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 MBDEE AND PREVEr AFEARNEYS UPHERRROR € i 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 nmagnetic head accurately scans the narrow
width tr acr{‘}edg%‘ys and JdapBeRht F&}aY di%e & reaenrbYenflexihigh tgamatdd 0. A

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

tracking &&APEURE: BEAIAN RRRY I e signadenber | S NERGE LRer ei n

servo data such % Decenber, 2005 .,
he 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



as the track positioning servo gaéa, tLack addrefs_s Flgta 3! g??: Eut egl ock
signals, and the like are recorded within servo fields |
regul arly at uniformangles over the data recording surfaddesember2085sk. 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 is reco 1cjied at a distance displaced by 1/2 the width of the track
fromthe cerﬁ%{: ¢ Sraskdrosidiieningcserenmdatae traski addnpsodpbasignads, t he
servo signal, (i.e., the address data signals, clock signals and t he 1ike)
are recor dedﬂ(ﬂgf’kt Fd9BRhEerand e flitite arpatRearded whtlidre senvackipldsh
wi dth. The dd'a.t track width is narrower than the recording wdth of the
servo si gnal ,1ﬁ%ﬁilg?ﬁt8ﬁc§ﬂ%’al§§é§ Fhanaferranglegckved dihie, daal recgudisly band
is formed on bath sides of the data track. The servo data nust be
"pref or mat t SFTEACRPL I he sk ghdragre i lménféﬁﬂﬁs r@mﬁjlaﬁgmedu.ahdigrdi .
ce at the ti of the manufacture thereof. Presen , servo re
ZSEZ?at uses an?e’é%arr% QR \Fhess ez daba te %%fbrﬁlbammr@_tctafw pesigion. 1/2
track pitcti.r1 Thereff{)ﬁécﬁaosi, nificant amount of tinme is required for the

preformatting perat _ “dngFhﬁhéigéﬁ?h%iﬁ?gfﬁnarff n:;inf:;‘:?? t he
Cranst or merh3HEnEe AP RGSATOE bf 4 L HATER (i Bt e Bromingenigrer i n
R S R LR BETE N AN SR - Ll
been pr0p03§§]g1i1£'l {iQre_(?X@H@gddegQSa%%%% LsJQgeéa s,n & o7ckD%§.%gg?.rs gr?c(i)Sthe
like} are recorded on the center line of the frack at an entire
track pitch width. The data tracrk width is narrower than the
r’ecording 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 s.i.gnal 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



Pat ent Publication Nos. 63(1988)-183623, 10(1998)-40544, and
10(1998) - 269566. According to these nmagnetic transfer technol ogies, a
mast er nedi um havi ng an uneven pattern provided with a nag?n&eP%anféiQ‘é? on
the surfaces of the protrusion portions thereof corresponding to the data
that is to be transferred to a magnetic recording nmedium (a slave nedi um
I's prepared Eé briﬁ%{jgg this master nediuminto close contact with a

sl ave nmedi uRPEGNEOF HorfToNesd B34Y2 8o 83H38nd 041898 hs#REd4mamst i c
field theretq, netic pattern corresponding to the data (e.g., a servo
si gnal ) borﬁlg(%g\%ﬂ'gzq%%r mediumis transferred to the slave nmedium The

preformatting can be pgrformed without changing the relative positions of
the master medi u%‘%ﬁﬂfpw QOaFEeﬁ@d?‘Wetlt%gtrai@,feﬁhFleéhf‘ﬁéogwrm?di a

remain rel ativeI% static. Therefore not only is it possible to perform an

accurat e r B3 HFhJeGt U RAVIRE £E FREVEILPAt teEn proyidsdpiddh Bl magnetic
advant ageously do sq.in an extrenely short tinme. At present, further

i ncreases | Eaf%zé Yht estsd}r%(j’é:e@aﬁg‘éfzgﬁ PIAtRYSAe POTYORE FREFHRRT C

recordi ng Lums_are so . Jo this .end, efforts to narrow the track
width to |g§§r’f%sapr? 519 Eg&%ee%%%a EB3E isnshbe AR Hegete gritRgmetien: |1 n
order to achjeve,. such.narrpw track w.dths, inprove etic,recording
medi ums . habe Rt B0aT B 1R E e dieinicts BRRPSEREn B BEARELIRE M Pe

have been t at.i . sfy the recard/ playback propertigs .of a magnetic
recordi ng %%%&\#H& éhﬁgr F‘tct)t\?vg?r%%r%%tgty"ﬁ%gu%hsE%ggtrﬁ%‘%l%s fBE® above.

