7 Decenber .2005 MAGNETI C RECORDI NG MEDI UM AND DRI VE APPARATUS THEREFOR
BACKGROUND OF THE I NVENTION Field of the Invention The present Jinvention
relates to a magnetic recording medium and in particul ar’/ P§cembeEdBlapl e
flexi ble magnetic recording nedium provided with signals for servo
tracking. The present invention also relates to a drive apparatus for
driving a magnetic recordi ng nmedium Description of the Related Art
General Iy spedf@GNETIG HE ANE MBDEEY AND PREVEr AFEARNEYS UPHERRROR € | S

a, demand for increased storage capacity and |ow cost. Further desired are
so-cal | ed hi gh-speed access nediuns, which are capabl e of advant ageously
reading out the data of a desired |ocation in a short tinme. Exanples of
these high-density magnet i RAGEROUEIPN§FnEHE uBSVENIEIORde t he magnetic
recordi ng nmedi uns such as the_conventional hard disks or flexible disks
used in ZIP (lomega) drives ofiekd of Ehe Tnvepkpani son to floppy disks,
the data recording region of a high-density recording nmediumsuch as that
descri bed above €pPEFraRE WY ti®Maelakes tpaeknametdsl Inegomdioki ng
servo technol , Wherein the magnetic head accurately scans the narrow
width tr acr{‘}edg%‘ys angd dppReahtealar dik & FegenrbienflexHilh mganetdd o. A

conventi onal sec:torgl?a:ar,vo met hod s widely used for performng the

tracking &&APEURE: BEAIAN RRRY 4 Oft e SIgDAREhERE | ZE R NretReE 1er ei n

servo data such ‘ . . \
The present invention also relates to a drive apparatus

for driving a magnetic recording mediuim.

Description of the Related Art

Gfenerally 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 .réading out the
data of a deéired 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 ZIP (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 conventionai
sector servo method is widely used for performing the tfacking
servo operation.

The sectqr servo method is a method wherein servo data such



7 Decenber 2005 as the track positioning servo data, track address data
signals, <clock signals, and the like are recorded wthin servo fields
distributed regularly at uniform angles over the data recoﬂd???ﬁﬂlbﬁrrw%e of
t he di sk. A magnetic head scans these servo fields and reads out the servo
data to confirmand correct its position. In general, a portion of the
servo signal ig recorded at a distance displaced by 1/2 the width of the
track from t3ethefEack Resitioning spivmdata atdackaddiessiata sigpedent s of
the servo signal gl .e., the address data signals, clock signals and the
li ke) are re“égﬁ‘e& gRatRe 2edttdie (like oret hecorded witthim evetrivioe fikldsk
pitch w dth. 'The'g\%}qa track width is narrower than the recording w dth of
the servo sifiiioRhrdresidsrdaseyniheremngles everiths date recdrdiggar d

band is for rredfon both sides of the data track. The servo data nust be
"pref or mat t SFFEACENAE the diskor Bolronat it beptgaeene they dieryonEdedds i n
advance at th(; t] rrcgE of the nanufacture thereof. Presently, servo recording

appar at uses 2PPCHE SBF FESSTYRAN dabh te SRl mapd s ractal ¢t pesibiom. 1/ 2
t he

track pitch, Thereffre a significant amount of time is required for
preformatti ng S58FPERT orf dOHHETPLk hanEPERY Bignabliemregosded akom t he
st andpoi nt qf facgturin fficiLency. .On the other hand, nmagnetic
transfer mata %(S)ggmrileea R4 'rlﬁ(‘jgdgﬁ‘ﬁg?gt@‘%ﬂﬂd@?ﬂf&%ﬁt% br oratthiengentrer ei n
the Iike borne on a master nediumis

SRt R A e REIRA MR bRy
signal (i.e., the address data signals, clock signals and the
like) are recorded on the center line of the frack at an entire
track pitch width. The data tracrk width is narrower than the
recording width of the servo signal, which encompasses the entire
track width, and a guard band is formed on both sides of the
data track.

The servo data must be “preformatted”, ‘that is, recorded
on the magnetic recording medium in advance at the time of the
‘manufacture thereof. Presently, servo recording apparatuses
record servo signals on disks one track at a time, at a 1/2 track
pitch. The:;efore, a significant amount of time is required for
the preformatting 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 oﬁ a master medium is

magnetically transferred therefrom to a magnetic recording

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



medi um have been proposed in, for exanple, Japanese Unexam ned 7 Decenber
2005 Pat ent Publication Nos. 63(1988)-183623, 10(1998)--40544, and
10(1998) - 269566. According to these magnetic transfer techhblesgpless20Q5
mast er nedi um havi ng an uneven pattern provided with a magnetic |ayer on
the surfaces of the protrusion portions thereof corresponding to the data
that is to be,transferred to a magnetic recordi ng nedium (a slave nedi um

