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- BACKGROUND OF THE | NVENTI ON 5 The present inventi i
relates to a patterned servo-type magnetic recordi NG sgson

1 TITLE OF THE | NVENTI ON MAGNETI C RECORDI NG MEDI A AND
arcGronD o T | WenTl o 5 the present 1 nvent | INIHTHT

medi a and a magnetic recording and reproducing

. . di di a
ot s 10 e 0 eninl 57 ™8 (ANRIED
hi gh-density recording, nmuch attention has been_paltﬁmmp
to a discrete track recording nedia in which adjacent
recor di ng tracks.ar§T§§é§rQféaﬁﬁr6NW@N€I§ﬁbtheae?¥0
%E?LﬁegﬁﬁficéBﬁébéb';ﬂ%@%e?a%ﬁﬁ!@e%&g%a@%Egédméﬁelgm
. . "

tr acke RRaPLC TR e B ARARGRet ¢ and nonmmgnet | patter ns

i ni ' t] magneti c
patterns corresporfi el e L e g8 s tare
formed byrh@PpLOLERE WhBn8:3hatper, oLt (aRKes RegshBle
20 to reduce costs, because such a method €a

el | 8 anke-t 968 ViBaghackovEbLEPAind ABADE! bAadhskaBAS: i
been proposed which has data recording zones in“whic
gr oav@so ed End oam@drept 080Gt R 08PhAFatidCkavihg WAECH
data is recorded,
magnetic recording media.

In recent years, in order to adapt to further
high~density recording, much attention has been paid
to a discrete track recording media in which adjacent
recording tracks are separatédlfrom one another by
guard bands consisting of a groove or a nonmagnetic
material to suppress magnetic interference between
the adjacent tracks. In manufacturing such a discrete
Crack media, if both magnetic and nonmagnetic patterns
defining recording tracks and magnetic and nonmagnetic
patterns corresponding to signals in servo zones are
formed by imprinting with a stamper, it makes possible
to reduce costs, because such a method can eliminate
servo track writing.

A magnetic disk has been proposed which has
data recording zones in which grooves are formed
along recording tracks, to which data is recorded,
that are formed of protrusions between the grooves,

and servo zones in which protrusions and recesses

corresponding to servo signals are formed and
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25 that are formed of protrusions between the grooves,
and servo zones in which protrusions and recesses
corresponding to servo signals are forned and

magneti zed so as to have opposite polarities, wherein
the area of the protrusions is |larger than that of the
recesses in the servo zones (Jpn. Pat. Appln. KCKAI
Publ i cati on No. 1999-161944). 2 The above conventi ona
magnetic di sk has a |ongitudinal recording |ayer
deposited on a substrate on which protrusions and

r ecesspetdrzed gravetk th Haoraraidpow)l toper@ltd mit igest Wieerein
performed after film deposition in order to magneti ze

t he theotangs @fs tdivd PO rrasdisyes i tdrgsertmizorfest sof the
as to have the opposite polarities. Further, a

per PEFFSERSaL T &dtr BSHY A RREYS T aniist- k?eatre??ﬂm}l; USERKAT

' . netjc di.s ecayse it is difficult to

hgg g@ﬂig?gﬁ'rb&%friﬁ%%ﬁQéiﬁﬂf recesses so as to have

ht ghpooittss RSed (e Tane Gaitr s ot | &Y B2

t inzat i t is, refaormatted wth a

wr i Lo TR A AN WISy Ber Tt b frace

di sadvantiageens Ay ilhe aherrfand.d f5 ot qpagnetic

patterns 20 defining recording tracks and nagnetic

pat FeriS t tEolgh RFRARAIIRG i sTEL0 s e AL fr ned by
imprinting, the presence or absence of the magnetic

mat eepals itdrnbe nutdrddezed casmagyrserivve gNalrothars i8eh and

a magnetic di sk, even when a perpendi cul ar nagnetic 25

r ecgedengebayer the fsemved,zdn@snesict iasg tics heorgplteteedbpposite
polarities. Further, a perpendicular recording
layer cannot be readily used in such a magnetic disk,
because it is difficult to magnetize the protrusions
and recesses so as to have the opposite polarities.
In this case, such a high-cost process that the whole
media is subjected to DC demagnetization and then is
reformatted with a write head is required, which makes
the process disadvantageous.

On the other hand, if both magnetic patterns
defining recording tracks and magnetic patterns
corresponding to servo signals are formed by
imprinting, the presence or absence of the magnetic
material can be utilized as a servo signal. For such
a magnetic disk, even when a perpendicular magnetic
recording layer is formed, formatting is completed
simply by DC demagnetization involving applying

external fields at once. This is advantageous for
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sinmply by DC demagneti zation invol ving applying
external fields at once. This is advantageous for

i ncreasi ng density while reducing costs. However, it
has recently been found that the thermal stability of
recorded nmagnetization may be degraded in such a

di screte track-type magnetic disk. 5 BRI EF SUMVARY OF
THE | NVENTI ON A magnetic record ng nedi a according to
an aspect of the present invention conprises: servo
zones conprising nmagnetic or nonmagnetic patterns
whi cinareasitng | dens disy sein Vbe stgtad snd nedsids ng bur st
marks 10 of a burst section adapted to detect

of f -t racktiodeveat i oh; handreaeat kynesent fieuhdr shabatks

of the burst section in each of the servo zones bei ng
f or NEPTTOR L ottt 3i3bl B v horprrided cnagn el i 23t 5o rivan desl

by a, magnetic material.,K The nagnetic recordi ng nedi a,
oy AT | 5 THER it YRS CORBTF ST YR rBRgReh iy SLsk.

e b o ETAR O R e
ecord nay dageksscl B adihin Lo, he OBl AL 1eg S g

anotdrert s pecd s it ey diesatcdiyed on SOPPSiseses a
magnetic recording media conprising servo zones
CONRYdngd 11igs IR e g e tOF ¢ NON IR diCe DB 1S 11Se WS Ghhi @ €
utilized as servo signals including burst marks of a
bur stresectiloinzeadlapt exkivo det@edl Of fndr@eikn@SHurst marks
devi ation, and data zones, the burst nmarks of the

bur stf sedtimat iseaaicin afdagieed erov claonsts dif ngr4 ok ned

deviation; and data zones, the burst marks of the

burst section in each of the servo zones being formed

of an isolated nonmagnetic material surrounded by a
magnetic material. The magnetic recording media may
comprise the data zones comprising recording tracks
formed of a magnetic pattern and guard bands formed
of a nonmagnetic pattern separating the recording
tracks, in addition to the patterned servo zones.

A magnetic recording apparatus according to
another aspect of the present invention comprises:
a magnetic recording media comprising servo zones
comprising magnetic or nonmagnetic patterns which
are utilized as servo signals including burst marks
of a burst section adapted to detect off-track

deviation, and data zones, the burst marks of the

burst section in each of the servo zones being formed

of an isolated nonmagnetic material surrounded by a
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of an isol ated nonmagnetic material surrounded by a
magnetic material, and a magnetic head positioned
above the magnetic recordi ng nedia. BRI EF DESCRI PTI ON
OF THE SEVERAL VIEWS OF THE DRAWNG FIG 1 is a
schematic plan view of a magnetic 5 disk according to
an enbodi nent of the present invention; FIG 2 is a
perspective view showi ng a data4 zone in a magnetic
di sk according to an enbodi nent of the present
invention; 10 FIG 3 is a schematic diagram showi ng a
ser vvagzenec andtartdal g Zndeai magnaagoehieeddpskitioned
according to an enbodi nent of the present Invention;
FI Galdovs Bhelmagvébicshewbndipatmedis.in a servo
zone and a data zone in a magnetic disk according to
i's ar?Wod?Er\%}ﬁIPdﬂ‘IQPh@%r%rﬁEVEWntWﬁWS FOIG, THE | BRAWING
perspect|ve view of a magnetic recording and
reprodu0|55 ap a%%tﬁsSQE@@PHFﬁgpﬂén Hheenbddipnmagnetic
ent inyenti i s a bl ock diagramof a

s
nagne%g% FECOTU Y t%oa%nﬂm?%%+%ﬁ%5|ﬂ§ SPhpaPaEaSTt

acccg&&ggktghan enbodi ment of the present invention
FI G i'sa bl ock diagram showing a control mechanism

for head pes!thoping Lorsa0-rpgnelie, LRsgLding and, -on.