However, evemowsbin a8 o\l @LehbY v &L grel%es%eérprﬁéggggéc field thereto,

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



desi gned and stable HM (head-nmediuminterface), a flexible disk cannot
avoid vertical media run-out on the order of 1-10pm Wth_regard to the
sector servo nethod, the position of the head is corr ect ed Rcenbas 20A8
servo fields, and the data regions 5 between the servo fields are position
control free regions. By further narrow ng the track width, the size of
the position control free region becones relatively larger with respect to
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|nprovenen I'n tracki ng control accuracy y I ncreasing the nunb of servo

fel ds, Inggggh%e&'eoQgctggdséﬁfovaefcggl OoBE B gede Wil haatne, fate

track acco € sector servo neth emarises in
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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 hroughout the entire circunferences thereof. Here, the referent of "guard
band" is the band formed along the data tracks, which is forned between
the data tracks and 5 on both sides of each data track. CHReEpmbERAPy,
the regions of the guard band adjoining the data track have been unused
regions. According to enbodi nents of the present invention, these
conventionally unused regions are effectively used by formng on said

egions & IRANGLT o ARt LETIL Tl AT dde ;10 11d ARkira0 aslgeo oper ati on.

As to the nagnetic patter earing the servo signa can be provided

on either a. &h?ﬁggio 3%%£ égggg%bggégcégu%qﬁéﬁgi or guard bands on

both sides o ne i Ng  possi urther, either of the

ot h si des "of "orie”t rack 10 ke’
Convent i onal SEECr EAb/A LoRbOR: “Phe TERE B AT RARR Lo T e i

a directign, that, diagonally hnter sects.d he drack Gir aethon of Lhe data
track. It Ts desirabl'@tha e magnetic pattern include a plurality, 20 |
of el ements .di inte track. dir The magnetic |

pat Copn ilh BT GREd B BEGRer® & aghett C OtV aRSr i omae AZ0GFlng Lo a
second, aspech, sl ey MEEPA NS e IS SIS PN el diey
a mgnet e head Torecgrding daba anthe 4 4 ek ohot g dmang! ¢
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 guard bands on both sides of cne 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



medi um and pl ayi ng back said recorded data; further conprising a second
magneti c head for detecting the servo signals fromthe mnmagnetic pattern.
According to embodinents of the magnetic recording medi um /$<§¢mbesg083 esent
invention, a magnetic pattern bearing servo signals is provided on the
regions of the guard band adjoining the data regions, which bear the
recorded data, of the data track. By this configuration, the

convent i anal y WSRd,eALANS PTLNE r BuaLT hand, adi i IO dhedatagr egi ons

are effectively use ecause the servo control ‘can be perforne

ti Ly, . i . f
magnet | o & pessril bALE L IREH PR CGPLECL TS RSV OB IR R G R EER, o
m Furth% .gﬁge%]tzéd&r.age capacity can be increased because, unlike in

t
t he servo é}s%r(l: o the data region is not 15 encroached upon, that

is, narrowed by the servp fields. Further r.i be oV it _can be
t hought that, i Ccoorrﬂ%“)}1 ﬁ% eérc;sor?vdzln P’lnotnsaf)?gte}}: g‘ggg%?\%g rrr%%%%%?img%lug‘yed, a

consi der ab, i ncrease .in the nunber of servo fields i requi red __in order
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band adj oi.ni ng the dat i bet th fields i dition t
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conventional _sector_servo net hog1 So as to.not_jnterfere with increasing
it %1, fct%e

