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- 1 TITLE OF THE | NVENTI ON MAGNETI C DI SK AND MAGNETI C
DI SK DEVI CE PROVI DED WTH THE SAME BACKGROUND COF THE

I NVENTION 5 This invention relates to a mg mm m‘mu
and a mmgnetic di sk device provided with tmm"mm mm
recent years, magnetic di sk devices have been

‘used as external recording devices of conputers and

i mge recording devices. |r géneral, a magnetic 10
di sk device conprises a case in the formof a
rectangul ar box. The case contains a magnetic disk
for use as a magnetlITLEc@f diHE IEENDIOM spindl e
not or that supports and rotates the di sk, nagnetic

heHaSNEG L CWDLSKn ¢ Nén I AGET Ity DT MR IGh RROGIRED rvhTH
15 the di sk, and a head actuator that supports the
hedd§ SPYE rovenment with respect to the disk. The case
further contains_a voice [ tor that rotates and
positions the heBfC 5@595N8rOFaTﬁgaﬁgvgﬂTﬁONhat has a
head IC nd t.he |ike, I nt ed C|rcu1t

for cont ?‘&I S iRy S OrnesﬁJeéﬁ ?% t—ocbear AP BH oF ‘%)Jn%( “ang’
spin r | etl eads
th?oﬂéﬁntggggbgalr% %r%v %:es p;ngr eweéla ﬁgghoutsgr surface

of the Q%S%ece%&t®%%ﬂg'“dgdHé€¥g'&¥EE”$§%¥EE%'ﬁé§gsgeen

devi ces” 25 has been advanced so that they can be used
aSwidely used as external recording devices of computers

and image recording devices. 1In general, a magnetic
disk device comprises a case in the form of a
rectangular box. The case contains a magnetic disk
for use as a magnetic recording medium, a spindle
motor that supports and rotates the disk, magnetic
heads for writing and reading information to and from
the disk, and a head actuator that supports the heads
for movement with respect to the disk. The case
further cbntains a voice coil motor that rotates and
positions the head actuator, a board unit that has
a head IC and the like, etc. A printed circuit board
for controlling the respective operations of the
spindle motor, voice coil motor, and magnetic heads
through the board unit is screwed to the outer surface
of the case.

Further miniaturization of magnetic disk devices
has been advanced so that they can be used as
recording devices for a wider variety of electronic

apparatuses, or smaller-sized electronic apparatuses
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recordi ng devices for a wder variety of electronic

appar atuses, or snmaller-sized el ectroni c apparatuse

in particular. Accordingly, nmagnetic disks are

expected to be further reduced in size and enhanced in
recording density. Proposed in Jpn. Pat. -Appln. KOKAI
Publ i cati on No. 2003-22634, for exanple, is a magnetic

5 disk of the so-called disereRe-track-recordi ng (DIR)
type, as a magnetic disk that is small-sized and

ensures high-density recording. This DIR magnetic

di sknhas nuigydc rsur fPaces,diand va megpmettiic nhitssed adre

that can record data is formed on the rugged surfaces.

10 Pr@esdEicors dee fved hereviagglad tin forzae patd erdsanced in
including a plurality of servo region patterns to

whi d8COEALE I &R SArte -r e FEIARSE hd M dRdt-a Badgi dppln. KOKAI

pattern .to which a yser can record data. In the DIR )
rragr?é’ttqq&‘:&itéﬁ,“ e o‘%%n I SRAWIRy did @ Heergnetic

dat a .r egi attern _have djfferent _ irreqularity
%lS%Qﬁb t%e sq‘ggﬁy$d %e %{%ﬁk£%%&9%§ﬁQ&,(DTR)

Y SC
ratios. r exanp & projection

region Patlerng 2¢equnt 4 49%. whi & those , of the
i_7 0 5|th |1 S a

data“regi on pattern account for case,
dynamise RIse 33 Whe deltdli tyS [IRNBTALRA bateemm 9 flddes

for lifting the magneti'c heads and the magnetic ~ di sk
surbace Valsi esigdRRERMINTR 3, hevd I ety rafd iy md@d 4081

per unit,area. The [ift of the magnetic heads varies

bet what tthe serwad egiten ipatfornsl and tHHe Mdajged rag faces.

pattern. Thus, a pressure on the magnetic 25 heads

chafges eatt ivhe Boendad e cydtonesdry tire emvpatterns,
including a plurality of servo region patterns to
which servo data are recorded and a data region
pattern to which a user can record data.

In the DTR magnetic disk, the servo region
patterns and the data region pattern have different
irregularity ratios. For example, the projections of
the servo region patterns account for 40%, while those
of the data region pattern account for 70%. In this
case, a dynamic pressure that is generated between a
slider for lifting the magnetic heads and the magnetic
disk surface varies depending on the irregularity
ratios per unit area. The 1lift of the magnetic heads
varies between the servo region patterns and the data
region pattern. Thus, a pressure on the magnetic
heads changes at the boundaries between the servo

region patterns and the data region pattern, so that

an impulsive force 1s generated to act on the magnetic
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region patterns and the data region pattern, so that

an i npul sive force is generated to act on the nagnetic
heads. The actuator vibrates if such a force acts on
the magnetic heads. Possibly, therefore, the

positioning accuracy of the heads may be | owered, and
noi ses may 5 be produced. In increasing the recording
capacity, in particular, a recérdirng |ayer should
preferably be provided on each surface of the

magnetic disk. If this is done, however, vibrations of

t heheggiseti ¢ heads on the obverse and reverse sides

of the disk 10 sonetines may resonate with each

ot her, t HéYeRmetigataraty iy at subst afitdlala ebared mrtforoe the
in the head actuator. In this case, the actuator =

vi bFROES L 3o hsiadsr-abIRp s sdd hatt hate it d tasitiigpning
accuracy is |lowered and noi ses are produced ,

i neGiCCAGIRFY £ BRSERSOMERY & T NGy oises may
Accardin n aspect of the invention, thereis .
prog)ied gﬁl(rgr:ggiﬁet ﬁ(%’ di' K “Compy % {9:F KRS RRaF Lty

substr ate hayhng a & %tc%rrcgyegf 1 A r8eond] d £

provided individually on o e "and reverse surface

20 of Phevslist kit @ 2and LAY dNJUAHY i dald J egian

pattern having a patterned nmagnetic nmaterial shape
and1& phumaliist yioole s @lowe vieagi @il Hraitieyms o rangethdrietic
gi ven phases in the circunferential direction of the
subserdltse onThédes @bwe rrsegiaonl pattearses sdfddshe f eder diingk
25 region on the obverse side and the servo reg . ion
pat 8emes 18k st heyr eesodiatg medihoreaarn tdtdenpy ertseregiyde

generating a substantial exciting force in the head
actuator. In this case, the actuator vibrates
considerably, so that the head positioning accuracy is
lowered and noises are produced, inevitably.
BRIEF SUMMARY OF THE INVENTION

According to an aspect of the invention, there is
provided a magnetic disk comprising: a disk-shaped
substrate having a center hole; and recording regions
provided individually on obverse and reverse surfaces
of the substrate and each including a data region
pattern having a patterned magnetic material shape
and a plurality of servo region patterns arranged in
given phases in the circumferential direction of the
substrate. The servo region patterns of the recording
region on the obverse side and the servo region
patterns of the recording region on the reverse side

are shifted in phase from one another.
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are shifted in phase fromone another. According to
anot her aspect of the invention, there is provided a
magneti ¢ di sk device conprising: a magnetic disk

i ncludi ng a di sk-shaped substrate having a center
hol e and recording regions provided 5 individually on
obverse and reverse surfaces of the substrate; a
drive unit which supports and Hotates the magnetic

di sk at a constant speed; a head which perforns

i nformati on processing for the magnetic disk; and a
head act detcwrditfich o adiciler meesct hef sl Wivdntlion,
respect to the magnetic disk. The recordi ng regions of
t he th&gSetliSc PaioyK deich@ tded of iatH She floon- Gratq@mr ising:
haV|n%@a patterneg In§§1et|c naterlal shape and a

pl uPal'Pey S5 Cs ErL@ USH atd Sk shanfse & Uhs tgidieh
phases .in the 15 ci rc&gfer tlal d rection of the
PUbSETAng o Renden, 60 FEHIRD é?:ré?vd]rq%d
regi 3:914 ﬁ.\ lg/b\cla%r 3% e%”ls%e aann rteQreerseer%rrfeaQ:es of
patferns o recording ~ reglon on The Teverse Si
be'@ﬁb%%'a%%d 'ndgq@%e f M, ARG, s 20d tates
magneti ¢ di sk being | ocated in a direction suc %

eachhef mhl@ TV @ils&Yia@N PRIt tANb e dD LRI nﬁ{ﬂ:h
of the head on the nagnetic disk are in line with

eacheatthetms BRIfBEMRESCR BHIQN @7 ntHE SEERAIMAG2AE Odisk;
THE DRAWNG 25 FIG 1A is a plan view show ng a
sur hade apaeker rctok ta magrieth ocadiiskl lacoanvdisng:Heo reerd with
enbodi nent of the invention,

respect to the magnetic disk.,.

The recording regions of the magnetic disk
includes a data region pattern having a patterned
magnetic material shape and a plurality of servo
region patterns arranged in given phases in the
circumferential direction of the substrate, the servo
region patterns of the recording region on the obverse
side and the servo region patterns of the recording
region on the reverse side being shifted in phase from
one another,

the magnetic disk being located in a direction
such that each of the servo region patterns and
a movement path of the head on the magnetic disk are
in line with each other.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1A is a plan view showing a surface pattern

of a magnetic disk according to an embodiment of the

invention:;
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FIG 1B is a plan view showing a reverse pattern of

the magnetic disk; FIG 2 is an enlarged perspective
view, partially in section, showing a data region
pattern of the 5 magnetic disk; FIG 3 is a diagram
typically showing a servo region pattern of the
magnetic disk; FIG 4 is a sectional view

schematically showing the faghet+c disk; 10 FIG 5 is

a sectional view typically showi ng positiona

rel ati onshi ps between the magnetic heads and the

patt erns FIfG.t & negretplardivslew FHESiGAa GBveaGe Gttern
6E, 6F and 6G are sectional views individually
showifn§heamaiaetuici g sgriocesses for 15 the nagnetic
disk; FIG_7 is an expl oded perspective view show ng

an HDD addér-di?ng St &1t I \efsGd RSHSRICHIE iviviht iksetially
FIG, 8 is a block di,agram schemati.cally show n
confPgGPEEH O oF PONe TRDB; 9263 3FFEI 1S %¥9ﬁ§ﬁyé£n€%e

il lustrati,ng head positioning control in the HDD

FI a?86%§cad F%gran1illustrating address detection

processipgd n A igq%n%lagq_jarrf :'fg/ﬂ@gfll?sgho]w]fhﬁj S &ervo

di agram showi ng ‘a force “app ( ~a magretic head
on the;ehvenrse $ind® rof Hehgpaneld Gisdi;sk; FIG 11B is

a diagram showing a force applied to a magneti c head
on the rever.se sidde edthenmgnetdw schematically showing
the magnetic disk;

FIG. 5 is a sectional view typically showing
positional relationships between the magnetic heads
and the patterns of the magnetic disk; |

FIGS. 6A, 6B, 6C, 6D, 6E, 6F and 6G are sectional
views individually showing manufacturing processes for
the magnetic disk;

FIG. 7 is an exploded perspective view showing
an HDD according to the embodiment of the invention;

FIG. 8 is a block diagram schematically showing
a configuration of the HDD;

FIG. 9 is a diagram illustrating head positioning
control in the HDD;

FIG. 10 is a diagram illustrating address
detection processing in a channel of the HDD;

FIG. 11A is a diagram showing a force applied to
a magneti; head on the obverse side of the magnetic
disk;

FIG. 11B is a diagram showing a force applied to
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di sk; FIG 11C is a diagramshow ng the sum of the
forces applied to the magneti c heads on the obverse 5
and reverse sides of the nagnetic disk; FIG 12A is a
di agram showing a force applied to a nagnetic head on
the obverse side of a magnetic disk according to

anot her enbodi nent of the invention; FIG 12B is a

di agram showing a force apptied te 10 a magneti c head

on the reverse side of the magnetic disk according to

t he second enbodi nent; and FIG 12C is a di agram

showi mggied¢ isumeafd tdme tHeo e ragEpldiete tof ttree meegyTedt icc

heads on the obverse and reverse sides of the

magRésiké di sk according to 15 the second enbodi nent .

