rBRWB¥&Tond [ BiNE
magnetic recording mediumis provided with a magnetic pattern, which bears

servo si gnafgrti¥l tthe@wang basdtageeiwidih,t idhedaiaer 89i RS B& eI the
servo fields in addition to approxi mately the same number of servo fields

as that occésntfy iftelheegody doeal re@st Ove Berldrgit hoeh Stefifedtd tROt
interfere with increasing the data storage capacity of the magnetic

recordi ng neitk gervackiglat.e pRStéferd NGncoBEEOLr Gaitvbengeiddhavdnaitthleout

i ncreasing the nunber of servo fields, that is, w thout making the data
regi on nar rowerentfiondlf ntuniee tmagneérco Faklldspn bedsi dgf Sieruid so6 grdlisevies a
magnetic pattern that is provided in a direction that diagonally intersects
the track didequdton taedtkimgl adetral pluradk tfoldfowdnghenisthpeperstedi sat
intervals along said track direction, positioning control utilizing not
only the anpPs3ifle &P atcrmemgmwr@rpaﬁm@nh irhtiragksed CRELEPERRIRECH he

change in phase and/or the |ike can be performed, and an increase in the
accuracy ofPY HAGFESISENant Y "eHWEToPE AT iRe fé peet RECaNsE ARBAISL P t ern

beari ng servo signals can be ea5|%y )
and sexrvo fields are provided within the data track according

to the sector servomethod, a problem arises in that if the number
of servo fields is increased, the data region is reduced.
SUMMARY OF THE INVENTION

The present invention has been developed in view of the
forgoing circumstances, and it is an object of the present
invention to provide a magnetic recording medium capable of
facilitating good tracking control even if the track width
thereof is narrow, and a drive apparatus for driving said
magnetic recording medium.

The magnetic recording medium according to the present
invention is a magnetic recording mediumprovided with a magnetic
pattern which bears servo signals in the regions of the guard

band adjoining the data regions bearing the recorded data.



formed by use of a magnetic transfer nethod. In particular, the magnetic
head wi th which a conventional servo recording apparatus is generally
provi ded has a predeterm ned wi dth perpendicular to the track direction,
and the nunber of individual elenents for form ng the nagnetic pattern is
limted by the shape of the magnetic head, and it has been difficult to

change the shape ol eanh. LogLyldugk < nsanorbw@\e%r,b%g&%gﬁ@a hgpgranet i ¢

transfer nethods, because It 1s easy orme enent s varl ous s pes on

a magnetic El‘i@'h‘ﬁafteaf HTRAS!, Wﬁj‘.’bl&'”ls af(%:ﬁr{écﬁﬁétgs}faeﬁl EREN St AN %‘h S can

be used for bearing servo signals Is to say, the plura

el ements proyigaq, 's'igg %f eé%tdho"dla‘ﬂ'a ?PQ@‘}U kdn%%ﬁ:i‘éﬁ'éwg tiﬂ?e tﬂe@‘i'éns

direction as describ ove can be torned easily by use of a magnetic

transfer netfpoche RHAMREHankt a!i?o[‘x?iné"eﬁfes%l%rt)é R:Qat:ﬁkﬁ’a\trgeoé@{ hahim of the
wi dt h of each magnetic head of "the servo recording apparatus into

consi der at i fdyi 5T t Do DERGUES @hé";&‘f@slériﬂ/ i ARYBRL | enéggor di ng medi uns
can be preformatted in a short time by use of a si ngfe master nmedium the

efficiency déonddia imaufigcubnsc@fr fyiRfner ABb t &tk JmaRRNIyCuEEE O i s ARG UNE
can be inproved. The drive apparatus according to the present invention is

an appar at usn fs@yi ddreyi 8gs thRaFagnet Ifa vteear b pardirminef thd e fcks aat
invention, which is provided with a magnetic head for recording data on the
data track sdrtdhepeagidionc recordi ng nmedi um of the present invention and

pl ayi ng back said recorded data, as well as a second magnetic head for
detecting the sesotsi gmalmsgioethe attdrn bagnehgcthrFatkern pitavaldedian t he
guard bands. By this construction, the tracking control of the magnetic
recordi ng nezh ba pirovhdegraserithemverguand bandben perlfyoomeds dde wiabeky.

BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is an enlarged view of a portion
of the magneraek peconalihganddianbatbaridiasgof oneherack g0 sabedinaskingf t he
present invention, Figure 2 is an enlarged view of a portion of the
magnetic r e%‘b?%ﬁkhlga nEHF Ut B E6FEPRPT BNT RECYE RTFTERBENT IR HiRE Spr esent

i nvention, Figure i.s. an enl arged wewof a portion of _the nmagnetic
recordi ng n%"ﬂ?g)rﬁ HEEGr HR PR Pnirgh e%dﬁpr?gﬁfltbf’n?hes%‘?%‘gﬁtervo
i nvention, Fi%r 4 is an enlarged view of a portion of the magnetic

recordi ng ‘according to the fourth enbodi ment of the present

I nvention, 8 The magnetic pattern is provided in a direction that

diagonally intersects the track direction of the data track.
It is desirable that the magnetic pattern include a plurality
of elements disposed at intervals along the track direction.

The magnetic pattern can be formed by use of a magnetic
transfer method.

The drive apparatus according to the present invention is
a drive apparatus for driving a magnetic recording medium,
comprising a magnetic head for recording data on the data track
of said magnetic recording medium and playing back said recorded
data; further comprising a second magnetic head for detecting

the servo signals from the magnetic pattern.



Figure 5 is a perspective view of a master nmedium and a sl ave nmedium and
Figures 6A, 6B, and 6C illustrate the basic processes of the nmagnetic
transfer method. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Herei nafter the
preferred enbodi nents of the present invention will be explained with
reference to the attached dramﬁngs. Fig. 1 is an enlarged view of a portion
of the record/ pl back Ja t he netic recording nedium according to
the Tirst enbodi % SHTEYES 6383%%1“% e S e
mediumis a. aped_na t 2LEsardin medi um suc e S|ty
(Textbl e SvEit L R Sl ccRet €681 gsa?e;ﬂ?.sgeuvgt%m AL
record/ pl aypac vi_ng yes. d erX|bIe base.
qu th %ylﬁlor}x% o tﬁengggleé l?arllcf 01 1n £ RC d‘?p rbegcll?nl ayer be

Note that in par i's-desirab ecor

a thin i mppopelic, | ayer etc%gae{isﬂgeaateodfo%eer g BubSkratg, gyLhin film

metal | i c magneti ayer, e sb as taln i gh recordlng

density. As EPPY%%%G%Q the & it g{lﬁ_anRS%d'raéq%on%f okNendragael

medi um has For e r'edn séquen jorning data acks D an guard

bands G whgLghn, 4 n% r@q_ﬁa&% Cﬁe %ﬁsrgﬁé’ré@é&%}lﬁ’ﬁeﬁ %taél%epattern

10 bearing servo signa e magnetic pattern 10 can ecte to a

magnet i ¢ deygh ORIRAL d%&q%as c8h bBepbi kSt rc%c&%ubnslggggséﬁﬁ]@ttern 10

visible for visual confirmation thereof as required at the

conbi nat | ontescme%woqw@losar; Be s rredCky @ d o he rauakd s Bands, carpesponds
to the "track pitc

Here, the track pitch is approximately 1-3 umilt is

desirabl e thedi@nnHOUREd LB £4ead r SPRESIN 48 1R 1ith PR3 Reds],/HaENed
interval A is provided between the magnetic pattern 10 bearing servo

si gnal s andthdedgdad atbiragk hpsoitihakant be Mmgneidcl beadube, capriiee iaf
easily following the track, and the servo signals are not overwwitten when
recor di ng | sheeefropnesttokhrethdé@s tak datadf rébtoddadnspanerbbcdepends,on an
actuat or responsive property, a position determ ning budget, or the Ilike.
The magnet i thpatier makoweld by bkearseser ioiegidgnal s, shown in Fig. 1 is
formed of a plurality of elenents 10a provided in a direction diagonally

i ntersecting the Burddierdi pecdeanridfed pbodar al t reark bendhaholh thrat, if
distributed in a fan shape. According to the present enbodi nment, a single
data track Py st QRHQRQWQ@téﬁ“?Hesﬁﬁb%F %ﬁ?ﬁ?tmﬁﬁhgﬁflﬁyeﬁpbﬁﬁ?%rbhnd Gn, and
on the lower sid reof b uard band Gn+l. The %qu§$ag netic
patterns ar&%%t tRer ? D S VRS €ﬁ¥Y° % &Prow

