Master Disks for a Magnetic Recording Medium Alignnent Device and Met hod
Technical Field of the Invention The present invention relates to master
di sks for a magnetic recording nediumand to an alignnent device and
met hod. Prior Art At present, hard disk drives (abbreviated bel ow as HDD)
have becone the mai nstream of external storage devices of conputers. In a
HDD, a magnetic recording nediumthat uses a magnetic filmas a recording
material is used, and an alignnent servo signal of a witing/reading head
witten tYephersdiifdee 69t e Maggnets c Reeesddingg Madh wim ubédInagnsti c
transfer technol ogy, whereby witing is conducted. In a HDD, the recording
and pl aybRekie¢ aagaMEEhO@onducted whil e the magnetic head is levitated, by
a levitation nechanismcalled a slider, over the surface of the rotating
magneti c recordi ng nediumwhile maintaining a distance of several tens of
nmfromthe disk surface. Bit information on the magnetic recordi ng nmedi um
i s storedTenhntoateRteldabEytdéespogedtdana tracks, and a data 1
recordi ng/ pl ayback head is noved and positioned at a high
The present invention relates to master disks for a
magnetic recording medium and to an alignment device and

method.

Prior Art

At present, hard disk drives (abbreviated below as
HDD) have become the mainstream of external storage
devices of computers. In a HDD, a magnetic recording
medium that uses a magnetic film as a recording material
is used, and an alignment sServo signal of a
writing/reading head written to the surface of the
magnetic recording medium uses magnetic transfer

technology, whereby writing is conducted.

In a HDD, the recording and playback of data is
conducted while the magnetic head 1is levitated, by a
levitation mechanism called a slider, over the surface of
the rotating magnetic recording medium while maintaining a
distance of several tens of nm from the disk surface. Bit
information on the magnetic recording medium is stored in

concentrically disposed data tracks, and a data



speed to the target data track on the nediumsurface to record and play
back data. Alignnent signals (servo signals) for detecting the relative
position between the head and the data tracks are concentrically witten
on the magnetic recordi ng nmedium surface, and the head conducting the
recording and playback of data detects its own position at fixed tine
intervals. After the magnetic recordi ng nedi um has been | oaded into a HDD
device, witing signals are witten thereto using a dedicated device

cal |l ed a gecesdwnpyplagbackhieachd camvds aid thesweicneg stgrahsgbf the
servo signals do not becone decentered fromthe center of the medium (or
center of sbeeds taf tie headptAtdgireeserdck pecdhdi npdiensi syrhaser €éached 100
Goits/in2 at the devel opnent stage, and recording capacity is increasing
at an anmeabrdabedoplé®%poakk detenpani ment therewith, the density of
servo signals for the head to detect its owm position is also rising, and
the trend is such that the witing tine of the servo signals is also

i ncreasing year by year. This increase in the witing tine of the servo
signals is a | argeiganset ofiyhel dr peiriot B&€gpRDLUCEDLYI e teaRdngn thacr ease

in the cost of HDDs. 2 Recently, with respect to a nethod where the servo
relative position between the head and the data tracks are
concentrically written on the magnetic recording medium
surface, and the head conducting the recording and
playback of data detects its own position at fixed time
intervals. After the magnetic recording medium has been
loaded into a HDD device, writing signals are written
thereto using a dedicated device called a servo writer so
that the centers of the writing signals of the servo
signals do not become decentered from the center of the
medium (or center of locus of the head). At present,
recording density has reached 100 Gbits/in? at the
development stage, and recording capacity 1s increasing at
an annual rate of 060%. In accompaniment therewith, the
density of servo signals for the head to detect its own
position 1is also rising, and the trend is such that the
writing time of the servo signals is also increasing year
by year. This increase in the writing time of the servo
signals is a large cause of the drop in the productivity