i s prepar ed 2B PRI IR RIATS Nosyp €841 98T AAAE2% 0 101(88988L 0APB44, inch a

sl ave nedi um.t r conj oi ned body and applying a transfer magnetic
field there?h,(ﬁ?g%é))n'ggg‘?%ﬁ% pattern corresponding to the data (e.g., a servo

signal) borne on the ster mediumis transferred to the slave nmedium The
preformatting caf9R® e FhgE e BN ditegstRe teehneloeieosiai ons of
t he master mad{_auma dfl%ﬂg‘? sJave nedium that is, while the two nedi a

remai n rel affvety ARG BPorReveibPabhein providgdssith @ magnatdfor m an
2avan; ageouLty HeTs ¢ i URFASRE BRoEYS MO 1SiE. DRECAPBSQRESTIA t her
rocor i ng. ra R S Ro e JEETEhat tarte berfamnaE vy aiare VPG i Fack
A {01 oo A SR Tlef (o SYE0L ORI B RNS. eop undriaken I
red e e ESntg] SRe c3ALe MBS BV shapncieeald AP ke
a conjoined body and applying a transfer magnetic field thefeto,
a magnetic pattern corresponding to the data (e.g., a servo
signal} borne on the master medium is transferred to the slave
medium. The preformatting can be performed v;rithout changing the
relative positions of the master medium and the slave medium,
that is, wh;i.le the two media remain relatively static. Therefore
not only is it possible to perform an accurate recording of the
preformat data, it becomes possible to advantageously do so in
an extremely short time.
At present, fufther increases in the data storage capacity
of flexible disks magnetic recording 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



of a magnetic recording nmedium having a narrow track width such as that
descri bed above. However, even with an el aborately well 3 7 Decenber 2005
desi gned and stable HM (head-nediuminterface) , a f1 exi bif degsmher 208Hnot
avoi d vertical nedia run-out on the order of 1-10pm Wth regard to the
sector servo nethod, the position of the head is corrected within the
servo fields, and the data regions 5 between the servo fields are position

control 566 68l NS .1 Mt el RANLUIAO: Lber tLack, W Bl pthedstge of

the position ~ control €e regi on becomes relatively larger wih respect to

the ser VOCJ -necintg r%\;l'&e({ e\qu{rte.'L’CEi]?iﬂgﬁd;g%?tl’ﬁ{n—%q{tv%ﬂnﬁth%og)%\g G t1rl
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conventi ona er of servo is di icu to achi eve fgladequate
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fields, because data,reqions ..and servaq.fi.el ds ar rovjded w t.hin the data
‘track accordi Onrgre?atoec% Welgcshelc otrhes esrevrgmm(é?ft eolcii,s’a aglraec;ﬁ:l% o1 mdéa(rjf’%s g\ggﬁ%n{; hat if

t he nunber .15 of ,servo fields.is increased, the dat egi on i.s _reduced.
Sty G t&%@.ﬁ_ PERCEREOHT Tt p8?lﬁ%ﬂf§np?§ef§ﬁ??: fnloe%ﬁegr%ogesgkf@o )
provi de neti c recordi iuym G of f.acili in Q racki ng
eont 1ol AT MATE Tra SR Ao ot s Tkt G SHfd ToPeRe o5
apparatus for driving sai.d netic recordin dium According to _a first
e bfeamurdl e R an PaRCheR oF E08F B ey T aRdr i hatEaa ok oy ng

a magneti attern_recorde
g tch Servo fielc?. T%erefore, in a sector servo method having the

conventicnal number of servo fields, it is difficult to achieve
10 adequate tracking control (track following). Although it 1is
possible to achieve an improvement in tracking control accuracy
by increasing the number of servo fields, because data regions
and servo fields are provided within the data track according
to the sector servo method, a problem arises in that if the number
15 of servo fields is increased, the data region is reduced.
SUMMARY OF THE INVENTION
Embodiments of the present invention seek to provide a
magnetic recording medium capable of facilitating good tracking:
control even if the track width thereof is narrow, and a drive,
20 apparatus for driving said magnetic recording medium.
According to a first aspect of the present invention, there
is provided a magnetic disk having a magnetic pattern recorded
thereon, the_magnetic pattern comprising: data tracks; guard
bands; and servo signals, the data tracks and the guard bands

25 being alternately provided in the radial direction of the disk;



t hereon, the magnetic pattern conprising: data tracks; guard bands; and
servo signals, the data tracks and the guard bands 25 being alternately
provided in the radial direction of the disk; 7 Decenber Zgégmﬁﬁbﬁﬂﬁﬁ5servo
signals being recorded in the guard bands throughout the entire
circunferences thereof. Here, the referent of "guard band” is the band
formed along the data tracks, which is fornmed between the data tracks and

5 bot ' ' I t ' f th
on PP et e v, Aol oy Uit kegignn, of (he

guard ban een unused “ regions. According to

enbodi mgﬁﬁﬁ%ﬁﬂ%egﬂﬁe;eéﬁtﬂ&V%ﬂﬁ?ﬂfeéﬁe@ees capventd onal Iy unused regi ons

are effe orm ng on sai'd regions a nmagnetic pattern for

performng the He]roe t{:’ﬁlg krierl%rtse%rtvgf Q%%ra%tcf leadA%.St'Qhé ?%nﬁ%ﬁﬁé&a&%ﬁq ern
can pe er a guar a

bearing the servo Signhal's, 1 provi ded on ei d on
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these conventionally unused regions are effectively used by
forming on said regions a magnetic pattern for performing the

10 tracking servo operation.