d t ds, the data_track Dn. Ki |
operat i on i 5 AT %edggi‘-’;‘f%%?ea&%attehgo%éh%affié APFaPn 10 o %%Eﬁ%guar d

band Gn, 1%551‘?’1;‘?1‘@ EQEQ ! gl gal2 &ara%CKaPPOwgf. t %okg%g” V£ gparat us

( record/pl ack appara or ‘a hmgnetic recor I anf stich as t hat

descri bed arp&a/r?etﬂ: %as%d%ﬂw&ﬁ% SO S day @lgﬂtémgage‘e&ecpmq 20 for

scanni ng the
which bears servo signals, on the guard band adjoining the data

regions between the servo fields in addition to approximately
the same number of servo fields as that occurring in the

conventional sector servo method so as to not interfere with
increasing the data storage capacity of the magnetic recording
medium, accurate positioning control can be performed without
inéreasing the number of servo fields, that is, without making

the data region narrower.



data track D so as to record/playback data thereon, and servo magnetic
heads 22, 24 for detecting the servo signals recorded on the guard bands G
can be used therefor. Magnetic heads of this type are illustrated by the
nodel draw ngs thereof shown in Fig. 1. The data magnetic head 20 is of the
same type as that used in a conventional drive apparatus, and is provided

w th recording- p'fy?ﬁgkﬁl@%%%ﬁ erent.s: er<_=lerc;l%rd nlqlol gi\%}ar orrre %rﬂeh th| n

filmhead el enent bacK |s pertornmne y an
t t I t h h
raonet ¢ s cabst e ol S Lugs ot L oHErle 01 LB OO hangy the servo
th t h d
{he sare P 9Rpaa8gd A %Sr%dck@l%%?giﬁgg%a 0l %aﬂeﬁksm%nésfe e
e VO TROneLh EnbERCSI AL ING da! 3.7REDELL G AR U REQKLIGH UL NAR head
e y the s

el enents that ave b actur cess

magnet i c heﬁgisgﬂﬁnill{@_éj&f: %rm%giggaﬂo@r& ?Jtt‘ﬁ%' et %eeﬁgeoﬁf,f}?éad o s

pOSI tioni ng own |1 n ta magnetic hea IS contr

to scan Pveﬁ\aﬁﬂgtgétﬁaétr&%k %t AN the SRIHRARYNeh: GRS Oﬁrgé;s’r‘ﬁd on

either side thereof ‘are controlled so as to scan over the guar

G+l . A poghl/8p 8 Pk LaRAe ﬁ:EE@rr{ﬁéH §RANO! Ak SN En ROY SO Ry T he
head is generated fromthe servo play back si gnhal obtai ned through the

continuous det erti 98s Of i driigrcd RIONR roi 0Bah SodVYetdt:t2R1.V0 magnetic heads 22,
24. In this case, the servo signal fromwhich the PES signal is generat ed
11  can be sw t chiesl agheees pde rabbabpelg ferdroppLh&s @fant be @uwairid; band
Gn and that obtained of a portion of the guard band Gh+1l. Note that when

t he dat a. ragoemned headeff iasmignetcian tthes feximedhbd .t IngarPachlakheclrer vo
magneti c heads 22, 24 scan the guard bands Gh+l, Gi+2. If the magnetic
pattern 10 msghahishaemsdl vsitdh wad chhat cshoemtionali gerdvo trhabrdsngif the
magnetic pattern is a pattern 10 wherein the intervals of the el ements 10a
are differeapparatins f &3 eranqyadilyi punovided hea s altdnsidegdedivinedi vhdblf t he
track, the positioni nﬁaof t he magnetic heads can be performed utilizing the
fact that tRErBERGHEEKEF rejidtc|Frarkt Aéraekien siaithltdedramers abcording to

the position of the ma%netl c head.
individual elements for forming the magnetic pattern is limited

by the shape of the magnetic head, and it has been difficult
to change the shape of each individual element. However,
according to magnetic transfer methods, because it is easy to
form elements of various shapes on a magnetic transfer master
medium, a variety of elements and patterns can be used for bearing
servo signals. That is to say, the plurality of elements provided
in a direction diagonally intersecting the track direction as
described above can be formed easily by use of a magnetic transfer
method. Further, it is not necessary to take the variation of
the width of each magnetic head of the servo recording apparatus
into consideration.

