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- 1 TITLE OF THE | NVENTI ON PERPENDI CULAR RECORDI NG
PATTERNED DI SK MEDI UM AND MAGNETI C DI SK DRI VE L

W TH PATTERNED DI SK MEDI UM BACKGROUND OF THE | Wmmm“m““mlllmm
5 The present invention relates to a perpendicul ar
recording patterned disk mediumin which a servo
pattern section is physically forned on either si

of a disk-shaped substrate if atcofdance MAth thﬁmmmmmmmnmmw
presence and absence of a magnetic substa

magnetic disk drive |oaded wth the patterned di sk
medium | n general, &M@ OAf OHEAIINMENTI ONecor ded on a

di sk- shaped magnetic recordi ng nedi um (di sk nmedi um

| 0oadBERPENBIGURABNBECORAINK BATTERNADadI&KcMEQT Whén D

15 the nediumis initialized. The servo informtion
incI%@@@EEégiPﬂ§ﬁaPRﬂH50PﬁﬁPﬁ8nWﬁ@@e?@iFﬁRN@P P3S4t M IUM
a magnetic head in target position_on_the medium An
area on which the %%ﬁ%@ﬁébﬁ%r%%t?%% ?@V?%EB?Ned is

called a [vVQ_area.,

Publ i cat i BHENEFS350%- 6?§58§18P058§A§ @bﬁmgﬁﬁ?Qﬂd%fular
S0- C?éé@?ﬁ%ﬁ&éégggggﬂgasélgﬁdhgghuﬁuig %ﬁléh"%g@%gk%

di sk Servo area (Servo-zone)
formggt{8rn section is physically formed on either side

*159159*

*G00002*

of a disk-shaped substrate in accordance with the
presence and absence of a magnetic substance, and
a magnetic disk drive loaded with the patterned disk
medium.

In general, servo information is recorded on
a disk-shaped magnetic recording medium (disk medium)
loaded into a magnetic disk drive in advance or when
the medium is initialized. The servo information
includes positional information necessary for locating
a magnetic head in a target position on the medium.
An area on which the servo information is recorded is
called a servo area.

Jpn. Pat. Appln. KOKAI Publication
No. 2004-079098 proposes a technique of a so-called
patterned disk medium, such as a magnetic disk medium
on which a servo area (servo zone) is formed in
advance as an uneven servo pattern having a magnetic
layer.

The Publication describes a recording medium

having a patterned recording layer and a method of
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advance as an uneven servo pattern having a magnetic

25 layer. The Publication describes a recording nmedi um
having a patterned recording | ayer and a net hod of

manuf acturing the same, an inprint master having a
patterned netal |ayer and a nmethod of manufacturing

the sane, and a nethod of manufacturing a recording
medi um havi ng a patterned recording | ayer using the 5
imprint master. The above Publication relates to a
technique of formng a patterned recording |ayer on

one sanfifeetugfing fhgneeine, diask impdiinm andtegedaving a
take into consideration a relationship in relative
posuPﬁéﬁ@raﬁdlmeﬁaﬂtéﬁwgrbénﬂeénm@@hndspée@a@mfﬁWéurlng
magnetic disk nmedium In order to secure an adequate
recoFB?nﬁa@ﬁpaépﬁya PRt8GENnC4 W&@Héﬁﬁéuéﬂ§@ @rF@@Ofdlng
gener al,l, essential to forma record gﬁlaye

OBl hui By SeoattrRnrE drer aaR e ey Liied the

di sk even pattern is fornmed using spin
on gﬁﬂggaﬁg%£§ggggthe like as materials for formng a
mask on aTqu%bo%%b%hEQH% tan'%eHB%g ”%E?%S%%%Hﬁlque
form patterns on des “of i sk medi um

oncecbyrarmingl g ggtﬁégﬁéﬂngeéb%ngé'@gyérpéhro%% surface
stanpers. In a disk drive | oaded wi th a“di sk nmedi um

the oposi hhgnstot HagRehkaihgadadt BaksceantaetkkRotifto

sides of the disk nmediumneed to be controlled

t ogetbesideration a relationship in relative positions of
patterns between both sides of the magnetic disk
medium.

In order to secure an adequate recording capacity
in such a magnetic disk drive, generally, it is
essential to form a recording layer on either side of
a single disk medium. In this disk medium, an uneven
pattern is formed using spin on glass (SOG) or the
like as materials for forming a mask on a disk
substrate. It is thus necessary to form patterns on
both sides of the disk medium at once by a single
pressing step using a pair of stampers.

In a disk drive loaded with a disk medium, the
positions of magnetic heads that contact both sides
cf the disk medium need to be controlled together.

If uneven patterns are formed on their respective
sides of the disk medium, it is desirable that these
patterns coincide with each other precisely and

completely.



I f uneven patterns are forned on their respective 25
sides of the disk medium it is desirable that these
patterns coincide with each other precisely and

conpl etely. However, there is no technique for making
the patterns on both sides of a patterned di sk nedi um
on which an uneven pattern is physically forned

coi ncident with each other precBsety. This technique 5
appears to be very difficult to achieve. The present

i nvention has been developed in consideration of the
above sit Hatieorrandhietre dby et tiexhriguua drdenaking the
per pendi cul ar recordi ng patterned di sk nedi um whose
pat t BRASeonsi vy both sides odi acipdé twirtnedl 0l iske meatiner
preci sely, and a magnetic disk drive loaded with the
patt@PnEéléhsﬁnnﬁaﬁUﬁP BRILEE 'SUMSARY YOR CEHE Y1 I¢EREICON

Accordlng,to an aspect of the present invention, .
t her B°HBCHHGHEEALE FerpeRENEll B efds6ldi-ng Thdtt desddique

15 di sk di i Si .di sk-shaped fl at substrate
havi%épSgEFng]ggpgékglQﬁé%écéigo§8 gﬁ%ﬁ&@?'oppgsed

to the fi f , tern area forned jn
agvange gﬁﬁéa %Eg %Ehégﬁgaéﬁogﬁbagééﬁﬁﬁlé%ﬁ%%ﬁ%ﬁ?(ﬁln

;he §89§&&ékstiBnSGEVQhEa%bg%Q %&%@a&%&ﬁf%ﬁhgﬁggéggﬁ%ct is

Olike an arc in a radi a irection, .
t he tdapaop@abeénFa&gana&c@a@l% et cbheifhiy phatardnzecond k

surfaces into a plurality of pattern aréas in a
ci r cmaefiturnivhakedpreckiras, oand tBoBbthoRiidgsM@ok$icide with
each other precisely, and a magnetic disk drive loaded
with the patterned disk medium.
BRIEF SUMMARY OF THE INVENTION
According to an aspect of the present invention,
there is provided a perpendicular recording patterned
disk medium comprising a disk-shaped flat substrate
having a first surface and a second surface opposed
to the first surface, a data pattern area formed in
advance on each of the first and second surfaces of
the substrate, a servo pattern area formed in advance
like an arc in a radial direction, which divides the
data pattern area of each of the first and second
surfaces into a plurality of pattern areas in a
circumferential direction, and positioning marks
formed on the first and second surfaces of the
substrate, the positioning marks being used for
positioning when the servo pattern area and the data

pattern area are formed simultaneously in advance.
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formed on the first and second surfaces of the 2S
substrate, the positioning marks being used for
positioning when the servo pattern area and the data
pattern area are fornmed sinultaneously in advance.
According to another aspect of the present invention,
there is provided a nagnetic disk drive conprising a
per pendi cul ar recordi ng patternéd €i sk nedi um

i ncludi ng a disk-shaped flat substrate having s a

first surface and a second surface opposed to the

first surbacerdandate pabteer arsesactonfedhen padsance

on each of the first and second surfaces of the
substnuestianserherpatsepuogridadwhi shgnetiior iedk mirive
advance |like an arc in a radial direction, which 10