As to the magnetic pattern bearing the servo signals, if
can ke provided on either a guard band on only one side of one
track or gua;d bands on both sides of one track to make tracking
possible.Further,eitherof1juaabovedescribédconfigurations

15 can be used in combination with the conventional sector servo
method.

The magnetic pattern may be provided in a direction that
diagonally intersects the track direction of the data track.

It is desirable that the magnetic pattern include a plurality,
20 of elements disposed at intervals along the track direction.

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

According to a second aspect of the present invention,
there is provided a drive apparatus fof driving the above

25 magnetic recording medium, comprising: a magnetic head for

recording data on the data track of said magnetic recording



According to a second aspect of the present invention, there is provided a
drive apparatus for driving the above 25 magnetic recordi ng ned] un})
conprising: a magnetic head for recording data on the dat a7g}eﬁ?ﬂ¥b‘i§f2 Qi d
magneti c recording 5 7 Decenber 2005 nedi um and pl ayi ng back said recorded
data; further conprising a second nmagnetic head for detecting the servo
signals fromthe nmagnetic pattern. According to enbodi nents of the

magnet | ¢ JEEALAG BRL Y paOf A1 REeneAbd BYENL Ok i AR LG AR e N

bearing servo signals is provi on the regrons of the guard ban

2di 01 g, JLhedahasheol Onnucdishabear. he dieraLded data. ofctde cat 2

track. I'S conriguration, convent unused regions o t he

guard bar}{%%ﬁé@ié“@&é& .data regions are effectively used. 10 Because the
servo contr can “be” perfornmed continuously, accurate tracking control can

be perfornmed even for. a netic recordi Lum. hayi . narrow track of
a wdth of | es\sﬁ’cﬁoarr?{lng g%%nﬁ’ rcf Y& Y Ré tgg? {glggpc%r%]éaer%é;%%%ll?@mggﬁube
incre the servo sector q;ecthod the data region is

not 1§Sgﬁ°c g@?%uzgf%%}? ijsnre?’aeitnrﬁlson’nﬁw 78 T E TS SSE T t her,  as
descr! bed BHOVE, 1 pEal e IOUIN! el L PALGIIE: SOBVERLLOaRl oot of
[1olds | sugequleed b o dolof ober Lo L aceuralr, oock (.00l ag cones) for
By this configuration, the conventionally unused regions of the
guard band adjoining the data regions are effectively used.
10 Because the servo control can be performed continuously,
accurate tracking control can be performed even for a magnetic
recording medium having a narrow track of a width of less than
Spm.EUrthe:,thedatastoragecapacitycanbejjmxeasedbecause,
unlike in the servo sector method, the data‘region is not
15 encroached upon, that is, narrowed by the servo fields.
Further, as described above, it can be thought that, if
only the conventional sector servo method is employed, a
considerable increase in the number of servo fields is required
in order to perform accurate positioning dontrol for cases in
20 which the track width has been made narrower. However, if the
magnetic recording medium is provided with a magnetic pattern,
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
25 conventional sector servo method so as to not interfere with

increasing the data storage capacity of the magnetic recording



servo signals, on the guard band adjoining the data regions between the
servo fields in addition to approximtely the sane nunber 7 Hecerbss 0% | ds
as that occurring in the 25 conventional sector servo nethod so as to not
interfere with increasing the data storage capacity of the nagnetic
recording 6 7 Decenber 2005 nedium accurate positioning control can be

ber f of e, i { (pU. o J1C2A3100 L BE  AUTDEE, 981 SELY God L 08 ldifl s ot thout

maki ng a region narrower. cenber e magnetic
pattern bearing .ser signals is a ti p rn.that . ded in a
di recti on tHat cfinagg\é(r?]lgl P)g/m%F%t %fsseecﬁqgog{%ﬁee lt%1 P écgﬁéﬁrg%‘t ih"glntﬂaoqnlc]:p Fn%\éhg es a
plurality, enents dispersed at intervals along said track direction

of I
posi ti oni %Fcﬁé%%(ﬁGQﬁ?qi%#%ﬁf%%ﬁ‘only the amplitude of the magnetic
pattern, but also the frequency, the change in phase, and/or the like can
be performed, and an increase in the accuracy of the positioning control
can be expected. The nmagnetic pattern bearing servo signals can be easily
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 predeternmi ned width, perpendicular to the track direction,
and the - nunber of