reproduci ng apparatus according to an e ' men

the i esegldventd ooy HGr8ihg @obéﬁcgmgtégﬁéﬁ{ of the
showi ng an address processing unit in annel in
magnetd Lerite cioi i g on ;

FIG. 3 is a schematic diagram showing a servo
zone and a data zone in a magnetic disk according to
an embodiment of the present invention;

FIG. 4 is a plan view showing patterns in a servo
zone and a data zone in a magnetic disk according to
an embodiment of the present invention;

FIG. 5 is a perspective view of a magnetic
recording and reproducing apparatus according to
an embodiment of the present invention;

FIG. 6 is a block diagram of a magnetic recording
and reproducing apparatus according to an embodiment
of the present invention;

FIG. 7 is a block diagram showing a control
mechanism for head positioning for an magnetic
recording and reproducing apparatus according to
an embodiment of the present invention;

FIG. 8 is a block diagram showing an address

processing unit in a channel in a magnetic recording
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and reproduci ng apparatus according to an enbodi nent

of the present invention; FIG 9 is a plan view

showi ng a burst section in a servo zone in a discrete
track nedia according to an 5 exanple of the present
invention; FIG 10 is a plan view show ng a burst
section in a servo zone in a discrete track nedi a
according to a conparative exdnple of the present
invention; FIG 11 is a schematic view show ng grain
bounda- 10 ries generated in a magnetic materi al

sur r@@@drmr@@@ciMrsppamakus hawno raifg Goo 9an Fe@od 2ment
is a schematic view showing grain boundaries

genethatlde ipresmgntryenwheerial forning the burst

mar k shown_in 53(—1 10; 15 FIG 13 is a plan view

showi ng bmgt tks? oﬂla?h‘él?ﬂn%}fl%é‘f‘gpérPBHéFySSFtéon in

di scy eée track medi a gccor enbodi

the present Z%r\l/eenh oh; ﬁﬁeiﬁ%ﬁa%kﬁ%ﬁ+%ﬁ§ﬂ8ﬁ?h@g to an
rreas&g h%gﬁ:ég?r@@ irp\peergt er| pher al p_ortl on,
or

an inter medl ate i on, and an out er peri pheral

portion aFIéooﬂ©t§§p§r%igﬁevfgg 9%039§¢ngn?&p$E section

magneti ¢ recordi ng arat uses accor

exan & sl $d1e; o cOMPAr At d Ve £8Pt £ c N i & a&éofélﬁg

pl an vi ew showi ng patterns in 25 a servo zone and
dat & anecdnip fr ABGREt d Larklh BK o ACERE b s &19c aﬂ@wﬁflon,

enbodi nent of the present invention. DETAILE

DESCRI PTIIONs OFL THEs | NVENTérfN-ic view showing grain bounda-
ries generated in a magnetic material surrounding the
burst mark shown in FIG. 9;

FIG. 12 is a schematic view showing grain
boundaries generated in a magnetic material forming
the burst mark shown in FIG. 10;

FIG. 13 is a plan view showing burst marks on
the innermost periphery of a discrete track media
according to an embodiment of the present invention;

FIG. 14 is a diagram showing measurements of
SNR in an inner peripheral portion, an intermediate
portion, and an outer peripheral portion at room
temperature and at 70°C, in the magnetic recording
apparatuses according to the example and the
comparative example; and

FIG. 15 is a plan view showing patterns in
a servo zone and a data zone in a magnetic disk
according to another embodiment of the present

invention.
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A magnetic di sk according to an enbodi nent of the
present invention will be described with reference to
FIGS. 1to 4. 5 FIG 1 is a schematic plan view of a
magnetic disk 1 according to an enbodi nent of the
present invention. FIG 1 shows data zones 11 and
servo zones 12. User data is recorded in each of the
data zones 11. This magneti€ disk-is a so-called DIR
(discrete 10 track recording) nmedia having discrete
tracks fornmed of concentric magnetic patterns. The
recordi ng tr AECAINGD |DEsRiEsTION ert IR rT NENT TON
reference to FIG 2. The disk has a dianeter of 20.6
mm The rAdhagngdsct dbak afcohéingneonmest empodtiseng of
track is 4.7 mm while the 15 radial position of the
out rl T ¢ ERF d%%‘gefti?h@k 7511 g descSbped dath feference

heaqu |s formed in each of the servo zones
12 a ;éEQ% nagnetlc material and a
nonmagnetj, sur f ace, the Servo

the, di s
zone 12 |sﬁ%gH%eHSI?k%gge%?f%ﬁ:%rZHZFlEVc ) a magnetic
d f urin
LN s o oy e IRt (S ife [ Esenc
ci rayfeaienid al pRNgtD Lo arger, as,ids. Iﬁdér% $8TV0 ,zones

position is closer to its outernost per i phery

i s acper spect igecyi aw Afcardlad & Zanec Nor 25, & &?@Qeiéﬁes
di sk according to an enbodi nent of the present

i nverit.i orthis sefdndnderdayieri 22 isof@ Mgy ®fR d(discrete
substrate 21. Magnetic patterns constituting the

r ecormialy tacokE rRP amel igudray handsi 24r-amde ©fcids formed
nonmagnetic material are alternately forned al ong a
of concentric magnetic patterns. The recording tracks
will be described later with reference to FIG. 2. -The
disk has a diameter of 20.6 mm. The radial position
of the innermost recording track is 4.7 mm, while the
radial position of the outermost recording track is
9.7 mm. Servo data for head positioning is formed in
each of the servo zones 12 as patterns of a magnetic
material and a nonmagnetic material. On the disk
surface, the servo zone 12 is shaped like a circular
arc corresponding to a locus of a head slider during
access. The servo zone 12 is formed so that its
circumferential length is larger as its radial
position is closer to its outermost periphery.
FIG. 2 is a perspective view of a data zone in
a magnetic disk according to an embodiment of the

present invention. A soft underlayer 22 is formed

on a substrate 21. Magnetic patterns constituting
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radial direction, and thus the recording tracks 23 are
separated by the guard bands 24. The radial width 5
and track pitch of the recording track 23 are denoted
as Tw and Tp, respectively. The radial width Twis
formed to be larger than the width of the guard band
24. In the present enbodinent, the ratio of the
magnetic material to the nommaghetic material in 10
the radial directionis 2:1, that is, the occupancy
rate of the magnetic material is set to 67% A giant
magrith esderiddnq GVR)Cled ereman@lgwird baeds hebhdnaned of a
single pole 32 of a wite head, which are fornmed in

t he THOMRPH1§ e Matrer Tvk i 2 ¥ ekt aibaee } hef o Bl da hgny @

15 track 23,, As the substrate 21, a flat glass
substa G 4 rSRiP TR UDSET dtle® 2S¢ Hord | FRIERY 23

(N ST R e B AT AL AHDSUERLC B, Pt

Pl Mt
ool 8 J0PGl A, 30 BRE PG RuineS o9 a e giporec
s Wt SE 4 [iddacbi o e ek ooy Pepeen 40

t heriwndOrdd ng: tihe-guarch randse 3¢ A thoughe notard band

shown, a protective filmof dianond-1ike 25 carbon
(DLQA4.i s Trorgted preddre saifdadaserof, tfee fL€08 dbHgthe

tracks 23 and guard bands 24. Lubricant is then
applrisgheta ¢ e tsarifalc e of thdhenqumpt ot i ve fiateridh in
anot her enbodi ment of'thelpresent invention, t he ,
pr ottéxst ingelifa ) rdimactbeort orsred: Wi ridvat yion roteocoderancy
and recessed surfaces of the recording tracks 23
rate of the magnetic material is set to 67%. A giant
magntoresistive (GMR) element 31 of a read head and
a single pole 32 of a write head, which are formed
in the head slider, are positioned above the recording
track 23,