the data B bPAGeCTREHEITIS N1 FBenagREET ELPRR b YitRgSed Tegions o

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



W thout increasing the nunber of servo fields, that is, w.thout making
the data region narrower. 6a 7 Decenber 2005 If the magnet ¥ Pepembea2R05
bearing servo signals is a nagnetic pattern that is provided in a
direction that diagonally intersects the track direction and includes a
plurality of elenents dispersed at intervals along said track direction
posi tioni tr tidi zi .onl it t i.C
pattern, rgédc%ﬁgﬁ(‘,sg(?% ug treeét?%%gg?)%tl ﬁg %ﬂ%ﬁggf?ﬁi‘%h%%%equn%%& Wt'%%ﬁe{g ?:ke can
be per foriedh. AN, AR NELERSe LR LN8,AGaUnagy (ghethe ROSHANIDG, Ggnt rol
can be expecﬁed? € magnetic paf%ern beari’ng servo signal's can be éasily
f or med bmjyse q; a I qgtic tr%£§fer met hod. In. particular, the mgnetic
head wi t h-3hi Sh 3 SOHVEht 1ol Servo recording apparatus is general Iy
provi ded has a predeterm ned width, perpendicular to the track direction,
and the nunber of individual elenents for formng the nagnetic pattern is
limted by the shape of the magnetic head, and it has been difficult to
change the shape of each individual elenent. However, according to
magnetic transfer nethods, because it is easy to formelenents of various
shapes on a magnetic transfer nmaster nmedium a variety of elenents and
patterns can be used for bearing servo signals. That is to say, the
plurality of elenments provided in a direction diagonally intersecting the
track direction as

6a



descri bed above can be forned easily by use of a magnetic transfer nethod.
Further, it is not necessary to take the variation of the w dth of each
magneti c head of the servo recording apparatus into consi ddesember2005
Further, because a plurality of magnetic recording nediunms 7 7 Decenber
2005 can be preformatted in a short tinme by use of a single master nedium
the efficiency in the manufacture of preformatted nmagnetic recording

medi uns can be i npEdhema@mividi patiterndfeatingpsesensighabstisamnagsetbse an
apparatus 5 for driving the nmagnetic recordi ng nedi um of the present

i nvention, WEitdeONs thabvideprowideda imngndirechienl et ddegrdahdy data on
the data track of the nmagnetic recording nediumof the present invention
and playi ngip&eksesta Fbeokrrek dhirgctionvent ingludercorduradhtyi efhead for
detecting the servo signals borne 10 on the magnetic pattern provided on
the guard b&ig¥engy dhfRersemsity datesrals halenactdi taaskr direttipr,
magnetic recording  medium of the present invention can be perforned

accur at el y. POBREEPNHRGCRPITF QN W 1T RIEnDRAGYE NBSL i the @mplisude efil thged vi ew
of a portion of the magnetic 15 recordi ng medi um according to the first
enbodi ment BRIPRELFrRAEMTN/ RUERiShthei fir@engys khe ghandgednplavof a
portion of thg maq:netig recaordi ng_nedi um according to the second

enbodi ment  BPYY AL th5 tikpcanReReTERERSsh fpg@nelnoreasmin fhgraeesa®iv of a

portion of E)Eetgggggéai,gioning control can be expected.

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



recordi ng nmedi um according to the third enbodi mrent of the present
invention, Figure 4 is an enlarged view of a portion of the nmagnetic
recordi ng medi um according to the fourth enbodi nent of the’ DEsCippea2BQ}
invention, 8 7 Decenber 2005 Figure 5 is a perspective view of a naster
medi um and a slave nmedium and Figures 6A, 6B, and 6Cillustrate the basic
processes of the magnetic transfer nmethod. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS Hereinafter the preferred enbodi nents of the present
i nvent i orcan |he paedopmathed i tth sheidr ddee by upe of tadHedledPaRitRgs. Fig.
1 is an enlarged view of a,portion of the record/playback |ayer of the
magnet i ¢ mestiomdi ridreredifimieacyoidi hhetvanhbagtuse ahtigdimmatded he present
invention. The magnetic recording nmediumis a disk-shaped magnetic
r ecor di ngnagredhi immsasirddegamhdghmdensit hef fmrireoved di sk or the |ike, which
is of -a configuration conprising a record/playback |ayer having a
magneti ¢ | ayer Embodgdieot s ff tiex plreeehssiavendtion dhisgclape pampbp@yadns it is
desirabl e that the record/ playback layer be a thin film magnetic |ayer
that bs ctmat etkioverg tihe sabsttaterecartdhng hedhwmeslitie preggett c | ayer, or
the like so as to obtain a high recording density. As shown in Fig. 1, the
recor d/ pliayhackidrgyehioh itshprovided 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,