di vi 8esrrheindt a EﬁFPéﬁﬁlQPéaroﬁeéﬁéﬁl@S Paé teirned gH@k
second ;surfaces into a plurality of pattern areas in a
ci r HRELHBALRE UGFP@C€I8ﬁS&aﬁb é&glﬁﬁéﬁlﬁﬁbﬁéF@§e having

forned_.on he fi.rst and second surface

subs?rS%ES tﬁ%rﬁsgﬁtPB AgSfEPR ngEQC&Sg&ppgﬁdlgo the
pos'%i?@k”Qu?@SQethS 8§E¥OH§QE%?B”a?FSaF%Q% %hﬁnd%%%ance

pattern area ar ["taneous vance

firstnmagogtbe Bﬁedfmw dad gecwe Ebg%*ac%%f%@?%

the patterned di sk nedium and a second magnetic ﬁead

pr ovidedt eAt Eheasgeend EHEE@% aebh@npaht 8Ned rdieK in
20 nmedium Additional objects and advantages of the

i nveativencwi Li kbeagebrtoihhai patihaldeseeichtiionn whiich
follows, and in part will be obvious fromthe
divides the data pattern area of each of the first and
second surfaces into a plurality of pattern areas in
a circumferential direction, and positioning marks
formed on the first and second surfaces of the
substrate, the positioning marks being used for
positioning when the servo pattern area and the data
pattern area are formed simultaneously in advance,
a first magnetic head provided on the first surface of
the patterned disk medium, and a second magnetic head
provided on the second surface of the patterned disk
medium.

Additional objects and advantages of the
invention will be set forth in the description which
follows, and in part will be obvious from the
description, or may be learned by practice of the
invention. The objects and advantages of the

invention may be realized and obtained by means of

the instrumentalities and combinations particularly
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description, or may be | earned by practice of the 25

i nvention. The objects and advantages of the

i nvention may be realized and obtai ned by neans of

the instrunentalities and conbi nations particularly
poi nted out hereinafter. BRI EF DESCRI PTI ON OF THE
SEVERAL VI EWs OF THE DRAW NG The acconpanyi ng

drawi ngs, which are incorporated +n and constitute a
part of the specification, 5 illustrate enbodi nents of
the invention, and together wth the genera
descPppnied guﬁeheaﬁévéféﬁd the detailed description
of the enbodi nents given below, serve to explain the
pri nctpties Q@S@%%PTEQ%n@FoﬁHEF$E¥ER&h‘&ﬁEWQBOErEHEIQRAWING
vi ews of tterns on 10 both sides of a patterned

di sk nedi aée&roahpﬁ&ytlélg éiﬁaé’ﬁsl&&mé'ﬁ&l%if Mfe lmC@srémrated

FI G, 2 |
post t PR POES S ER oA R Pk GACt RBSGate BeAGH i sk

medi ymees%g E%bgglhaﬁtsmdw%napefe th %npr%%%lmtogfether

i nventi on; a diragram O pri'ncipl e

pos'%i@ﬂ'ﬁﬁesgéﬂg§5§ QQSEQQpEQEBegQ%gndb%%vgeghﬁnkhe

according to nbodi nent ~ of present invention;

FI G ddths1an débd&ﬁp@&bﬁno@ftﬂesﬁﬁébﬁhﬁen@%rQﬁg%ﬂe%blow,
of a positioning mark of the stanpers on 20t

pat t eened tHbskxpeditnntaecprdnngplest be eﬁbothEﬁtloaﬁ
the present invention; FIG 5 is an illustration of
t he st anp€i§Sfi tédandndBadjrespédnwirérwishe s paters saoa
actuall% ggggg'g?eg atterned disk medi di t
p e edium according to
an embodiment of the present invention;

FIG. 2 is a plan view of the shape and position
of a positioning mark on the patterned disk medium
according to the embodiment of the present invention;

FIG. 3 is a diagram of the principle of
positioning stampers on the patterned disk medium
according to the embodiment of the present invention;

FIG. 4 is an illustration of a specific
arrangement of a positioning mark of the stampers on
the patterned disk medium according to the embodiment
of the present invention;

FIG. 5 is an illustration of the stampers fixed
and adjusted when the stampers are actually positioned
on the patterned disk medium according to the
embodiment of the present invention;

FIG. 6 is an illustration of another shape of

the positioning mark on the patterned disk medium
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on the patterned di sk nmedi um according to the 25

enbodi nent of the present invention; FIG 6 is an
illustration of another shape of the positioning mark

on the patterned disk nedi um according to the

enbodi nent of the present invention; FIG 7 is an
illustration of another shape of the positioning mark

on the patterned di sk nedi um aécording to the

enbodi nent of the present invention; 5 FIG 8 is an
illustration of another shape of the positioning mark

on tAecpatisgnéd dhsk embdidimendcodr diheg pirestelmee invention;
enbodi ment_of the present invention, FIG 9 is an

i |l ustrat Féf-of asotier ISh@ia adflarhe hegiatiret mphane lof

on the patterned di sk medium 10 according to the
enbollfeRPSof 1PRENGr Be&ikt oOrnFaat Patterped digk &egdum
illustration of another shape of _the positioning nmark

on tﬁ80859%89n§8 gg?kewgalﬁ en%c@ér&%ﬁgﬂﬁ?%ﬁﬂ? Mhvention;
enbodi nmen f the _present, i t.ion; FIGS. . 11A to 11E

are iIIus?ggfigngsegghqgﬁgﬁﬁﬁgQﬁqg gﬁgﬁﬁéFQﬁﬁnﬁgﬁﬁe of

the pRsi bbont NEnIREKMQRK! BY Q?EE cred - (dissk gdilm; o

according to the enbodi nent o e present invention,

and &t&ordZnysta phanedbewimbaw Bg %ﬁeeEQQB%%toﬁnvention;
anot her position of the positioning mark on the 20

pat t er nedrdGsk oneei um accardirag itd e aeredirmeyHag of
the present invention. DETAILED DESCRI PTI ON OF THE
| NVENTE Qdb ARt eobodomeat kobnt heeppeasertr nienlv elrtsiko mewiilim
be according to the embodiment of the present invention;
FIG. 10 is an illustration of another shape of
the positioning mark on the patterned disk medium
according to the embodiment of the present invention;
FIGS. 11A to 11E are illustrations each showing
another shape of the positioning mark on the patterned
disk medium according to the embodiment of the present
invention; and
FIG. 12 is a plan view showing an example of
another position of the positioning mark on the
patterned disk medium according to the embodiment of
the present invention.
DETAILED DESCRIPTION OF THE INVENTION
An embodiment of the present invention will be
described with reference to the accompanying drawings.
[Qutline of Patterns of Double-Sided Perpendicular

Recording Patterned Disk Medium]

FIGS. 1A and 1B are plan views of the outline of



10

15

20

25

described wth reference to the acconpanyi ng draw ngs.
25 [Qutline of Patterns of Doubl e-Si ded Perpendi cul ar
Recordi ng Patterned Di sk Mediun] FIGS. 1A and 1B are
plan views of the outline of patterns of a
doubl e- si ded perpendi cul ar recording patterned disk
medi um 1 according to the enbodinent. FIG 1A shows a
pattern of the top surface SA off the disk medium1
and FIG 1B shows a pattern of the 5 bottom surface
SB thereof. The patterned disk medium1l is a
sl pPaditeametserof (ae.dpub 1@ -85 dent Iper rapypried It elec X ifng
mllinmeters) disk medium having a through hole TH
(e. gPatéemmeich digikameddnim dt adee rodmicert o Hédree afmbokiignent .
through hgle TH 10 is used to support the disk nmedi um
by afdfi-ndPe showsr @ Paditedmows) the r@rgiswsfags SA ded
in eggh of, %he i.nnernost and outernost radi uses of

a

the +8f SdPKaBEISAM dt o EdiGsk lRedinewssomatitean @f the
1A éong agig%a%f f%e&%%g%éﬁas (servo pattern areas)
|

11 are eac ornme ‘arc in the radia

directiongf g%%&@fﬂ%dnﬁys ehi dg?ﬁﬂ?gg%gﬂfljg¥%meter

circunferenti irection ﬁ%reo t TeqgulTar

i nt ergaks, EhQSa&%c%ogr%igggngkge%?gZHR%P%dﬁhﬁﬂ%ters)

access track) of a magnefic hea a that noves

aboveibhemea@udi&&vﬁﬂ@iﬁ"tﬁrWﬂgﬁ e edirsk (ed .UMel pjnS in
| oaded into the magnetic disk drive. The magretic head

110adismepeayi dedtak ceateirp tbk raofead Taemthiba@f Hhe TH

magnetic di sk drive.
is used to support the disk medium by a spindle motor
(not shown). A margin is provided in each of the
innermost and outermost radiuses of the top surface SA
of the disk medium shown in FIG. 1A. A plurality of
Servo areas (servo pattern areas) 11 are each formed
like an arc in the radial direction of the disk medium
1 and arranged in the circumferential direction
thereof at regular intervals.