As the substrate 21, a flat glass substrate is
used. The substrate 21 is not limited to the glass
substrate but an aluminum substrate may be used. As a
ferromagnetic material forming the recording track 23,
CoCrPt is used. As a nonmagnetic material forming the
guard band 24, SiOp is used. SiOp is filled into the
grooves between the recording tracks 23 and then SiOp
is flattened, thereby forming the guard bands 24.
Although not shown, a protective film of diamond-like
carbon (DLC) is formed on the surfaces of the

recording tracks 23 and guard bands 24. Lubricant

is then applied to the surface of the protective film.
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without filling the Si02 into the grooves between the
s recording tracks 23. Wth reference to FIGS. 3 and
4, the patterns of the servo zone and data zone w ||
be described. As schematically shown in FIG 3, the
servo zone 12 includes a preanble section 41, an
address section 42, 10 and a burst section 43 for
detecting deviation. As shown ith H G 4, the data zone
11 includes the recording tracks 23 forned of
magnetic patterns, and the guard bands 24 nade of a
nondﬁgn®m¢thamt@mb@mimeﬁht®ﬁrnbeoprémenMHQMQémtlamﬂ the
nonmagnetic materials is which provide servo signals
ar e B? vt i ve ebihm onay hee pfeemddl edbeetiby @, pacdredsd
sectlon 42, and burst section 43 in the servo zone

A e SRTIT OB RER@ES the FictFomed HeG chTdrles 23

b I Th t] 41 i ded t t
35 il LR AL id SRR BEOOAE o
si gnal Jre&dn# eclt%é]&edig. devi ati on caused by rotational

defl ection and an AGC process for

mai nt ai niypge RPPLEPLELALE éégﬁfésan?lééﬁdf gﬁg tE%rns

preanbl e section 41 has patterns of e g et

and JONRINAL i et | s Subst antd gbdl Stdd Iiak?@d

circular arcs w thout belng separat e ra

di r gof | sah et Tepenf el owd ofreeid n 3 heucé f§élﬂfc?f£<5}§é al
direction. The area ratio of the nagnetlc material to

nonnergrietdes reatrerdaatblia dder psrearb| earsecdddsHlsedSion 42,
approximately 1:1, that is, the occupancy rate of the
magretd @ st §GQ@@p$b)dqthté§ﬁ§D%g deviation.

As shown in FIG. 4, the data zone 11 includes
the recording tracks 23 formed of magnetic patterns,
and the guard bands 24 made of a nonmagnetic material.
Patterns of the magnetic and nonmagnetic materials
which provide servo signals are formed in each of
the preamble section 41, address section 42, and burst
section 43 in the servo zone 12. These sections have
the functions described below.

The preamble section 41 is provided to execute
a PLL process for synthesizing a clock for a servo
signal read relative to deviation caused by rotational
deflection of the media, and an AGC process for
maintaining appropriate signal amplitude. The
preamble section 41 has patterns of the magnetic
and nonmagnetic materials substantially constituting
circular arcs without being separated in the radial

direction and repeatedly formed in the circumferential
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5 The address section 42 has servo signal recogni-

tion codes called servo marks, sector data, cylinder
data, and the |like -forned at the sane pitch as that

of the preanble section 41 in the circunferentia
direction using Manchester encoding. In particular, 10
since the cylinder data has a pattern exhibiting a
data varied for every servo-trdck,-it is recorded

usi ng Manchester encoding after being converted into
Gray codes providing the m ninum di fference between

adj atiergcttiacks Boe asred ra&dicecf hehadvegset ef frestedbal
of address reading errors during a seek operation.

Al sd&-d mariea gy ies snaeetioh U2, thdepveauipbacyecaten ol 1
the magnetic material is apprOX|nater 50% The bur st
sectioRREFI%inat oFf - % rhckt kRt ek nghe seetipmnagetate of
detect the annunt of off-track with 20 respect to the
on- tTHc KRR G AR TA T nferaRRfeR B terhe ¥ st

Z?ctlon 4@%3 (%Sﬁéﬁgugégi%ge %gﬁ%%r%g{%§a§b§g$L Eecognl_

et saf%uraﬁ” Bl . ogtiaer

respective ar e arrang

sangigiid,chiRp dhat fe tAeH (ﬁe raﬁl) 2 n'lé)'})id’{]% tgﬂg that

circunferential direction. perio

bur if ithed ARG RN e dt0: drhey Perd %@tcﬂ%&ﬁ‘féﬁeﬁ@fal

address pattern changes, in other words, the servo
track rpeytieth VAGGR didikHdasdde dH@setg en‘omlﬁfl@lcular,

respective bursts are formed in a Iength of 10 peri ods

i n tshece rcdenfogrlanidedd dlitectdon pde-dnit dsshisering a
data varied for every servo track, it is recorded
using Manchester encoding after being converted into
Gray codes providing the minimum difference between
adjacent tracks so as to reduce the adverse effect
of address reading errors during a seek operation.
Also in the address section 42, the occupancy rate of
the magnetic material is approximately 50%.

The burst section 43 is an off-track detecting
section used to detect the amount of off-track with
respect to the on-track state for a cylinder address.
The burst section 43 has four fields of burst marks
(called an A, B, C, and D bursts), whose pattern
phases in a radial direction are shifted to each other
in respective fields. Plural marks are arranged at
the same pitch as that of the preamble section in

the circumferential direction. The radial period of

each burst is proportional to the period at which
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5 repeated in the radial direction in a period tw ce
as |long as the servo track period. In the burst
section 43, the occupancy rate of the magnetic
material is approximately 75% According to an
enbodi nent of the present 10 invention, each of the
burst marks is fornmed of an isolated nonmagnetic
mat eri al surrounded by a magnedic-material. Each
burst mark is designed to be a rectangle, or nore
precisely, a parallelogramtaking the skew angle
dur i tite heedtl @t g3t tento ccaogad , ﬂrheoﬂlSemckrmmy tiee servo
slightly rounded dependi ng on precision in stanper
pr ocesxst gl g oc st ey for neie epfesent agstbediment,
formation and the |ike. The principle of detection of
a pOoGIRTH Bif thier pasiaroffereepursta kerdtlroa3l§iperiods
not betﬂqscrlbed in detail. The 20 off-track amount is
obt dithé eoflc%ﬁ%%ﬁ%lf@rrhtgl%eol%ﬁfa}ﬂa@"e an”ﬂ?‘i”tkﬁﬂéjlés’%/%l ee
D burs

proéiaﬁ ot O LAyt £ LT O ok 2k e =
brl gfr]? osdlg‘ﬂa tsdeorf\zl% aﬁ{}??%}%l&{weqﬂ o’{]ngSourét Sction

escri manufacturin

magned | G Hl sicd e e Add acpf’fﬁ{ aezfrh @lém}%‘@éffalllls

material processing step, and at ing step

Bef@@@ﬁtxﬂmaﬁgmp'tﬁﬁse steps, a nethod of
manufacturing a stanmper used for the transfer step

wi Il be descsidity dheapraniessiméntrenti§ aed usi@gent he

stanper is subdivided into drawi ng, devel opnent,
invention, each of the burst marks is formed of
an isolated nonmagnetic material surrounded by a
magnetic material. Each burst mark is designed to be
a rectangle, or more precisely, a parallelogram taking
the skew angle during head access into account. The
mark may be slightly rounded depending on precision
in stamper processing or processing performance
for transfer formation and the like. The principle
of detection of a position on the basis of the burst
section 43 will not be described in detail. The
off~track amount is obtained by calculating the
average amplitude value of read signals from the A,
B, C, and D bursts.

A process for manufacturing a magnetic disk
according to an embodiment of the present invention
will be briefly described. The steps of manufacturing
a magnetic disk include a transfer step, a magnetic

material processing step, and a finishing step.