DETAI LED DESCRI PTI ON OF THE | NVENTI ON A magneti c_di sk

accor di nd %o adnCenod ERIGIM shwingvdift s e F | thw
%escrlbed i.n detail with reference to th

acc

i &5\7& at%w% 5598 &8 R ORYeHRe
d h
Eagg%erse Kie PO 2 G Ir&i%ﬁ} fﬁﬁt resent

enboalnent conp ses a su stra € formof a

flat dis Vi tery e £
56 for ma?ll@a l% qesg%tn dgLne(ﬂ%l rface ro}fg CJ:chldclbst rgﬂ 8¢ o

(obyersgnard ¢ %%aeew @S WfRGes 051&&%1&@%459&}1&1'@ disk

this case). Each of the recording |ayers 56, whic

conaticbittigsig &of eeittiety sregiddmertas it Revd arueaft 1am,
ring that coaxially covers all the area of the

substrat #I%4 1Bcep a tRadgyenr dmngviog ef frefdphas@lied to

edge portions.
a magnetic head on the reverse side of the magnetic

disk according to the second embodiment; and

FIG. 12C is a diagram showing the sum of the
forces applied to the magnetic heads on the obverse
and reverse sides of the magnetic disk according to
the second embodiment.

DETAILED DESCRIPTION OF THE INVENTION

A magnetic disk according to an embodiment of
this invention will now be described in detail with
reference to the accompanying drawings.

As shown in FIGS. 1A, 1B and 2, a magnetic disk
50 according to the present embodiment comprises
a substrate 54 in the form of a flat disk having
a center hole 52 and recording layers 56 formed on
at least one surface of the substrate (obverse and
reverse surfaces of the substrate in this case).
Each of the recording layers 56, which constitutes

a recording region, has the form of a ring that



10

15

20

25

Each recording layer 56 is fornmed of a ferromagnetic
material, e.g., CoCrPt, and is patterned. Those 5
regions of the layer which have no nagnetic nateri al
are filled with a nonmagnetic material, e.g., Si02.
Thus, the resulting magnetic disk has a | evel ed
surface and serves for perpendi cul ar magnetic
recording. 10 The magnetic disk 50 is fornmed as a DIR
medium FI G 1A shows a pattern of the recording

| ayer 56 on the obverse side of the disk 50. FIG 1B
showsaxaapayt eovegls Bhe taperrsé of tihe rseNstsmts del
of the disk 50. Roughly speaking, each pattern of the
15 e¥e€e6pPdi Aagsl dpae rs5encheufeds p@rd@th@r@éguqﬂgepmqretrwns
58 and a plurality of servaq re |on atterns 60.
shoﬁﬁcpnrﬁﬁéréﬁpér EYSFi af 3f Hatd ﬁqqﬁﬂﬁ%%ﬂ%ﬁﬁc

h t k 50, th bst r at 4
For RBUSGF 201 ads O oFoF© %f%'ﬁ% @ndaa& Rac gt Lundiond

Iayg gggHL) %Gt%n %aCh Of ?%ngse Q%yer%&erlal
sur a e substr e forne a um num

in ghace;eh gl a3%n Eh%éa ﬂl‘a ne gid 0913&%@1%&” ang de

servo region patterns |"apped on “each ‘SUstTat

| ayerhu8f. B2 Y%%ud%ﬁ%gf%&@%%tﬁéibﬁ%m W A Mevled
recordlng regi on where user data are recorded and

repsodifaed byid keadesoffoax mRGpRidd dlilsk e ic

(mentioned later), and is conposed aof projections of a

magmetocdimgeri al on the surface of the substrate 54.

More specifically, the data region pattern 58 has a

p|ura||tﬁh@fmgqngpqg-dlsk 50 is formed as a DTR medium.
FIG. 1A shows a pattern of the recording layer 56
on the obverse side of the disk 50. FIG. 1B shows
a pattern of the layer 56 on the reverse side of
the disk 50. Roughly speaking, each pattern of the
recording layer 56 includes a data region pattern 58
and a plurality of servo region patterns 60.

As shown in the enlarged view of FIG. 2 that
illustrates a part of the magnetic disk 50, the
substrate 54 is formed of glass, for example, and has
a substrate layer (SUL) 66 on each of its obverse and
reverse surfaces. The substrate 54 may be formed of
aluminum in place of glass. The data region pattern
58 and the servo region patterns 60 are lapped on each
substrate layer 66.

The data region pattern 58 forms a recording

region where user data are recorded and reproduced by

heads of a magnetic disk device (mentioned later), and
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ri ng-shaped magnetic tracks 62 that serve as perpen 5

di cul ar recording layers of a ferromagnetic materi al
(CoCrPt). These magnetic tracks 62 are arranged
substantially coaxially with the center hole 52 and
side by side at predeterm ned periods or track pitches
Tp in the radial direction of the substrate 54. 10 The
magnetic tracks 62 that adjein8in-the radial

direction are divided by nonmagneti c guard belt

portions 64 in the formof recesses to which data

cannst deompoecst ded.prAcieatdiang taf tehengyreseint metzodial on
ment, a nonnmagnetic inplant material, e.g., Si02, is

15 itiysl amtrd@ den athe&hromvipiatEite quar d Msate sreradiforma oy
in order to level the disk surface. A thin

di arrdfdd3tée recsfalroabrpﬁ&rt&rébﬁ&/@%% |amnlén%aolr1rre>a Gn dieular

magneti c |sk urfac% ted wit

and it cQ
| ubri-¢&nts"e afé?s % osr?ﬁe"oE cﬁsr &ﬁqun—
on t Ic]f%bell%tq 'rrec%chglanr j. f afﬁi ng t hofuerreonn%eq(?ndea:n% t aqicﬁﬁ,]lal

guar portlons € surface
)TRORGHI L WaAHE % (Ao £ 4t ddiyed
radlal |rect|on of t strate arger an a

wi dishnEN 20t 180K, RoyyBgnat, %1g:qﬁr%eb%ént?e5: RRY1td CEQ 6ha

In the present énbodinent,” the ratio of the radi al

W dish def b@ﬂ@ld@@ftetﬁr(édert&g‘ﬂﬁdr@d hdrifds @achrrack pitches
nonmagneti c guard belt portion is 2:1, and the data

r egiTen ipatther nrabl dlaslia evegeet iof odcu pareyt ifte 640
Since the data region pattern 58 has a high track
density &lceedionptiz0 FRks @) Exthpidgotheln ridté afadial
pat td?. rrg ce:elroI no C; Jr(et rdal(irkl eldt %Q/) n-lc-vemllasg nserlzolrc} egr u at rhda nb elt
portions 64 in the form of recesses to which data
cannot be recorded. According to the present embodi-
ment, a nonmagnetic implant material, e.g., Si0Op, is
implanted in the nonmagnetic guard belt portions 64 in
order to level the disk surface. A thin diamond-like
carbon protective film is formed on the magnetic
disk surface, and it is coated with a lubricant.
A protective layer may be formed directly on the
irregular surface without embedding the guard belt
portions 64 in the surface.

A radial width Tw of each magnetic track 62 that
extends in the radial direction of the substrate 54 is
larger than a width TN of each nonmagnetic guard belt
portion 64. 1In the present embodiment, the ratio of

the radial width of each magnetic track to that of

each nonmagnetic guard belt portion is 2:1, and the
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5 a visible |light wavel ength. Thus, a rainbow pattern
that is fornmed by light diffraction by the magnetic
tracks 62 cannot be visually recognized in the
magneti c disk 50. As shown in FIGS. 1A and 1B, the
ring-shaped 10 magnetic tracks 62 that constitute the
data region pattern 58 are sectored in the
circunferential direction ef Bhe-substrate 54 by the
servo region patterns 60. The servo region patterns
60 are located in a given phase in the _

ci r darrfee rexgtiical paitrtesotn 8 dfasl® ey rsathist rat@aumhicy ot
FIGS. 1A and 1B, the servo region patterns 60 are
shoWr 3t.0 @ilvicge thige didtea megtjicon pagdiansy rhSdhas & iFiden
sectors. Actually, however, the data region pattern
58 it&agikvidged ity FOTeseive de@ oI L orf foresamml EacHe

servo region pattern 60 js a prebit region . in which
necESSART PREGATR 6T 15 HOaT SHtR L HP Fedtiopfer than
t he neti.c di,sk .device is inplanted in a .mgnetic .or
nonrarlrawglﬁ‘est(:i}bclemi’t{nl Elrt. w@é’(ﬁiesn tvho‘ rz%luosrf apa]iafler}n %Gjaf]%%ern
an at; §¥1Q5¥ = ti.al | .

r adi%gllgl%ytl% r ?r%??rﬁg C ntlgﬁhﬁgﬁ% ptalt%negcg'ubﬂs}‘_t?ér ar%{aeg%%ftlc

to thecqut &2 ReHRhelRl vel%lﬁ%ftfectrb gk £ o ol gles

with a novenent path of the heads. 10 Each servo

regmagnRatitern s&0 5os a circunferentially extended
pattern such that its circunferential length along

the circunf erence iof RIGS sulrstarad eLli54 dereasesshaped

proportion to the radial position on the substrate,
magnetic tracks 62 that constitute the data region
pattern 58 are sectored in the circumferential
direction of the substrate 54 by the servo region
patterns 60. The servo region patterns 60 are located
in a given phase in the circumferential direction of
the substrate 54. In FIGS. 1A and 1B, the servo
region patterns 60 are shown to divide the data region
pattern 58 in fifteen sectors. Actually, however, the
data region pattern 58 is divided in 100 servo sectors
or more.

Each servo region pattern 60 is a prebit region
in which necessary information for positioning the
heads of the magnetic disk device is implanted in
a magnetic or nonmagnetic manner. Each servo region
pattern 60 has an arcuate shape that extends substan-
tially radially from the center hole 52 of the

substrate 54 to the outer peripheral edge portion

and coincides with a movement path of the heads.



10

15

20

25

5 that is, a region on the outer peripheral side of

the substrate is |longer. The servo region patterns 60
of the obverse-side recording | ayer 56 of the

substrate 54 and the servo region patterns 60 of the
reverse- side recording |ayer 56 are arranged in
different 10 orders in the circunferential direction.

For exanple, the patterns on lthe obverse side are
arranged in the counterclockw se direction, and those
on the reverse side in the clockw se direction. Thus,

t he Eeetioseirvg neggiconpadft etrine éfagrseta cidicginfsrdanpieally
patterned 15 magnetic material shapes, one on the
obvéréensiede Pakd e rancusdy thatt He s svarsmiegantofal hength
servQ region patterns 60 will now be described in

det &P tRer Sfedce 1es e Gf Fhepsagbsiratowd tiprreases

oo s EXSFRE BPN R HRGnares 2 RS0 TS W ybetrates

regkﬁ%tpqgte%nr%%&kilgpf%%%e%ﬂt%% %Fﬂﬁﬁﬂéééynﬁgg?%%f the

t he "heads Pass torig

pasghpg tdak@ctison X when the nagnet ir‘égi@r?‘éva’i%ﬁrglsseéo of
d nted by an

inadrive. If the pattern 60 is 25 repres

ar cgake obRetd c-ediden ealdrefihshaRer 5 rFulde %ﬁﬁst@rhte
the outer and inner peripheral sides are situated on

t he 5kebind amd Islegiio- hard o3l gesternkl 60r espatid walvwar af-
FIG 3. The data region pattern 58 is |ocated on

ei t bedesirgeocafd iniye 1sgrero Srte giren spatanerenl 160 .d 14T enerer
peripheral circular arc of each servo region pattern

60, cEeepsr éa Wheh aireuddiea endgiagn direction. For example,

the patterns on the obverse side are arranged in the
counterclockwise direction, and those on the reverse
side in the clockwise direction. Thus, the recording
regions of the magnetic disk 50 have patterned
magnetic material shapes, one on the obverse side and
another on the reverse.

One of the servo region patterns 60 will now be
described in detail with reference to FIG. 3.

FIG. 3 shows the servo region pattern 60 that is
provided on the obverse side of the magnetic disk 50.
This servo region pattern 60 is a pattern in a
position where the heads pass from left to right of
FIG. 3 in a passing direction X when the magnetic
disk 50 is set in a drive. If the pattern 60 is
represented by an arcuate servo region pattern shape,
circular arcs on the outer and inner peripheral sides

are situated on the left- and right-hand sides,
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5 pattern 58, fornms a first boundary Bl that is
situated on the upstreamside with respect to the
rotation direction of the magnetic disk, while an
i nner peripheral circular arc fornms a second boundary
B2 that is situated on the upstream side with respect
to 10 the rotation direction. Roughly speaking, the
servo region pattern 60 has adlpreanble portion 70, an
address portion 72, and a burst portion 74 for
devi ation detection. Like the data region pattern 58,
it resperpoyedyof ofadidért.i S.15 That tdertes rfegrieed pefttern 58
ferromagnetic projections and nonmagnetic patterns
f or kBd leFatecle 95e s ifdeResidehef ﬁﬁéﬂ@@ﬁrcf%anqgems Pafthern
recgﬁses are filled with the nonmagnetic inplant

iral nTﬁétﬁFe§ﬁ6P§h§6@9|§ﬁrﬂy¥@§ &HQHQﬁu?QQ9 servo

f 20 PLL d A In th
DL - CB7BReSal H6 7 Bek s TP B8 00 01 GRS Saon

?gfga§¥gggr%@|2%% tg %Hqgtd%o%%%d%hagla%%a%a %F%l%%ated

tion ecceﬁtrlc or the ke the ma net

di skn5@heTh® s%@@aﬁr %‘:‘L%I%S :‘1}’% hS ‘?Lfe‘ézu% o t%altrllltealr%t%% iYh

appropriate signal reproduction anplitude.

preampeetRoht beNtHQ digheilRd @%@ KeRal talnvelnt?@rt ern
region that is substantlally radlally conti nuous at -

12 pkeapheiralt be rcadiaal agicr Eetrimdn a0fs eldag ds Wesinrlrgy b

and includes magnetic and nonmagneti c portions

arr ahgedisaktieunaeel yni thehepsitrennt erielst ivdlthdideagiddan to

of the substrate. The magnetic-nonmagnetic ratio of

t hethe rotation direction.