Further, because aplurality of magnetic recording mediums



Note that the. formof the nmagnetic pattern bearing servo signals is not
limted to that shown in Fig. 1. A variety of patterns can be used, and not
only the playback frequency, but variations enploying the change in phase
can al so be used. Specific exanples of alternative pattern fornms are shown
in Figs. 2 and 3. The second enbodi nrent of a magnetic pattern 30 shown in
Fig. 2is foLAmsk Qlrarcididbhlynof YAl kEREl BPaldy of BNkiRgLEAIBS S0a
arranged parallel to each other, wherein the efenents of t two guard

bands Gn, %é&ié@,ﬂdﬁﬂ&@fﬂcﬁgﬁggaﬁﬁ LR &G M £2thGR o!f”g@e%%ﬁdi‘“:é(ddi fferent

directions on alternate guar nds. Further, the third enbodi nent of a

Tegnet i ¢ pahhgho: 85 AWy Flllivds! SaR HBGHRLIG ALt ern 35 [ n whi ch a

conbi nati on of the magnetic "patterns of the two guard bands Gh,. Gi1+l shown

12 in Fig. 2 arghpey,dedpu-thihl f&GRy gyaE Padsent fingeh@AbhNUOUS
magnetic pattern is formed within a single guard band in this way, the
drive apparghUspdFatdid HoRJdRi RO mb§REE HE N ABXHIWY akal BinSof YR can be
provided with a single servo nagnetic head. For exanple, as shown in Fig.

3, if the dpi¥ecmppal@intsons Whovh died piot/hdaddal eh ragRehee iReRgadkand a
single servo head 22, the servo magnetic head 22 detects the continuous
magneti ¢ patéesindimy aadarecaisladtan Halk® @fiand rame tGe, rdduisiliematddiign t he
data nmagnetic head 20 to accurately follow the data track Dn. Fig. 4 shows
the fourth efrbgth mariseaft anveagtidn Grepdaging back waiac cerdragdtaatdie
present invention. According to the magnetic recordi ng medi um of the
present enbadiweddtas ansexdid magnetoi bbead furodé tedting hhese ser yogialsd ds
occurring in the conventional sector servo nethod, a magnhetic pattern 10
beari ng serborse grralthe paghsbiprratittanh provhdeduen dlisagaerdf bands dadin
regions. The drive apparatus for driving the above-descri bed magnetic
recor di ng nebisncerstictgogyvi b Wrepkinggeantiggnatti ¢hreBaganliewo servo
magnetic heads in the same manner as the drive apparatus used for driving

t he magnet i ESFRESIRE Mgt ¢h &het RESFEREtIRYANTdiIGe e PRePEELRETESN of the
servo signals of the servo fields is perforned by use of the data magnetic
head 20, whf€RU¥Rt§he conventional practice. After a rough adjustnment has

been perfornmed by the deggg%ﬁcghééﬁ 3 ﬁ@SBEOTFEgB su¢lg @ servo field, the
y

fine adjustnment controls ¢ be™p etection of the nmagnetic

pattern 10 of the:guardbands, by Usge ol 1teo el ka-130n JEAUS madliee AOSI tion

bet ween the servo enments and 't ari ations sensitivity ca e

corrected spethah; AfRedk GhAtYr8ing RS RHLXL IR RBHaOheh B rSHPrdi&ld TS ON

track.
invention,

Figure 2 is an enlarged view of a portion of the magnetic
recording medium according to the second embodiment of the
present invention,

Figure 3 is an enlarged view of a portion of the magnetic
recording medium according to the third embodiment of the present
invention,

Figure 4 is an enlarged view of a portion of the magnetic
recording medium according to the fourth embodiment of the

present invention,



Next, the method of forni ng the magnetic pattern, which bears servo
signals, on the magnetic recordi ng nediuns of the present invention shown
in Figs. 1-4 will be explained. The formation of the magnetic pattern is
performed by a magnetic transfer nethod of magnetically transferring data
to a magnetic recording nmedium which is a slave nmedium by use of a master
medi um The basi G,. €8s of tJ r f .11, _be

expl ained with rgflg’ﬁlg%cg J?% %pg‘fé"%?g@gﬂg %JCB?VS aoﬁft;%GﬁgsEg%kq{?%?ﬂ%ean%agt er
medi ums 3 apd A4 | .Qf ITe f a hard material as an annul ar di sk. One
surface of each cx)‘?e({l%é“'rrggtaer mediuns is provided with a transfer data

bearing surface 90 MhkaNshasbeana & 130.3:0heE AHIBNSDRALL ALY By ded

with a magnetic la on the Surfaces of the protrusion portions thereof

These transfgd rpg%rpetq%an:irggswgfm@ye brought into close contact with
the recording surfaces 2d and 2e of the slave nedium 2. The master nedi uns