The arc corresponds to the track (head access
track) of a magnetic head 110a that moves above the
disk medium 1 when the disk medium 1 is loaded into
the magnetic disk drive. The magnetic head 110a is
provided at the tip of a head arm 13la of the magnetic
disk drive.

The length of each of the servo areas 11 in
the circumferential direction of the disk medium 1,
namely, the width of each of the servo areas 11 is set

greater toward the outer radius of the disk medium 1.
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The |l ength of each of the servo areas 11 in 25 the
circunferential direction of the disk nedium 1,

namely, the w dth of each of the servo areas 11 is set
greater toward the outer radius of the disk nmedium 1.

On the bottom surface SB of the patterned di sk nedium
1 showmn in FIG 1B, too, a plurality of servo areas

21 are formed in the sane manAneB as the servo areas

11. The servo areas 11 on the top surface SA 5 and the
servo areas 21 on the bottom surface SB are arranged
in a mrrén Syemdtatitonf ashifare Hie qatthesr neck tatirsdd disk
medium 1 therefore has two sides. The servo areas 11
are BPFaHfed EHodNvilde Fillfe tlp tounf &c@lSkadduat Iof iservo
the circunferential direction of 10 the di sk nmedi um

1. TRESESp2suPf&cd OSRECs i idedispiGedaniey $& Jidie servo

d the nunber .qof which i ual to
hat 6P256id0 afChs o1V A1ERG dbal STencap St iAdE SA

P U T R BRI DR

sectors. n actual e top s

diViﬁﬁgahaEQ @Qtalﬁ§§r%?agﬁg%%F2EQdE§%hi%{Yo %@&;%%%terned

On the top surface SA o medium 1, an ar

i nt eapererlebgtimeentadiracent BRLVEWAN @asiekl is called
a data area 12. The data areas 12 are used to

record/ rephedeee vesaredat a1 20 ARt d REWIEK the top
mediuml is a DIR type patterned disk nmediumin the

presentfeabo@hnentally thetdat aiaceasek2nafialhelidies)ion of
medium 1, a plurality of ring-shaped magnetic tracks
(not tBRoWAFkcapHédm 1. The top surface SA is thus divided

into servo sectors (data areas) the number of which is
equal to that of servo areas 11. 1In the example shown
in FIG. 1A, the top surface SA is divided into fifteen
servo sectors, In actuality, the top surface SA is
divided into not less than one hundred servo sectors.
On the top surface SA of the disk medium 1,
an area interposed between adjacent servo areas 11 is
called a data area 12. The data areas 12 are used to
record/reproduce user data.
Assume that the disk medium 1 is a DTR type
patterned disk medium in the present embodiment.
In the data areas 12 of the disk medium 1, a plurality
of ring-shaped magnetic tracks (not shown) called
discrete tracks (DT) are formed in advance at regular
intervals (track pitches Tp) in the radial direction
of the data areas 12.

The user data is recorded on the magnetic tracks
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di screte tracks (DT) are fornmed in advance at regul ar

25 intervals (track pitches Tp) in the radia

direction of the data areas 12. The user data is
recorded on the magnetic tracks as a nmagnetization
pattern. The magnetic tracks are fornmed convexly on

an underlying |layer of a substrate (not shown) that
constitutes the disk nedium%, @sing a ferromagnet

(e.g., CoCtPt) serving as a recording 5 | ayer _
(magnetic layer). An area between adjacent nagnetic
tracRs Bsmagoemdaed iconpedcdedabl e Thenmagmettiic tarecks are
that is called a nonmagnetic guard. The magnetism of

t he fPrgeshapeyendygnen ant vaskes lyiiagdileyded ofn & laibstrate
radial direction of the disk nmedium 10 1. The data .
ar eas"?5 SPRYBOnfNGlr QNS LtHE eFaghet idd sk Mgkl Hat using
are forned at reqgular intervals with a nonnagnetic ,

ar ea®t hEFEBRRABER. ‘P8 - DTROFYHE ) diSEF ViRgdidgmal T§gording
conf i d 2ven h netic .track from being
subj%g?ég é%g§38%§¥eg%¥§%gcen?%oﬁffg PF§W§&Pa€§gkcent
trac kh tribyt [ r i_n .
densy o o et AR earuar Tole deteerBietdsbhermagpetic

top §Héf@ﬁ@tSﬁsoEalméddbsKoﬁﬁg?ﬂgklci%ua@ﬁyided into
servo areas 11 and data areas 12 in equal nunbers.

Thi s nmeanghkhabghbe iBRIBEL iGel FAGKS sARHRAORH 2R 1A e cks
top surface SAin the circunferential directiion of

the dss#iimbdedmit ahe equdakli Aipewahebnt @ft h@eSEiWR medium
areas 11. |
1. The data areas 12 are configured by the magnetic
tracks that are formed at regular intervals with
a nonmagnetic area therebetween. The DTR type disk
medium 1 so configured can prevent each magnetic
track from being subjected to an interference from
its adjacent tracks and thus contributes to higher
packaging density of the disk medium 1. As described
above, the top surface SA of the disk medium 1 is
divided into servo areas 11 and data areas 12 in equal
numbers. This means that the magnetic tracks arranged
on the top surface SA in the circumferential direction
of the disk medium 1 are equal in number to the servo
areas 11. \
In addition, a single positioning mark PMa is
formed in the inner radius outside a pattern area
covering the servo areas 11 and data areas 12.

The positioning mark PMa is formed by a stamper in

a transfer step described later and its forming
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In addition, a single positioning mark PVa is forned
in the inner radius outside a pattern area 25

covering the servo areas 11 and data areas 12. The
positioning mark PMa is fornmed by a stanper in a
transfer step described |later and its formng - 10
position corresponds to a given servo sector such as

a reference servo sector w t-h riunber "0." The bottom
surface SB has the sane arrangenent as that of the

top surface SAto achieve mrror 5 symmetry. The

bot t popssuibaceoBBeisponhdde £ ca apadivieinoBe riviag skeaitlo rPMuchs as
wel|l as servo areas 21 and data areas 22. The

posi &i sAERgemark sBMyoi selcseat @d thnnulvier Pésition in
the inner radi us which corresponds to a given servo
sector sudhea®oiLoar spatases Sby hagedther sar® wWntengement
nunber "0." FIL.G 2 shows a relationship in position

bet we&nthehefoshEi 5RPNGUFEPKEPRA, tPheChdrYS Brda®T11

and the ata areas 12 on the top rfac A of the
pat t 8¢ &g r@lskEﬁﬁdpﬁﬁFfm PHIERGS %% ﬁﬂ@ FFo 2aR@sition-

post I TRER RN Bl tE 1 RS BB bR Plnanel Mg areas
of the, d'@Ke”?gbgﬂﬁénlﬂﬁtﬁ Lde @Mﬁangelggg%anQntQ%at

areas 11 and also located in a position

awaypbkoaibheihheaughnheke rafibuBY wa i BRI @bk rk@bonds to
supporting at |east the spindle 20 notor when the disk

medi angives keadedskntort BacHi ak adieferehpecCiskiréo sector
shapes and structures of the
with number "0."