Roughly speaking, the servo region pattern 60
has a preamble portion 70, an address portion 72, and
a burst portion 74 for deviation detection. Like the
data region pattern 58, it is composed of magnetic
patterns formed of ferromagnetic projections and
nonmagnetic patterns formed of recesses between the
magnetic patterns. The recesses are filled with the
nonmagnetic implant material.
The preamble portion 70 is provided to perform

PLL processing and AGC processing. In the PLL
processing, clocks for servo signal reproduction are
synchronized with time delays that are caused by
rotation eccentricity or the like of the magnetic
disk 50. The AGC processing serves to maintain
an appropriate signal reproduction amplitude. The

preamble portion 70 is formed as a repetitive pattern

region that is substantially radially continuous at
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5 preanble portion 70 is substantially 1:1, that is,
its magnetic occupancy is about 50% The
circunferential repetition period, which varies in
proportion to the radial distance, is not |onger than
the visible light wavelength even in an outernost

peri pheral portion of 10 the substrate 54. As in the
case of the data region pattekh, +t is hard to
identify the servo region pattern by |ight
diffraction. In the address portion 72, a servo signa

r ecagnistti dm code realiladd i rserbieomerk, tleectwrstisate 54 and
information, cylinder information, etc. are forned in
Manéhesisie sc aean ethiat andk rmmwaj@j;leq RAEL isane P fahEed
as the circunferential pitches of the preanble portion

70. SRS IBAtSA et i e FEti O AR e el 1B EE Sukdn tHatthe

it ch n es wth ﬁﬁfké.servo track. In order to ssen

20 ¢ “fencd B RIS ace AR s T n%f the
cur g head seek aperaty. o pderefore, the is, its
|nf5?naglon it hchestér - enco recorﬁe af ter’
cod% VgrsSi S th vali

£ Do haShUEs [ ud P %é%%ﬁz@*codihea%lﬁ%ﬂ. gyential

The RRENAH GO GURICY win daftel@addfrﬁspsrmﬁﬁp&h 71_20 | She

about 50% The burst portion 74 is an off-track
det eeldien dJiegiend,ori defactlidigean wfdn tiras kv dembBd | DIght

froman 13 on-track state of a cylinder address. This
r egiwaivellendftor reckrwitrh drourn teamiess torpdatiindtesradd dhriGon of
and D whose pattern phases are shifted in radia
di r édtei v stEadle Bdr.st Amsin Plarcddq yobfthmrdesta haggion
are arranged
pattern, it is hard to identify the servo region
pattern by light diffraction.

In the address portion 72, a servo signal
recognition code called a servo mark, sector
information, cylinder information, etc. are formed in
Manchester codes that are arranged at the same pitches
as the circumferential pitches of the preamble portion
70. The cylinder information has a pattern such that
it changes with every servo track. 1In order to lessen
the influence of a mistake in address reading during
head seek operation, therefore, the information is
Manchester-encoded and recorded after code conversion
is performed such that variations from adjacent tracks
called Gray codes are minimal. The magnetic occupancy
of the address portion 72 is about 50%.

The burst portion 74 is an off-track detection

region for detecting an off-track deviation from an
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5 at the sane pitch periods as the preanble portion in
the circunferential direction. Aradial periodis
proportional to the change period of an address

pattern, that is, to a servo track period. In the

present enbodi nent, each burst is fornmed for 10 10
periods in the circunferential direction. In the

radial direction, its patternstdare repeated with a
period twice as long as the servo track period. The
magneti ¢ occupancy of A B, C and D burst patterns is
abooh-T5%cki stBasi odl lay cyddollemnekldresgesi Jidd frmgipn 1s
rectangle, or nore strictly, a parallelogrambased on

a skewnegngliéhatf oife MEitks 6 e taclesP: Bepardithghmee
the machining performance, such as the stanper,

wor REG S LRe PRSP, Teasdidit &b rimathiash 2 letdd T e Hovdirer |
the_mar ks 20 are sonewhat .rQunded. Further, the marks
areEPSEné&rsgshﬁénﬁaﬁ it é?fiomﬁfkﬁiﬁi%ﬁlﬁﬁf arranged
descri ption _of rinci.pl f Siti ' -
%g %lﬁ?et %g?rﬁu&)gf(‘:c% ﬂ%?&%d%4%s ears .p]:l %g;\bq%t’]g%tftqrbn in

S
base po I's omtte

of f 1 hagk dewiralin s ¢l eHated by %%ogralt st gl y

processi ng an average anplitude value of reproduction

si gRRbHofr@h o8 B TheP@HaRRSs poriBd 6f il dddress
Al t hough the A, B, C and D burst patterns are 14 used

i N phe tpreserhentiedi mnts, ddiey rmadie geaplated InidHe
conventi onal phase difference servo patterns or the
| i kerelah tarebardiarged &2 o founsc ki sdefentdadigf omeldns.
However, the magnetic occupancy of the phase
periods in the circumferential direction. 1In the
radial direction, its patterns are repeated with
a period twice as long as the servo track period.
The magnetic occupancy of A, B, C and D burst patterns
is about 75%.

Basically, each mark is designed for a rectangle,
or more strictly, a parallelogram based on a skew
angle at the time of head access. Depending on the
machining performance, such as the stamper working
accuracy, transfer formation, etc., however, the marks
are somewhat rounded. Further, the marks are formed

as nonmagnetic portions.

A detailed description of the principle of
position detection based on the burst portion 74 is
omitted. The off-track deviation is calculated by
arithmetically processing an average amplitude value

of reproduction signals for the burst portions A, B, C

and D. Although the A, B, C and D burst patterns are
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5 difference servo patterns is about 50% In the DIR
magneti ¢ di sk 50 descri bed above, as shown in FIG 4,
the irregularity ratio varies between each servo

region pattern 60 and the data region pattern 58. For
exanple, the projection ratio of the 10 servo region
patterns 60 is 40% while that of the data region
pattern 58 is 70% As showrin4l G 5, the servo

region patterns 60 on the obverse side of the
substrate 54 and the servo region patterns 60 on the
revarsssl sindd har @ refsidntte enbodigngiitas € fgomai o anomerced
In the present enbodi ment, each of the servo region

pat tiéiths o0 Ve ttiipnadbrdrasee &l ifee g S SUEB tRA e 52s OF
is |located opposite a region between each two ,

adj &&éntl & VW ate ditdh st B0 Ut thee Fevde el

of the substrate 54, that is, . .20 a position

't SPRE-at & B Ten Thip MRS SERATGogibrine phase

pat tdﬂrf'%%r%g\ge”ﬁ]e'}%o“ LW srentd aahoql{ eqd on of the

substrate € servo region patterns 60 on the

obverse sifle.pf dhe Subsdead &1 bdk a0l ddecSEFYQ 268Gk ONas

patterns 60 on the reverse side are arranged 25
al t ghratreliy irrd.he cidnainferentlialiw) rectionvofiédepetween

substrate 54 w thout overl appli ng one another in the

axi alachi reeaticonreafi drhep ittt ad®.and lthe Tdwetd otdé@idmg

is a description of a nmethod of manufacturing the

magmettite roh 38 .50 Ftesarnidgdl gboves pMyrd@aictrurrangio of the

processes include a transfer process, a magnetic

pr osesving aeicvegmttanha 404 nisM by prlockssthat of the
‘data region pattern 58 is 70%.

As shown in FIG. 5, the servo region patterns 60
on the obverse side of the substrate 54 and the servo
region patterns 60 on the reverse side are shifted in
phase from one another. 1In the present embodiment,
each of the servo region patterns 60 on the obverse
side of the substrate 54 is located opposite a region
between each two adjacent servo region patterns 60
on the reverse side of the substrate 54, that is,

a position intermediate between two adjacent servo
region patterns 60 in the circumferential direction
of the substrate 54. The servo region patterns 60 on
the obverse side of the substrate 54 and the servo
region patterns 60 on the reverse side are arranged
alternately in the circumferential direction of the

substrate 54 without overlapping one another in the

axial direction of the substrate.
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5 As shown in FIG 6A, the substrate 54 of glass or
silicon is first prepared, substrate |ayers are forned
i ndividually on the opposite sides of the substrate,
and magnetic |layers 80 of a ferromagnetic material are
further fornmed overl apping the substrate layers. 10
The substrate size nmay be selected froma w de range
of 0.85 to 3 inches. Carbom pridtective filns for

oxi dation prevention are fornmed to a thickness of
about 4 nmon top of the nmagnetic |ayers 80. As shown
in FIG 6Bg fedilowdng? isr @ Sesead ptddinvicdual Imetdyed et

15 magnetic | ayers 80 by the SOG &zpln on- gl ass
pr oB@gg fackyy iagapee magnes iics dis SPofietsr%ler ghove.

82, and _preferably, its coatln% thlckness shoul d be
120Mﬁﬁhu§raCtPﬁéP@aBé@Fesgﬁﬁsé&&é ﬂeya r§t“z§rﬁ?§r PEA A 2@

constitu a patt

t r aff§P8F ﬁFoB§§§eS§l“§r Eﬁé’rc&&s 'Aaﬁé’n&f &P&Fuh&&gpr%?
for the %ta %rwnSL_}L %% be6 di \'{:fhoedsdb%ttq:a (felf%%n%‘sfh c_,hlass or

draw ng, deve opnen el ect’ rmn

In EH? RBL 8N £ Q% Apad e sy ft&%%én¥¥y3f§3é¥éﬂformed
é 5 iz

emagnet is exposed for drawing fromits

lnn@hd@@&d&ﬁ&&& oh0 tBldt ppReliitRheiedN oF res Shueratat,
matrix by using an electron beam exposure unit of a

mat ahx- mabakitdr 16 yelrysp8.0 Bie ar €suromagnettriuc mate disal

subjected to developnent, RIE, etc. to forma matrix

W t Brier fegtiher foatdeer ry.e rAfaer nighithemetubist das o rleatests -

for electrical conductibility, its surface is

el e@heobobstdanicet Isize may be selected from a wide range
of 0.85 to 3 inches. Carbon protective films for
oxidation prevention are formed to a thickness of
about 4 nm on top of the magnetic layers 80. As shown
in FIG. 6B, resists 82 are spread individually on the
magnetic layers 80 by the SOG (spin-on-glass) process.
For example, SiO» is used for the resists 82, and
preferably, its coating thickness should be 120 nm or
thereabout.

Subsequently, a stamper 84 that constitutes

a base of a pattern used in the transfer process is
prepared. A manufacturing process for the stamper 84
can be divided into steps of drawing, development,
electroforming, and finishing. 1In the pattexn
drawing, a part of the magnetic disk to be demagnet-
ized is exposed for drawing from its inner periphery

to outer periphery on a resist-coated matrix by using

an electron beam exposure unit of a matrix-rotation
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5 ni ckel. Subsequently, the nickel is separated from

the matrix, and the di sk-shaped stanper 84 of nicke

is formed by punching inside and outside edges. The
stanper 84 has projections on those parts which are

to be demagnetized. Stanpers 84 for the obverse 10

and reverse surfaces of the nmagnetic disk are forned
individually. In the transf-er I ocess, as shown in

FIGS. 6B and 6C, the irregularities of the stanpers

84 are transferred to the resists 82 on the opposite

sur ftgpes 15'hef rese Invigretstorwditskrebyl ek jrgartiadt to
lithography using an inprinter of a synchronous
douBegediopE@nitramdifer etiqrpeio Moren gpedtitigalwith theregular
substrate 54 having the resists 82 forned thereon is
chuPREF BN SI-t s Addiftferth fo M2 152 Xa 8 & Heigatishdt eelectrical

surfaces are ,sandw ched 20 between the st ers, 84, of
o PR T e pridh et 29 § I S K g Wi th

obv%&%%eaurfgﬁ&§, and .t.he whol e ., subst.,rate surfaﬁfs

are pressed uni &ﬂ%%?tHMeﬁgﬁb&ﬁc S éjiﬁﬁﬁﬁﬁ%ﬁe from
Do FRE el e SO Ak Alitndd MUMLEDL Bf Mickel

surfaces o e resists ansfer

Progasgortiae PR bhunc® kg demmgnetded @'d ad %La%ﬂs as

recesses of thé resists 82. Both surfaces of the

subgheatse atipR ri BA N3l by ecthibnITRANT s d i sdANRE ¢h

84 | est the phases of the servo region patterns on

t he agkv &ps beanidrenatse eslur f Stesnefrs tthie Rubdhatabherse
coincident. As shown in FIG 5, the servo region

pat Badngeyr risiee solnfercss arfd theyveragmediidesiisk are formed

individually.