10

15

20

25

5 electroplating, and finishing. In the pattern

drawi ng, an electron beamresist is applied to a
master plate. An el ectron beam drawi ng apparatus wth
master plate rotation is used to draw patterns
corresponding to the nonmagnetic sections of the 10
magnetic disk fromthe inner periphery to the outer
peri phery. The el ectron beamrés$i st i s devel oped.

Then, the naster plate is processed by RIE or the |ike
to forma master plate with protruded and recessed
patt er ns.Bdhersuwi¢aceilbbing hehanst etepbat @ msthvadeois
conductive by depositing a Ni thin film The master

pl ateanuf agipisiot@ed t ot Mpet ectedpfat i e Themsfehestep
electroplated filmis stripped. The back surface of

t he Wi et A @H 9¢d m i BhppFepees tof aprsfaciiping
thickness and to flatten the fjlm Finally, the _20

i nnér St ViR of AFRREYS D tHe 7 | 1re Ak putRFRtCRIBENt /
br ob e G 1 IR kb POFY nelhor Rt T e

B (T g oAt by o a3 £Ea LT
I e e S A

per pendi eid Sler @EI0IH Nebd AYESn & & dLed JEPASHLR DO erns
each side of the disk substrate, and then an SOG

(spicvrreg@asiing esd sthe snappldest 1o saehisisder dhe

di sk substrate is sandw ched between two stanpers for

t he nearle tarnd dirdnt £ s faoe st nrde yoar Hohedt f otrdrl tyhe outer
periphery. The electron beam resist is developed.
Then, the master plate is processed by RIE or the like
to form a master plate with protruded and recessed
patterns. The surface of the master plate is made
conductive by depositing a Ni thin film. The master
plate is subjected to Ni electroplating. Then, the
electroplated film is stripped. The back surface
of the electroplated film is polished to adjust
film thickness and to flatten the film. Finally, the
inner and outer diameters of the film are punched out
to produce a disk-shaped Ni stamper. In the stamper,
protruded portions correspond to the nonmagnetic
portions in the magnetic disk.

In the transfer step, an imprinting apparatus

of double-sided co-transfer type is used to carry
out imprinting lithography. Specifically, a soft

underlayer and a perpendicular recording layer are
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5 pushed to transfer the protruded and recessed
patterns of the stanper to the resist surface. The
recesses in the resist forned during the transfer
step correspond to the nonmagnetic portions in the
magnetic disk. In the magnetic material processing
step, the 10 resist residue at the bottom of each
recess is renoved to expose the surface of the
magnetic material. In this stage, SiQ2 renmai ns on
portions where the magnetic material is to be left.
Thi F<Ha@i el wekacs aidask tthetdhsk heulexposee, and then
magnetic material by 15 ion mlling to formdesired
magrigt i P PpatIRHeN 2 a5102r¢51 9% of s 2R F¢¢i eteach side.
thickness is deposited by sputtering. Then, the Si Q2
fil mhs $evferddRsiateret saudvhehedrvraeecer fre stampers
magnetic layer to flatten the _recesses between th
oAt AT T (14T THFIEES 20 NomEdeL Fe: LOrnly
materjal.,l.n the finishing ste he surface of the
di sﬁodlszhedpo 9 shet 5 and ?rhegrp]éo%\_@%?o?%%t]ﬁ%e?%@érp?gterns
for : ' ' t e :
A e R
enbadidmends ift 28 Ay RIesEY dHwentdpdrd s Sl a6t HE 88ond
by these steps. FIG 5 is a perspective view of a
magnet ithe rmetorLh g ian t &P Sreki ci o lad ek gt arsi € hat gk .
disk drive) - 13 according to an enbodi ment of the
present ihvertié amgndiiec magnet i €1 recocds fign@nsgltep, the
reproduci ng apparatus -conprises, inside a chassis 70,
a negpedtstc misidugl at ahedbtstiomdert #a¢ncteck sig Bs readoved
head and a wite

to expose the surface of the magnetic material.

In this stage, SiOp remains on portions where the
magnetic material is to be left. This Si0Op is used

as a mask to etch the exposed magnetic material by

ion milling to form desired magnetic patterns. An
Si0p film of a sufficient thickness is deposited by
sputtering. Then, the Si0Oy film is reverse-sputtered
to the surface of the magnetic layer to flatten the
recesses between the magnetic patterns with the filled
nonmagnetic material.

In the finishing step, the surface of the disk is
polished, and then a DLC protective layer is formed.
Further, a lubricant is applied to the protective
layer. A magnetic disk according to the embodiment of
the present invention is manufactured by these steps.

FIG. 5 is a perspective view of a magnetic

recording and reproducing apparatus (hard disk drive)
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5 head, a head suspension assenbly (a suspension 75
and an actuator arm 74) that supports the head slider
76, a voice coil notor (VCM 77 and a circuit board.
The magnetic disk (discrete track nedia) 71 is

nounted on and rotated by a spindle notor 72. Various
10 digital data are recorded on the nmagnetic disk 71

i n perpendi cul ar magnetic recoitdi ng manner. The
magnetic head incorporated in the head slider 76 is a
so-called integrated head including a wite head of a
si ngeconpdiey ste vt uerebamitinant eafl tieadoussagt ainvention.
shiel ded MR 15 read el enent (such as a GWR filmor a
TMVR $h¢ mjagmeiel & uspremsd bro 7804 srérer eee i nmeapprir ot us he
actuator ~arm74 to support the head slider 76 so as
to fHERPLIHS 1 ebDT NP sThIaeks of 0t e Tagrrtie disk 71,

71. T t 74 is, attached t ivot 73.,
The R0 SR ot G e P e

t v lded at _th t d of the .
ot AL A vedi et Aol N BT O SLad i e
: . | or. .
nead 2t BRCArD ATy Trar BERGIER I ks e
di sk Ao i &0 T G o 25 RARN &7 £ 1 $88; Ao eadd 340

generate driving signals for the voice coil notor

(VCM andricontdhesignad sk f odi s€pats ot Fadg feath pnel is
wite operations perfornmed by the 14 nagnetic head.

FI Gm@irstraiveora dildbctothtagt g of ddiendignedi€r 72. Various

recordi ng and reproduci ng apparatus (hard di sk drive)

accotidlifg t dladrs emtrodiamentdart arhetlpr esepteti ivehtslonll in
perpendicular magnetic recording manner. The magnetic
head incorporated in the head slider 76 is a so-called
integrated head including a write head of a single
pole structure and a read head using a shielded MR
read element (such as a GMR film or a TMR film).
The suspension 75 is held at one end of the actuator
arm 74 to support the head slider 76 so as to face
the recording surface of the magnetic disk 71. The
actuator arm 74 is attached to a pivot 73. The voice
coil motor (VCM) 77, which serves as an actuator, is
provided at the other end of the actuator 74. The
voice coil motor (VCM) 77 drives the head suspension
assembly to position the magnetic head at an arbitrary
radial position of the magnetic disk 71. The circuit
board comprises a head IC to generate driving signals

for the voice coil motor (VCM) and control signals for

controlling read and write operations performed by the
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5 This figure shows the head slider only above the top
surface of the magnetic disk. However, the

per pendi cul ar magnetic recording |ayer with discrete
tracks is fornmed on each side of the magnetic disk as
descri bed above. A down head and an up head are 10

provi ded above the bottom and top surfaces of the
magneti ¢ di sk, respectively- Thé drsk drive includes a
mai n body unit called a head disk assenbly (HDA) 100
and a printed circuit board (PCB) 200. 15 As shown in
Fl Gmaynatrec Hemald di sk assenbly (HDA) 100 has the
magneti c di sk (discrete track nmedia) 71, the spindle
mot or 72,Flfhi ch slorwses bhecknghevremdbékthet haghetdc
slider 76, including the read head and the wite ,
head: S ¥HA 5t pid | 7P TO0 ik cR bidd B L as nf rardt gigsbodrive)
voi ce coil, notor (V€¥h%7 ,_and a_head anplifier (H Q)
whi AFTE HIY stovi? FHOFER S| P et PTeP TS prbviggntion.
wi t h,t:he read head incl.udin he, GVR el epent, 31 and
thehfv\}H etrlriuaroe isﬁé?m%i%@et}h%aéi%]gjr%e]f)o?%fgfb%‘?cﬂh%re
sho ' . T i der, 76 i ti 'y
SUpPOR o Ty S % i Tt en SEene M0aBuaE oEYs