6a



I ndi vidual elenents for formng the magnetic patternis limted by the
shape-of the magnetic head, and it has been difficult to change the shape
of each individual elenment. However, according to nagneti @ Dacgmberel005

met hods, because it is easy to formelenents of various shapes on a
magnetic transfer master nedium a variety of elenents and patterns can be
used for bearing servo signals. That is to say, the plurality of elenents .
provided in a di Féciieomaanelyorpatiternbeasion sayve Bégnadsisdi meghetic as
descri bed above can be fornmed easily by use of a magnetic transfer nethod.
Further, it Pedtean fbatsiarprovideskdnt hedietbionrtluit diagonadiltn of each

magnetic head of the servo recording apparatus into consideration

Furt her, beéd&ke&sgchputhei tyack diwgessirs aedointiudemdi mdmralitpectnber
2005 can be preformatted in a short tine by use of a single nmaster nedium
the effici efdgmentehdipppusedtalr dngerppds orheng ethidrdgieeki direcbidinng

medi unms can be inproved. Enbodinments of the present invention disclose an
apparatus BOPFeti@Pipgngor e hadiddreéng ceok deby gt @mpdfitude pf ethat

i nvention, which is provided with a nagnetic head for recording data on
the data trReRREF1FHA Tt Put radssr Bha gt rraanaYof thachangeséntPhasnt i on
and pl ayi ng bgzk said_recorded data, as well as a second magnetic head for

det ecti ng t ABYSBFISTkacenRa Reriernnd  aed RRghetreasmin dhe arEwamt on

t he guard band By thi construction, the tracking control of the
magngt i C reggrg}lﬁggos:ptfoning control can be expectedg.

The magnetic pattern bearing servo signals can be easily
formed by use of a magnetic transfer method. In particular, the
-magnetic head with which a conventional servo recording
apparatus is generally provided has a predetermined width,
perpenc_iicular to the track direction, and the number of
individual elements for forming the magnetic pattern is limited
by the shapeA-of the magnetic head, and it hés 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 canbe 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 amagnetic 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 a plurality of magnetic recording mediums



medi um of the present invention can be perfornmed accurately. BRIEF
DESCRI PTION OF THE DRAWNGS Figure 1 is an enlarged view of a portion_of
the magnetic 15 recordi ng medi um according to the first eAb5sasmREI2087 t he
present invention, Figure 2 is an enlarged view of a portion of the
magnetic recording medi um according to the second enbodi nent of the
present invention, 20 Figure 3 is an enlarged view of a portion of the
magnetic recordi ng medium according to the third enbodinment of the present
i nvent i omgarFinpuipaeforgaghednimryahasitewise Ryposeioh ofs id rBGFéeic
recordi ng medi um according to the fourth embodi nent of the 25 present
i nvent i omediui, Dédentsdif iz005CFi §ur ehg nanafpetsprf mrafawadites mst er
medi um and a slave nedium and Figures 6A, 6B, and 6C illustrate the basic
pr ocessesnafnettite nemypreting nedhvher capt ho dimpeESGRIPTI ON OF THE PREFERRED
EMBODI MENTS Hereinafter the preferred enbodi ments of the present
i nvention will Hxboehpleatned vhe bresbetemoeento arhélisalershed apbadditgs. Fi g.
1 is an enlarged view of a,portion of the record/playback |ayer of the
magnebi ¢ feacadmdivigigredicumagnetic recording medium of the present
_invention, which is provided with a magnetic head for recording
data on the data track of the magnetic recording medium of the
present invention and playing back said recorded data, as well
as a second magnetic head for detecting the servo signals borne
10 on the magnetic pattern provided on the guard bands. By this
construction, the tracking control of the magnetic recording
medium of the present invention can be performed accurately.
. BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is an enlarged view of a portion of the magnetic

15 recording medium according to the first embodiment of the present
invention,

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

20 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

26 present invention,



according to the first enbodi nent of the present invention. The magnetic
recording mediumis a disk-shaped magnetic recording nediumsuch as a
.high-density flexible disk or the like, which is of -a coRerdmheazd@n
conprising a record/ pl ayback | ayer having a nagnetic |ayer forned on a
flexible base. Note that in particular, it is desirable that the
record/ pl ayback |ayer be  a thin filmmagnetic .layer that is coated over
the substrate, glﬂHFﬁ 1 idsmanPeaFPret g ietaw of ag anastar mesdivkander as to
obtain a high recording density. As shown in Fig. 1, the record/ pl ayback
| ayer of'trﬁ;'%%d%@%P@fﬂ%@@Uﬁ]has formed thereon sequential adjoining data
tracks D and guard. bands wherein the guard bands G have recorded

t her eon ‘a nmagnet F&gﬂéﬁeﬁ% $8/ b%"éﬁ‘|ﬁ¢g1§é?%%r%t'r%ﬁ&?sbasq%é’ﬁ?é’@ﬁé*ﬁsco%attern