FIG. 2 shows a relationship in position between
the positioning mark PMa, the servo areas 11 and the
data areas 12 on the top surface SA of the patterned
disk medium 1. 1In FIG. 2, the servo and data areas 11
and 12 are hatched together. The positioning mark PMa
is located in the inner radius of the disk medium 1
outside a range covering the areas 11 and 12. It is
also located in a position away from the through hole
TH by a margin for supporting at least the spindle
motor when the disk medium 1 is loaded into the disk
drive. Specific shapes and structures of the
positioning mark PMa will be described later with
reference to FIG. 4.

Similarly, on the bottom surface SB of the disk
medium 1, the positioning mark PMb of the same shape
as that of the positioning mark PMa is located in the

inner radius of the medium 1 outside a range covering
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positioning mark PVa will be described later with
reference to FIG 4. Simlarly, on the bottom surface

SB of the disk 25 nmedium 1, the positioning mark PMo

of the sane shape as that of the positioning mark PMa

is located in the inner radius of the nmedium1l

outside a range covering - 11 the servo and data

areas 21 and 22. As described addove, the positioning
marks PVMa and PM are formed in a position

corresponding to a given servo sector and exactly

coi nthdesekvh eacdhdetherrienss2fthenchi2@kness direction

of the disk medium 1, or the direction perpendicular

to the sh8&t dgBcFiged2 aboveuyt Itinge pofs iMdidnddpfmarks PMa and
Manuf acturing A Di sk Mediunm, A nethod of manufacturing
the BMSKEFEAPAATES Wil P BESE4er Ged TeREsIans e ¢ diven
nmet hod includﬁs a 0 tranifer step,, a magneti zation
ot ep SRUCaCFPAPERAAG SEBRC LK PN ChdRotied SRCH other in
manu t ugi St at d -n, the.transfer step

w B bt Bas AT R o P Aol GG fheoT he
sta 81 odl Mi WE tier raw.ng, -gevel-opi-ng,

ol ecr b oo BB BT el AR, e e

dr awf 0@t 51 88, o8NMat B8yt Bat MhsuRattub9nBe AMRGRE! Meed @)
the disk nediumis drawn on the resist-coated

ori gi nal Aestehobyo&xpasuractineinghehe ek madiiks t10

the outer radius, using an electron 20 beam exposure

devigel bf bandescgiball masbeiefot alhg method includes a
transfer step, a magnetization step and a finishing
step. First, a method of manufacturing a stamper used
in the transfer step will be described.

The method of manufacturing the stamper is
divided into pattern drawing, developing, electrotyp-
ing and finishing steps.

In the pattern drawing step, an area that is not
to be magnetized on the disk medium is drawn on the
resist-coated original master by exposure from the
inner radius to the outer radius, using an electron
beam exposure device of an original master rotating
type.

In the developing step, the resist of the
original master is developed after the pattern drawing
step, and the resist-developed master original is
processed by RIE or the like to obtain the original

master having an uneven pattern.

In the electrotyping step, the original master
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type. In the devel oping step, the resist of the _
original master is developed after the pattern draw ng
step, and the resist-devel oped nmaster original is 25
processed by RIE or the Iike to obtain the origina

mast er havi ng an uneven pattern. In the el ectrotyping
step, the original master 12 wth the uneven pattern

is processed to be conductive land-ts surface is

el ectrotyped with nickel (N). AN plate having an
uneven pattern is peeled off the original master and

f i naWiyhstaepedeiveno palteeirnnars prdcessedt e badidtseRictive
to obtain a NI di sk-shaped stanper. The nonnagnetic

port PBA &f st Rerseampés kdelsrmeypeas wa thomieke 1UsiNig .
this_stanper, the patterned disk nmedium1l is
nanuﬁa@ﬁupéételﬁaﬁﬁégtﬁ&n§ﬂ§ﬁe§t@9tt§ﬁnlﬁﬁrpﬁﬁﬂﬁ@ off the

devi ce, of i bl e-si ded _si mul t aneous transfer

type®F 988 WGSt?Faﬁ§Fe¢l§agéﬁtéFﬁg§§dféPF@w§h@ylnner and
Lith ot h,side

Lgfgéﬁ ICL 5 fe |c°£?§&8r8iﬂé 89§% §&B§PFaF§%mH§r'

coated wi R rﬁ%b%%gn%gl% L SUPSL &rpg &%@%ﬁgg%ngQmed

form ng a magneti er haV|ng P

magngti g @8h§@kr0pwsgﬂgt@ﬁlsegkhﬁ§?§urEﬁge g&t%?%%dpdlsk

underlying layers on both 4 substrate gl ass

subsheatien. 1 The ﬁahg@gathggg.TH is fornmed in the
central part of the disk substrate such that the

substrateIaanhbetransfer step, an imprinting device of
a double-sided simultaneous transfer type is used to
transfer a pattern as follows by imprint lithography.

First, both sides of a perpendicular magnetic
recording disk substrate are coated with resist.

This disk substrate is obtained by forming a magnetic
layer having perpendicular magnetic anisotropy on the
entire surface of each of underlying layers on both
sides of a substrate (glass substrate).

The through hole TH is formed in the central part
of the disk substrate such that the substrate can be
supported by the spindle motor.

The disk substrate is chucked by the through hole
TH. Then, the disk substrate is caught between two
stampers prepared for both sides thereof and pressed
equally thereon to transfer an uneven pattern onto the
resist-coated sides.

In the transfer step, an area to be nonmagnetized

is formed as a concave on the resist-coated sides.
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20 supported by the spindle nmotor. The di sk substrate

i s chucked by the through hole TH Then, the disk
substrate is caught between two stanpers prepared for
both sides thereof and pressed equally thereon to
transfer an uneven pattern onto the 25 resist-coated
sides. In the transfer step, an area to be

nonmagneti zed is formed as -a clchcave on the
resist-coated sides. 13 FIG 3 illustrates

positioning of the above two stanpers, which is

per f or ned Fi&f.or3e itlHe strartsfe pcstieqi.on iRef exf itige tabditds two
3, two stanpers 31 and 32 are arranged in paralle

Wi t hséampesshewhagd tiseipe rs ogosid ibefiorg ek < r3tres fand step.
32a are opposed to _each other as precisely as
possBSIf@rrllﬁgt Ps Fdfat 8/ &WPedhagwens &l 3mq $2 are

t d betwe tg 1 and 32. The b
'SB| PPERRGC TR Padad L& paERor o Pl 6 Shoiia

i P95 hpAR RSO LR =53 208 S Plbaiorah i S
par abL gL rhhp2REh LY et agd Jl0galed betueen the

positioning rks a an the stanpers 31 and

32 such that thhgy s%fa%e' ngl iaed & %}lelrft%'lgb% afs 4% osed

degrees to the opposing axis of the posi tioning mar
Par abkekWebasehebeampstrki ke Ao 3phe half pla & glf%%er 33

fromthe | aser beam source 36, which is arrange
abovéncBodesob pherl asehabidans rave sr 84l egldedshy at heiser
beam source 36 and a light-receiving unit 37.

The half mirrors 34 and 35 are arranged in
parallel with each other and located between the
positioning marks 3la and 32a of the stampers 31 and
32 such that they are inclined at an angle of 45
degrees to the opposing axis of the positioning marks.

Parallel laser beams strike into the half mirror
34 from the laser beam source 36, which is arranged
above. Some of the laser beams are reflected by the
half mirror 34 and applied perpendicularly to the
positioning mark 3la of the stamper 31.