and an increase in the cost of HDDs.
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magnetic transfer technol ogy (see Patent JP-A-2001-34939). Fig. 13(a)
showi ng a state where a permanent nmagnet 2 is noved over the
surface of a magnetic recording medium1l, while nmaintaining a fixed

di agr am

i nterval

substrate. A magnetic film4 forned on a substrate 3 is

are witten using the signal witing head of the servo witer,
remar kabl e technol ogi cal devel opnments have been nade that attenpt to

the witing time of servo information by witing the servo signals
by magnetic transfer. Figs. 12 and 13 are diagrans describing this

is a
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direction. 3 Fig. 12 (b) shows a state where a master disk 7 for

magnetic transfer.

Figs. 12 and 13 are diagrams describing this
magnetic transfer technology (see Patent JP-A-2001-34939).
Fig. 13(a) is a diagram showing a state where a permanent
magnet 2 is moved over the surface of a magnetic recording
medium 1, while maintaining a fixed interval (1 mm or
less), represented from a cross-sectional direction of a
substrate. A magnetic film 4 formed on a substrate 3 is
initially not in a state where it has been
unidirectionally magnetized, but is unidirectionally
magnetized by a magnetic field leaking from a gap in the
permanent magnet 2 (arrows 5 written in the magnetic film
in the drawing represent the direction of magnetization).
This process is called an initial demagnetization process.
Arrow 6 in Fig. 12(a) represents the movement path of the
permanent magnet on the magnetic recording medium, and the
magnetic layer is uniformly magnetized in the

circumferential direction.

initially not

This process is called an

in a



magnetic transfer (abbreviated bel ow as master disk) is disposed and
posi ti oned above the magnetic recording nmediuml1l. Fig. 12(c) shows a state
where nmagnetic transfer is conducted by tightly adhering the master disk
to the surface of the magnetic recordi ng nmedium and noving the pernmanent
magnet for magnetic transfer along the novenent path in the draw ng
(represented by arrow 6). Fig. 13(b) is a diagram descri bing nmagnetic
transfer. The master disk 7 has a structure where, as shown in the
drawi ng, soft nefheti é2fP) nshowei @ tHatadrdwing,a Goasotr dagheli Eofri | ms)
are inbedded in the surface of a silicon substrate 8 that contacts the
medi um stiebactéicwWieransieesufsbbaceigtedn hghliavh &he n@atteer ndbfk) t he sof t
magnetic films is enbedded, is intervened between the permanent magnet 2
and t he midgsevisedr eeoddi mysigdiomedl, abiolve nudpeet maghieglid ( treeoadiient at i on
of the transfer signal witing magnetic field is in the direction opposite
to that okdikhen dénagnefiigati dbh(ohgnettows fi®el Btdtmt whase | eakeedtfiom t he
per manent magnet 2 and penetrated the silicon substrate 8 is again
transmi tt edanbifeugh ¢ heondiidtieebropubsgiial e 8dBér pegi thensavhere dikare is no
soft magnetic filmso that the nagnetic | ayer can be nagnetized (the ’
di recti ontof tiegrelrfzat @f ther aefgries ilcepleesatied Medkun and moving

the permanent magnet for magnetic transfer along the

movement path in the drawing (represented by arrow 6).

Fig. 13 (b) is a diagram describing magnetic
transfer. The master disk 7 has a structure where, as
shown in the drawing, soft magnetic films 9 (in the
drawing, Co soft magnetic films) are imbedded in the
surface of a silicon substrate 8 that contacts the medium
surface. When the substrate 8, in which the pattern of
the soft magnetic films is embedded, is intervened between
the permanent magnet 2 and the magnetic recording medium 1,
the magnetic field (the orientation of the transfer signal
writing magnetic field is in the direction opposite to
that of the demagnetization magnetic field) that has
leaked from the permanent magnet 2 and penetrated the
silicon substrate 8 1is again transmitted through the
silicon substrate 8 at positions where there is no soft
magnetic film so that the magnetic layer can be magnetized