10 can be subjected to a magnetic _devel opnent process or the like to
render the‘Hﬁ%ﬂ@@?@tbﬁtF%ﬁ?ﬁfﬁﬁ)mﬁFQQQ -e for visual confirmation thereof as
required. Note 7 Decenber_ 2005 that the. conbination of the widths of the
data track and the G%Fﬁﬁﬁﬂﬂ;Q@bFﬂgsBBﬁﬁ§R$%Ptﬁﬂ? DIMESES pitch.” Here, the
track pitchis pXi 1-3 m It is desirable that an unused region
(dead space) 15 ﬁgg ‘Hﬂga e PERAPRERY] FRiedA e?&sigprgﬁlﬂﬁﬁsﬁ%?meen t he
magneti c pattern 10 beari.ng servaq _signa t he data track o that
the magnet i€ ﬁ@&&oﬂewﬁgééﬁ?éﬂgFaégfdlVlkglfﬁ ﬂﬂ“?h% t%&cﬁttﬁﬁhe he servo
signal s ar g not verMW|tten when recording is performed. The interval A of
pg¥
t he dead space depends on

Fig. 1 is an enlarged view of a portion of the
‘record/playback layer-of the magnetic recofding medium
according to the first embodiment of the present invention. The
magnetic recording medium is a disk-shaped magnetic recording
medium such as a high-density flexible disk or the 1ike, which
is of-a conf_iguratibn comprising a record/playback layer having
a magnetic iéyer formed on a flexible base. Note that in
particular, it ié desirable that the record/élayback layer be
a thin film magnetic layer that is coated over the substrate,
a thin £film metallic magnetic layer, or the like sé as to obtain
a high recording density.

As shown in Fig. 1, the record/playback layer of the
magnetic medium has formed thereon sequential adjpining data
tracks D and guard bands G, wherein the guard bands G have
recorded thereon a magnetic pattern 10 bearing serxrvo signais.
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



an actuator responsive property, a position determ ning budget, or the

| i ke, The magnetic pattern 10, which bears servo signals, shown in Fig. 1
is formed of a plurality of elenents 10a provided in a di ¥ &eegmher 2005
diagonally intersecting the track direction of the data track and which
are distributed in a fan shape. According to the present enbodinent, a
single..ddata track Dn is bordered on the upper side thereof by a guard
band G, anth@&h e qoghdratipgeot Hhre s diisaodukhe drifrl tarak amdethan
shaped nmagnetic, patterns are formed on the guard bands Gi and Gh+l so that
their nar rNREh#SndPecPEhRFRRNAY fo Bhea $¥a@k Pitch i Beres ddsetrapk

tracking servo operation is performed by detecting the nagnetic pattern 10
of each guaRHPurid @pproximasghiwithilfy a single data track Dn. As to the
drive apparatus (record/playback apparatus) for a magnetic recording

medi um such as t &t 1dederibdladdiad, 28 dppved spPheat (feacospace) nySa dat a
magneti c head 20 for scanning the 10 7 Decenber 2005 data track D so as to
recor d/ pl ayFcR% & RTEAEFETHINeA L N&ETVE ! RadfePrevhesdideiyessy the,
detecting the servo signals_ recorded on the guard bands G can be used
t heref or . I%aggﬁ’&%ilé’ ﬁ’@&gsrBf 1§t1Fﬁ%r’tr§9p§e5F’8 FF&EH aﬁ"?é?ﬂ the 'fiﬁé_anﬁa%?k
Cype ag thdl B8cat TheamRamRer PoRdIurrvabap R SPadly dnd ioe Beothtied w th
track, and the servo signals are not overwritten when recording
is performed., The interval A of the dead sI;ace 15 depends on
an actuator responsive property, a position determining budget,
or the like.
The magnetic pattern 10, which bears servo signals, shown
in Fig. 1 is formed of a 'plurality of elemeﬁts 10a provided in
a direction. diagonally intersecting the track dirgction of the
data track and which are distributed in a fan shape. According
to the present embodiment, a 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+1 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



recor di ng- pl ayback head el enents; recording is performed by a thin film
head el enent; and pl ayback is perforned by an MR, GVR, or other magnetic
resi stance effect type head el enent. On the other hand, théDssemberhghetic
heads 22, 24 are provided with MR head el ements manufactured by the same
process as that used to manufacture the MR head el enent used as the