magneti ¢ nedi um has fornmed thereon sequential adjoining data tracks D and
guard bands G wherein the guard bands G have recorded thereon a magnetic
pattern 10 bearing servo signals. The nagnetic pattern 107 Bspeopher 3¢(B) ect ed
to a magnetic devel opnment process or the like to render the nagnetic
pattern 10 visible for visual confirmation thereof as required. Note 9 7
Decenber 2005 that the conbination of the widths of the data track and the
guard bands corr E4FBRAs® tiF PheerePackiYe teiew ofied dnagipr megdpm ppdch s
approximately 1-3 pm It is desirable that an unused regi on (dead space) 15
havi ng a'pr%%’é{eeln}ﬁdﬂé@riﬁ?@rval A is provided between the nagnetic pattern
10 bearing servo _signals and_the data track D, so that the magnetic head .
be capabl e of eafitPYredIGPonlRy 1M 6C LhtRStEaie the RF1e REAGESIS§SaPE not
overwitten when recording is .perfornmed. The interval A of the dead space

15 depends ©F MagngELGatHRNF R ARG -property, a position deter ni ning
budget, or the like,.The magneti cgﬁattern. 10, which _bears servo signals,

shown in Fig. 1is PBY rretF I%Og'l Bl PWFWW%§SWOW ded in a
direction diagonglly.intersecting the track direction of the data track
and whi oh ar e di DEFPIRARAFS Hhs PARISRERE STRRLIALS OfothRebpPESERt

enbodi nent,, a single d track Dn is bordered on the upper  side thereof
by a guard BAREERD 3%‘13{ gﬁe HPLRARER Wél‘g'éer?ﬁeelfeé’cﬁe By ﬁ&ué‘i’:&aﬁ B e+l .
The fan Sh%&’%@,ﬁgg”e“ c patterns are fornmed on the guard bands Gn and Gn+l
so that therr ) -

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



narrow ends are towards the data track Dn. In this case, the tracking
servo operation is perfornmed by detecting the magnetic pattern 10 of each
guard band Gn, Gn+l sandwiching a single data track Dn. AéDceenbss 2803 ve
appar atus (record/ pl ayback apparatus) for a nmagnetic recordi ng nmedi um such
as that described above, a drive apparatus conprising a data nmagnetic head
20 for scanning the 10 7 Decenber 2005 data track D so as to

recor d/ pl aybek the gombdpabionef he widthegeét thendatr track andothe
detecting the servo signals recorded on_ the guard_ bands G-can be used
therefor. Nt PENRSa88r6esPeNfs toy phe ateragh wtchr 8dHexe + Hdienbaark

drawi ngs thereof shown in Fig. 1. The data magnetic head 20 is of the sane
type as thatit@eds appragxévatehyibnhllmdrive apparatus, and is provided with
recordi ng- pl ayback head el ements: recording is perforned by a thin film
head el ement; andtpliydgekr#Rl9diradr f8dupysed KpgienRdesst sperel hagnetic
resi stance effect type head el epent. On _the other hand, the servo nmagnetic
heads 22, 2¥EMg ap%’&@ﬁ&@ﬁ%??@l@%&%@eﬂ‘én??%%éﬁw B¥et he same
process as_that _usedt%o rranblf acture the MR head_ el enent used as the

pl ayback hé@fraeirekt tEPrENt0 dtd g feEPe AEGRPLT Pichidendatar Frack the
SPv TROnEL SeBRE I e Bl Aol He BT G L PR e
ot i ndAt "Ehd M BEATUIPRELE adP RO YoM e P 2868: 8Ln g 2

is performed., The interval A of the dead sﬁace 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