(the direction of magnetization thereof is represented by



arrows 10), but passes through the soft magnetic filns 9 at portions where
the soft magnetic pattern is present to formmagnetic paths of snall
magneti c resi stance. For this reason, the magnetic field |leaking fromthe
silicon substrate 8 at positions where the soft nagnetic |ayers are
present becones small and new magneti zation witing is not conducted.
Magnetic transfer of the servo signals is thus conducted by the above
mechani sm It should be noted that technol ogy that conducts center

al i gnnent 28 otke 10tastdit dvaks¢dr thaghehi ¢her sanftermagnetie fagnet Oc

recordi ng nmedi um has al so been proposed (see Patent JP-A-11-175973). Al so,
a met hod eft eeaddenisnghegadithy awtwhagmegt bf photérsi despoksehe tragnetic
recordi ng medium of the HDD by form ng nagnetic filnms on the surface and
under sur f deemi Mmagnrelerc t pather eae straé 1r evagwk e capadstynper. si Agike medi um
has beconme the mainstream O the nmagnetic patterns recorded on the
magnet i ¢ rtéder disagomeditte haenetace ftikdd dlemkd-rdestrobetdhseriaipant ern and
a data pattern. For this reason, nagnetic transfer is being conducted by
tightly adhesimgta rfaster padisik ibasbotbte seir taee ssiftesmafnethe nmageetsi c
recordi ng nedi um (see Patent JP-A-2000-67433). A transparent base materi al
can al so heeupedsantt becomastebsmadils knds eewPalenttdPafi2000r197647) s

not conducted. Magnetic transfer of the servo signals is
thus conducted by the above mechanism. It should be noted
that technology that conducts center alignment of the
master disk for magnetic transfer and the magnetic

recording medium has also been proposed (see Patent

JP-A-11-175973).

Also, a method of conducting reading and writing of
both sides of the magnetic recording medium of the HDD by
forming magnetic films on the surface and undersurface in
order to increase the recording capacity per single medium
has become the mainstream. Of the magnetic patterns
recorded on the magnetic recording medium, there are the
above-described servo pattern and a data pattern. For
this reason, magnetic transfer is being conducted by
tightly adhering a master disk to both surface sides of
the magnetic recording medium (see Patent JP-A-2000-67433).
A transparent base material can also be used as the master

disk (see Patent JP-A-2000-197647).



5 Problens to be solved by the Invention In a HDD device using a magnetic
recordi ng nedium where magnetic filnms are forned on the surface and

under surface, nunerous magnetic di sks are di sposed, nmgnetic heads are

i ndi vidual |y di sposed at the surface and undersurface thereof, only a HSA
(Head Stack Assenbly) disposed with a head corresponding to a cylinder
havi ng a designated data region is controlled by servo control to be at a
predeterm ned position, and the other HSA is not controlled. Thus, when

t he ni sal iPgeeRrmsbéoweensphdedublyatbeandvenhdensurface servo patterns is
large in a case where the reading and witing cylinder is changed fromthe
surface to the UndersWblackevidweresing taempgobtem trhabrtimg medinequired
until stabilization of the position by the servo of the HSA at the

under sur f aberandmagsesicesdlitimssettdei ndormene oar r edpondiurgace t hedr eadi ng
time of the data after the cylinder switching increases. For this reason,
it beconesineketrsemgbyel, npard@toud hamatthetéci s dies ks sabhtrgnnertsphekdeen t he
surface and undersurface magnetic patterns of the magnetic recording

medi um i nmadert it-orhdidh- apeed rdaia dccEss af shbeehiDRH oth@osuk€ace

conprom sed. Wth respect to conventional magnetic
and undersurface thereof, only a HSA (Head Stack
Assembly) disposed with a head corresponding to a cylinder
having a designated data region is controlled by servo

control to be at a predetermined position, and the other

HSA is not controlled.