pl ayback head el enent of the data nmagnetic head. In this manner, if the-
servo nagnedata hewatsk andotdie Wwatraecnedetaybdwkadadee thpreom deahdrisemviyR head
el enents that have been manufactured by the sane process, the servo
magnet i ¢ heaggneiit theaddat2, 2dghet idetecdd ngr thengaraol yigaphdrecoftdedsy
positioning. As shown in Fig. 1, the data magnetic head is controlled so
as to scan owethe madat dandack ©&m lndiselde therefomgiagnet idhdadsisdpSposed
on either side thereof are controlled so as to scan over the guard bands
G, Gn+l . Atlpbsittyren ager bl lsstgradled PEShe mpdedlodrewiihgagthereqfoshpiwon of
the head is generated fromthe servo play back signal obtained through the
conti nuous Het®kdidn of the servo signals by the servo magnetic heads 22,
24. In this case, the servo signal fromwhich the PES signal is generated
11 7 Decenber 200hecdatpamagnetitdipase\denofhithe gbmai e o8 thajoperdn of
the guard band.Gr and that obtained of a portion of the guard band Gnh+1.
Not e that wHerP t4RVRIttdoRagnerice maRpr2Gvss pedseanPipreldrskivitdata track
Dn+l, the servo magnetic heads 22, 24 scan the guard,6 bands Gi+l, Gi+2. if
the nagnet i kGRAdIaaTPleYPack heashglemestien 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 ‘manufaétured 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 aﬁd the data maénetic hegd are
provided with MR head elements that have been manufactured by
the same process, the servo magnetic heads and the data magnetic
head are mutuallf 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
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as that shown in Fig. 1, that is, if the nmagnetic pattern is a pattern 10
wherein the intervals of the elenents 10a are different at different
positions in the widthwi se direction of the track, the poéDeramragdo®t the
magneti ¢ heads can be performed wutilizing the fact that the playback
frequency of the servo signals differs according to the position of the
magneti c head. Note that the, formof the magnetic pattern bearing servo
signals i s f@n by pivitdhed hetaeeshdwt obtRigedief A pertismyobfthegueedns can
be used, and not only the playback frequency, but variations enploying the
change in phaRe GuAngdl thabeohisdaed Speripoirdiorapplde ghand thanshGnvd.pattern
forms are shown in Figs. 2 and 3. The second enbodi nent of a magnetic
pattern 30 NHekguthat wheg thej datarmagnetiic hslagr 80i iy of amsindithecneshal |y
slanting elenents 30a arranged parallel to each other, wherein the

el enents ofdatr trAskgbatlr Khedsexyr megretiamradeniidg 2hecaatthe guask Dn
extend in a mutually different directions on alternate guard bands.
Further, tHe2nds Satdmbbrithedf Bhe pagrghici Rafertel BEfagHaPachsprl. 3 is
a nagneticaé)attern 35.in which a conbination_ of the magnetic patterns of
the two guatdl Bfdshayn ienFigshbwitet Aspeddnbbe DIOEHIe pagternais.
provided within a single gua[d band, If a _continuous. magnetic pattern is

formed witH PG FHEFEIBaHRE i HPsHiv@langf, thRcelpnsrEsadPar 26s f or
driving a r@igf'fegrie%tr eggrcfyfr%%remﬂgipuongitions in the widthwise direction of
the track, the positioning of the magnetic heads can be performed
utilizing ’the fact that the playback frequency of the servo
gignals differs according to the position of the magnetic head.
Note that the form of the magnetic pattern bearing sexrvo
signals is not limited to that shown in Fig. 1. A variety of
patterné cén be used, and not only the playback frequency, but
variations émploying the change in phase cah also be used.
. Specific examples of alternative pattern forms are shown in Figs.
2 and 3.
The second embodiment of & 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
Qua’rd 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
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of this type can be provided with a single servo magnetic head. For
exanple, as shown in Fig. 3, if the drive apparatus is provided with a
data magnetic head 20 and a single servo head 22, the serVY&esemprE08S head
22 detects the continuous magnetic pattern forned recorded on the guard
band G, thus enabling the data magnetic head 2.0 to accurately follow the
data track Dn. Fig. 4 shows the fourth enbodi nent of a magnetic recording
medi um accoinlFng. Loatdherpvidedwithimatsinglergeardbagdt d & aconfaynens c
recordi ng nmedi um of the present enbodinent, in addition to being provided
with the senagndtiiel gatbecnris fgrimedt hithioomy eingdrafused thenddnvbhhet hod, a
magnetic pattern 10 bearing servo signals is also provided on the guard
bands of theaxathe drdgieoaparftasdfon drippay atnagielridreodrddnhmedium
above-descri bed magnetic recording nedium can be provided with a data
magneti c headhaadtynw ceorle prayhded ovitdadss ing ke sesumemagnatac headhe drive
apparatus -used for driving the nmagnetic recording nediumof the first
embodi ment .Fothexdapdeti aa shourharnsdidge Si ghl shefdrive snparatiiseids is
performed by use of the data magnetic head 20, which is the conventional
practice. Aneiidgdr wigh adjaist megnehbe hnasch 20papfor nethdhe SeEveeheadi on of
the servo signals of a servo field, _the fine adjustment controls can be
per formed B2t KBedereq mganebic theadiddriiatecisather sontplpionshpagngtHc bands
by use of the servo 13 7 Decenber 2005 heads, The position between the
servo el emgittdeznifereed serarfehen 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 ﬁo 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
sexrvo _signalé is also provided on the guard bands of the data
regions.