In the transfer process, as shown in FIGS. 6B
and 6C, the irregularities of the stampers 84 are
transferred to the resists 82 on the opposite surfaces
cf the magnetic disk by the imprint lithography using
an imprinter of a synchronous double-sided transfer
type. More specifically, the substrate 54 having the
resists 82 formed thereon is chucked by its center
hole 52 as their opposite surfaces are sandwiched
between the stampers 84 of two types that are prepared
for the reverse and obverse surfaces, and the whole
substrate surfaces are pressed uniformly. Thereupon,
the irregular patterns of the stampers 84 are
transferred to the surfaces of the resists 82. By the
transfer process, the parts to be demagnetized are
formed as recesses of the resists 82.

Both surfaces of the substrate are imprinted by
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5 in the shifted phases are arranged alternately in

the circunferential direction of the substrate

wi t hout overl appi ng one anot her. This phase shift is
set optionally. After the resists 82 to which the
irregular 10 patterns are transferred are then
subjected to UV irradiation, they are baked at about
160C. Thereupon, the resists 82 are cross-linked to
beconme hard enough to resist ion mlling. In an
irregularity form ng. process based on 15 inprinting,
resigansesfdubs semmprrat 8#héebbt tom phaselse ofatther rervo
recesses. Less resist residues are preferred in
maghegiennaebEraNSpPBcElsi pgverset Rad reyeseer ssirdgess of

are too little, however, the shape transferability
basE@co ﬁuPﬁEr?hﬁrPﬁtFﬁ@nﬁég§§ﬁs 26 §§O§ﬁo%ﬁ FHGFIéJ the

6D, RIE using SF6 gas, anp% , used to reno
CheSFEEPSE cAoSNHBE L EPoWeBr ELEUPEY Sooh Sden gt e Sides
plasna ﬁourﬁﬁfgl fgIFsQ% ?%IB§9£¥ggﬁeg%E%r %Q%&% ﬁﬂ?the

re3|8ues O mnimze ange-o

the 5.EEEEEE?EH%QQEeal%éCEFQRSE%r ft%% ts%btst&‘ia?:%s'witt%o%%

Prefera I'nductively coupl ed plasna

elesbéQmaﬁﬁghgtege ah%%ﬁ@%nceTﬁEGRbh%%%hbﬁgf%p9§¥akﬁﬁ
shoul d be used for - this purpose. The residues

ar eopenexadiby SF6 RIE at an etching pressure of

about 2 mforr in the ICP etching apparatus. The

car bon pAdtect ithe frielsisten 82heomagrieti chHeayierrsfR0 aar e

al so separated sinultaneously
patterns are transferred are then subjected to UV
irradiation, they are baked at about 160%C.
Thereupon, the resists 82 are cross-linked to become
hard enough to resist ion milling.

In an irreqularity forming process based on
imprinting, resist residues remain at the bottom of
the pattern recesses. Less resist residues are
preferred in magnetic material processing. If the
resist residues are.too little, however, the shape
transferability based on the imprinting worsens.

As shown in FIG. 6D, RIE using SF6 gas, for
example, is used to remove the resist residues.
Low-pressure, high-density plasma source RIE can be
suitably used to remove the residues without failing
to minimize the change of the irregular shapes
transferred to the resists 82. Preferably, an

inductively coupled plasma (ICP) or electron cyclotron

resonance (ECR) etching apparatus should be used for
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5 at irregular groove portions. Then, in the magnetic
processi ng process, the nmagnetic |ayer surfaces of
the parts to be denmgnetized are exposed after the
residual resists at the respective bottons of the
recesses of the resists 10 82 are renoved. At those
parts where the magnetic |ayers 80 are to be left,
the resists 82 are forned as I¢ojections. Then, only
those parts of the magnetic |ayers 80 which are
situated corresponding to the recesses are renoved by
Ar - itdvi smiduripegeusi Mhea hedisluesisstes Bm@aedquar GF6 RIE
| ayers, whereby the nagnetic material is worked into
desidte@Mp&ttcdyimng ne ssivh 9 almut BmTanr diddrhe ol CP
elininzﬁe damage to the nmagnetic |ayers 80, as this

i s FOTEIYhEPERRIRE T | IS HATRITe PTFRC il s on the
{ e85 on LA Hh f SHgpad 11 oS b Besgpneously
abott 46 5 B R B esi ots 86 of 'S 2

2 surf i orent 20 (R R T e pon { PR Sl of

t he thRgRelgne tdicsk e r ffr e L pAs Shvhd n
FIG 6F, whereby the irregularities o#)the di sk

sur idecegnantd ZbY areengdbsetha dirckessafiddg SdPists at

filmis about 150 nm (T-7) or 90 nm (FOX) after the

mat &hiealr eisp e chalee padftfortsy it np s B OAUY ripra resists

Thereafter, etching-back is perfornmed by mlling so

t hatZt pge removed. At those parts where the magnetic
layers 80 are to be left, the resists 82 are formed as
projections. Then, only those parts of the magnetic
layers 80 which are situated corresponding to the
recesses are removed by Ar~-ion milling using the
resists 82 as guard layers, whereby the magnetic
material is worked into desired patterns, as shown in
FIG. 6E. 1In order to eliminate damage to the magnetic
layérs 80, as this is done, the angle of ion incidence
for etching is varied to 30 and 70 degrees so as to
suppress redeposition. As the redeposition is
suppressed, sidewalls of projection patterns are
inclined at about 40 to 75 degrees.

Then, the resists 86 of SiOy as a nonmagnetic

material are applied individually to a sufficient
thickness to the opposite surfaces of the magnetic

disk by, for example, SOG, as shown in FIG. 6F,

whereby the irregularities of the disk surfaces are
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5 magnetic |l ayers 80 are exposed, as shown in FIG 6G
The surface roughness (Ra) of the etched-back nmedi um
is adjusted to 0.6 nmby using an etching rate of 0.1
nm sec for etching. This etch-back process, |like the
renoval of the residues of the SOG film can be 10
perfornmed by neans of the |ICP etching apparatus using
the SF6 gas. Thus, the patterriéd magnetic disk is
obtai ned having the recesses filled with the
nonmagnetic material and | evel ed. The magnetic di sk
sur fenesed5 c@hebthima@leessbstfanhiealSipsl €ién hy talbicait
| eveling processing. However, the nedi um nust be

et ched pBckT-2o Pﬁagoth@ magHet ad teayehe gatgradal is
securely expgosed to, the surfaces, so that fine

i rr 898KaRi PEEsPYr EPLBPENTedén 4afP8r TPRe | dbEmeRfter,

ing., 20 I'n_the final finishi _.th
i SK-SUFPACBEC*al 8 BOEFSRBECH ot Rer LGS fr GYe e
| . h b tective filmis farned
et edre st TRuekdoREr e aeBReRE R, Hong e N8 frBeriC:

nbedi ' f h |h et t
e @Hé”@ﬁkfa%é %gg@kg%ﬁg 9&8)Fé%aﬁggagﬁch%ﬁ—b%%#@%@d?%m

| ubri cant. ow n scription o

har dsdigkudtbMet6HEDE AR bhedrgnRetinC «di-sk ndevi-ce Jiat

is provided with the magnetic di'sk 50 described
abogel 2f/sés sbewsttcRAihbGS. TRidNdt8h-Ba0RIRRLICe sH,SK ike

device 10 conprises a flat, rectangul ar disk

enctbsuremd8al dhetkackestrdect3oiasha 0% sHaped daasee

12 and a top cover 11 that hernetically closes a top

opepengogmedhby means of the ICP etching apparatus using
the SF6 gas.

Thus, the patterned magnetic disk is obtained
having the recesses filled with the nonmagnetic
material and leveled. The magnetic disk surfaces
can be made substantially level by this leveling
processing. However, the medium must be etched back
so that the magnetic layers 80 are securely exposed to
the surfaces, so that fine irregularities are left
even after the leveling processing.

In the final finishing process, the disk surfaces
are polished further to improve the levelness, and
the carbon protective film is formed thereafter.

The magnetic disk according to the present embodiment
is completed by further application of the lubricant.

The following is a description of a hard disk

drive (HDD) as the magnetic disk device that is

provided with the magnetic disk 50 described above.
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5 base 12. The disk enclosure 13 contains the nmagnetic
disk 50, a spindle notor 15, magnetic heads 33, and a
head actuator 14. The spindle notor 15 supports and
rotates the disk. The nagnetic heads 33 are used to

10 record and reproduce information to and fromthe

di sk. The head actuator 14 supports the magnetic

heads for novement with respe®Oto the magnetic disk

50. The enclosure 13 further contains a voice coi

notor (hereinafter, referred to as a VCM 16, a ra

| oad 15 Arecianins & IGh ihend 8/ & aeansthiahidigipglevice
and a flexible printed circuit board unit

(herdi gefparsesy gf dladd e g lprc dimik enrAdostie VAv

16 rotates . and pqsitions the head actuator. The ra

| oad PireERATOSTNESS LIS Pheagiatiad feats 12 2d & top
posi tiaon 0.off the neti.c di.sk when the heads are
TovEaES e LR PFISE IS B hary Sst hd o SReTg OF the
ine% i;a hatch mechanism 20 hol ds the head actuator in

a shunt” position. The FPC unit 17 is nounted with

circuit 1GRANGNIHCIRHUGIAS R JRaRld (iR madiedasedisk
12 has 25 a bottomwall, and the spindle notor” 15,

head 0gctauabahd1E4moVeM 16, elagnedli®: HIRNRISB ,Okiridh& head
i nner surface of the bottomwall. - 21 As nentioned

bef aceuathbe MEgnetihe dipshd@ m®tadr daldupgthiortat emd
patterned nmediumw th a perpendicularly magnetized
dualroftialtmss tthec idisd,. bdthe swagn@ddss dfeads 3B aaree used to
processed for DIR WMore specifically, the disk
record and reproduce information to and from the disk.
The head actuator 14 supports the magnetic heads
for movement with respect to the magnetic disk 50.
The enclosure 13 further contains a voice coil motor
(hereinafter, referred to as a VCM) 16, a ramp load
mechanism 18, an inertia latch mechanism 20, and
a flexible printed circuit board unit (hereinafter,
referred to as an FPC unit) 17. The VCM 16 rotates
and positions the head actuator. The ramp load
mechanism 18 holds the magnetic heads in a position
off the magnetic disk when the heads are moved to the
outermost periphery of the disk. The inertia latch
mechanism 20 holds the head actuator in a shunt
position. The FPC unit 17 is mounted with circuit
components, such as a preamplifier. The base 12 has
a bottom wall, and the spindle motor 15, head actuator

14, VCM 16, etc. are arranged on the inner surface of

the bottom wall.
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5 50 has recording layers 56 on its obverse and

reverse surfaces. It is forned having a dianeter of

1.8 or 0.85 inch. The magnetic disk 50 is coaxially
fitted on a hub (not shown) of the spindle notor 15

and fixed to the hub by a clanp spring 21. The

magneti c disk 50 10 is supported and rotated at a

gi ven speed by the spindl e nétlor <15 as a driver unit.

The head actuator 14 has a bearing portion 24 fixed

on the bottomwall of the base 12, two arns 27

at t achedAsomehé lvead g fpaet,i die argreddpensisdns 03015
extending individually fromthe arnms. The magnetic
hea8®a33- éﬁém§ﬁﬁﬁopﬁéée¢ﬁ6ﬁvm@@&NmyWéﬁhtﬁepﬁé§§@@ﬂpwéarly
ext ended ends of the suspensions 30. The arns
susB@ﬁ§?Bh§e§Oduéﬁdfﬁéé‘d§t§3‘cz§f‘1§esuﬁﬁ&ht édlrffér‘:es of which

rotating _notion aroun

Shotrct Arrree 284 FRE DR e ResdSLss HEAIdd /a the ok
dovey neag Laebplanee 008 abus e sLde el 0 Wierce

e nmagnetic p-head that faces

reVEE%?aEbge rg ogdi @%r gﬁe an h% diss et'e 88Ch .8 or

magnet i ¢ head a sli e as a body 'S

25 UDBBtQHcHﬂthTﬁe”ﬁﬁG%%h@ch@égkeB©”§%tcb%&ﬁa&&@ yde%ed
a read elenent (GWR el'enent) and a wite elenent. As

showA BNhEbGP¥not aRdwd) bife tMeMshlnkide aoteirCe 5 addl fixed
coil attached to the head actuator 14, a pair of yokes

38 ftbxedet bubheybaselifpasgropgodd t dheheavwmiete ccaiilsk 50
and a magnet (not shown) fixed to one of the yokes.
ThelVCRPPBOHEREr ands ratasest Bdnal Jigeguergesuny tthe

spindle motor 15 as a driver unit.