As shown in Fig. 1, the data magnetic head is controlled so as to scan
over the data track Dn, and the servo nmagnetic heads di sposed on either
side thereof are controlled so as to scan.over the guard Balegembss20@h+ . A
position error signal (PES) for controlling the position of the head is -
generated fromthe servo play back signal obtained through the continuous
detection of the servo signals by the servo magnetic heads 22, 24. In this
case, the sdava tsfapialD tpoms Wi chceohd/PES/s gnalatias theneony exhdl se¥vBecenber
2005 can be switched between that obtained of a portion of the guard

band. Gh andmafmet bbthaiaded22f 24 Hor tdede cafinghtheguanyobahdnghsIrecokided t hat
when the data magnetic head 20 is to scan the next data.track Dn+l, the
servo nmagnedictiweapsn 2P baddss@aran e guadd thebarder GiMagnediv? helafdst hé
magnetic pattern 10 is fan shaped such as that shown in Fig. 1, that is,

i f the magnethis fate ere itlustysdiedeby W0 wisiedi drewénygat thergaf showhe
elenments 10a are different at different positions in the w dthw se
direction oin Fim. tkack, the positioning of the magnetic heads can be
performed wutilizing the fact that the playback frequency of the servo
signals differs dbeofdiagagsethe hnssi 29 dis of the spagriaiis agethhat Need t hat
the, formof the nmagnetic pattern bearing servo signals is not limted to

t hat showm-%ﬁlqﬁ%ﬁHYﬁnEAOPGE[@?&VQﬁaPHﬂﬁﬂﬁﬁﬁmsa&énlﬁepﬁ%%%ﬁeQNW}qﬁot only the
pl ayback frequency, but varjations_enploying the change in phase can al so
be used. SRRIFIINEPdRybaskdicad edemgbtie MAEHRY dFReRt e KbRY #n Fi gs.

2 and 3. :
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 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 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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The second enbodi nent of a magnetic pattern 30 shown in Fig. 2 is forned
of a plurality of unidirectionally slanting elenents 30a arranged parall el
to each other, wherein the elenents of the two guard bandZD@ﬁ?mglGﬁ?-&}S
sandw ching the data track Dn extend in a nutually different directions on
alternate guard bands. Further, the third enbodi ment of a magnetic pattern
35 shown.-in Fig. 3 is a nagnetic pattern 35.in which.a conbination of the
magnet i ¢ patarhes syl tehed thedvwgearthaja b adned @b wivion of 7tide guabdr 2005
in Fig. 2 are provided within a single guard band. If a continuous

magnet i ¢ paare (G enflothel akiteingdaotim@ogtgear of thedgbard Hand Gayl.t he
drive apparatus for driving a magnetic recordi n% medi um of this type can
be provi dedVeke hthatsivigine tg@rd@tﬁﬁgﬁﬁﬂﬁtei%é@.d Pois ekargsian the shatn in
Fig. 3, if the drive apparatus is provided with a data nagnetic head 20
and a si ngl 2k tygckeBatl 2 thet prreemagnghdadisadshddd 2 sgabddis guRed
continuous magnetic pattern formed recorded on the guard band Gn, thus
enabl i ng t hRaNgfCRthagpet? c Theblie Taongtacceatiany 1Pl Santsharesd suchack Dn.
Fig. 4 shows the fourth enbodi nent of a magnetic recording nmedium

accor di ng t3 tHEe Hredeei innFédt i bn. thidcdridi Ad thetmomstdgh@atéeracdedi ng
medi um of the present enbodi pent, in addition to being provided wth the

servo fiel db Ritt g FREERLD Tt EGTomRdS S&ctBP SbeNRptfetf5d 278 magnetic
pattern 10 Qg SELVA 4908l 345 2100 B ALl o duard hongs 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

12



The drive apparatus for driving the above-described magnetic recording
medi um can be provided wth a data magnetic head and two servo nagnetic
heads in the sane manner as the drive apparatus used for dilopsmbperiA@S
magneti c recording mediumof the first enbodi nent. The detection of the
servo signals of the servo fields is perfornmed by use of the data magnetic
head 20, which is the conventional practice. After a rough adjustnment has
been perf oimEigby 2hepdevided whtbhin aheisdre/gusrdbahd. dif a contivudbugl d,