Some of the laser beams reflected by the
positioning mark 3la pass through the half mirrors 34
and 35 and then are reflected by the positioning mark
32a of the stamper 32. Further, some of the laser
beams reflected by the mark 32a are reflected by the
half mirror 35 and then guided to the light-receiving

unit 37.
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half mrror 34 and applied perpendicularly to the 20
positioning mark 3la of the stanper 31. Sone of the

| aser beans reflected by the positioning nmark 3la

pass through the half mrrors 34 and 35 and then are
reflected by the positioning mark 32a of the stanper

32. Further, sone of the |aser 25 beans refl ected by

the mark 32a are reflected by tlfe -half mrror 35 and

then guided to the light-receiving wunit 37. 14 |If

the positioning marks 31a and 32a are adj usted

separ at el ¥ fwhihlee pesrdittioniimg tree kant3drsiand (Id ghtenessjusted
of light received by the light-receiving unit 37, the

two SERABersl3y1whade3mopadnosdngodine dmggnaittty (Hrightness)
precision. FIG 4 illustrates _a specific arrangenment

of tRé lpa&Ft FERPAYSRRPKs tofa ldF8 328 CEH iRE dipetls

31 2, hown in Fl , th i ti oni k
3Ta BR8 43, BaRRoERCPd0Ena Pl Cat: Fon PaRda ATaha

pair .reflection areas 42 and 43 having a
tmo-@?%%%g%éﬁél diffraction grating structure. The

area 41 i%IEquEQl&Q%EW%%%St%eS 285142 AW Ainddl of the

FIG 4, the hatched portions are forned as convex

of egebiefohfBgShamRer 3131.a0d332. ofnche EBh&@mpdrd PR and
hori zontal direction corresponds to the

ci rcaptf er et sAbwdi LaCFIGN a@f the patternwsedndi sk redilm and

1 and the vertical direction corresponds to the radial
32a each include a reflection area 41 and a pair of
reflection areas 42 and 43 having a two-dimensional
diffraction grating structure. The area 41 is formed
between the areas 42 and 43.

In FIG. 4, the hatched portions are formed as
a convex of each of the stampers 31 and 32. 1In
FIG. 4, the horizontal direction corresponds to the
circumferential direction of the patterned disk medium
1 and the vertical direction corresponds to the radial
direction therecof.
The reflection area 41 reflects all the incident

laser beams. Specifically, when the reflection area
41 receives laser beams perpendicularly to the surface
thereof, it reflects almost all the laser beams
through the same laser beam axis. The reflection
areas 42 and 43 having a two-dimensional diffraction
grating structure, namely, a checkered uneven area
reflect and scatter diffracted laser beams and thus

greatly decrease in the number of reflected laser
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direction thereof. The reflection area 41 reflects al
the incident 20 |aser beans. Specifically, when the
reflection area 41 receives |aser beans
perpendicularly to the surface thereof, it reflects
al nost all the |laser beans through the sane | aser
beam axis. The reflection areas 42 and 43 having a

t wo- di nensi onal diffraction-251gratding structure,
nanely, a checkered uneven area reflect and scatter
diffracted | aser beans and thus greatly decrease in

t he heaber ootputf tectedhl aber sife Deaes daebputaxtilsr asghthat
the sane | aser beamaxis as that of incident |aser
beanBf FReideathlpser Premseflection area 41 in the

| ateral direction (in the circunferential direction 5

of the dlg?enﬁdﬂﬁ§lf)oﬁst§§tﬁ&ﬁ%ﬁq&épﬁb@¢e@réétéﬁlﬂﬁéh
f | att ft
LRI N -

| h | b
set S hE i) e R Thodse St aPR RS L AT P raRes oo
in reflgethyi {yqeh hag@ Qgﬂngfdgau%9e4igkﬁ %rgngistﬂe

position between the ref i on areas

can peecksekynbgregnsed. aIHe4§p05n@'%K§t%Eond§ LR2eY of
beam output from the |aser beam source P

exanpl easthebeaslebutpbtotr@mStA® uader bBaMPLeseRE 36 is

circunstances. It is considerably greater than the

| engsbtodlmash efjual to the above width p. A difference
in reflectivity of laser beams due to a difference in
position between the reflection areas 41, 42 and 43
can precisely be sensed.

The spot diameter of a laser beam output from
the laser beam source 36 is, for example, the order
of 0.5 mm under the present circumstances. It is
considerably greater than the length of each of
the servo areas 11 of the disk medium 1 in its
circumferential direction (i.e., the width of each of
the servo areas 11). Accordingly, the width p of the
reflection area 41 is also considerably greater than
the width of each of the servo areas 11.

Actually, the stampers 31 and 32 are adjusted as
follows. Referring to FIG. 5, a hub 51 passes through
the punched inner radius of each of the stampers 31
and 32. The diameter of the hub 51 is almost equal to
(slightly smaller than) that of the inner radius.

Then, the stampers 31 and 32 are pressed on the hub 51
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the servo areas 11 of the disk nedium1l in its
circunferential direction (i.e., the wwdth of each of
the servo areas 11). Accordingly, the width p of the

20 reflection area 41 is also considerably greater

than the width of each of the servo areas 11

Actual ly, the stanpers 31 and 32 are adjusted as
follows. Referring to FIG 5, dtub 51 passes through

t he punched inner radius of each of the stanpers 31 25
and 32. The dianeter of the hub 51 is alnbst equal to
(sl i §hemytBaarpdiathdhyechapnofint Weichnéher adisigioning
Then, the stanpers 31 and 32 are pressed on the hub 51
16 Tebket RéaradfaB2darectrsmedn whi éhdikatpdsivyi aringys
mar ks_31la an? 32 are fornmed, as indicated by arrows

DR. Wi | eWRi1Br8rEQtisedaraeEhéNf ERENS 15480t PeSd tdons of
the sta rs 31 a 32 in.the radial direction are 5

mi nifﬁ%g%?a%%rgt gﬂpan 32 3RdtES ardirde SLEGEAO P Te
one S I LnLth I Lection _indicated

by d@%%?%¥ﬁé§aegﬁér?gaﬂh?r?hag,SP%e5§p66§eé°tate% one by
posi ¢ hOnkag n e Syt i Af:t er:
A R R
prech$i @dublbenhpeapgndireglar . MRk, Cthécehgb%dd' sk
substrate is chucked by the through hole TH of the
subspeat eiasidgsaarkediaborrd 3henarthecentiibaed.

surfaces of the disk substrate are caught by the

stanpers BitandtB2 atarpgeak Pleasadr 82t arkr arsfien ochzdamith

uneven pattern onto the resist-coated surface of
precision, the perpendicular magnetic recording disk
substrate is chucked by the through hole TH of the
substrate as described above. Then, the entire
surfaces of the disk substrate are caught by the
stampers 31 and 32 at equal pressure to transfer
an uneven pattern onto the resist-coated surface of
the substrate.

In the magnetization step, the concave resist is

removed to expose the surface of a magnetic layer of
a portion to be nonmagnetized. Under this condition,
resist is formed as a convex on the other portion
of the magnetic layer which is left as a magnetic
substance. Using this resist as a guard layer, both
sides of the disk substrate are ion-milled to remove
the magnetic layer only from the concave. A magnetic
substance having a desired pattern is obtained.