3 and 4 have an unevepspatbeidy fOF B HFeRREBOENESPAMENTY tO the |owver
recordi ng surface 2d of the slave nmedium 2 and the upper recordi ng surface

2e of the slave nRAicinkztetetREGliddhedlRELYAENERAL PALE BIHE iprd@ned on the
pl aces corresponding to the guard band of the magnetic recordi ng nmedi um

and bears sEfwhsi N 1. bEOéxglgmmaml&ffe&eﬁagn%l@h@ae_tﬁﬁdhewch as
that shown in Fig. 1 is to be formed on the magnetic recording nedium a
pattern fordegyiaigg.od shaped protrusion 14 portions distributed in a fan
shape can be fornmed on the portions corresponding to the guard bands. Note
that the nmaster madi.uosis, ad ehbawygdd) vHiey. oF aopprtien reSpasnt i ve substrates
3a and 4a on each of which an uneven pattern is forned, and soft magnetic
| ayers 3b arekcehd frdravbedcan lafier unfvigre patdrertiis, reespeihg vieédiummowever, for
cases in which the substrate 3a and the substrate 4a are forned of a
f err omagnetaecomdiard &b thechiiast Nimbodimhat|¢ksheipresengosgieheion. Faef or m
the magnetic transfer by use of only the substrate, and it is therefore not
necessari | yn¢@Efifiiredechidinganedium Fagh el i1shpPes Bponttiarasersiadi ded.
However, if a magnetic |ayer having good magnetic properties is provided, a
hi gher qual™®3-4ragHEh @5 tF Qﬁgﬁéﬁleﬁéht%élﬁé‘ﬂ%étenﬁkﬁklﬂtﬁéh?h]a3fk?'orwhé§§es in
whi ch the substrate is forned of a nonma%eti c r’r7 i S_hecessary

t

S . terial, [t
that the nmaghéfi® SPRFEF bR pPDVCHRG S ENP hEPeOFE %lwcé‘ch?Vﬁrﬁalvﬁf‘guch as
D anond- Li ke Car bgn ¢ or. the like is caated,on th op,layer, this
protective ?iwarﬁqe%ﬁrcg%é’)etrhgo%ﬁ?a%? %uf:j‘a ’?ﬁ%ltltey})a(gﬁabﬁ?%% ‘f}hagelpleﬂrfor mance
of nmul tipl netiG transfers.. , i I i
OF UL Pl SodtRONal . { SN Ches AR cRe ISR BNOL L AULERA R pe |
protective laysh, ffh@SnagRéeibBaRRdeGial s HAYUNGTL! LSt ddiigclhe basic
processes of the magnetiT transfér nethod utilizing the master nedi um

according tQ thhe piBsaRiallYeHdPRtil JaybA idd tisd nakesss ke ps ARSI nwherein
a magnetic field is applied in one direction and the slave nmediumis
initially reagnedi zedoMdihgdbuegsitgurrent 16 magnetism Fig. 6B
illustrates the process wherein the master nedium and the sl ave nedium are
brought into cl ogs ebwwacinanilga nagiel iredorel/dlagbappl 1egert rof hvhedi recti on
opposite to that in which the initial magnetic field was applied. Fig. 6C

i |1 ustrat esmadrestsiatmeddfume hat ho meerh ethardarasstieenhasl badio perdordatd. Not e
that in Figs. 6A, 6B, and 6C, as to the slave nedium2, only the | ower face
recordi ng strdcdce Ranchgueofl bandhosn.wherein the guard bands G have

recorded thereon a magnetic pattern 10 bearing servo signals.
The magnetic pattern 10 can be subjected to a magnetic
development process or the like to render the magnetic pattern