The UsRans i -
i E T T AT et ahed 15 T nb Pt vor 7 Slpdfece

VOi G fid i SHOHMdV@Y dHclenedates @nd Ohakife 81 OUAds k
the pivot 73 for the actuator arm 74 to nove the head

i n tde deadimlbedliaeptd on Dfddhe megneing &h skp Meadhgre
head anplifier
provided above the bottom and top surfaces of the
magnetic disk, respectively.
The disk drive includes a main body unit called
a head disk assembly (HDA) 100 and a printed circuit
board (PCB) 200.
As shown in FIG. 6, the head disk assembly (HDA)
100 has the magnetic disk (discrete track medié) 71,
the spindle motor 72, which rotates the magnetic disk,
the head slider 76, including the read head and the
write head, the suspension 75 and actuator arm 74, the
voice coil motor (VCM) 77, and a head amplifier (HIC),
which is not shown. The head slider 76 is provided
with the read head including the GMR element 31 and
the write head including the single pole 32, which are
shown in FIG. 2.
The head slider 76 is elastically supported by a

gimbal provided on the suspension 75. The suspension

75 1s attached to the actuator arm 74, which is
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5 (HOC is fixed to the actuator arm74 to anplify
input signals to and output signals fromthe head.

The head anplifier (HHC) is connected to the printed
circuit board (PCB) 200 via a flexible print cable
(FPC) 120. Providing the head anplifier (HHC) on the
actuator 10 arm 74 enables to reduce noise in the head
signals effectively. However,lbhe-head anplifier

(HC may be fixed to the HDA main body. As descri bed
above, the perpendicular magnetic recording |ayer is

f or ek Drelelhc etsiashad thecmmgnetdétc 735 ditsk vdicandoil
the servo zones each shaped |like a circular arc are
formatasn @Ml Corgesporites o therquecausowid ttiee nivay 73
head. The specifications of the magnetic di sk neet

out eroarfd g rfdruati et et s’/ AP ReERl/ e tleead in the radial

chaaﬁggeristics adapted to a particular 20 drive. The .
radiUS Gt 4He & ridift dFeH ¥oraetk byl t helRerRRRG oert sfier

oL Lhe ALSlence [LOBANE PISL., (5, 1S MEAEL, o
th I.nt [ it d (P 200. T t I
e U 2 L B 200 TIE LA LALS b

cha 114G 2205 2 \MRY 230, and. & mtgle %fi"r@l{ed Ct%f"chiJGt

The U230 is a control unit of a driving system

and ydddess ROdo RAMa GPY 1 ands 18 198l 16 REQSESSIfg) 120,
unit which inplenent a head positioning control system

accardivigiitrgy tohee preese dmeeinboici mefHIC)Then 108 Gactuator
processing unit is an arithnetic processing unit
arm 74 enables to reduce noise in the head signals
effectively. However, the head amplifier (HIC) may
be fixed to the HDA main body.

As described above, the perpendicular magnetic
recording layer is formed on each side of the magnetic
disk 71, and the servo zones each shaped like a
circular arc are formed so as to correspond to the
locus of the moving head. The specifications of
the magnetic disk meet outer and inner diameters and
read/write characteristics adapted to a particular
drive. The radius of the circular arc formed by the
servo zone is given as the distance from the pivot
to the magnet head element.

Four major system LSIs are mounted on the printed
circuit board (PCB) 200. The system LSIs are a disk
controller (HDC) 210, a read/write channel IC 220,

a MPU 230, and a motor driver IC 240.

The MPU 230 is a control unit of a driving system
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5 conposed of a hardware circuit to execute hi gh-speed
calculations. Firmnare (FW for the | ogic processing
circuit is saved to the ROM The MPU control s the
drive in accordance with FW The di sk controller (HDC)
210 is an interface 10 unit in the hard disk drive
whi ch manages the whole drive by exchangi ng
information with interfaces- between the disk drive
and a host system (for exanple, a personal conputer)
and wwth the MPU, read/wite channel IC,  and notor

driard liGclkkddherameadimj tepghaine!l a | 2O bbode Heaty
signal processing unit relating to read/wite
operatitongichhieng eatdn | 4 ehedhnned i 4 {5220 | Sorcorgbsed

of a circuit which switches the channels of the head
anpld e team (G4 rdin vike cthprocesses ewaeliménte. 20The logic
signals in read/wite operatjons. The notor driver |IC
240 RILEL FHiRRruUr 119 Gin tdhel ERR ek dof PComt b (WO

77 and spindle notor 72. The, notor driver |C 240
contcroéfipéjpster?g YpihdlFMATT X Gt tHaretHe it ot gypspeed
can ratat.e.at a constant spe and 25 provides a .
cur rceaﬂtcfulv%tllc%ﬁ's et eM n d&g@se%’%nt}ge VQ§1c processing
mani i var.li r t VP 3 o.VCM 77t

dri vog}yt eltﬁgfdagréoﬁeltangciec an@m ;‘fﬁe %%%n orrg/ﬂ“ols the

mechgnivam 01, head; ARSI tionj nggwi || be described with
reference to FIG 7. This figure is a block diagram

showi ng head posi téod feL1dhesydPots0 G dn Fhrénta&e
mean systemtransfer functions. The _
unit in the hard disk drive which manages the whole
drive by exchanging information with interfaces
between the disk drive and a host system (for example,
a personal computer) and with the MPU, read/write
channel IC, and motor driver IC.

The read/write channel IC 220 is a head signal
processing unit relating to read/write operations.

The read/write channel IC 220 is composed of a
circuit which switches the channels of the head
amplifier (HIC) and which processes read/write
signals in read/write operations.

The motor driver IC 240 is a driver unit for the
voilce coil motor (VCM) 77 and spindle motor 72. The
motor driver IC 240 conrtrols the spindle motor 72 so
that the motor 72 can rotate at a constant speed and
provides a current, which is determined based on a VCM

manipulating variable from the MPU 230, to VCM 77 to

drive the head moving mechanism.
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5 control target P specifically corresponds to head

nmovi ng neans including VCM The signal processing

unit Sis specifically inplenmented by the read/wite
channel 1C and MPU (executing a part of off-track
detection processing). 10 The control processing unit

is conposed of a feedback control unit C (first
controller) and a synchrontsniéonpensating unit F

(second controller). The control processing unit is
specifically inplenented by MPU. 15 Operations of the

si gnal pricesstingl unech&wsth| fobehdadcpobetibaieg wnll
detail. The signal processing unit S generates

i nf dYaedds oH Breq Hel Wurrekgrener ko poketi on (TP s ohighee is
di sk on the basis of read signals froma servo zone

on t%gﬂd?cs’k PR EIH B WA heP 29! il posi t Tlop symbols

HP t basi f th it | .devjati E
botierta Tarte § PR poeT bt (RETGh THE 81 QRS AndThe

t he %Hq:§ﬂt19¥$' ' 1P). of h 0 he di sk

the 11 rt;t con r%%ﬂl SEP Sgpu{eply lscgalr%é %%gf%%%%g%a %ehetfd
25 thati Jedueass the Resid anal, d%étéfﬂqal—r her s6£004,
controller I1s a FF conpensating unit that conpensaté%

for drhe shapesictheedraeksnnehdierdd bdisle adad /write

vi bration that occurs in synchronismwth the rotation
of tdreartiesk.1CThenb emand sdutold®ra S8ES of off-track

pre-calibrated rotation synchronizati on conpensati ng
val yes dad imnmmgrmerae dsaible).. The second control |l er

The control processing unit is composed of a
feedback control unit C (first controller) and a
synchronism compensating unit F (second controller).
The control processing unit is specifically
implemented by MPU.

Operations of the signal processing unit S will
be described later in detail. The signal processing
unit S generates information on the current track
position (TP) on the disk onlthe basis of read signals
from a servo zone on the disk immediately below the
head position (HP).