After that, the resist is sputtered to have an

adequate thickness and eliminate the uneven portions
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the substrate. In the magnetization step, the concave
resist is renoved to expose the surface of a nmagnetic
| ayer of a portion to be nonmagnetized. Under this
condition, 20 resist is formed as a convex on the
ot her portion of the magnetic |ayer which is left as a
magneti c substance. Using this resist as a guard
| ayer, both sides of the di-sk 1Substrate are
ion-mlled to renove the magnetic layer only fromthe
concave. A magnetic 25 substance having a desired
pat t Erami $hebsairfiedes . Af Téd st batructtheer ési steviexse-
sputtered to have an adequate thickness and elim nate
t he GREGERTBEr tPolibelpurfrom tife togr lagestiThilayer to
structure is reverse- sputtered to the surface of the
magnétid FhA§eFoRGavei Wi thhEheoneaia oweth ct gabstance.
non netic_substance., The flattened patterned disk
nedinﬁﬁ?ltszﬁﬁ%{eﬁﬁg pattsragtlardhéd. MeAitRe If CARshitNg Pe
step, QQEQe ides of the disk substrate with the
nagneFlc substance is polished, then a DLC protecting
layer is &ﬂrQEg Eqﬁﬁgﬂ@ngaEQe he%%&%t%q%gggckaX%kldisk
The 0 e

coated wi th l'ubrication. i's ium1 s

compkgbgdrats Lhiks §B@gﬁaghgﬁgﬁe%ubgﬁgncgaggebbqiﬁgfd,

subst ance of both sides o disk medium1l1l "is

magnehezed end Ebdﬁebﬂinbolb e@ong ifBribe tARERN,ZlaRG the

step (not shown). [Loading of Patterned D sk Medi um

I ntopbpskcBihyelayer is coated with lubrication. The disk
medium 1 is completed. 1In this stage, however, the
magnetic substance of both sides of the disk medium 1
is not magnetized and thus has to be done in the
magnetizing step (not shown).
[Loading of Patterned Disk Medium into Disk Drive]

When the patterned disk medium 1 so completed is
loaded into a disk drive, the positioning marks PMa
and PMb on the top and bottom surfaces SA and SB of
the disk medium 1 shown in FIGS. 1A and 1B are each
located almost in the innermost radius of the disk
medium 1 and outside a margin for supporting the
spindle motor.

The operating ranges of the magnetic heads 110a
and 110b, which are provided at the tips of the head
arms 13la and 131b of the drive whose oscillations are
controlled integrally with each other, are restricted
by an inner-radius stopper (not shown). Thus, the

magnetic heads 110a and 110b cannot physically be
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15 When the patterned disk nmedium1 so conpleted is

| oaded into a disk drive, the positioning marks PMa

and PMb on the top and bottom surfaces SA and SB of

the disk nmedium1 shown in FIGS. 1A and 1B are each

| ocated al nost in the innernost radius of the disk 20

medi um 1 and outside a margin for supporting the

spindl e notor. The operating ramges of the nagnetic

heads 110a and 110b, which are provided at the tips

of the head arnms 131a and 131b of the drive whose

osci bkatvedsaar eh25poentiohkedfi mhegpalsliy iwintimgeaghrks PMa
other, are restricted by an inner-radius stopper (not
shomﬂyd FMBsoutRédenthrebiceehads ealRagnEOVEDIS daenGEer Vo
physically be 18 arrived at the positions of the

posi 8FBAP NG ndPRs2PVERdaRG tPVB T 6GEsilde 21 Re 2&ccess ar ea

t hat th 11 1 and
12°and 2238 Ao EnEoRat: oReRd [PPod hd LDROR o ¢ ormed

forn§9te§rgmggga?gkvaﬁgtnegglun]%d 135 1318 30d 131

respec- caught "be Vieen

the peads, {he H@gﬂehbalhﬁaqs %lgﬁugﬂq %%Qge%ﬁet%% heads.

controlled that they are always oppodsed t

ot herthe Anagg8€l EbREaBBOYE0at BRAPAY bEr Red @bS%oEQqumeh
10 is fornmed with the pattern in which the positioning

mar ksh&dbataed Bbb, asRaye appaseliltandalh, odheérdat a

areas 12 and 22 coincide wth each other in a mrror-

symret ri cAbashsomibrdt heotvki, ckhes paditeeticdon iegfk tdeelium 1
is formed with the pattern in which the positioning
marks PMa and PMb, servo areas 11 and 21, and data
areas 12 and 22 coincide with each other in a mirror-
symmetric fashion in the thickness direction of the
medium 1.

Consequently, the magnetic heads 110a and 110b
are always located opposed to each other in the same
servo pattern position, and no time lag occurs when
the heads are switched to each other. When the
magnetic heads are frequently switched to read/write
data, the disk drive can be improved in performance,
specifically in write/read access speed and the
control required for the access can be simplified,
as a prior art magnetic disk drive for magnetically
writing servo information to a medium.

[Another Example of Positioning Marks]

The positioning marks, which are used for

positioning the stampers 31 and 32 and thus formed on
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medi um 1. 15 Consequently, the nmagnetic heads 110a and
110b are always | ocated opposed to each other in the
same servo pattern position, and no tine |ag occurs
when the heads are switched to each other. When the
magneti c heads are frequently switched to read/wite

20 data, the disk drive can be inproved in

performance, specifically i-n WSite/read access speed
and the control required for the access can be
sinplified, as a prior art magnetic disk drive for
magnehe cabt yernedt dhgkseedoumniior pati antt diainedi dm only
25 [ Anot her Exanpl e of Positioning Marks] The

posi thenshgreaskewnwhinchIar eduselafkdpuspoodiifdmiang onise can
stanpers 31 and 32 and thus formed on 19 the

pat tle¢ neadgi ER ﬁﬁauaﬁﬁatlanénaomarkﬁ1te§om@ Ohl yFhemarill
shape shown in 4. Various nodifjicatigns can be
nadeb?od?ﬁ%rbegﬂtWbﬁhnﬁeﬁﬁFﬁ§CGSBHeF6§SrhéW1ﬁ|H1 be

d bed th Fl G
fﬁ&&sasﬁﬁ%ﬁWMW%%WW%mﬁﬂw%m

ref | ecLiop, apasa bl ber Eelbacing ah! £l 338k BeaTh S 111

caug on~—areas
refl egtivi b¥ahs 95e@&h&hkoﬁ@ﬁwégﬁnrE@@EcQEontE%eas 62 and
reflection area 61 6, the horizontal 10

dlre@BI@Ho§§fE@§D@BQ§v§Qyth@ gregudnt,enenkirak hdinr @Glaitor £

of the patterned disk medium 1l and the vertica

di r eché onetdecespandseboclihe radFak.dier echieohotrhieneafal
direction corresponds to the circumferential direction
of the patterned disk medium 1 and the vertical
direction corresponds to the radial direction thereof.

FIG. 7 illustrates a positioning mark in which
a square reflection area 71 for reflecting all laser
beams is coaxially surrounded with a rectangular
reflection area 72 whose reflectivity is greatly
lower than that of the reflection area 71. In FIG. 7,
the horizontal direction corresponds to the
circumferential direction of the patterned disk medium
1 and the vertical direction corresponds to the radial
direction thereof.
If the reflection areas 71 and 72 that differ in

reflectivity are arranged in the radial direction of
the patterned disk medium 1, the stampers 31 and 32
can finely be adjusted in the radial direction as well
as in the circumferential direction of the disk medium

1 and thus positioned with precision.
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FIG 7 illustrates a positioning mark in which a
square reflection area 71 for reflecting all laser 15
beans is coaxially surrounded with a rectangul ar
reflection area 72 whose reflectivity is greatly
| ower than that of the reflection area 71. In FIG 7,
the horizontal direction corresponds to the
circunferential direction of tB@ patterned di sk nedi um
20 1 and the vertical direction corresponds to the
radial direction thereof. If the reflection areas 71
and 72 th&fGdi Bf ed lustreékkeat poistly iane ngr mamged ni which
the radial direction of the patterned di sk nmedium 1,
the atahpensagirafdegrion aanaf BAefprbecddpgsiad pal laser
the radial direction as well as in the . ,
ci r cORRBPF ehPi GPNEEREELFBAL YT SHRECHNERANWA LN Elafylar
t hus itioned with_precision. 20 FIG 8.illustrate
FHE A WRRCRC a B LeGE Y LEur 18cBEBA v odouer

a poSTtronrhg ndFk3i
81 for_reflectinpng,all laser, .beans _is,concentrically
surr%ﬁ%ﬁeékﬁﬁtﬂgatg?rgﬁgg?Ct%gPl35Fﬁoﬁ€area 82 whose