10 visible for visual confirmation thereof as required. Note



As shown in Fig. 6A, first, an initial magnetic field Hinis applied to the
slave nedium 2 in one direction of the track direction, whereby the initial
magneti zati on of the slave nmediumis effected. Then, as shown in Fig. 6B,
the recording surface 2d of the slave nedium 2 and the transfer data
bearing face of the master nedium 3, which conprises the mcro uneven

pattern forppd OE}Bé & l?i%ttri%efﬁatl?é! 51 UL gﬁgntBQE‘:S’t ':garéléya%rd thehas

been coated, are brought Into close contact, an rans magnetic field

Hdu i | i j ty fw | & di 2 i th
irect i on | AEuR OF TR PR e A aE S B e e P TR e by The
magneti c trs_p&g&grg Saﬁéq{ogiﬁ%ggﬁké%/ﬁ F?mresul t, the data (here, servo

signal s) correspondi pattern of the data bearing surface of

the master medi um3 iisS JEBYRGHL&ALh Y tér@ﬂﬁfx%relrde‘iieaﬁlgaf ped a0 he

magnetic record/ playback surface 2d of the slave medium2, as shown in Fig.
6C. Here, aﬁa@%rpéaélaéﬂéaét@&i%aniﬂté/%i% ﬂé‘%rb@%@édf%@wé&@%ﬂé ng
surface 2d of the slave nedium and the | ower master nedium 3. However, as

shown in FigagSetidedtiRahn hacBeheehns Mde olGignatkl ase Aee anwtd headpper
master nedium 4 are brought into close contact and the nmagnetic transfer is

perforned ip, tde thatetHBmaAghet I6ehdmRUBE ddpdli1ans f afadiQ vt hel Uppeig and | oner
face~recording surfaces 2d and 2e of the slave nmedium 2 can be perforned
concurrent | yrack, sequens iseldvy oighdlaceratna bireewrNoden whah mscdr@inhe
initial magnetic field and the transfer magnetic field, it is necessary

t hat a val ugstper&foredie Thet ennenedl Fasef] e aleadnspdes a1 b adegdndshen
coercive magnetic force of the slave nmedium 2, the relative nagnetic

per meabi | i t §n @fctivadomrastsporarideshrorentadi apesidndnideseinieingtoutaetheen
difficult to accurately provide a nagnetic pattern 10 as that shown in Fig.
1, wherein ¢hetkfehidiRs 10a are forned in the direction intersecting the

track direction (the direction in which the head noves) , by_use of
conventional ser VaS\WFREPRELFPRTE TPy BRIChPazESNIe R EdABR L 8/ tSPRMEf er as
in the present_enbodinment, a variet of,nagnetig@ggtterns can be eagsily

formed, a viPiEtd df 1AatiEtst ofattRIHAIEHY BE YLVERT BEArPERYIES i gnal s,
d furth | t f i et, f sh b dto.f t
magnet | ¢ pattErreer SRRl by SReREIREETE0 EroFr A LT G H8d wi th
ti whi ch i | s, i i f d
2, Tegnetl ¢ 8R4 ST LANOR 3 3SRK0: SLAIALD oL 0 A1 LEgLOnR Ol ey
recording mtaglil:ﬁgEfﬁ:e%%fﬂtn@ﬂbbgirﬁéﬂ,mal’single data track Dn is bordered

on the upper side thereof by a guard band Gn, and on the lower
side thereof by a guard band Gn+l. The fan shaped magnetic
patterns are formed on the guard bands Gn and Gn+l so that their
narrow ends are towards the data track Dn. In this case, the
tracking servo operation is performed by detecting the magnetic
pattern 10 of each guard band Gn, Gn+l sandwiching a single data
track Dn.

As to the drive apparatus (record/playback apparatus) for
a magnetic recording medium such as that described above, a drive

apparatus comprising a data magnetic head 20 for scanning the

10



wherein said nmagnetic pattern is provided in a direction that diagonally

i ntersects

magneti c recording medi umas defined claim1 or 2 wherein said nmagnetic
formed by magnetic transfer. 4. A drive apparatus for driving

SaEESLELnS TRILU IS/ 0Sd (L0, G RNE O (hGeppecedh na,glal .

pattern is
t he magneti
conpri si ng:

the track direction of the data tracks, and includes a plurality
of el éenments disposed at intervals along said track direction. 3 . A

as
a mag i ¢ head™for Tecor ata on

e Servo Ssig rom-t
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this type are illustrated by the model drawings thereof shown
in Fig. 1.