On the basis of the positional deviation (E)
between a target track position (RP) on the disk
and the current position (TP) of the head on the disk,
the first controller outputs a FB operation value Ul
that reduces the positional deviation.

The second controller is a FF compensating unit

that compensates for the shapes of the tracks on the
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5 normal ly nmakes reference to the table on the basis
of servo sector information (not shown) provided by
the signal processing unit S to output an FF operation
value U2 wi thout use of positional deviation (E). The
control processing unit adds the outputs UL 10 and U2
of the first and second controllers to supply a
control operation value Uto VOM 77 via the disk
controller (HDC) 210 to drive the head. The
synchroni zati on conpensating value table is

cal idiirsit echa@duribnga taren niltatal eedungs oper aynomroMhen whieh
15 positional deviationc§F) becones equal to or |arger
t harthe se@atataiqe, ofa the il $hr atThy ppeerdscont sebierdsaves
to update the synchroni zati on conpensating value. A

net FOE TOH HotERd neP &2 Hlodt t5 oreEh - ebF 2t 1 oh CIPRRR §2EHI
signal.s of a servo zone wi]l be briefl 20 descrj bed.
The e 1 of ALY Gl pyTihes Spl O Hor o S 2
constant_rotati,on speed. The head. slider is_designed
to be e aals }% crﬁaaf eyS sﬁepter;eorrefne%e btyO flthee g? E?%Jg? f o’i/til%:%aq on°

th i t; i, L f Lyj ng:
egift-lsggeg{\% o ang. Jﬁqfﬂxﬁéﬁ&vﬁ{é&g rv\éré)ul%f&gl?ed by

hei ancing wth alr pressure Ing Trom

the gt afi iy Pfp A d@anetig: disk.o Jhusut tde MVRyperation

el enent, included in the read head, detects a |eakage
f I wydnemuhes racarding: |y esoDft tdear d&vidmonet () .

di sk across a predeterm ned magneti c spacing. The

rotation Tie thentmghept ccali Skngauses £adh sies voutgone Ul

in the magnetic disk to pass imedi ately below the

headirat 2 cohstrentf jpesti cthd s servd protesklean to supply
a control operation value U to VCM 77 via the disk
controller (HDC) 210 to drive the head.

The synchronization compensating value table is
calibrated during an initializing operation. When the
positional deviation (E) becomes equal to or larger
than a set value, a re-calibrating process is started
to update the synchronization compensating value.

A method for detecting a positional deviation
from read signals of a servo zone will be briefly
described. The magnetic disk is rotated by the
spindle motor at a constant rotation speed. The head.
slider is designed to be elastically supported by
the gimbal provided on the suspension and to retain
a very small flying height balancing with air pressure
resulting from the rotation of the magnetic disk.

Thus, the GMR element, included in the read head,

detects a leakage flux from the recording layer of the



10

15

20

25

5 be executed by detecting track position information
on the basis of read signals fromthe servo zone.

Upon finding an identification flag for the servo

zone called a servo mark, the disk controller (HDC)
can predict timng when the servo zone passes 10

i mredi ately bel ow the head on the basis of the
periodicity of the servo zone.1%3hus, the disk
controller (HDC) causes the channel to start a servo
process at a tinme when the preanble section will pass

I mmedH caieed e el o ddro e ad. pAdd N d imied @rmangeet dOct igacing.
bl ock diagramin FIG 8, an address reproducing

pr oclEss rnatdthieorchanmngie vmdcjneﬁie: dibbek | hmds e Reaglclous putro
signals fromthe head lifier IC (HC) are |oaded

i nt garte Jchamfelma@eamc cer R 3D EMmetibdbgly below

filtering process (1 ongi tudinal] 20 signal equalizing

pr oddss PR #t e?qusaﬂrr%@nt FREIIMEN RamPred %%O%?@%t%«‘rm
I b t
| eal R T R o R ot S SEE T e R Rgon on
pr est%nt e(rjrgbodl ]i%éérrsa (2 lpenglcgul agefé el‘(;lO z2c‘L>3ne
%o

correspon ti't patterns. wever, ~al |
DC of f sety h
by hi g RIS ChOrae ?%E#%%W%fﬂ%@ﬁ%ﬁ B T er 30

(H Qe and Adie | ongi ddi nad rRAuad i 2] n@n@r@fﬁgsc?ﬁ{tfgfler

equal i zer in the earlier stage of the channel
a regind) ch @rUtctsi @il nd e hendr £ambd ez 508t ho8ses

after the analog filtering process becones an al nost

immediately below the head on the basis of the
periodicity of the servo zone. Thus, the disk
controller (HDC) causes the channel to start a servo
process at a time when the preamble section will pass
immediately below the head.

With reference to the block diagram in FIG. 8,
an address reproducing process in the channel will
be described. Read output signals from the head
amplifier IC (HIC) are loadéd into the channel IC and
subjected to an analog filtering process (longitudinal
signal equalizing process) by an equalizer, and then
sampled as digital values by an analog-to-digital
converter (ADC).

A leakage flux from the magnetic disk according
to the present embodiment is a perpendicular field
corresponding to the magnetic patterns. However, all

DC offset components are removed from the leakage flux

by high-pass characteristics of the head amplifier
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5 pseudo sine wave. The only difference fromthe

signal obtained fromthe conventional perpendicul ar
magnetic recording nedia is that the signal anplitude
is reduced by half. In the case where the polarity of
the head is 10 set inappropriately, the bit 1 or 0 may
be m stakenly recognized depending on the direction

of the | eakage flux fromt-he 3&rvo zone, causing the
channel to fail in code detection, which is applied to
not only the discrete track nmedia according to the

pr esE@c )1 mretritddi mentg utd ialslo eanct hierimedpmncess by the
Accordingly, the polarity of the head nust be

appreoprd laitzsty igetthd reacdordategaah the ganegheC. As
| eakage flux. The channel 1C switches the process in
accar dafl twiarh quai tsi grtie phasws . tigpaergaal ¢ ySe¢heon
channel 20 I C executes, for exanple, a process of

pul 1355 ithe AYAAH oni S oS ot ﬁw%e%e%fa almost

IR ath G, D PR BT y  Ag SSane
d a_burst f t.ect

o gl agrss, e e gl &fﬂ-‘

W" ’%31 ided, brd eff y e%téhgsn r%@éﬁm?deprpgess

2|ng timng tor ADC sanpling W th
SI n%ﬁ%d -b}2]hafﬁad signal s and an AGC process of
mat chi ng the signal anplitude of digital sanpling

val ues atrm s t@dde digved e E@ﬂi’@_\;ﬂ offhenpernégdsis
of the bits 1 and O of the nedia pattern are sanpl ed
at fauy ipoipirsopriately, the blt 1 or 0 may be mistakenly
recognized depending on the direction of the leakage
flux from the servo zone, causing the channel to
fail in code detection, which is applied to not only
the discrete track media according to the present
embodiment but also another media. Accordingly,
the polarity of the head must be appropriately set
in accordance with the patterned leakage flux.
The channel IC switches the process in accordance
with read signal phases. Specifically, the channel
IC executes, for example, a process of pulling into
synchronism of synchronizing a read signal clock with
a media pattern period, an address reading process of
reading sector and cylinder data, and a burst process
for detecting the off-track amount.
The process of pulling into synchronism will
be described briefly. In this process, a process of

synchronizing timing for ADC sampling with sinusoidal
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5 1In the address readi ng process, the sanpling values
are subjected to noise reduction in FIR, and then
converted into sector and track data by the Viterb
decodi ng process, based on nmaxi num |i kel i hood
estimation, or the Gray code inverse 10 transformation
process. This nmakes it possible to acquire servo

track informati on of the head.2Then, the channe

shifts to the process of detecting the off-track

amount in the burst section. This process is not

i || ustacatssidyrimits mrot esdAGE dodeds ows . m@8igmakg the signal
anplitudes are subjected to sanple-hold integration

i n 3w lortdete off tHeoiglstsamp ged pakdes mt £ grigin
and D. A voltage value corresponding to the average
anpligfifde 3% SUtgHtaD MPUe RS Riocerg bits 17and 0

i nt ti is th [ d 20 t U. i Vi
LB oo, (e, Lesued, 20,00 AP Leon secelyi o
the b t. si ls,i t] . '

e DU1 sty 1 L2441 . LtBy, o e5c anely DR Lhen,

servg 1y, onkdﬁzg e %cgen&e@éi x%éd@é@%r?eiﬁ/ FIR,

det ecte asis o e 25 off-track amount and

the 3R Whd atdh W drBid ). se d@mi & @rgl- IComped abj ve

Exanple) FIG 9 is a plan view showi ng a burst section

- 2ZHeN VAL tSRIBA0 dei iy b iSsded €, tih edd nedli e 2wt di ng

to an exanple of the present invention. In the

pr eseirite 1 igranples t igecthi dour str nelik Grayf ocondel Tivearmse

i solated nonmagnetic material 52 surrounded by a

magtatans formation process. This makes it possible to
acquire servo track information of the head.