ref|eCtiV&BYp&é_g??thng%P@%oﬁtha@i&%@%i@% R responds

reflection area 8 hori zont al

directi pReCOrrESRPBASHtE 91t RereLECHAT BFeRhkabatterned disk
direction of the patterned disk nediuml1l and the

verthéal udi Leghiiopheoveespendsdt @etheonr @adirgksponds to the
direction thereof. 10 If the two coaxial reflection

ar easa@laandiB8@ctibat tdetkef.in reflectivity are
arranged and the
If the two coaxial reflection areas 81 and 82
that differ in reflectivity are arranged and the
diameter of the reflection area 81 is almost equal
to that of the spot diameter of a laser beam emitted
from the laser beam source 36 of the beam splitter 33,
the stampers 31 and 32 can finely be adjusted in the
radial direction as well as in the circumferential
direction of the disk medium 1 and thus positioned
with high precision.
FIG. 9 illustrates a positioning mark in which
a rectangular reflection area 91 for reflecting all
laser beams is caught between rectangular reflection
areas 92, 94 and 96 and rectangular reflection areas
93, 95 and 97 whose reflectivities each differ from
that of the reflection area 91.
In FIG. 9, the horizontal direction corresponds

to the circumferential direction of the patterned disk

medium 1 and the vertical direction corresponds to the
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di aneter of the reflection area 81 is alnbst equal to
that of the spot dianeter of a |l aser beamemtted
fromthe | aser beam source 36 of the beamsplitter 33,
15 the stanmpers 31 and 32 can finely be adjusted in

the radial direction as well as in the

circunferential direction of the disk nmedium 1l and
thus positioned wth high precizsien. FIG 9
illustrates a positioning mark in which 20 a
rectangul ar reflection area 91 for reflecting al

| aseradearsdi secatght thetween reskaredllactiefiltgctdforhe
areas 92, 94 and 96 and rectangular reflection areas

93, Bé&faadt 9dnwhose Pefliecthei highesach adidf frée fordrar
that of the reflection area 91. 25 In FIG 9, the
horizehtattdpnearean ogordespémdsecteaskein reflectivity
circunferential direction of the patterned disk
madi‘ﬁlh’ﬁll ahgteneevéremcahedpredt Pén cdir @éb@ﬁdmréi&,héour

éfdlal direction thereof. The reflectivity of
the r? ettvohigrearg1ses- théthﬂﬁh§§Ps Qﬁ&sﬂﬁée fRecasily

refl Elon are raduag rea e.i,n r%flect|V|t
e e AR PR s R RERE a8 BN En ey Thor Br et 5
refl§8§l¥l$h§§%aﬁgs§8tonl hbs%éggﬁsE?§S|gk?g&%n%%%‘l%f

determ ne t Irection o tron pre

posi 1498} ngeBased.08;1,bg bptﬁﬁé'EXgﬁ@LkQEEE%%%b it 37 of
| aser beans received by the light-receiving unit 37 of

the beamephi speitB83r 38 . FIG 10 illustrates a
positioning mark in which

FIG. 10 illustrates a positioning mark in which
a square reflection area 101 for reflecting all laser
beams is concentrically surrounded with rectangular
reflection areas 102 and 103 which differ in reflec-
tivity from the reflection area 101.

In FIG. 10, the horizontal direction corresponds
to the circumferential direction of the patterned disk
medium 1 and the vertical direction corresponds to the
radial direction thereof. The reflectivity of the
reflection area 101 is the highest, and the other
reflection areas gradually decrease 1in reflectivity
with distance from the area 101. In other words,
three reflectivities are set. It is thus possible
to finely adjust the stampers 31 and 32 in the
radial direction as well as in the circumferential
direction of the disk medium 1 based on the intensity
(brightness) of laser beams received by the

light-receiving unit 37 of the beam splitter 33.
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a square reflection area 101 for reflecting all |aser
beans is concentrically surrounded with rectangul ar
reflection areas 102 and 103 which differ in reflec-
tivity fromthe reflection area 101. 15 In FIG 10,

the horizontal direction corresponds to the
circunferential direction of the patterned disk
medium 1 and the vertical di-+e&d onr corresponds to the
radial direction thereof. The reflectivity of the
reflection area 101 is the highest, and the other 20
ref | 8btei ehampeas graduakly fdeer ease liyn poefiltdchied twith
with distance fromthe area 101. In other words,

t hreBrfetBeefi-vities are set. It is thus possible to
finely adjust the stanpers 31 and 32 in the radial

di recti onta§3weld 238 ifn tenhd Ociepclinfsdicantiedilens ion areas
direction of .the disk,medium.1 based on the intensity
(bri6ﬁ9ﬁ85§fngcFé¥éFlﬁéaﬁ§¥k86e3688 GﬁCFhether and
ligh el i uni f th amsplitter 33. 22

The paSEer B s Bt 8PBhLas: At Bodrtittiod Tt FEeoent

pfechﬁbeﬁti5h5§$l%o@ﬂ@iﬁik@dlgge%ﬁﬁﬁﬁhOWh%e%%%gﬁg%% the

areas whose reflectivities differ Tfromeach o ran

5 whpsgdshapes16ekh8aPaRdat ¢oeachrokhelingThe 1PNeSeN peams
invention is not limted to this. The shape of the

m ddheedefhbeckinayar eartespbatl eet kRgtabls haser1keansn

need not always correspond to that of a reflection

ar eaatbhat thatf osmédrmdfaedntceatt he mhddimeduekl eeffilertion
area and different in reflectivity.

FIGS. 11A, 11B, 11C, 11D and 1l1lE illustrate
reflection areas shaped like a circle, a square,

a regular triangle, an equilateral pentagon, and

a rhombus, respectively. Each of the reflection areas
can be combined with its adjacent reflection area in
an arbitrary shape into a positioning mark.

The reflection areas shown in FIGS. 11A to 11E
can be used alone as well as in combination with
another one with different reflectivity. The present
invention is not limited to the reflection areas shown
in FIGS. 11A to 11E. They can be shaped like an
equilateral hexagon, a star (pentalpha, hexalpha),
etc.

In FIGS. 1A, 1B, 2, etc., the positioning marks
PMa and PMb are located in the inner radius of the
disk medium 1 that falls outside a pattern area

covering the servo and data areas 11 and 12. The
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10 area and different in reflectivity. FIGS. 11A 11B

11C, 11D and 11E illustrate reflection areas shaped

like a circle, a square, a regular triangle, an
equi | ateral pentagon, and a rhonbus, respectively.

Each of the reflection areas 15 can be conbined wth

its adjacent reflection area in an arbitrary shape

into a positioning mark. The reéfd ecti on areas shown in
FIGS. 11A to 11E can be used alone as well as in

conmbi nation with another one with different

refl pcebentyinVhetpoesdést n2@ ildwdntkidono shiat lldauttiech.

to the reflection areas showmn in FIGS. 11A to 11E

They can BéGshadpgedhboiwise aanposdduiidndtngr alaex@dgon, (RMb ') that
star (pental pha, hexal pha), etc. In FIGS. 1A 1B, 2,

etc. 15t hecpbsft ianithg rEERS r2gdipphodng@ PMskamedium 1 that

Iocageg in the inner radius of the disk medium 1 that
fal | 530UPsPHESAABakt BRR tEFBa X EGv EPVRE 1Re tO&r P& 1A areas

o it St 7

i tha (0 1 AnE Rakdi PARSS RPG1223 BRoliica H8s A ity S
ted €0 L . 2 Shole “a 5T

of o Gk Re0 Ghr Tt REL OFarTE Bire: BeCA Hat or n ar e

covering the SgryAcaneas sk bl i(R1hand dala 1%%%&3%&1@1
(22) on the top surface SA (bottom surface SB) of the