The data magnetic head 20 is of the same type as that used
in a conventional drive apparatus, and is provided with
recording-playback head elements: recording is performed by a
thin film head element; and playback is performed by an MR, GMR,
or other magnetic resistance effect type head element.

On the other hand, the servo magnetic heads 22, 24 are
provided with MR head elements manufactured by the same process
as that used to manufacture the MR head element used as the
playback head element of the data magnetic head. In this manner,
if the servo magnetic heads and the data magnetic head are
provided with MR head elements that have been manufactured by
the same process, the servo magnetic heads and the data magnetic
head are mutually capable of easy positioning.

As shown in Fig. 1, the data magnetic head is controlled
so as to scan over the data track Dn, and the servo magnetic
heads disposed on either side thereof are controlled so as to
scan over the guard bands Gn, Gn+l. A position error signal (PES)
for controlling the position of the head is generated from the
servo play back signal obtained through the continuous detection
of the servo signals by the servo magnetic heads 22, 24. In this

case, the servo signal from which the PES signal is generated

11
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h &0 1OﬁLilizing the fact that the playback frequency of the servo
signals differs according to the position of the magnetic head.
Note that the. form of the magnetic pattern bearing servo
signals is not limited to that shown in Fig. 1. A variety of
patterns can be used, and not only the playback frequency, but
variations employing the change in phase can also be used.
Specific examples of alternative pattern forms are shown in Figs.
2 and 3.
The second embodiment of a magnetic pattern 30 shown in
Fig. 2 is formed of a plurality of unidirectionally slanting
elements 30a arranged parallel to each other, wherein the
elements of the two guard bands Gn, Gn+l sandwiching the data
track Dn extend in a mutually different directions on alternate
guard bands.
Further, the third embodiment of a magnetic pattern 35

shown in Fig. 3 is a magnetic pattern 35 in which a combination

of the magnetic patterns of the two guard bands Gn,. Gn+l shown

12
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For example, as shown in Fig. 3, if the drive apparatus is
provided with a data magnetic head 20 and a single servo head
22, the servo magnetic head 22 detects the continuous magnetic
pattern formed recorded on the guard band Gn, thus enabling the
data magnetic head 20 to accurately follow the data track Dn.

Fig. 4 shows the fourth embodiment of a magnetic recording
medium according to the present invention. According to the
magnetic recording medium of the present embodiment, in addition
to being provided with the servo fields occurring in the
conventional sector servo method, a magnetic pattern 10 bearing
servo signals is also provided on the guard bands of the data
regions.

The drive apparatus for driving the above-described
magnetic recording medium can be provided with a data magnetic
head and two servo magnetic heads in the same manner as the drive
apparatus used for driving the magnetic recording medium of the
first embodiment. The detection of the servo signals of the servo
fields is performed by use of the data magnetic head 20, which
is the conventional practice. After a rough adjustment has been
performed by the detection of the servo signals of a servo field,
the fine adjustment controls can be performed by the detection

of the magnetic pattern 10 of the guard bands by use of the servo
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heads. The position between the servo elements and the variations
in sensitivity can be corrected so that the vicinity of the
proximal end of the servo field is on track.

Next, the method of forming the magnetic pattern, which
bears servo signals, on the magnetic recording mediums of the
present invention shown in Figs. 1-4 will be explained. The
formation of the magnetic pattern is performed by a magnetic
transfer method of magnetically transferring data to a magnetic
recording medium, which is a slave medium, by use of a master
medium. The basi\c processes of the magnetic transfer method will
be explained with reference to Figs. 5, 6A, 6B, and 6C.

Each of the master mediums 3 and 4 is formed of a hard
material as an annular disk. One surface of each of the master
mediums is provided with a transfer data bearing surface on which
has been formed a micro uneven pattern provided with a magnetic
layer on the surfaces of the protrusion portions thereof. These
transfer data bearing surfaces are brought into close contact
with the recording surfaces 2d and 2e of the slave medium 2.
The master mediums 3 and 4 have an uneven pattern formed thereon
corresponding to the lower recording surface 2d of the slave
medium 2 and the upper recording surface 2e of the slave medium
2, respectively. The uneven pattern is formed on the places
corresponding to the guard band of the magnetic recording medium,
and bears servo signals. For a case in which a magnetic pattern

such as that shown in Fig. 1 is to be formed on the magnetic

recording medium, a pattern formed of rod shaped protrusion
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portions distributed in a fan shape can be formed on the portions
corresponding to the guard bands.