The head actuator 14 has a bearing portion 24
fixed on the bottom wall of the base 12, two arms 27
attached to the bearing portion, and suspensions 30
extending individually from the arms. The magnetic
heads 33 are supported individually on the respective
extended ends of the suspensions 30. The arms 27,
suspensions 30, and heads 33 are supported for
rotating motion around the bearing portion 24.

As shown in FIG. 5, the paired heads 33 include a
down-head that faces the obverse-side recording layer
of the magnetic disk 50 and an up-head that faces the
reverse-side recording layer of the disk. In each
magnetic head 33, a slider for use as a head body 1is
mounted with a magnetic head element that includes

a read element (GMR element) and a write element.

As shown in FIGS. 7 and 8, the VCM 16 has a voice
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5 bearing portion 24 in the arns 27 and noves the
magneti ¢ heads 33 in the radial direction of the
magneti c disk 50. The FPC unit 17 has a rectangul ar

board body 34 that is fixed on the bottomwall of the
base 12. 10 El ectronic conponents, connectors, etc.

are nounted on the board body. The FPC unit 17 has a

bel t-shaped main flexibleprided circuit board 36

that electrically connects the board body 34 and the
head actuator 14. The magnetic heads 33 that are
suppoiitfledttBchgdt e hbad hasduatsnatprarld ,cenmediredf yokes
electrically to the FPC unit 17 through a relay FPC
(noB8skhéwry andthehbamei A 2f lkaxd iFpeqseichited tdier gifiitce coil,

board 36. As nentloned before, the magnetic disk 50
has aflﬁiea BEGBLSe (ARG PbPEde Tdixgas tan@ries ettha Hates -

b th t b d [

bash i 20, Wi hothe obverec and e se o des all ancd.
devi I II

Sors SR A y-Cote ey e reue

di s agf@%@csa%%f'@@t &%n%h%frta SRt & Qs déoche

f ul 25 outside and inside dianeters, recordi ng and
reppaduetikngighanacteristics, etc. that are adaptive
to thé nmagnetic disk device. Each arcuate servo

regi on 28hepatpicefih 80 1Mashdd & cRERInAfl & WdLtd asody €34
on the circunference of a circle that is concentric

wi t hhihe isndEdreti onditdle &wrd thas watld reefdithse égdey dl2nt

to the distance fromthe rotation center of the

nagﬁépb@r@mgn components, connectors, etc. are mounted on
the board body. The FPC unit 17 has a belt-shaped
main flexible printed circuit board 36 that
electrically connects the board body 34 and the head
actuator 14. The magnetic heads 33 that are supported
by the head actuator 14 are connected electrically to
the FPC unit 17 through a relay FPC (not shown) and
the main flexible printed circuit board 36.

As mentioned before, the magnetic disk 50 has the

obverse and reverse sides and is set in the base 12
with the obverse and reverse sides aligned so that
the head movement path of the magnetic disk device
is substantially coincident with the arcuate shape of
the servo region patterns 60 of tﬁe magnetic disk.
The specifications of the magnetic disk 50 fulfill
outside and inside diameters, recording and reproduc-

ing characteristics, etc. that are adaptive to the

magnetic disk device. Each arcuate servo region
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5 to the center of the bearing portion 24 of the head
actuator 14. The radius of the circular arc is

equi valent to the distance fromthe bearing portion

24 to the head el enent of each nmagnetic head 33. In

ot her words, each servo region pattern 60 has the 10
shape of a circular arc that is always substantially
coi ncident with the head noverght path even when the
magnetic rotates. The radius of the circular arc of
each servo region pattern 60 is equivalent to the

di statdemy &b thes Bda igantsor tdforp 24 noi leac e mmgirettifee
15 head 33. The center of the circular arc noves al ong
a ciTERYET FaKWS h%ﬁ j ¢idgcethdte s t%ﬁq@qﬁ@éﬂ'@ the
dISk and var| s |n nchronlsn1mnth t he ag%_e phase on

t he "G ErhSagids S QRMQEﬁ

f f th

unfv%t%%f@ %frt It éﬁcce"lror%rﬁe%' S fadndthc aisk
Sp' Rdl e protar, tJeEI: T e G tl?ﬁ‘a% gg}%ol}]eagl ort| oar}j

A print ed Cl I‘CUI t oar or contro

theach%ﬁQ%tr' va .opafal i:oRs & die rPidd! & 1mt %{rclfas 25
VCM 16, and magnetic heads through the FPC unit 17 is

fi xeduti@atllee touie it hsuIdfiace refe tﬂl%nb@ﬁ@@é’ﬁlﬂngo&dﬂﬁon
base 12, and faces the base bottom wal | -

shoed it Eh@ h&ada dlangethwibheraddf nelgrivieninead 33.
conmponents are nmounted on the PCB 40. These
el edtr othe rc oopoisentes dmisHnywd nelqide foatesysted@mhas the
LSI's, a hard disk controller (HDC) 41, a read/wite
shape of a circular arc that 1is always substantially
coincident with the head movement path even when the
magnetic rotates. The radius of the circular arc of
each servo region pattern 60 is equivalent to the
distance from the bearing portion 24 to each magnetic
head 33. The center of the circular arc moves along
a circular path that is concentric with the magnetic
disk and varies in synchronism with the angle phase on
the disk on which the patterns are formed. The_radius
of the path of the center of the circular arc is
equivalent to the distance from the center of the
spindle motor 15 to the center of the bearing
portion 24,
A printed circuit board (PCB) 40 for controlling
the respective operations of the spindle motor 15,
VCM 16, and magnetic heads through the FPC unit 17 is

fixed to the outer surface of the bottom wall of the

base 12, and faces the base bottom wall.
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5 channel 1C 42, an MPU 43, and a notor driver |C 44.
The PCB 40 is nounted with a connector that can be
connected to a connector on the side of the FPC unit
17 and a nmain connector for connecting the HDD to an
el ectroni ¢ apparatus such as a personal conputer. 10
The MPU 43 is a controller of a drive operating
system and i ncludes a ROM ~RAR¥E CPU, and | ogic
processor, which realize a positioning control system
according to the present enbodi nent. The | ogic
processoAsi shawnatnt A€t &, paodéggﬁrn@@bﬁds@@ sflegtppnic
hardware circuit and is used for h- speed arithnetic
pro@@@@@ﬂ@ntFu@FﬁemouﬁbéﬂaPPnéhgoPFaaﬂQ (FW¢G§§ saved

in the ROM and the MPU controls th rive i
accoF8ahERM hF t ROPRPRERHP ‘Tfﬁén tscl&f?rlg Eouﬁt SYFAEE

an PREGPY aBcRBERWALAX CRBCEPLH oo (02 and 14 Rospod/rlte
;eaarapr b RatRBr o RIS SEnAERE #%?%F driver 1E 44

thefﬁ@YpﬁBn@glﬂl LBEnt¥ROLE t HDR: 2RnEhe oW i@ be

channel 1C 42 I1s a head signal processor associated

W t BohRadi ki t8 aperahkeBor! bni $hec@ipesed @hed FPC unit
circuit that switches channels of a head 25 anplifier

| C andaprogesses teenedinBg dnd cephedtdngg thel Gitd 0
such as read/wite signals. The notor driver 1C 44 is
a dahvelanttohor thpaVEMui6sant tlse aspienmdlona lngomputs:r.
It drivingly controls the spindle notor
The MPU 43 is a controller of a drive operating
system and includes a ROM, RAM, CPU, and logic
processor, which realize a positioning control system
according to the present embodiment. The logic
processor 1is an arithmetic processor composéd of a
hardware circuit and is used for high-speed arithmetic
processing. Further, operating software (FW) is
saved in the ROM, and the MPU controls'the drive in
accordance with this FW.
The HDC 41 is an interface section in the HDD.
It exchanges information with an interface between
the disk drive and a host system, e.g., a personal
computer, the MPU 43, the read/write channel IC 42,
and the motor driver IC 44, thereby managing the
whole HDD:
The read/write channel IC 42 is a head signal

processor associated with read/write operation. It is

composed of a circuit that switches channels of a head



5 for constant rotation and applies a VCM nmani pul at ed
variable fromthe MPU 43 as a current value to the

VCM thereby driving the head actuator 14. A
configuration of a head positioning controller wll

now be described in brief with reference to 10 FIG 9.
FIG 9 is a block diagramof the head positioning
controller. In FIG 9, synbols2¥, ¥, P and S

i ndi vidual |y designate transfer functions of the

system_ Specifically, a control object P is 15

equididl el ao thertear arg R Orrep adiatg iand wksradiecing
VCM 16, while a signal processor Sis an elenent that

i s PSSt P Afamifdd/|WE idifd SRl | paitte giotor driver
of f-track detecting nmeans). A control processor is .
com}gszdl af° & fdﬁeréd%aéwltﬂf%rﬁk}eol\f@? & (314 dihe spindle
contral |l er). and _a synchranous

supbnrogcsf)sri olr%'co%ce dt"ildhg%syecctcirbtﬁx(]ssectg}?d TOMHST 1me§er
and j Yy d eal i . U. er at i

of Eﬁﬁggﬁéﬂﬁﬁﬁdtpﬁg%§§%§$4jff?j%ﬁ?f¥h§ﬁ§i%ﬁﬁ?ﬁ%ﬁﬁﬁﬁ%ﬁﬁgh

| at @far i EHA SN dHDRIF U3 Sis 20 ABNRIAL &% TUACK the
current position (TP) information on the magnetic di sk

i n JCoNr dareeby idt i ITRPrORIHNE Sdidntdlod mod udi ng
address information fromthe servo 26 region patterns
60 ri ght Aunrgerfiayuread qrositt iormdddP)pos Baiseth N @ntroller
target track position (RP) on the magnetic disk 50
and va lgogion dre elaserifded bet wesre ft hel tharmpete rdrrae ko
position and a current position (TP) of each

FIG. 9.

FIG. 9 is a block diagram of the head positioning
controller. In FIG. 9, symbols C, F, P and S
individually designate transfer functions of the
system. Specifically, a control object P is
equivalent to the head actuator 14 that includes
the VCM 16, while a signal processor S is an element
that is realized by a channel IC and an MPU (part of
off-track detecting means).

A control processor is composed of a feedback
controller C (first controller) and a synchronous
suppression/compensation section (second controller),
and specifically, 1is realized by an MPU.

The operation of the control processor will be
described in detail later. The signal processor S
generates track current position (TP) information on

the magnetic disk in accordance with a reproducing

signal including address information from the servo
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5 magnetic head 33 on the magnetic disk, the first
controller C outputs an FB control value Ul in a
direction to | essen the position error. The second
controller F is an FF conpensation section for
correcting the shape of the magnetic track 10 on the
magneti c di sk 50, vibration that is synchronous with
the disk rotation, etc. It -sawés a previously
calibrated rotation synchronous conpensation value in
a menory table. Normally, the second controller F
neveegiesspehseposi tiCom ightounfEyr, aahgacupestis iam FHP)
15 control value U2 based on servo sector information
(noBashgwa) fr EATERE Sirgr¥ Peedtdesior(RE)wionh thef Magmed 1c
to the tahle. The control processor dds up
resﬁéék|§é aaépatgoeitaﬁ& ez ror tfe %ﬁﬁyﬁeén&h§e$@ﬁ@et
rol | er suppl i es th resul va
20 §a8k< BHFESHO\‘?aIaBS 8 Fb‘rtrﬁé‘tvéﬁlsf lﬂﬁlro‘ tgP gﬁ? eﬁﬁ%
?ghSE§gyh%r|V5%go%h%h %%1%e%Q% Eh%lrst
rota ron synchronous conpensa PST valte <t &b

cal LBrated1kp anslRiti-al s5t 2ge of+oRar atih R u1'f the

position error (E) becones |arger than a preset 25

val gegit-Bettahbl @ cstiakkent @ nke pealiithioat @dragai n, wher e-
upon the synchronous conpensation value is updated. An

oper at i 0rhleols edeneC idomd rid1e oS tiisom rermorcdipensdh ion

the reproducing signal will now be described in brief

Wi t hecefienetice torkeGtitg The mhgpet iof dihsk ma@nexic track

rotated at a fixed rotational speed by the spindle

not on thBe MAgnetic disk 50, vibration that is synchronous
with the disk rotation, etc. It saves a previously
calibrated rotation synchronous compensation value in
a memory table. Normally, the second controller F
never uses the position error (E), and outputs an FF
control value U2 based on servo sector information
(not shown) from the signal processor S with reference
to the table. The control processor adds up the
respective outputs Ul and U2 of the first and second
controllers C and F, and supplies the resulting value
as a control value U to the VCM 16 through the HDC 41,
therebyldriving the magnetic heads 33.

The rotation synchronous compensation wvalue

table is calibrated in an initial stage of operation.
If the position error (E) becomes larger than a preset
value, the table starts to be calibrated again, where-

upon the synchronous compensation value is updated.