the fine adjustnent controls can be perfornmed by the detection of the
magnet i ¢ patagratitOpettehe igudodmedndstiin us siofylehguaed mnkB in Cetenber
2005 heads. The position between the servo elenents and the variations in
sensi ti vi t ywaganthe dpdmesiredatust frat drheing @i mignetdfc réeorginxingdiuend of
the servo field is on track. Next, the nmethod of form ng the magnetic
pattern, wwitithibetyre senvee prgratied Wit Aesingiresesve aeagrditig hediduns of
the present invention shown in Figs. 1-4 will be explained. The - formation
of the magriEtt expapiler nasssipertt gmndd by 3a hfighkei drive apregatimst Asd of
magnetically transferring data to a magnetic recording nmedium which is a
sl ave nedi movyledswibh a dedet mpgnable hmadrRd Badi @ pitles $esvef heaed
magnetic transfer method will be explained with reference to Figs, 5, 6A,
6B, and 6CZ2Zzatheoter e MagBeE}C M%E@ detaft 4 the sORtRPVIS BRagRglic
material as an annul ar disk. One surface of_ each of the master, nediuns is

provi ded wiRAttgre, fpered rggerdedan ke serscBaBd Gni Ehus ipraddes % ned a

m Cro uneve attern provided with a magneti
c&t% magnet:‘.)c head 20 to accura e?.y %ollow 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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| ayer on the surfaces of the protrusion portions thereof. These transfer
data bearing surfaces are brought into close contact wth the recording
surfaces 2d and 2e of the slave nedium 2. The naster nedi dMecegnberd045 have
an uneven pattern forned thereon corresponding to the |ower recording
surface 2d of the slave. nmedium 2 and the upper recording surface 2e of the
slave nmedium 2, respectively. The uneven pattern is forned on the pl aces
cor r espondi Rgr€d- The rpsditd opdadveentithe sy elenertsdpadidereaighiongnd
bears servo _signals. For a case in which a nmagnetic pattern such_as that
shown in Fi 42 Sengitiyiey iqmbe eAr¥petefgiretiiat r‘%‘@o?’él?h@l‘?ﬁécﬁ%rﬁhea
pattern fornmed of rod shaped protrusion 14 7 Decenber 2005 portions

di stri but edPFP¥EMGhenchae ©@8nsBEVP of HetH oFF tFe tFéCkions  corresponding to
the guard bands. Note that the master nediuns 3, 4 shown in Fig. 5 conprise

respective subst fétds $ReaRfther Gf £aERiBe Wit (R AFTdAebRNE P & ch s
e RS, AR S the Rhearanct el e BT
e, 1| PEORGID AR GPATE he et e radiePer SRRt A y t he
Substr At B ik o e haN LOL SR Kl S R 3L
R T AR T Nty B
a non- mgn%é&o@&ﬁ_}r .En%ld’iuing ifﬁi&e%.essgaEXave 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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that the magnetic | ayer be provided. Further, if a protective filmsuch as
D anond- Li ke Carbon (DLC) or the like is coated on the tog | ayer, this
protective filminproves the contact durability, enabling’DsecrpeaiZ6@Trance
of multiple nmagnetic transfers. Also, a silicon layer applied by a
sputtering process or the like can be provided as an under |ayer of the

DLC protective |ayer. Figs. 6A, 6B, and 6C are drawings illustrating the
basic prockReEkont difbr ie a Fanshapre GMbY fQEMPRAThERE RETHASTES
medi um according to the present invention. Fig. 6Aillustrates the process

wher ei n a neRFERTROTAidN] tos thpp¥uats iRndife direction and the slave medi um
is initially nmagnetized with direct current_15 7 Decenmber 2005 nmagnetism
Fig. 6B illustrat8¢terdaly bee 8dstpt meicdd uiged mistavn iR fidn 2G9™PR&ESE| ave
medi um are brought, into close contact and a magnetic field is aggl ied in
the direct i B¥SRPPoTa BRI 4atas 33 andrrQr eheh ofihigh 3w YREVER PAFEPE  was
applied. Fig. 6C illustrates the state after the magnet I c transfer has
been perf othEBIMRBr EnARATY Regefsic bayernband o rozuefon hke YPEVE® nedi um
2, only the |lower face recording %_g)rface 2% thereof |s shqQqwn., As shown in
Fig. GA fiRAHteENF i MEEPRFEARGHET NOHSVETd HOR CRECEpHH B b The sl ave
medium 2 in _qne direcgtion {’r%th rack direc%ion ergtb'thein'tial
magnet i zat |%J(r)f’s§frat e%l%g (ﬁ”g’lﬁttrlageeﬁ @_Etee ormed 9f 3 %ﬁ@%ﬁgflﬁ tfg. 6B,
the recordin (ﬁsrulrafla%%chzgs ¥; Lhetd 24%eTeHEUR $30d R RCLS (R E FRL2
bearing fa