diSktﬂﬁéiUahlérehnf@r”@gﬁﬁﬁhé/dh§6a@ﬁhpeaoﬁa nlkead¢ head
| oad/ unl oad type, an area for |oading/unloading a
magnehtc/fead a ramp member is secured in the outermost
radius of the medium 1'. Since this area is not
a range to be accessed directly by the magnetic head,
it is very effective to form a pattern on each of the
stampers 31 and 32 in order to locate the positioning
mark PMa' (PMb') in the outermost radius of the medium
1. The problem that a range covering the servo and
data areas 11 and 12 is narrowed can be avoided.
The foregoing embodiment is directed chiefly to
a DTR type patterned disk medium and a magnetic disk
drive using the disk medium. The present invention is
not limited to this but can be applied to another type
patterned disk medium in which various patterns are
physically formed on the surface of a disk.
In a magnetic disk drive that is loaded with
a plurality of patterned disk mediums coaxially with
a single spindle motor, it seems important to make
the patterns of the surfaces of all the disk mediums

coincident with one another in order to easily control
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into/froma ranp nmenber is secured in the outernost 10
radius of the nedium1'. Since this area is not a

range to be accessed directly by the magnetic head,

it is very effective to forma pattern on each of the
stanpers 31 and 32 in order to |ocate the positioning
mark PMa' (PMb') in the outernost radius of the medi um
15 1. The problemthat a ramgeZ2dovering the servo and
data areas 11 and 12 is narrowed can be avoi ded. The
foregoi ng enbodi nent is directed chiefly to a DIR

t ypeapatter hedtdeskimkdmadiand anmagmetrioveditdle sgheieve of
usi ng the di sk medium The present invention is 20 not
limidedesd thesebat cHAwbEeapplitedst hanothémury peemise
patterned di sk mediumin which various patterns are
physt%atryhﬁopﬁﬁaeSHStﬁé BoEhasédss afdﬁan pf &he disk

magneti ¢ di sk dr hat is | paded th_a plurality of
Pt Br o0 e SR REURBnE EBasPEN §CRPER 35 EhdEnglsPelt,

sprngtg %g?ﬂeltnseegggn ort?@Fﬁ 0_make the

patterns sUrf dFsk nedi uns

coi NnCi denhd&tttﬁgggi gg%nggge@ QK enohqfq%%'tl%nsowld@

24 access tot nms and i nprove the s
of 265€53yt BEERLOroHOMBYE skiih 118 thetﬂbnbetﬂlp&s@fg%ore,
that the patterns of both sides of each of the disk
medi tie covestdenwihhieachrehher. akpethiss ikespectimi®ed to
the present invention is effective. Additiona
advanhageseanfliaodetatati and wepkeseaadicliyeoeabodiments
those skilled in the art. Therefore,

shown and described herein. Accordingly, various

modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.



the invention in its broader aspects is not limted to
the specific details and representative enbodi nents 10
shown and descri bed herein. Accordingly, various

nodi ficati ons may be nade w t hout departing fromthe
spirit or scope of the general inventive concept as
defined by the appended clains and their equival ents.
25 WHAT IS CLAIMED | S: 1. A-peipendi cul ar recording
patterned di sk nedium conprising: a disk-shaped fl at
substrate having a first 5 surface and a second
surface opposed to theWHAT SIS GLAIMER;I%: data pattern
area fornmed in advance on each of the first and
second sutfaclspretprehdisubstr aeeprdisgr petpatrnedn dasda
formed in advance |ike 10 an arc in a radi al

di r BT b GPPRALIEL0Pdes the data pattern area of

each of the first and second surfaces _into a ,
p|ura|ityaoﬁlﬁgfﬁéﬁﬁegrgiétiﬁu s¢rpanherdngi g first

direction: and positionin rks formed on t first
and St 98 CEr redR o FRacE bBPPRFe tondfe’ Fithe
posi i pping. marks being used for positioning when the

servo patte?n area and the data pattern area are
f or med S'g“ﬁ&QQeQHﬁE¥rhnar@QV§B§ﬁed2inTQ9vancgion each of

per pendi cul ar recording patterned disk 20 nedi um
accofigl ngi t ot chad sdecombeseknathe PeSthbOlLBYtrate;

a servo pattern area formed in advance like
an arc in a radial direction, which divides the data
pattern area of each of the first and second surfaces
into a plurality of pattern areas in a circumferential
direction; and

positioning marks formed on the first and second
surfaces of the substrate, the positioning marks being
used for positioning when the servo pattern area and
the data pattern area are formed simultaneously in
advance.

2. The perpendicular recording patterned disk
medium according to claim 1, wherein the positioning
marks coincide with each other in a direction
perpendicular to the first and second surfaces.

3. The perpendicular recording patterned disk
medium according to claim 1, wherein the positioning
marks are formed in advance outside a range covering

the servo pattern area and the data pattern area.

4. The perpendicular recording patterned disk
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mar ks coincide with each other in a direction

perpendi cular to the first and second surfaces. 3. The
per pendi cul ar recordi ng patterned di sk nedi um

according to claim1, wherein the positioning 25

marks are fornmed in advance outside a range covering

the servo pattern area and the data pattern area. 4.

The perpendi cul ar recordi ngpatéer red di sk 26 nmedi um
according to claim3, wherein the positioning marks

are formed in advance on an inner radius of each of

t he hedstmaadceeddnd sor tdeés Gut sheeed nr &mge positioning
coverin% the servo pattern area and the data pattern 5

ar eaMasksThsepéppradi ¢ol adveacsr dnngnpannemeadddivsk of each
medi um according to one of clains 1 and 2, wherein the
posi foRhRgf hﬁﬁgsaarﬂe SEEPREd SHE fagesnea tisd dso i thagyee
correspondi ng éo a sane sector nunber of the first and
10 s‘é%gﬁal%rrt EeSSTEO PRETFEFPERGRCANEr thecGfingattern
pattggggd di sk nmedium according to claim1l, wherein

the posSitioning marks each have a

circunferenti al,.di [ I t j ' -
Chan That Jof The SEros partery Srealdidd, Pty disk
di skmdgiy@ §6ABEHShBYto@oREr BgNeauhar 1r @6er 8 NQnerein the
patterned di sk nmedium including a disk-shaped fl at
subspoai eibavhgomarksr atre $uifade ianddaapeeond pHfiadens

opposed to the first surface, a data pattern area
f or redrraspdudhng on eachme sector number of the first and
second surfaces.

6. The perpendicular recording patterned disk
medium according to claim 1, wherein the positioning
marks each have a circumferential-direction length
which is greater than that of the servo pattern area.

7. A magnetic disk drive comprising:

a perpendicular recording patterned disk medium
including a disk-shaped flat substrate having a first
surface and a second surface opposed to the first
surface, a data pattern area formed in advance on each
of the first and second surfaces of the substrate,

a servo pattern area which is formed in advance like
an arc in a radial direction, which divides the data
pattern area of each of the first and second surfaces
into a plurality of pattern areas in a circumferential
direction, and positioning marks formed on the first
and second surfaces of the substrate, the positioning

marks being used for positioning when the servo



20 of the first and second surfaces of the substrate,
a servo pattern area which is fornmed in advance |ike
an arc in a radial direction, which divides the data
pattern area of each of the first and second surfaces
into a plurality of pattern areas in a circunferentia
25 direction, and positioning marks formed on the
first and second surfaces of e substrate, the
positioning marks being used for positioning when the
servo 27 pattern area and the data pattern area are
for npdttsrnuktraneeaudl yhendadewapeaeeanf arel magnetoirmed
head provided on the first surface of the patterned
di sksimditaneandls ansedyadcmagneti ¢ head provi ded on
the second surface of the patterned di sk medium 8.
The magneti &1gisskM@gnes igcbsrd vy ovddadaion the {Hersdi n

t he posi.tioning rks are each.forned.in advance
outngEfQC?aﬂgetgg 8@55§§“Fargé§ghm8§lPWé 0% irst and

5 second nagngtic geads

10

econd maghetic head provided on the second
surface of the patterned disk medium.

8. The magnetic disk drive according to claim 7,
wherein the positioning marks are each formed in

advance outside a range of access for each of the

first and second magnetic heads.