An operation for detecting the position error by
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5 magnetic heads 33 are elastically supported by
ginmbals that are attached to the suspensions 30. They
are designed to float with a fine gap above the
magneti ¢ disk surface, balanced by an air pressure
that is generated as the disk rotates. Thus, a head
reproduc 10 ing el enent can detect a magnetic fl ux

| eakage from the disk magrnetid | ayer with a given
magneti ¢ gap above the disk surface. As the magnetic
disk 50 rotates, its servo region patterns 60 pass
ri ghheunderotheinggaévhslheadd B3wi ke €§sgrgiogehin brief
period. Fixed-period servo processing can be executed
by detecrehgrenraektpoSiEiofi-i nformation from

reproduci ng signals for the servo reqio atterns.
Once 't heTPIBCmﬁ%nleééSgﬁiilf%s%Qnésofr%@&\%{nl‘ag:giao 5% ern
identjfication flags, called servo mar i ncthe 0
ser68£?E@98ﬂ?p59?8an§y6ﬁketﬁglpgﬁfngo?of géé aFP%Va

of ggcge§§gvgﬁgggiga 8§Etgﬂgs%?%g?éai%&%ﬁﬁ%ﬁ?ﬁibjﬂd¥ﬁ%als

the Sérvo marks are arrange

intepyval §rcAgepndhngl Yo the @Q@F%%SE%Q%SBQhe ahainelre

to start servo processing when e preanble portion 70

25 geuegnbhohb ¥ndat LhennagrehieC gagadbovEhe HeollagMeatd c
is a deScription of an address reproduction

progessi Bgreanti guratinead byt he ecHanmpelessur?8 thas is

shown in FIG 10, an output signal froma head

anphehieentk@ @l Ehet Hatski sotenmmesct edhus t lve hegghetdrroduc-

heads 33 is read by the channel IC. After it is

subjiegt edetmenitorgint geitealt @ig@@WQ@d@ﬁﬁLﬂﬂiLﬂ@Hﬂge from
the disk magnetic layer with a given magnetic gap
above the disk surface.

As the magnetic disk 50 rotates, its servo region
patterns 60 pass right under the magnetic heads 33 in
a given period. Fixed-period servo processing can be
executed by detecting track position information from
reproducing signals for the servo region patterns.
Once the HDC 41 recognizes one of servo region

pattern identification flags called servo marks in the
servo region patterns 60, the timing for the arrival
of each servo region pattern can be anticipated,
since the servo marks are arranged at predetermined
intervals. Accordingly, the HDC 41 urges the channel
to start servo processing when the preamble portion 70
comes right under the magnetic heads.

The following is a description of an address

reproduction processing configuration in the channel.
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5 an analog filter as an equalizer 45, the signal is
sanpled as a digital value by an ADC 46. A magnetic
field | eakage fromthe magnetic disk 50 is

per pendi cul ar magnetization and is a magnetic/
nonmagneti c pattern. However, DC offset conponents 10
are thoroughly renoved by the high-pass characteristic
of the H C and equal i zer procédsing of a front-stage
portion of the channel IC for |ongitudinal equaliza-
tion. Thus, an analog filter post-output fromthe

pr easbkaopar LnomIF0 il9,s s artpudl sy omaflalisensiandeEs]
wave. A difference froma cqnventionaldPerpendicuIar
magaepild fhedi M |(HES)i rhaffatl st kongiegigld &fpltittud@gngtic

hal ved. The magnetic di sk 50 accordlgﬁ to the present
enbberAENE 3 dsnéead kit dde ShanF&tt dlned AdGTUMt 26
However,, selectiqon of the direction of the netic

TP Paseiee ap TREEEIS Ay ok o SR L&

m si denti ficati.qn of 1 or 0, and nce, failur.e | ;
codé&"d &n@é‘toigo ll(il% Shé e rahnd“® Z%gf th the %r%r{caq s

e magne

dis lLar, an, : rnoper| C i to the 25
'éaﬁ@&%ﬁ LY GaRy ggl%&f REfle 36t G¥ding

magne ux | e patterns. In the channe
IC, the pI oeRENG IS tichathgddependittg odiscic disk

reproduci ng signal phase. 29 A reproducing signa

cl oclos iar @ eyprelrienilzed madnet ikdiilon Eatd eran gperdoqoscic/

in pull-in processing. Sector cylinder information is

r eachoinmagcheiteixs pagradirmg  plooeasesd ,NRC Buifste tpardnmments

processing is carried out
are thoroughly removed by the high-pass characteristic
of the HIC and equalizer processing of a front-stage
portion of the channel IC for longitudinal equaliza-
tion. Thus, an analog filter post-output from the
preamble portion 70 is substantially a false sine
wave. A difference from a conventional perpendicular
magnetic medium lies in that the signal amplitude is
halved.

The magnetic disk 50 according to the present
embodiment is not limited to a patterned medium.
However, selection of the direction of the magnetic
flux leakage of the servo region patterns may cause
misidentification of 1 or 0, and hence, failure in
code detection in the channel. Thus, the magnetic
disk polarity can be properly set according to the
magnetic flux leakage of the patterns.

In the channel IC, the processing is switched

depending on its reproducing signal phase.
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5 as necessary information for off-track detection. A
detail ed description of the pull-in processing is
omtted. In this processing, the timng for sanpling
the ADC is synchronized with a sine-wave reproducing
signal, and AGC processing is performed to 10 adj ust
the signal anplitudes of digital sanple values to a
certain level. Periods 1 and %f a disk pattern are
sanpled at four points. Then, in reproducing the
address information, noises of the sanple valued are
| owdr egprpdacEinR si®nfl tcdo ke alfe syl ROV qfbs bte
converted into sector information and track

i nf BEFBLTO R AFEGEg P e IViOCsr Bin dedddi iy RRIRETSIMY bad¥dtor
on maxi,mum | i kelihoad estimation by Vi t erbi_ decoder
45 G L4PAFT dOdeTRIOrEe oA g BT T o

processor 49. 20 _Thus, servo track infarmtio
nagﬁéPFésﬁég&s_3?u2§§13%§3ﬁﬁ%m9ﬁ9.e%ihﬁégkﬁnéﬁégl%%q°ut
thea%”%%%e%%%&‘oﬂﬁ%%rn&ﬂ%mw?Q%ﬂn%#ﬁpﬁggﬁﬁggdééé tion.

of f 2tr ack °détect i'on processi ng. e signal anﬁfltudes

are subj ect i -Ql4d 29 dMtEu aby PI OLRSSHHGe s Hi
t he orderq\ (ﬁ*@ﬁ%&s}{%ﬂ% patterngﬁuA, B, éﬁandeD,lng

and ;& vwalit:age) valie gy Waidss iy Ay ef ageng for
anplitude is outputted to the MPU 43, - 30 whereby a

ser sanpldees sihig ADT ery uptindiardrsisaest] Wit e s MRU-wdhne
receiving this interrupt, the MPU 43 reads the burst
si gnaipg ddudting tsdimmader isesd AcQrpiotesialg ADQeafermed to
converts theminto off-track val ues by DSP
adjust the signal amplitudes of digital sample values
.to a certain level. Periods 1 and 0 of a disk pattern
are sampled at four points.

Then, in reproducing the address information,
noises of the sample valued are lowered by a FIR
filter 47. The sample values are converted into
sector information and track information through
Viterbi decoding processing based on maximum
likelihood estimation by a Viterbi decoder 48 or gray
code reverse conversion by a gray processor 49.

Thus, servo track information of the magnetic heads 33
can be obtained.

Subsequently, in the burst portion 74, the
channel proceeds to off-track detection processing.
The signal amplitudes are subjected to sample-hold
integral processing in the order of the burst signal

patterns A, B, C and D, and a voltage value equivalent

to an average amplitude is outputted to the MPU 43,



10

15

20

25

5 Based on these off-track values and the servo track
information, the servo track positions of the nmagnetic
heads 33 are detected precisely. According to the
magneti ¢ disk 50 and the HDD constructed in this
manner, the servo region patterns 10 60 on the
obverse side of the magnetic disk 50 and the servo
regi on patterns 60 on the revéfse-side are arranged
with a phase shift. Thus, the vibration |Ievel of the
head actuator 14 in the seek-on-track state of the
magrbeirebleadsecan beokewsiad, iQ@eﬁﬁaptlgstH§SW@§dto the
posi tioning accuracy can be inproved.
speMPﬂlcaphyre§§l§h6@ntPﬁSFPGFeSrUPﬁe tﬁﬁgﬁ@@lé3hé§@§s
33 are kept off the surfaﬁﬁs of th etic d

by &ReaPrrétr sdAratfatn & ﬁr&dﬂ@e&e§§es %@ &Qﬂ%n S

he
LIS BB S SRR 1

arality of magnet’i C

heag%séé gh%hg %d%f%r%r%%%r%%l%% @@ﬁpqyﬁi%%r¢3“%rack

reverse sides o thé single mag netlc

uppgﬁf@Q%aEQW%r %%%n%%&%oh%%%%k3%d§¥ﬁ¥d%s of the magnetic

simul taneously as the head actuator 14 rotates. 25

Thepbills af eaeh JmgreldC diead s yabove each magnetic
di sk surface depends on the irregularity ratio per

uni t ar eaddorddiegditsk iy marmetid siisk -5BlandedarisEOD
dynami c pressures that are generated between the
magrehist raicsleds unf addss amnens dhcderenvumatr4difan patHerns
heads 33 are different. In the case of the present

enbé@i wenttheashvemsomddieeafortdie magnetic disk 50 and

the servo region patterns 60 on the reverse side are
arranged with a phase shift. Thus, the vibration
level of the head actuator 14 in the seek-on-track
state of the magnetic heads can be lowered, so that
the head positioning accuracy can be improved.

More specifically, as shown in FIG. 5, the
magnetic heads 33 are kept off the surfaces of the
magnetic disk 50 by an air current that is produced as
the disk rotates when they read or write data from or
to the disk. In the HDD that has the plurality of
magnetic heads 33, the heads are paired on the obverse
and reverse sides of the single magnetic disk 50.

The upper and lower magnetic heads 33 rotate
simultaneously as the head actuator 14 rotates.

The 1ift of each magnetic head 33 above each
magnetic disk surface depends on the irregularity

ratio per unit area of the disk surface. This is
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5 projection ratio of the servo region patterns 60 is
40% while that of the data region pattern 58 is 70%
The data region pattern 58 generates a hi gher dynam c
pressure, which ensures a larger |ift of the magnetic
heads 33. Therefore, the pressure on the magnetic 10
heads 33 varies between the first and second

boundari es Bl and B2 between BRe servo region patterns
60 and the data region pattern 58. FIGS. 11A and 11B
show changes of forces that act on the upper and | ower
magpetaeshedrsanindpvedaakpy. thstsash Promrekese Petween

drawi ngs, an inpulsive force is generated to act on,
t hetppergaRbiFodéFknerg$§2385a8nthePReddd I5&s s Pt dddivs

the_boundar i es_Bl /B2, _Urged f that |

genEha 8828 PAg T PG AAEEABE  of 1Pn BoliAdR: § 7B he
d,| .20 tic heads .3 t ed|

W BR5e8eTh BMEPRLFCDTor A5 DA GEROPAL DRG CPeGi 600 t ha

vi DPEEETTR &"PPPSE "Rgregion"a tha
neeEer st P ng aN BaP el ne B0 LI e o2, PonG hamds 254

urg@é%waPw@ tareeokhat ol gagenecatied dukitRgnt b is 70%.
passage of the 25 boundary B2, repeatedly vibrate in a

second Mgleaat:'bgmonggae&atrhngar gehera€2st hahiighelrudgmanic
the boundary B2 or an ending position for the servo
regheaspatter R8i6h. ensd2esAacardigey tld fithe fprésemagnetic
enbodi nent, the servo region patterns 60 on the '
obveeadssBde offhelefoagnetihe pdiesleud@ amd tihige M@NEF-1C
region patterns 60 on the reverse side are arranged
wi t headphdsSe velfiifess. between the first and second
boundaries Bl and B2 between the servo region patterns
60 and the data region pattern 58. FIGS. 11A and 11B
show changes of forces that act on the upper and lower
magnetic heads, individually. As seen from these
drawings, an impulsive force is generated to act on
the upper and lower heads 33 as the heads pass through
the boundaries Bl and B2.
Urged by the force that is generated during
the passage of the boundary Bl, the upper and lower
magnetic heads 33 repeatedly vibrate in a first
vibration generating region Cl that includes the
boundary Bl or a starting position for the servo
region patterns 60. Likewise, the heads 33, urged by
the force that is generated during the passage of the
boundary B2, repeatedly vibrate in a second vibration

generating region C2 that includes the boundary B2 or

an ending position for the servo region patterns 60.
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5 Therefore, each of the servo region patterns 60 on
the obverse side is | ocated opposite an internedi ate
position between each two adjacent servo region
patterns 60 on the reverse side w thout overl appi ng
the servo region patterns 60 on the reverse side. 10
Thus, the first and second vi bration generating
regions Cl and C2 on the obver¥e side of the magnetic
di sk are shifted in circunferential position |est they
never overlap their counterparts on the reverse side.
After a Pesichghingexcl tihey Hroreent Rbedgents, fiken sqsvo
the inpulsive force applied to one of the magnetic

head€d3®ni PARGLATYHY Mefhife P VRS Shotds PIFIES maghetic
and 11B, anot her | sive force ende S on
e e SOTRBHGIE IRERY 5 S Sh e o . %\35%

in FIG 11C, .therefore o r

magHEtieE e £ds %?rfaﬁfnreav&r Ggg”pghnu %ane%%

SubECLad d A TR SN AL £ A %Méfrné 164 Son

is no possibi'lity of the respective vibrations of th

upp%ea%%de% srmn etd o eadsy r@psg%altﬂ@garwm@ﬁmlate
ot her and devel opi ng |nto a substantial vibration. 25

I n ¢RASAqURNER tWwR drorsa i halo atd faddnh i hee headregismt or
14 can never becone larger than a force that acts on

eachamragield cthead t3hd rBiusssd hel degniet hau theadsr B3pRBBng

can be steadily positioned with high accuracy by the

head hactaeatver rletyidRedhedi teyrrihebVidor dthonc¢evese ofidéde

head actuator 14 is effective to |ower the noise

| evdlhusf, tihe HDOEst and second vibration generating
regions Cl and C2 on the obverse side of the magnetic
disk are shifted in circumferential position lest they
never overlap their counterparts on the reverse side.