magnetic transfer by use of only the substrate, and 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 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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the master medium 3, which conprises the .mcro uneven pattern formed on
the substrate 3a over which the nagnetic |ayer 3b has been coated, are
brought into close contact, and a transfer nagnetic fiel d7Regemerdfpdi ed
in the track direction of the slave nedium 2 opposite the direction in
which the initial magnetic field Hn was applied, whereby the nmagnetic
transfer is carried out. As a result, the data (here, servo signals)

cor r espondi Aagneblime FigevBB Hdmsdmates the REAIFYPPRELR thHas@ssert he
master nedium3 is magnetically transferred and recorded on the magnetic
recor d/ pl ayBadkus mﬂdaégez%llaﬁe rhdivnare kegnght 2intgs cdpsarcontagt gndecC.
Here, an expl anati on has been given for the | ower face recording surface
2d of the sPdRIMEdiURgrd iharrdied ihsthe digaftippIcrPrRwERIte gga'éhown in
Fig. 5, the, upper face recording 16 7 Decenber 2005 surface 2e and the
upper mast et? MEEIn B deibiadlghronetis dicdd #ast aePLigd e ndffneti c
transfer is perfornmed in the same manner. The nagnetic transfer to the

upper and | strptes db6r grabe afrtadde 2¢9aRgiseterne it 14 £9%8di um 2
can be perforned concurrently, or sequentially one face at tige. Note
that as to E?fgfe‘?’?ﬂetq'alNoﬁﬁgE‘é‘?%/cmf iFéIg&'aﬁﬁ' t‘ﬁ%' t%éf:erasr%ﬁ@ﬁ ElaveId, it
S necessa:% hat .a va%tue thﬁ%eforfbe det er i ned based %g con%i deration
of the coerdY gn8Pt¥ theowess FARg & THhiSUm-2%© T&etves

magneti c perrrewabi lity of the nmaster and slave mediuns, and the like. It
has been diﬁ}ﬁ Gt to accurately provide a magnetic pattern 10 as that

shown in Fi g 1, A\éhgﬁgwbﬁ itnhfig(ra.,I %K?%frs:}g,a 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 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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are formed in the direction intersecting the track direction (the
direction in which the head noves), by use of conventional servo witing
means. However, by using a magnetic transfer as in the préd¥aemess2885 nent ,

a variety of magnetic patterns can be easily fornmed, a variety of nagnetic

patterns can be used to bear servo signals, and further, elenents of a
variety of shapes can be used to formthe magnetic pattern. 17 7 Decenber
2005 CLAI Msserfacegnandthe srrenwasdes nedhat idcapatiraught, telr ¢d@seher eon,
the magnetic pattern conprising: data tracks; guard bands; and servo

si gnal s, thecghaat epddibs megneHe grrnfPahapepérrped rethrseny mapngvi ded in
the radial direction of the disk; and the servo signals being recorded in

t he guard baRdsragrpiyicansire batthe WRCUMNS deves faee efcording
magnetic disk as defined in claim11, wherein  said magnetic tpattern i's
provi ded i nSarEReettdbinchae af abonatiagre mesisec s ceRebe rikgilGimeset i on of
the data tracks, and includes a plurality of el enents, disposed at

interval s GPRFEEeRtd Wr 6K SEAFRREIDILY Phea fpggnéti 8 Bi%k- as defined claim:

1 or 2, wherein_said nagnetic pattern is fornmed by magnetijc
Note that as to the initial magnetic field and the transfer .

magnetic field, it is necessary that a wvalue 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 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 writ—ing 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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transfer. 4. A drive apparatus for driving the magnetic disk defined in
any one of the preceding clains, conprising: a magnetic head for_recording
data on the data track of said nagnetic disk and playi ng Bdegecmher005

recorded dat a;

and a second magnetic head for detecting the servo signals

fromthe magnetic pattern. 18

CLAIMS

1. 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 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 claim 1 or 2,

wherein said magnetic pattern 1is formed by magnetic

transfer.

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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