Note that the master mediums 3, 4 shown in Fig. 5 comprise
respective substrates 3a and 4a on each of which an uneven pattexrn
is formed, and soft magnetic layers 3b and 4b formed on the uneven
patterns, respectively; however, for cases in which the
substrate 3a and the substrate 4a are formed of a ferromagnetic
material such as Ni or the like, it is possible to perform the
magnetic transfer by use of only the substrate, ;nd it is
therefore not necessarily required that the soft magnetic layers
3b and 4b be provided. However, if a magnetic layer having good
magnetic properties is provided, a higher quality magnetic
transfer can be performed. Note that for cases in which the
substrate is formed of a non-magnetic material, it is necessary
that the magnetic layer be provided.

Further, if a protective film such as Diamond~Like Carbon
(DLC) or the like is coated on the top layer, this protective
film improves the contact durability, enabling the performance
of multiple magnetic transfers. Also, a silicon layer applied
by a sputtering process or the like can be provided as an under
layer of the DLC protective layer.

Figs. 6A, 6B, and 6C are drawings illustrating the basic
processes of the magnetic transfer method utilizing the master
medium according to the present invention. Fig. 6A illustrates

the process wherein a magnetic field is applied in one direction

and the slave medium is initially magnetized with direct current
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magnetism. Fig. 6B illustrates the process wherein the master
medium and the slave medium are brought into close contact and
a magnetic field is applied in the direction opposite to that
in which the initial magnetic field was applied. Fig. 6C
illustrates the state after the magnetic transfer has been
performed. Note that in Figs. 6A, 6B, and 6C, as to the slave
medium 2, only the lower face recording surface 2d thereof is
shown.

As shown in Fig. 6A, first, an initial magnetic field Hin
is applied to the slave medium 2 in one direction ¢of the track
direction, whereby the initial magnetization of the slave medium
is effected. Then, as shown in Fig. 6B, the recording surface
2d of the slave medium 2 and the transfer data bearing face of
the master medium 3, which comprises the micro uneven pattern
formed on the substrate 3a over which the magnetic layer 3b has
been coated, are brought into close contact, and a transfer
magnetic field Hdu is applied in the track direction of the slave
medium 2 opposite the direction in which the initial magnetic
field Hin was applied, whereby the magnetic transfer is carried
out. As a result, the data (here, servo signals) corresponding
to the uneven pattern of the data bearing surface of the master
medium 3 is magnetically transferred and recorded on the magnetic
record/playback surface 2d of the slave medium 2, as shown in
Fig. 6C. Here, an explanation has been given for the lower face

recording surface 2d of the slave medium and the lower master

medium 3. However, as shown in Fig. 5, the upper face recording
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surface 2e and the upper master medium 4 are brought into close
contactaﬁdthenmgnetictransferisperformedjjxthesamemanner.
The magnetic transfer to the upper and lower face recording
surfaces 2d and 2e of the slave medium 2 can be performed
concurrently, or sequentially one face at a time.

Note that as to the initial magnetic field and the transfer
magnetic field, it is necessary that a value therefor be
determined based on a consideration of the coercive magnetic
force of the slave medium 2, the relative magnetic permeability
of the master and slave mediums, and the like.

It has been difficult to accurately provide a magnetic
pattern 10 as that shown in Fig. 1, wherein the elements 10a
are formed in the direction intersecting the track direction
(the direction in which the head moves), by use of conventional
servo writing means. However, by using a magnetic transfer as
in the present embodiment, a variety of magnetic patterns can
be easily formed, a variety of magnetic patterns can be used
to bear servo signals, and further, elements of a variety of

shapes can be used to form the magnetic pattern.
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pattern, which bears servo signals, in the regions of guard bands

adjoining data regions bearing the recorded data.

2. A magnetic recording medium as defined in claim 1,
wherein
said magnetic pattern is provided in a direction that
diagonally intersects the track direction of the data tracks,
and
includes a plurality of elements disposed at intervals

along said track direction.

3. A magnetic recording medium as defined claim 1l or 2,

wherein said magnetic pattern is formed by magnetic transfer.

4. A drive apparatus for driving the magnetic recording
medium defined in any one of the preceding claims, comprising:

a magnetic head for recording data on the data track of
said magnetic recording medium and playing back said recorded
data; and

a secondmagnetic head for detecting the servo signals from

the magnetic pattern.
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