After a residual exciting force that results from

the impulsive force applied to one of the magnetic
heads 33 is thoroughly removed, as shown in FIGS. 1l1A
and 11B, another impulsive force independently acts
on the other magnetic head 33 at another timing.
As shown in FIG. 11C, therefore, the upper and lower
magnetic heads 33 can never be simultaneously
subjected to any impulsive force. Accordingly, there
is no possibility of the respective vibrations of the
upper and lower magnetic heads resonating with each
other and developing into a substantial vibration.
In consequence, a force that acts on the head actuator

14 can never become larger than a force that acts on

each magnetic head 33. Thus, the magnetic heads 33
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5 Further, fundanental vibration frequency conponents
that are in an audi ble range and easily audi ble are

| essened, while high-frequency conponents that are
outside or nearly outside the audi ble range and cannot
be easily heard by the human ear are enhanced. 10
Thus, the | evel of unfavorable noises can be | owered.
The fundanental vibration freqiency is 12,000 Hz in
the case of an HDD in which the servo region patterns
60 are enbedded in 100 sectors throughout the

ci r canf beesteadfi lyh@osdgrienies dilgh thhath iasqusraedvatthe
15 7,200 rpm (120 Hz), for exanple. If the servo
regh@ﬁd patiatey dd.are shifted in phase in the

af oresai d nanner however, the Ievel of t he

f undanent&gd UCflr”é?qd'éY?c -&ﬁﬁi@r%ht e o 1A NsReractuator
whi |.e t hat hi t

Compdncr S70Po50 50 T HFE ST FhA ik file WindiP>:

h . |

heTiEherie VSRR AR (RS S e
each nser We o 69 o RAIiE I 6Qrife tdR1 SERANGL ifuddisle idre

fornmed in the shape of a circu ar arc 25 correspondi ng
to thesmaret ivkhineadh i \“ﬁﬁﬁﬁudﬁﬂj1coﬁﬂﬁﬁhdﬁ% that are

advantageous to the seek performance and the

pr eventsioRr @fr Inaserliynguafs 19 ratd esuditb teherdmyrerarahd

34 outer peripheries of the disk, so that the

per foanmeric e ofastiley rregnet iy ditsk denvdrceeaaretse enhanced.
i mproved. A DIR systemis a magnetic recording system

i n TWivisoh tdrer dreviedt exf v fhatar aldlg sl s o ibmrismar ed

The fundamental vibration frequency is 12,000 Hz in
the case of an HDD in which the servo region patterns
60 are embedded in 100 sectors throughout the
circumference of the magnetic disk that is rotated at
7,200 rpm (120 Hz), for example. If the servo region
patterns 60 are shifted in phase in the aforesaid
manner, however, the level of the fundamental
frequency component (12,000 Hz) lowers, while that of
a high-order component rises. Since components of

20 kHz are outside the audible range, however, the
general noise level lowers.

According to the magnetic disk 50 and the HDD
described above, each servo region pattern 60 of the
magnetic disk is formed in the shape of a circular arc
corresponding to the magnetic head movement path.
This is advantageous to the seek performance and the

prevention of lowering of SN ratios at the inner and
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5 and the surface recording density can be increased.
The increased recording density |eads to an increase
in recording capacity. Since the servo infornmation,
along with data tracks, is fornmed by inplantation, the
medi um never requires servo track wite (STW, which
10 is an advantage of the use of the patterned nmedi um
to the HDD. Mre specificallyy4 thte magnetic di sk 50
has the arcuate servo region patterns 60 that depend
on the configuration of the HDD, and its obverse and
revenserlpeaipheriient ed aQe|ﬂlﬁ§,|ﬁ@o¢ﬁ@¢a¢@@|9¢Qﬁﬂ§mance
HDD. Accordingly, the magnetic disk 50 can produce

t heoff heompagetific til6hs dgNd Cef Fadt §& EMPLOY Sthe

magneti c _di sk 50 can ensure hi gh seek é&&fornance As
nentloneé PERoFY StERe LEDE FP HEGIES RECHE e TBhrRI TR
tos serve processin

wh
sert/ lF g?SEoﬁaFFEFﬁsléo%@%ﬁe§eﬂﬁ§ﬁggﬁﬁﬁgn 1&§¥OJ£§

nagnetl heads -33. th r i.0 atter
ARt PRt SR aar s passetihy R s I AR

arerfbxed Ln,Lhg r@@b%hlﬁbr%%EEQQ ﬁ%%d§¥ﬁﬁtdﬂulﬁg%ease

timng error is wthin an all owabl e range and

neghk hoi-BkerdesRl Lapae® .| Ustinald aheOfsea e riE J 18 tiron,
pattern crossing periodthat is attributable to 35

eccanbhigC wikknNiatg @fraldke ,magnetdrenedi sk irpieneratidre, the
magnetic heads 33 nove in a circular arc as they nove
at  hiegh uspeedeirn richg ir@di ale rdior esateiadn vofi ttehel Sgnetvlzich
di sk 50 during seek operation, for exanple. Thus, the
is an advantage of the use of the patterned medium to
the HDD.

More specifically, the magnetic disk 50 has the
arcuate servo region patterns 60 that depend on the
configuration of the HDD, and its obverse and reverse
are oriented as it is incorporated ;n the HDD.
Accordingly, the magnetic disk 50 can produce the
following functions and effects.

First, the magnetic disk 50 can ensure high seek
performance. As mentioned before, the HDC 41 requests
the channel to start serve processing at a timing when
any of the servo region patterns 60 comes right under
the magnetic heads 33. If the servo region patterns
are arranged at equal spaces and if the magnetic heads
33 are fixed in the radial direction, the resulting
timing error is within an allowable range and

negligible despite some fluctuation of a servo region

pattern crossing period that is attributable to
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5 magnetic heads nove in the circunferential direction
as well as in the radial direction and arouse a

problem If the servo region patterns are fornmed
perfectly radially, for exanple, they are situated in
fixed 10 angl e phases w t hout depending on the radi al
position. Since the nmagnetic heads 33 al so nove in

the circunferential directios? however, the angle
phases vary with respect to the rotation center of

the spindle notor 15. Thus, a servo starting phase 15
(di eEaABETLEORPENSENY0 Ofe§RENNSLRLLLRgIPEi-t | SRvieyer, the
whi ch a reproduci ng_head is situated_when a sery at e
is Eéafléa)wageéﬁémgé PPY/ the anghetité In8§ &Sgdhey move

h . Thi i ff [ | ed di .
SR o ST P SR S
t iod. Lf digf f
and coplcol BeLad Ll s ahasg difterate excents, one

at RQGn@EE@?@%%D dROkLRN 1 A0+ HROSS il etrRerafzar @i @ ion

servo mar at the head of the address portion 72
may sfaigk 110 2ke idetaet @dqibhusiiresulibnN@nidn aacsefev @ 25

| oss error. The occurrence of the servo | oss error can

be ppeevent.ed even during high-speed seek operation by

36 estimating a timng error tine fromthe seek speed

and t he Idyltihedere dvef aremdtdromadric ey reect ifgrred gramfect Ly
gate rise time fromthe HDC 41. In this case,

howewrdri alillye Servexehm@lact dhiest iege $idhargsd iy faxed

fluctuation o
angle phases without depending on the radial position.

Since the magnetic heads 33 also move in the
circumferential direction, however, the angle phases
vary with respect to the rotation center of the
spindle motor 15. Thus, a servo starting phase
(distance from a servo region starting position in
which a reproducing head is situated when a servo gate
is booted) as viewed from the magnetic head side
changes. This phase difference is settled depending
on the seek speed, error in the magnetic head path,
and control period. If the phase difference exceeds
an allowable range, it is hard to fetch servo signals
at the preamble portion 70. Possibly, therefore, the
servo mark (SAM) at the head of the address portion 72
may fail to be detected, thus resulting in a servo
loss error.

The occurrence of the servo loss error can be

prevented even during high-speed seek operation by
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5 of the control period, so that the seek performance

| owers inevitably. Form ng the servo region patterns

in acircular arc after the head novenent path can be
regarded as an effective and indi spensable factor to
enabl e hi gh-speed seek. 10 Secondly, the difference in
the servo information detection SN between the inner
and outer peripheries of the3fagmetic disk 50 can be
reduced. The servo information detection SN at the

i nner periphery of the disk 50 is inevitably |owered
dueesbimahipgh hi hémingsersesr diing dsasi theeveskt voggs and
the servo_region, patterns 60 are arranged al ong the
naghBei eYheREC T nbPERERE LN ANFT CORECSELTE PegifdYC Jate

f I ial, _h , h i
lﬁﬁt%ﬁéé‘?aﬁé? e RBELAnE da ot Pt an rabie Bouever)
20 d i I ly. A, si | ati i_ndi
SN EhE 5om 4D Fhat Bt br LS5 Foher s RaPR B 6f Tehe g
g'f Sgﬁekﬂwgantlghsgggiw riputabletQ the kSFJ%Wf%QQAa%ce

magnetic h S. Kbre specifically, the servo

si gnali&rsak BedRRhibed . W B rai SkEWnkO skhe omae@ralont patterns
heads, so that 25 the build-up of the servo signals is

degiadadcapdulant airks adteedtbii draof nicvenamal ipaude.cam be

the case of a small-dianeter magnetic disk, 37 in

par tequlkaed aerwa sifgeal:icvkeoecks dneiepkamsedd e dagtor to

maxi mumin order to increase the format efficiency.

Accendbingl 1 ighoweeendgsekkt.he SN rati o at the innernost

periphery of the magnetic disk directly influences .

Secondly, the difference in the servo information

detection SN between the inner and outer peripheries
of the magnetic disk 50 can be reduced. The servo
information detection SN at the inner periphery of the
disk 50 is inevitably lowered due to a high linear
recording density even though the servo region
patterns 60 are arranged along the magnetic head
movement path. If the servo region patterns are
perfectly radial, however, the SN ratio on the inner
peripheral side of the magnetic disk lowers
drastically. A simulation indicates that the SN ratio
at the outer peripheral portion of the disk also
lowers. This is attributable to the skew angle of the
magnetic heads. More specifically, the servo signals
are applied with a skew to the magnetic heads, so that
the build-up of the servo signals is degraded and

entails a reduction of the amplitude.

In the case of a small-diameter magnetic disk,
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5 address reading, off-track detection accuracy, etc.
As in the present enbodi nent, therefore, the shapes of
the servo region pattern 60 that advance parallel to
the magnetic heads 33 are essential. In the present
enbodi nent, prebid-length signal clocks of the servo
10 region patterns are set in accordance with the
circunferential length of the3Viswally recognizabl e
patterns, the detection SN at the inner periphera
portion of the magnetic di sk, and the rotational speed
of ihepsptnduéannteeerSSTEnslln&eﬁkﬁoﬁrﬁseﬁbﬁnpﬁﬁlﬁéd
directly to the enbodinent described above, and.its
con@om@ﬁt@umaynb@rdéﬁbéauéacrﬁaﬁﬁdﬁhﬁeéOFwﬁﬁse&ﬂﬂﬁéﬁpcy

departing, fromthe scope pirit of .the_inyenti
Fur@ﬁ%@rg%QGPﬁusloWﬁ%éﬁglS%St ySHeTREde BY §§et&&3frm05t

58Hﬁégiﬁﬁﬁ?ﬁgﬁpksggh;atgggggl CaTRonEnts 98Ol des
For BRaEaatoREadinbinr ot TRANROLB RESO0E BBCLRNE ecc.

foregO|ng e omtte rtherno

Qn§§t§hécg95gbﬂg EﬁboghEE%EenEh%@%?@kgenE%e”%%éﬁés of

Ined as require I'n the'foregoi ng enbodi ment,

t hetﬁ@r gerf/'@g'r@@loﬁabh@f:@inoﬁot heaebkerse cel @@r@mme to
magnetic disk are located with a shift in the

ci rensf prgRtitak dernast BGNare38ssehttibé .sulist rcalee pfrregant
the servo region patterns on the reverse side of the

di skmbbtihnahteverkappi-ignytiamsighktleciacikeelof, the servo
however, the servo region patterns on the obverse and

r evEegeosi destetnsherengsst ile dicslerdance with the

circumferential length of the visually recognizable
patterns, the detection SN at the inner peripheral
portion of the magnetic disk, and the rotational speed
of the spindle motor.