Thus, when the misalignment between the surface and
undersurface servo patterns is large in a case where the
reading and writing cylinder is changed from the surface
to the undersurface, there is the problem that time is
required until stabilization of the position by the servo
of the HSA at the undersurface and, as a result, settling
time corresponding to the reading time of the data after

the cylinder switching increases.

For this reason, it becomes extremely important
that there is no misalignment between the surface and
undersurface magnetic patterns of the magnetic recording
medium in order for high-speed data access of the HDD to

not be compromised. With respect to conventional magnetic



6 transfer target patterns, because photoprocessing technology that forns
the master di sks has been based on a mrule, there have only been servo
patterns having a large pattern width, but when consideration is given to
the fact that the utility of magnetic transfer and photoprocessing
technol ogy are progressing and have becone based on a sub-mrule, data
patterns should al so be thought of as transfer targets in addition to the
conventional servo patterns and magnetic transfer by high- density master
di sks to ttHengdgHet i ccaetslr di npakredrom beberasspece W@bEPITNESS inige
problens that are to be solved in the present invention are: (1) to
preci sel y t&lchgelolhy rrgrietficrmsattther masftex stirstkac da sudbeemadtasreddiosk aand t he
magneti c pattern of an wundersurface-use master di sk of a magnetic
recor di ng pmnedulen  anicr(e2) hbwepratigebygeal | spirtde paenteemn sof hahengragnet i ¢
recording nediumw th the centers of the magnetic patterns of the naster
di sks i n dastyat epathiesen awiignhentoudf when swnisdcde rand oundes sytfane trast er
di sks has been conducted, and the present invention has been devised in
[ ight of tthe dhate poiatt s.the wutility of magnetic transfer and
photoprocessing technology are progressing and have become
based on a sub-pm rule, data patterns should also be
thought of as transfer targets in addition to the
conventional servo patterns and magnetic transfer by high-
density master disks to the magnetic recording medium

becomes necessary.

Thus, the problems that are to be solved in the
present invention are:
(1) to precisely align the magnetic pattern of a surface-
use master disk and the magnetic pattern of an
undersurface-use master disk of a magnetic recording
medium; and
(2) to precisely align the <center of the magnetic
recording medium with the centers of the magnetic patterns
of the master disks in a state where alignment of the
surface and undersurface master disks has been conducted,
and the present invention has been devised in light of the

above points.



7 Means for Solving the Problem An invention of claiml1 is characterized in
that master disks for a magnetic recordi ng nedi umconprising a pair of
mast er di sks having regions of nmagnetic patterns forned therein and having
al i gnment marks, said nmagnetic pattern to be magnetically transferred to
the magnetic recording nedium and said alignment marks for alignnment
bei ng di sposed on the naster disks outside the regions of nmagnetic
patterns. An invention of claim2 is characterized in that, in the
i nvent i onMeRngl diog Polyinedde Pwobakimgnnment marks are fornmed on each of
the pair of master disks. An invention of claim3 is characterized in that,
in the inventionfof igiveihian the atlalieast two @ldrxpwienizararks ahet
symmetrically disposed with respect to reference points of the magnetic
pat t er ns. mastienvehitsken fofr cd anaydethar acterdied medihat comprishegi mventi on
of any of clains 1 to 3, the alignnent marks of one of the pair of master
di sks andpihe afi grawrdr i kiss lodvihe oéheonef ofhe mpanetdl mastrenrnd sks
have mutually different shapes. 8 in the invention of any of clains 1 to
4, the madgioemedi sserein and having alignment marks, said magnetic

pattern to Dbe magnetically transferred to the magnetic

recording medium, and said alignment marks for alignment

being disposed on the master disks outside the regions of

magnetic patterns.

An invention of claim 2 is characterized in that,
in the invention of claim 1, at least two alignment marks

are formed on each of the pair of master disks.