The drive appé.ratus 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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In sensitivity can be corrected so that the vicinity of the proxinml end
of the servo field is on track. Next, the method of form ng the ma netic
pattern, which bears servo signals, on the nmagnetic recordilfge A8 of
the present invention shown in Figs. 1-4 will be expl ai ned. The for mat i on
of the magnetic pattern.is perforned by a nagnetic transfer method of
magnetically transferring data to a magnetic _recording nmedium which is a
sl ave nmedi uﬁf— agy. §he rys w&eéﬁeeﬁéa}%ﬁ@r%elﬁlagﬁles EP%&?@S@WW@
magnetic transfer pethod will be explained with reference to Figs. 5, 6A
6B, and 6C. TRARIDHE L e YTk benEeF EREL s s hats ther FEBLBEER Hard

material as an annul ar_di sk. One surface of each of the master nediuns is
provi ded wi PFo%Rimak pidofidhe BeRY? nfield ft @bk i@tkeh  has been. formed a
mcro uneven pattern provided with a magnetic |ayer on the surfaces of the
protrusion porti dEtrhdheomethofbod fErRnaythe Magnetiri ARt sertad®dch e
brought into close contact with the recording surfgces 2d, and 2e of the

sl ave medi URR3ES SRTY h<O8RLfe iU e3maARS 41 faRe AR i PBAL 18R 1 Fhfor ned
o um 2. arF TR Sy ARG oo (AR od ok W BR e TR ThE
2 g R SRS PRI 0 R i o
o 3o SRR bl PR B AT AR ) b
protrusion gégordlng medium, which is a slave medium, by use of a master
medium. The basj:c processes of the magnetic transfer method will
be explained with reference to Figs. 5, 6&, 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_fornied a micro uneven pattern providéd 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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7 Decenber 2005 portions distributed in a fan shape can be fornmed on the
portions corresponding to the guard bands. Note that the naster nedi uns 3,
4 shown in Fig. 5 conprise respective substrates 3a and 4&DseerebaR00T

whi ch an uneven pattern is fornmed, 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 '
mat eri al suRPripkong dbpteiHeantedin a fan shppegian ke forpedit Fhe ROTtAARRet i C
transfer by use of only the substrate, and it is therefore not necessarily
requi red theRr¥sPtimankgnehe covanelsndsh and 4b be provi ded. However, if
a magnetic | ayer havin ood nmgnetic properties is provided, a higher
qual ity magnetic NPF&H%F&*( t]&%lﬁ‘aﬁgeﬁéieldéﬂlﬁ‘é@r Mot RPWhAR Figh- ¢ £9BBTLASwhi ch
the substrate is formed of a non-magnetic material, it is necessar t hat
the nagnet | B YRERINESRRTRAAIES SAaRe ABron FACH OFBLE 3% UPFTPRPEEERTAs

D anond- Li ke Carbon (DLC) or the like is coated on the top |ayer, this
prot ecti ve 1§ fPATMPADPGFCHhBe@Afiifcla Ry 2nP 319 4P gﬁ’%’ﬁfirﬁﬁp‘f%‘é BEY#dr nance

of multiple magnetic transfers, Al.so, a silicon |ayer appli.e by a
sputtering %ﬁ%@?'orretsR@cF?'K%l%’aﬁ‘od'@VﬁFOVif8§d°ﬁ§e n“ﬂm‘gg’rc}ll er of the

DL D00 e el oy B P S B0, O o o hicnog JLuBtaling he
o0 U SC A LIRS SIS g Ed b b P O3
magnetic transfer by use of only the substrate, ;md 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 maghetic layer be provided;
Further, if a protective f£ilm such as Diamond-Like Carbon
(DLC) or the iike 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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and the slave nediumis initially magnetized with direct current 15 7
Decenber 2005 magnetism Fig. 6B illustrates the process wherein the nmaster
medi um and the sl ave medi um are brought into close contact 7&¢gembergfghet i c
field is applied in the direction opposite to that in which the initial’
magnetic field was applied. Fig. 6Cillustrates the state after the
magnetic transfer has been_ performed. Note that in Figs. 6A 6B, and 6C,
as to the shageetiwmi Jhoz, 6Bnillusixategethe REoGasSoEPRgLR FHad@skart her eof
is shown. As shown in Fig. 6A, first, an initial magnetic field Hn is
appl i ed to TaelunApe fBai ThAvE PRdéne ane bepnght ointhelepackontfigteanfion,
whereby the initial magnetization of the slave nedium is effected. Then,
as shown i n2MapngE.C tfheldetpraprdd esuipable dFeFticReoRPRTEFE® EHPY and
the transfer data bearing face of the master nmedium 3, which caonprises the
ni cro uneveh? patid the drdsdasmigretipdicdde vag apRtighi I hESagnetic

| ayer 3b has,_ been coated, are brought into close contact, and_a transfer
magnet i ¢ fieHPSirtes &5 skate e ther tiscpagneddei bRaRifehdas H%en medi um 2
opposite the directjon in which the initial magnetic field H n was

appl i ed, wWHSFER M MRfRetiRt tmafdrs: PRr BB r i 06t 2s AL Fh%e8dRve the

data (here, servo.signals) carrespanding to,the uneven pattern of the data
bear i ng SUFSEETDA t AE HatR e OVReqr e ST THINRCPERFTS 19 P& el and
recorded on_,the nmagnetic record/playback surface 2d of the slave nmedium 2
as shown i Fiown-