Then, the channel shifts to the process of
detecting the off-track amount in the burst section.
This process is not illustrated but proceeds as
follows. Signal amplitudes are subjected to
sample-hold integration in the order of the burst
signal patterns A, B, C, and D. A voltage value
corresponding to the average amplitude is output
to MPU. A servo process interruption is then issued
to MPU. Upon receiving the interruption, MPU uses
the internal ADC to load the burst signals in a time
series manner. DSP then converts the signals into
an off-track amount. The servo track position of
the head is precisely detected on the basis of the
off-track amount and the servo track information.

(Example and Comparative Example)

FIG. 9 is a plan view showing a burst section
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5 material 51. FIG 10 is a plan view showi ng a burst
section in a servo zone in discrete track nedia
according to a conparative exanple. In the

conparative exanple, each burst mark is formed of an

I sol ated magnetic 10 material 51 surrounded by a
nonmagnetic material 52. FIG 11 shows grain

boundaries 53 generated in ~th megnetic material 51
surroundi ng the burst mark shown in FIG 9 (exanple).
FIG 12 shows grain boundaries 53 generated in the
magret iac seatvey izaines 1n KB fayatiend ratek Buadia medo shovh to
in FIG 10 (conparative exanple). The grain
bourRdargxed53® e ql’l%é%ﬁﬂ%ﬁrgteﬂé?‘%&réal% r aftiorhe present

p03|t|ons in the magnetic teri rin
dep&Siaca® featq(ib SHegetiad ser %Hmedlﬂ%# gjrsl’]Olated
boundari es 53 thu en rrlers 20 t
sepdrrArE Jr‘?aér}%ﬁgrclaﬁaag&el atirrﬁu (fﬁ ¥ ie G4 r|1ents,lcof

t he gneti.c Jypterial. The discrete track nedia
i nvol'ves a step of patterning the magnetic material,

so that tfg; megpetd ¢ r@fﬁ I o s HERY1 R eﬂ’r@@§§§e§e§@lon
as to partly renove the |inear grain boundaries 53.

Consequerd o thmd iine i MSse |11 Wvhedn 4 r@cmmmg Cto
mat eri al has been separated by the grain boundaries

53, arsrfgaddieivdissded Dy ArocEssi dgngs osisi secékansle,

- 23 As shown in FIG 12 (conparative exanple), if

t he edaly Stumey knd sk fioy nfegknodd tde arsal st et exhignegnet ic

material 51, a very small nagnetic region 54 may

occuratigritdie Shurstramrded The aergnsagidt hagneteeial 52.

regi on 54 has

FIG. 11 shows grain boundaries 53 generated in

the magnetic material 51 surrounding the burst mark
shown in FIG. 9 (example). FIG. 12 shows grain
boundaries 53 generated in the magnetic material 51
forming the burst mark shown in FIG. 10 (comparative
example). The grain boundaries 53 are linearly
generated at random positions in the magnetic material
51 during deposition of the magnetic material. The
grain boundaries 53 thus generated work as barriers
to separate the magnetic material 51 into fine grains
of the magnetic material. The discrete track media
involves a step of patterning the magnetic material,
so that the magnetic material 51 may be processed so
as to partly remove the linear grain boundaries 53.
Consequently, the fine grains, into which the magnetic

material has been separated by the grain boundaries

53, are further divided by processing cross sections.
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5 such a small volunme as to nmake the magnetization
after recording thermally unstable, possibly causing
nmedia noise. In particular, in an inner peripheral
portion of the disk where burst marks are densely
formed, many fine magnetic regions 54 occur in the
burst marks. 10 For exanple, FIG 13 shows burst narks
in the innernost periphery-of23 dirscrete track nedia
according to an enbodi ment of the present invention.
As shown in this figure, the size of each burst mark
in the i Meersipeyn peripher yl? s (abopers0inen ¢aemalel ¢ cht the
15 of about 120 nm) in a track djirection and about 150
nm (rst prach of d 300 Hg ivrkatedgaagnelekc material
direction. Wien such a fine burst mark is fornmed of

magneti & HEReF | WA ah "V et TP DI 2L R pyCGrat nt? Jehe

RS, DO S SR A1 g

of size of 10 | ess. n di n

OL vafh o S T R s, TR e Y AR A PO P arter
bur Jqﬁg i no i

mat é'Irelc'rqirdéZ iur roun loyz% g]fe geﬁggln%tgrl aﬁ%lﬁ%%la
showbiide Fl Gn Jﬂaﬁ@i@ppéle) ,u{ Iane IRYLt hEr 118196 PAS portion

which are thernmally 24 unstable are unlikely to occur
evernf ftHhelimgnatd te Wt €f imdriod 4 e diamskelly | fid fmed, many

pi eces by grain boundaries and processing cross
sectfiiores . m€pnsteiu erdd yon st aocaor sen i shes Uppr e searks .

For example, FIG. 13 shows burst marks in the
innermost periphery of a discrete track media
according to an embodiment of the present invention.
As shown in this figure, the size of each burst mark
in the innermost periphery is about 60 nm (at a pitch
of about 120 nm) in a track direction and about
150 nm (at a pitch of about 300 nm) in a cross-track
direction.

When such a fine burst mark is formed of a
magnetic material and divided into pieces by grain
boundaries and processing cross sections, there is
high probability of forming fine magnetic regions 54
of size of 10 nm or less. Consequently, media noise
is very prone to occur.

On the other hand, if the burst mark is formed
of the isolated nonmagnetic material 52 surrounded
by the magnetic material 51 as shown in FIG. 11

(example), fine magnetic regions which are thermally
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5 Magnetic recordi ng apparatuses are produced; one of
them uses a discrete track nedi a havi ng nonmagnetic
burst marks according to the exanple, and the other

uses a discrete track nmedi a having magnetic burst

mar ks according to the conparative exanple. For these
10 magnetic recordi ng apparatuses, signal-to-noise
ratio (SNR) is neasured in—anZ4nner periphera

portion, an internediate portion, and an outer

peri pheral portion at roomtenperature and at 70C

FI Gunst aghiewsa tehean IniBesly enertcaweswten 16 #se shagmet hc
FIG 14, for the apparatus according to the .
conpatattiieed daris e?iwiréedsmw@@m ior&rahmriRewngaries
in the inner peripheral portion than in the outer ,
per i35e PHOCHRE iNd T5RS 3 PR onLAR SRR ELY media
tenperature. Further, at 70C, the SNR decreases nore

20 MEFKEIYy iSRS er peripheral portion. A
por 1 on. 1adhelly (Ead PR St Tar ten LE BFATRRENE one

contrast, appa us acc

the o ©xaml &sed Ahal; .cﬂleecr?i‘g%agﬁ Gy a Vﬁé@’in%nnonm%%rrletic

significantly depending on the radial positi elt

at REBEZNLAPHANE R & AC eddhdNe, adYethe other
description, the burst marks in the ABCD bur st

sectiss 43.digmwtd t Rdk redid ehLatly -m@dnef Ok nedr of

the isol ated nonmagnetic material. However, the

pr esentkd rverdidimd sceithd ardnypappl icabdeanwla. nbbt these

burst section. FIG 15 shows a servo zone and a data

zongdgned immgreestd il idig ledrmd atlgise swl $ idgnaktto-noise ratio
(SNR) is measured in an inner peripheral portion, én
intermediate portion, and an outer peripheral portion
at room temperature and at 70°C. FIG. 14 shows the
measurement results.