An invention of claim 3 is characterized in that,
in the invention of claim 2, the at least two alignment
marks are symmetrically disposed with respect to reference

points of the magnetic patterns.

An invention of claim 4 characterized in that, in
the invention of any of claims 1 to 3, the alignment marks
of one of the pair of master disks and the alignment marks
of the other of the pair of master disks have mutually

different shapes.



of the pair are optically transparent or sem -transparent excluding the
alignment marks. An invention of claim6 is characterized in that it 1is an
al i gnnent device conprising: a first stage that retains one of the pair of
master disks of any of claims 1 to 5 and includes orthogonal novement and
rotational novenent functions wth respect to the other of the pair of
mast er disks facing that master disk; a second stage that retains the
magnetic recording nedi um between the pair of master disks and includes an
or t hogonalitnhemamventtdmet iodn awivt o fr edpéots tlo tichd ,pdihe ofa simest € sitissks; and
observi ng neans for observing the positions of the alignment nmarks of the
pai r of madt érhadipskisr alde anpehdaldyur taeespesehioprofsearn Htneersppeeinphery or
an outer periphery of the nmagnetic recordi ng medium An invention of claim
7 is charactcénidied ithet batignmentt herksventi on of claim 6, the observing
means includes first observing neans for observing only the positions of
the alignment marks of the pair of naster disks and second observing neans
for observing the positions of the alignnent marks of the pair of naster
di sks and the enan suvéateoposit ceninf 6t he ichaercperiipber Y nokhkke iguter 9
peri phery of the magnetic recording nmedi um

is an alignment device comprising: a first stage that

retains one of the pair of master disks of any of claims 1

to 5 and includes orthogonal movement and rotational

movement functions with respect to the other of the pair

of master disks facing that master disk; a second stage

that retains the magnetic recording medium between the

pair of master disks and includes an orthogonal movement

function with respect to the pair of master disks; and

observing means for observing the positions of the

alignment marks of the pair of master disks and an end

surface position of an inner periphery or an outer

periphery of the magnetic recording medium.

An invention of claim 7 is characterized in that,
in the invention of claim 6, the observing means includes
first observing means for observing only the positions of
the alignment marks of the pair of master disks and second
observing means for observing the positions of the
alignment marks of the pair of master disks and the end

surface position of the inner periphery or the outer



An invention of claim8 is characterized in that it is an alignnent nethod
conprising: orthogonally noving and rotatingly noving one nmaster disk in a
state where the pair of naster disks of claim5 face each other,
si mul t aneously observing the alignnent marks of the pair of master disks
with first observing nmeans, matching the alignnment marks between the pair
of master disks, observing, with second observing neans, the alignnent
marks of the pair of master disks and an inner peripheral or outer
peri pher aPegaghsyyf afetbf mhenptgrerecordéngdinagiumedi um positi oned bet ween
the pair of master disks and, on the basis of the observation results,
orthogonal ly noving and aligning the nmagnetic recording nmediumwth
respect to the pair of master disks. An invention of claim9 is
characterized i PAnhatvéntios af alegmmBntismehbodctenpresi ng: thataist at e
where the position of one of the pair of master disks of any of <clains 1
to 4 is fiisedn abidenwieng tkehald gompntistagks oefthogbeadng mastiey dinsk with
observi ng neans, observing, with observing nmeans, an inner peripheral or
out er per |r|@he|tahg19ndncsxmhfgacenef dedmgaeskc irecer divrg gredhelfe pesiet i oned
above the one master disk, referencing the observation 10 results and
observati gaireswyft s nfstidie adigrenst maeksimf 5 face each other,

simultaneously observing the alignment marks of the pair

of master disks with first observing means, matching the

alignment marks between the pair of master disks,

observing, with second observing means, the alignment

marks of the pair of master disks and an inner peripheral

or outer peripheral end surface of the magnetic recording

medium positioned between the pair of master disks and, on

the basis of the observation results, orthogonally moving

and aligning the magnetic recording medium with respect to

the pair of master disks.