As shown in Fig. 6A, first, aﬁ initial magnetic field Hin
is applied to the slave medium 2 in one direction of the track
direction, whereby the initial magnetization of the élave medium
is effected. Then, as shown in Fig. 6B, the recorxrding 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 magﬁe'tic layer 3b has
been coated, are brought into ¢lose contact, and a transfer
magnetic field Hdu is appliéd 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. Heré, 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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Fig. 6C. Here, an explanation has been given for the |ower face recording
surface 2d of the slave nmediumand the |ower master nmedium 3. However, as
shown in Fig. 5, the upper face recording 16 7 Decenber 200%esembacd802e and
t he upper nmaster nedium 4 are brought into close contact and the magnetic
transfer is performed in the sanme manner. The magnetic transfer to the
upper and |l ower face recording surfaces 2d and 2e of the slave nedium 2
can be perf 8REEYCe donend ridir nppepmassguchedtun ¥ ane Frpuwhsit intq icdeseNot e
that as to the initial magnetic field and the transfer nmagnetic field, it

i s necessar §oRkagt anddihganagrgtdicobrans ferei s Perfegnpdsiauthe fame #gh8rder at i on
of the coercive magnetic force of the slave nmedium 2, the relative magnetic
per meabi | i t he oragprtimadransing 9 athe MRRUNSBNdAGVERefpFRereqardidd been
difficult to accurately provide a magnetic pattern 10 as that shown in
Fig. 1, wheFerfacee %l enshee 26atharelaws medivg £heasi bedtenirinader secti ng
the track direction (the direction in which the head noves), by use of

convent i onaPORGEFXRN Tt 0%y SREUARTIHME VIR TBFeudtng BiMRgnetic transfer as

in the present enbodinent, a variety of ma%net ic patterns can be easily
formed, a variet Vo5 thinedite thr tethiat mopetisddeidpnbthe &eppstergnal s,
and further, el enent (_)Lf a.,variety of shapes can Egeused e;[foorf %remthe

magnet i c pd??%ﬁ%ﬁqu 1eldes dbpis sary that a va ther

. 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 magnétic_
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 maghetic 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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CLAIMS 1. A magnetic disk having a nmagnetic pattern recorded thereon, the
magnetic pattern conprising: data tracks; guard bands; and _servo signals,
the data tracks and the guard bands being alternately proVi ﬁ5¥ﬁg
radial direction of the disk; and the servo signals being recorded in the
guard bands throughout the entire circunferences thereof. 2. A magnetic
disk as defined in claiml, wherein said magnetic pattern is provided in a

di rection gﬂgﬁggiagonally intersects the track direction of the data
tracks, an udes a plurality of elenments disposed at intervals along
said track diredéti onA 3.masnghdgnet dds#i skhazxgndef enedaghaiticl getRernwherein

sai d magnet] e s forned etic L. .4, . A drive apparatus
for driving%%ﬁggﬁggég f%mhiggﬁ 3% P%gggi%AEH?Egﬁgﬁ%ﬁlfﬁégbreceding cl ai ns,
conprising: a negnet teabkad for recording data on the data track - of said
magneti c di sk and back, said recorded data; and a second nagnetic

gla |qg.
head for detectﬁH& Fh ag ?v&“gignals fromthe magnetic pattern.
servo signals,

the data tracks and the guard bands being alternately
provided in the radial direction of the disk; and
the servo signals being recorded in the guard bands

throughout the entire circumferences thereof.

2. A magnetic disk 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 disk as defined c¢laim 1 or 2,
wherein said magnetic pattern 1is formed by magnetic

transfer.

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

a magnetic head fér recording data on the data track
of said magnetic disk and playing back said recorded data;
and

a second magnetic head for detecting the servo signals

from the magnetic pattern.
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18 7 Decenber 2005 ABSTRACT MAGNETI C RECORDI NG MEDI UM AND DRI VE APPARATUS
THEREFOR A fl exi ble recording nmedium which has a track wwdth in the range
of approximately 1-3 pm capable of facilitating good traZﬁFﬁ@ﬁ@3ﬁ99%l. A
magneti c pattern bearing servo signals is provided on the guard bands
formed on both sides of a data track aBserm@gnetic recordi ng nmedium An

i mprovenent in téﬁfking' control is aEﬁTEVEH}%XEPerfornin t he servo
tracking in a cOMPHISHSRREARRNG MEDJUM AR D APPARATUS THEREFOR

A flexible recording medium, which has a track width in
the range of approximately 1-3 um,‘capable of facilitating good
tracking control. A magnetic patterﬁ bearing servo signals is
prqvided on the guard bands formed on both sides of a data track
of a magnetic recording mediﬁm. An improvemenf in tracking
control is achieved by-performing the servo tracking in a

continuous manner.

(Figure 1)
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