As shown in FIG. 14, for the apparatus according
to the comparative example, the SNR decreases more
markedly in the inner peripheral portion than in the
outer peripheral and intermediate portions at room
temperature. Further, at 70C, the SNR decreases more
markedly in the inner peripheral portion. A decrease
in SNR is also observed in the intermediate portion.
In contrast, for the apparatus according to the
example, signal intensity did not vary significantly
depending on the radial position either at room
temperature or at 70C.

In the above description, the burst marks in

the ABCD burst section 43, shown in FIG. 4, are each
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5 section. Though the ABCD burst section 43 is forned
as one sectionin FIG 4, the null burst section is
divided into a first burst section (AB) 45 and a
second burst section (CD) 46. Even in the case of 10
the first burst section 45 and second burst section

46, shown in FIG 15, recorded nmagnetization can be
thermally stabilized by form ngdeach burst mark using
an isol ated nonmagnetic material and placing a

magnetic material around the nonmagnetic material. 15
Addifiaoreal efivdrd aigesl aret moghridgregti ionsnatidtiat eadidwever,
occur to those skilled in the art. Therefore, the

i nvertd drdgent sirprerddern aspetint farivtagphicale tlee a
the specific details and re resentatlve enbodi nent s
shovirH ein P Wiesste rg S5etet Her ei it JCEO %h‘??gﬁf e WY%U%O% and

nndlflcatlons may be nade w artin t he

spi A 19912 S %H@%@r%l ghf c% ‘éjp{n%‘é“t

defu%£%f9¥ t he appended clains and their equival ents.
CLAINED IS: 1. A negnetic recording nedia

Co”prly'ﬁkou ﬁ52§gﬁi ﬁpyglgé 3@gp§ti§ Plrmed as

nonmagnetl C atterns are Utl I zed as servo

si gnales dad U nth Siwir i, Mk s of 1 & Prestssecidonis
adapted to detect off-traack deviation; and data

zZonegiv 1Rl DUsd 418 ks Ofbd e RSt Sectamn dm agha of

the servo zones being formed of an isol ated nonnmag-

net i gt rbwad s ts Weauinsted(dry) ad dagrestére imteté atase of
the first burst section 45 and second burst section
46, shown in FIG. 15, recorded magnetization can
be thermally stabilized by forming each burst mark
using an isolated nonmagnetic material and placing a
magnetic material arbund the nonmagnetic material.

Additional advantages and modifications will

readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited
to the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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10 2. The magnetic recording nedia according to claim
1, wherein the burst section conprises four fields of
t he burst marks whose pattern phases in a radia
direction are shifted to each other in respective
fields. 15 3. The magnetic recordi ng nedi a accordi ng
to claiml, wherein the burst section is a null burst
section. 4. The nmmgnetic recordbng-nedi a according to
claim1, wherein the data zones conprise recording 20
tracks formed of a magnetic pattern and guard bands
formed of a nonmagnet iWtiATatTtSerdi.Ad@fdr atS:ng t he
recording tracks. 5. The magnetic recording nedia
accordi ngl - t A dragpelicwheserdingengdia conesiebnpti se
a 25 soft underlayer and magnetic patterns nmade of a,
per pendi cRFAYC nagHet | COTRED? HR AR AYRF 1 F 0P HeUCBRAIRRELC

sof t derl ayer. 27 6. The, magnetic recordi ng. nedi a .

o c Tl TR T TGl (RS VB EFIC 4 | SRBT oSt Sr Bk HRnhPding
tra ' ocated.- at ,a radial position at npst 5 mm
ek 08 ot A Lol Bl Posh LGl 8Ly RS age T

appay At US LA 3 Wi on 2 IBINGLL S £ &e0L di ng nedi a

conprising: servo zones conprising naghetic or
nonmagnetiKe Pl &F NBar WO §H e Whili 2848508 ¥Ocach of

signal s including burst marks of a burst section
adapited daxrwetBmeofdeinq@ckormed of an isolated nonmag-
netic material surrounded by a magnetic material.

2. The magnetic recording media according to
claim 1, wherein the burst section comprises four
fields of the burst marks whose pattern phases in
a radial direction are shifted to each other in
respective fields.

3. The magnetic recording media according to
claim 1, wherein the burst section is a null burst
section.

4. The magnetic recording media according to
claim 1, wherein the data zones comprise recording
tracks formed of a magnetic pattern and guard bands
formed of a nonmagnetic pattern separating the
recording tracks.

5. The magnetic recording media according
to claim 1, wherein the data zones comprise a
soft underlayer and magnetic patterns made of a

perpendicular magnetic recording layer formed on

the soft underlayer.
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10 devi ation, and data zones, the burst marks of the
burst section in each of the servo zones being forned
of an isol ated nonnagnetic material surrounded by a
magnetic material; and a magnetic head positioned
above the magnetic 15 recording nedia. 8. The
magneti c recordi ng apparatus according to claim?7,
wherein the burst section conp?7ses four fields of
the burst marks whose pattern phases in a radial
direction are shifted to each other in 20 respective
fields. %. THEheragagtetic ecarai dipn@ppad 52 usCaerdidg ngo
to claim7, wherein the burst section is a null burst
sectdlgiim 10, WiRE oy ridt | 1 resaer i nge g usrack is
accaording (25 to claim7, wherein the data zones
conprASE G & dt Mg 44adieS ¥oref bfMes et jgway from

pattern and guard bands fornmed of a nonmagnetic
patf%?ﬁ“@ébé%ﬁl‘ﬁ@ the 28 recording tracks. 11. The

rRgne 1200 g 0Pl BesS” of eL b o

ones conprise unhder

nagneticgoqa%pg{rggwﬁﬁegc@fdﬂl InPE] Pedd] y*é{ngﬁgg%bs

recording la ormed on the soft underlayer. _
The Jmanetddmd 8GNl Nt ARPATAtUS AGEH W ¢ 19a € & i

10, wherein an innernost recording track is '1ocated

at  aHiati alrpafd i1l it dtadsd rio Mgy fd®Mding burst
marks of a burst section adapted to detect off-track
deviation, and data zones, the burst marks of the
burst section in each of the servo zones being formed
of an isolated nonmagnetic material surrounded by a
magnetic material; and

a magnetic head positioned above the magnetic
recording media.

8. The magnetic recording apparatus according
to claim 7, wherein the burst section comprises four
fields of the burst marks whose pattern phases in.

a radial direction are shifted to each other in
respective fields.

9. The magnetic recording apparatus according
to claim 7, wherein the burst section is a null burst
section.

10. The magnetic recording apparatus according
to claim 7, wherein the data zones comprise recording

tracks formed of a magnetic pattern and guard bands

formed of a nonmagnetic pattern separating the
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10 a nedia center. 13. The magnetic recording
apparatus according to claim?7, wherein the nmagnetic
head conprises a read head including a giant
magnet oresi stive elenment. 14. The magnetic recording
apparatus according 15 to claim?7, wherein the
magneti ¢ head conprises a wite head including a
singl e pol e. - - 28 -

recording tracks.

11. The magnetic recording apparatus according
to claim 7, wherein the data zones comprise a
soft underlayer and magnetic patterns made of a
perpendicular magnetic recording layer formed on
the soft underlayer.

12. The magnetic recording apparatus according
to claim 10, wherein an innermost recording track is
located at a radial position at most 5 mm away from
a media center.

13. The magnetic recording apparatus according
to claim 7, wherein the magnetic head comprises a read
head including a giant magnetoresistive element.

14. The magnetic recording apparatus according

to claim 7, wherein the magnetic head comprises a

write head including a single pole.