An invention of claim 9 is characterized in that it
is an alignment method comprising: in a state where the
position of one of the pair of master disks of any of
claims 1 to 4 is fixed, observing the alignment marks of
the one master disk with observing means, observing, with
observing means, an inner peripheral or outer peripheral
end surface of the magnetic recording medium positioned

above the one master disk, referencing the observation

10



t he one master disk, orthogonally noving and aligning the nagnetic
recording nediumwi th respect to the one master disk, observing, with
observing neans, the alignment marks of the other of the pair of magnetic
di sks positioned above the magnetic recording nedium referencing the
observation results and observation results of the alignnment marks of the
one master disk, orthogonally noving or rotatingly noving the other master
disk with respect to the one master disk, and nmatching the positions of
t he al i gnmestulier ksdbethwesvatherpareswlt stast erthdi sksgniBenef mBeger ioft i on of
the Drawngs Fig. 1(a) is a front view show ng the configuration of a
mast er di skei mrichendaheentdiosk, andtiéhPInasla woossg sedt bdnghivigewheFi gs.
2(a) to (d) are diagrans showi ng a master disk manufacturing procedure in
t he i nventragmetEicgsce 3(ra)iranduédjumr eidhagreampecshaw ngheasher maditelks

di sposed with alignnent marks in the invention. Figs. 4(a) to (d) are

di agrans des,i borg ralingnmenthc ondidrivansg; afeahle ahiegRMERnmERAK $1a0fk s
surface/ undersurface- use master disks in the invention. Fig. 5is a

di agram shaw figet R Heesi bronale beliat i @AShiagnefk iz N@gses i ¢JasalFizag medi um
and the master 11
above the magnetic recording medium, referencing the
observation results and observation results of the
alignment marks of the one master disk, orthogonally
moving or rotatingly moving the other master disk with

respect to the one master disk, and matching the positions

of the alignment marks between the pair of master disks.

Brief Description of the Drawings

Fig. 1(a) is a front view showing the configuration
of a master disk in the invention, and 1(b) is a cross-
sectional view.

Figs. 2(a) to (d) are diagrams showing a master
disk manufacturing procedure in the invention.

Figs. 3(a) and (b) are diagrams showing master
disks disposed with alignment marks in the invention.

Figs. 4(a) to (d) are diagrams describing alignment
conditions of the alignment marks of surface/undersurface-
use master disks in the invention.

Fig. 5 is a diagram showing the ©positional

relationship of a magnetic recording medium and the master

11



disks in the invention. Fig. 6 is a diagram describing an alignnment device
of a two-side magnetic transfer device in the invention. Figs. 7(a) and
(b) are diagrans show ng anot her exanple of master disks disposed with
alignment marks in the invention. Figs. 8(a) to (d) are diagrans show ng
anot her master di sk manufacturing procedure in the invention. Figs. 9(a)
and (b) are diagrans show ng an exanple of patterning-use photonasks of
the surface-use master disk in the invention. Fig. 10 is a diagram show ng
t he positidisds ireltdei angkingiofh.t he magnetic recordi ng nedi um and ot her
master disks in the invention. Fig. 11 is a diagram describi ng anot her
al i gnnent devi cBigf ®thest w-diaggramgdesceibiagshar adeynaenitn delve ce
invention. Fig. 12(a) to (c) are explanatory diagrans of a nagnetic
transfer prfoeesso—iidenagrekitd cr ecandifieg dediide inFige 13¢ahtasd.(b) are
expl anatory diagranms of the principle of magnetic transfer in the magnetic
recording medi um gbbdes(d)or aGar rybng L8 tdheghawent sioow BX@npi ther

example of master disks disposed with alignment marks in

the invention.

Figs. 8(a) to (d) are diagrams showing another
master disk manufacturing procedure in the invention.