This invention is not limited directly to the
embodiment described above, and its components may be
embodied in modified forms without departing from the
scope or spirit of the invention. Further, various
inventions may be made by suitably combining a
plurality of components described in connection with
the foregoing embodiment. For example, some of the
components according to the foregoing embodiment may
be omitted. Furthermore, components according to
different embodiments may be combined as required.

In the foregoing embodiment, the servo region
patterns on the obverse side of the magnetic disk are

located with a shift in the circumferential direction
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5 may be arranged partially overl appi ng one anot her.
FIG 12A shows a force applied to servo regions and
data regions on the obverse side of the magnetic disk
and the upper magnetic head. FIG 12B shows a force
applied to servo regions and data regions on the 10
reverse side of the disk and the | ower nagnetic head.
FIG 12C shows change of the sidm of the forces applied
to the upper and | ower magnetic heads. As seen from
FIGS. 12A to 12C, each servo region pattern 60 on the
obversehei debstrihe Wagmetthe dieskad seghioft ¢ titre rrise ofb the
circunferential direction of the substrate 54 from
eacheversespongi nd sbevdiskgivdh heattt Mg rdRPHES dieitse
side. If this is done, the first vibratiaon generating

r egPéiiecnaits VgRive h N@Wedsitd udih ee & ion g 9308 Patterns: on

attributed to the first bounda Bl i ener ated and
20 tRE SBUSAFSvEPFatityf rg%@né.lé?{%ysn&]fr etéﬁegﬁla@é‘%% Gt

I dual Lt f ttribut t
PouRBir B2 e GERaFALEd SG0S ISI HETERSE oS LG

and ;$@COoRG Vi hr gvtsiogn fele 4 éﬂthgoe_gtioo%%LQO angdy i Ohind

the reverse si the mag ic disk. The sare 25

fungti-ans 3N nef feCithOlodie Je0ragRl R O IPRIL i@ isk
be al so obt'ained fromthis arrangenent. Each servo

regizeld Ralkt eippl meynidte ohverse Fime 328 ahdwWie a force
magneti c disk may be located with a shift in the

ci r appflerenttioalsedivice ctdgaroraf arlte daulss tregtiertst dresthe a

region that accounts for 50% or nore of its preanble

por trieve rA@ isidet ® finitditeh ddiske @richrthey drdway ey pRrtalamlead .
FIG. 12C shows change of the sum of the forces applied
to the upper and lower magnetic heads. As seen from
FIGS. 12A to 12C, each servo region pattern 60 on the
obverse side of the magnetic disk is shifted in the
circumferential direction of the substrate 54 from
each corresponding servo region pattern on the reverse
side. If this is done, the first vibration generating
region Cl in which a residual exciting force
attributed to the first boundary Bl is generated and
the second vibration generating region C2 in which
a residual exciting force attributed to the second
boundary B2 is generated overlap neither of the first
and second vibration generating regions Cl and C2 on
the reverse side of the magnetic disk. The same
functions and effects of the foregoing embodiment can

be also obtained from this arrangement.

Each servo region pattern 60 on the obverse side



5 portion 70 of each correspondi ng servo region
pattern on the reverse side of the disk. The sane
functions and effects of the foregoi ng enbodi nent can
be also obtained fromthis arrangenent. The
projection rates of the data region pattern 10 and
the servo region patterns are not limted to the
figures according to the fored® ng enbodi ment but nmay
be varied if necessary. Further, the nunber of

magnetic disk(s) in the HDDis not [imted to one but,
mayobethacmeasedigs disduimpad be logat@gdAFits @ AveS in

IS 1. A tic di sk conprising: a.disk-shaped
SubSPPAEe RATERG A Cert 6 TRAGLPaRS T GHATY Tdyi Tl ot
Lr FaCBSigh tha sabsErats dRd. alon ok MA o il i Gudtiparivle
[egLan RALL 66N 024110, 8RR LR s IRONALLG TR Ileani e

rarity Servo ~reéglon pat

arr gBQFE?Eo'h” 7@i Ben e@b:‘%s%%xjr%s O%tcﬁcﬂgr GHTRY %dl%n pattern

direction of the substrate, e 'servo region

pat Har AgeOk-cl/Re skeGOdl RE KW N sION TR GMEY SRurd tions
and the servo region patterns of the recording region

on the ee¥erse sirde hkeifg csfdiiffee @mbad iplase daromenel so
another. 2. The nmagnetic disk according to claiml1, 15
whepeitainke Seowo theg ar rEatdeerans .ext end substantial ly
radially fromthe center hole side of the substrate to
an out er Ther ipptesrealt ledye giora iah thferdadia arep dhvikRttern

and the servo region patterns are not limited to the
figures according ﬁo the foregoing embodiment but may
be varied if necessary. Further, the number of
magnetic disk(s) in the HDD is not limited to one but

may be increased as required.
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the data region pattern in a plurality of parts in the
circunferential direction of the substrate, and the 20
servo region patterns and the data region pattern are
formed of irregular patterns such that a ratio of
projections in the servo region patterns is different
froma ratio of projections in the data region
pattern. 25 3. The magnetic di&k according to claim1
wherei n each of the servo region patterns of the
recordi ng region on the obverse side is |ocated 41
opposite a region betwWgan eédchLAWIEAdL&cent servo
region patterns on the recording region on the reverse
side. 4. IThe agstdtc didic i nd claim 1, 5
wherei n each of the servo regionégﬁglerns has a f.irst

boundar y &iditethaned RIRfFWRES SR S1HS dteriRr ditke? and
[ it W th ) t tot directi f

ot at i on IOUHE LU RIE die G Sob ot gy o

sit %?)tv%q:son athf.r%QfSetrrs%ané]usrlf%? oy tohf rt%%o%bg&géke a]rpd each

rotation -di Fection, each of the recordi ng Tegi ons

havi:g 1@ dfiidSts ULALION HERENAld:Ng HA0IRN Algddduiegh

to the first” boundary secon atl on

geneatidtd J et 13ttt rdrhiged 4 4 e second, boundarys

and each of the servo region patterns on the obverse
I S Sledd drs daacairets Wdrargeshifd Jinen edtdses in the
corresponding servo region pattern on the reverse
Si deiinvunfe r egitricinfodesdtiain difr edte Gruloft tdtee,
substrate |l est the

the servo region patterns of the recording region
on the obverse side and the servo region patterns of
the recording region on the reverse side being shifted
in phase from one another.

2. The magnetic disk according to claim 1,
wherein the servo region patterns extend substantially
radially from the center hole side of the substrate to
an outer peripheral edge portion thereof and divide
the data region pattern in a plurality of parts in the
circumferential direction of the substrate, and the
servo region patterns and the data region pattern are
formed of irregular patterns such that a ratio of
projections in the servo region patterns'is different
from a ratio of projections in the data region
pattern.

3. The magnetic disk according to claim 1,

wherein each of the servo region patterns of the

recording region on the obverse side is located
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first and second vibration generating regions on the
obverse side overlap the first and second vi bration 20
generating regions on the reverse side. 5. The
magnetic di sk according to claim1, wherein each of
servo region patterns includes a preanble portion, an
address portion, and a burst portion arranged in the
circunferential direction 25 dflthe substrate, and
each of servo region patterns on the obverse side is
| ocated with a shift in the circunferential direction
of btheosulist ratregliest bat4Zernr egiadn tw it jecEointse fuar
50% or nore of the preanble portion in the width

di r segilon vhéiteshsower Ithys thesonsricwnyey isoy tdrorkhsf reverse
each correspondi ng servo region pattern on the
reverse- side 5 6. The magnetic disk according to

claim1, ein each of servo re n patterns has a
L s ar DT R B %gachlwﬁttewaﬁ T,

pebeE? LY Qh ?’xh%fsl'ék%;’e 1AL & 2 %gl e”t a,cireular oo
arc on & réd pat Soncenti W 4 e subs rate,
andbbﬁ}pdy}g QrRd 139 that 1@ Qfor“&@{fﬁ’ja%{‘té e |ENHR data
t her eo the circunstance of the su strate

i NCregses Wattlﬂer‘#ﬂ stiance oot he, Gonrt &firebt ithe of

magneti ¢ di sk according to claiml1l, wherein the data
regirofapabhent ane ®sseate peg on sekhratd®Ritahiave

a |l arge nunber of projections of a magnetic materi al
andsiécesses onhithle mpgetcaralsiyle diivditderddpect to the
projections, the recesses being filled
rotation direction, each of the recording regions
having a first vibration generating region attributed
to the first boundary and a second vibration
generating region attributed to the second boundary,
and each of the servo region patterns on the obverse
side is located with a shift from each corresponding
servo region pattern on the reverse side in the
circumferential direction of the substrate lest the
first and second vibration generating regions on the
obverse side overlap the first and second vibration
generating regions on the reverse side.
5. The magnetic disk according to claim 1,
wherein each of servo region patterns includes a
preamble portion, an address portion, and a burst
portion arranged in the circumferential direction
of the substrate, and each of servo region patterns

on the obverse side is located with a shift in the

circumferential direction of the substrate lest a
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with a nonmagnetic inplant material. 8. A magnetic

di sk device conprising: 20 a magnetic disk including a
di sk- shaped substrate having a center hole and
recording regions provided individually on obverse
and reverse surfaces of the substrate; a drive unit
whi ch supports and rotates the 25 nmagnetic disk at a
constant speed; a head which p&fornms i nformation
processing for the magnetic disk; and 43 a head
actuator which radially noves the head wth respect

to teeiragrdticd dageuntife fidcrth My Mot ofhe Hereamble

magneti ¢ di sk i ncl udjng data region pattern having
. pROTEHARY L1 tREy B O PR 0TS HeRE S BT LR §11

o SRRSO R ST SIS ALY OPBSS, Lo

serégttreergll 3321 f'}%tc?tt e theyd ecording region on the

obverse si e servo region patterns of the

recor di ng 10 wggion, QI they 8y erss, sh gy bel noy shihf1 ed

in phase from one another, the magnetitT dis el ng

| ocateddih &40 et itves Wy itdittp fadyf HA¥ SeFy®ius
regi on patterns and a novenent path of the head on the
magnetrige rdit$lararttie kadiud iofe oMd loweattnasthese r Shhdhe
magneti ¢ di sk device according to claim@8, wherein
t he oferthe sedpstragat teerchs eddrgrer of a circular arc on
a circular path concentric with the substrate, and is
formed so that a circumferential length thereof along
the circumstance of the substrate increases with
distance from the center.

7. The magnetic disk according to claim 1,
wherein the data region pattern and the servo region
patterns have a large number of projections of a
magnetic material and recesses which magnetically
divide the projections, the recesses being filled
with a nonmagnetic implant material.

8. A magnetic disk device comprising:

a magnetic disk including a disk-shaped substrate
having a center hole and recording regions provided
individually on obverse and reverse surfaces of the
substrate;

a drive unit which supports and rotates the
magnetic disk at a constant speed;

a head which performs information processing for

the magnetic disk; and
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substantially radially fromthe center hole side of
the substrate to an outer peripheral edge portion 20

t hereof and divide the data region pattern in a
plurality of parts in the circunferential direction of
the substrate, and the servo region patterns and the
data region pattern are fornmed of irregular patterns
such that a ratio of projectidds in the servo region
25 patterns is different froma ratio of projections
in the data region pattern. 10. The magnetic disk
devi ce aecbedidngctoato44 whilcai maglialiar sioyesadiheofhetate
servo region patterns of the recording region on the
obveith sedperts kocihedmagppdsict €igkregi on bet ween
each two adj acent servo negionfpatterns on the

recor di n§hEedf6RTEGANChe eRdPass et shs geanetic disk

including a data region pattern having a patterned
magnetic material shape and a plurality of servo
region patterns arranged in given phases in the
circumferential direction of the substrate, the servo
region patterns of the recording region on the obverse
side and the servo region patterns of the recording
region on the reverse side being shifted in phase from
one another,

the magnetic disk being located in a direction
such that each of the servo region patterns and
a movement path of the head on the magnetic disk are
in line with each other.

9. The magnetic disk device according to
claim 8, wherein the servo region patterns extend
substantially radially from the center hole side of
the substrate to an outer peripheral edge portion
thereof and divide the data region pattern in a
plurality of parts in the circumferential direction of
the substrate, and the servo region patterns and the
data region pattern are formed of irregular patterns
such that a ratio of projections in the servo region
patterns is different from a ratio of projections in
the data region pattern.

10. The magnetic disk device according to
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claim 8, wherein each of the servo region patterns of
the recording region on the obverse side is located
opposite a region between each two adjacent servo
region patterns on the recording region on the reverse

side.