Figs. 9(a) and (b) are diagrams showing an example
of patterning-use photomasks of the surface-use master
disk in the invention.

Fig. 10 1is a diagram showing the positional
relationship of the magnetic recording medium and other
master disks in the invention.

Fig. 11 is a diagram describing another alignment
device of the two-side magnetic transfer device in the
invention.

Fig. 12(a) to (c) are explanatory diagrams of a
magnetic transfer process in a magnetic recording medium.

Fig. 13(a) and (b) are explanatory diagrams of the

principle of magnetic transfer in the magnetic recording

medium.

Modes for Carrying Out the Invention

Example 1

12



12 Fig. 1 are diagrans showi ng the configuration of a mnaster disk used in
the present exanple. Although the <configuration is the sane as that of a
conventional master disk resulting froman Si substrate, it is largely
different in that it also includes an optically transparent material such
as quartz. Fig. 1 (a) shows a front view (surface) and (b) shows a cross
section. 11 is a transparent substrate including quartz and 12 is a
magneti c pattern di sposed on the substrate 11. Al so, during the
manuf act ure of tFegnadt eredigkieoing |drowing hehe Stosfibgtratepnabfer a

phot oprocess in which a photoresist 13 is coated with a uniformthickness
on the quawrtstesubdislat est¢d, ipat tbengdreaehtdegrhboped. as Bhowwugm Ehg. 2(a),
groove manufacturing is conducted by etching as shown in Fig. 2(b), a soft
magnet i ¢ fionmigdriasibar dedtase sshewas rmheitg.of2 a( €onveand ohenowalstefr t he
photoresist is conducted by lift-off as shown in Fig. 2(d) to conplete

t he mast edidiksk reere ihhge raghet iat patit ersube@priesi ngtsofits  magretiyc fil s
and alignment marks (non transparent) described |ater are fornmed on the
quartz substifatentl. Fhgs.thid a)iand {190 shawctihaepat teh ns opft izagukrf ace-

use master disk 15 and an undersurface-use nmaster disk 16 of a magnetic

recor di ng tredispiirep@emdtamdinesstHes sof qidwe: z . Fig. 1(a) shows a
front view (surface) and (b) shows a cross section. 11 is
a transparent substrate including quartz and 12 is a
magnetic pattern disposed on the substrate 11. Also,
during the manufacture of the master disk, similar to the
Si substrate, after a photoprocess in which a photoresist
13 is coated with a wuniform thickness on the quart
substrate 11, patterned and developed as shown in Fig.
2(a), groove manufacturing is conducted by etching as
shown in Fig. 2(b), a soft magnetic film 14 is formed as
shown in Fig. 2(c), and removal of the photoresist is
conducted by 1lift-off as shown in Fig. 2(d) to complete
the master disk where the magnetic pattern comprising soft

magnetic films and alignment marks (non transparent)

described later are formed on the quartz substrate 11.

Figs. 3(a) and (b) show the patterns of a surface-
use master disk 15 and an undersurface-use master disk 16
of a magnetic recording medium, seen from the sides of the

master disks that face the magnetic recording medium, with

13



master disks that face the magnetic recording nedium wth 13 two alignnent
mar ks 17 and 18 each that conduct alignnent between the nmaster disks being
di sposed outside of the nagnetic patterns 12 resulting fromthe soft
magnetic films for which transfer to the magnetic recording nmedium is
conducted. As for the nunber of alignnment marks, two each are sufficient,
but there may also be nore than that. The shapes of the alignnent marks are
such that they are mutually aligned as shown, for exanple, in Figs. 4, in
order to naiose laldngrementmaprkecilsi omd Thét eash thet abngnnentalignkent? of the
surface-use nmaster disk 15 have cross shapes and the alignnment marks 18 of
t he undetsiwkeane- tUise master diskkd6 dedvey ceéhiesse@movedickosst shapes so
that the crosses of the alignnment nmarks 17 can fit thereinside. It should

be noted thametthe apagheens Tmr kseAareinef Ifirght ethé heseto. nBoheexanpl e,
they may also be configured fromdot patterns (in this case, the marks of

the two difskasl¥andiicrarerdmersaney wher eaphutak detsrdang mdcagul arly
arranged. In this case, the dot patterns between the two disks 15 and 16

are matched. cdieipasid. onat rekatdrensiinboet yeenl t femaht JRARRLE, MRIKs and
the magnetic patterns resulting fromthe soft magnetic filns in the master

di sks is sueh that shetrhc@knt, but there may also be more than that.

The shapes of the alignment marks are such that
they are mutually aligned as shown, for example, in Figs.
4, in order to raise alignment precision. That is, the
alignment marks 17 of the surface-use master disk 15 have
cross shapes and the alignment marks 18 of the
undersurface-use master disk 16 have center-removed cross
shapes so that the crosses of the alignment marks 17 can
fit thereinside. It should be noted that the alignment
marks are not limited thereto. For example, they may also
be configured from dot patterns (in this case, the marks
of the two disks 15 and 16 are the same) where plural dots
are irregularly arranged. In this case, the dot patterns

between the two disks 15 and 16 are matched.

The positional relationship between the alignment
marks and the magnetic patterns resulting from the soft
magnetic films in the master disks is such that both of

the surface-use master disk and the undersurface-use
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t he surface-use master di sk and the undersurface-use 14 nmaster disk are in
a symmetrical relationship. Wen the nagnetic pattern surfaces resulting
fromthe soft magnetic filnms of the surface-use master disk and the
undersurface- use naster disk are made to face each other, the
superposition of these is observable fromthe outside because the naster
di sks are transparent. \Wen the position (X, Y, 0) of one nmaster disk with
respect the other master disk is adjusted so that the alignnent marks

mat ch (ar eaaltiegnet)sk asrshomnai rsyingt Mi(@@] (26 b dhdrig. or vhegonrak

coordi nate axes on a plane and O is a rotation angle on the plane), the
posi ti ons mafgniched cregnekira spattheess reesulttingg ffiroamchie sttt maggeeticc fil ns
match. Fig. 4(d) is a diagramshowi ng a state where the alignnment narks

are not alfiigned.ofFithe Burgazeduagr aRsIROWJIIGK Reidpesict verlr s urglaatib-onshi p
bet ween the magnetic recording nmedium1l and the nmaster disks 15 and 16.

The magnetise r eafding dmdi Unrd igagandwbchedcbet wgen t Beneggnetdne
patterns 12 resulting fromthe soft magnetic filns so that the nagnetic

pattern L2geesllstiitAgnf rom thige SOf ti JBGRELIG bl kB phy t he e URERLIWLS ace-use
master disk 16 faces the undersurface of the magnetic recording nediuml

and the mMagRelise PRhLerRaster disks are transparent. When the
position (X, Y, 0) of one master disk with respect the
other master disk is adjusted so that the alignment marks
match (are aligned), as shown in Fig. 4(c) (X and Y are
orthogonal coordinate axes on a plane and 6 is a rotation
angle on the plane), the positions of the magnetic
patterns resulting from the soft magnetic films match.

Fig. 4(d) is a diagram showing a state where the alignment

marks are not aligned.

Fig. 5 1is a diagram showing the ©positional
relationship between the magnetic recording medium 1 and
the master disks 15 and 16. The magnetic recording medium
1 is sandwiched between the magnetic patterns 12 resulting
from the soft magnetic films so that the magnetic pattern
12  resulting from the soft magnetic films of the
undersurface-use master disk 16 faces the undersurface of
the magnetic recording medium 1 and the magnetic pattern
12 resulting from the soft magnetic films of the surface-

use master disk 15 faces the surface of the magnetic
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12 resulting fromthe soft magnetic filnms of the surface- use master disk
15 faces the surface of the magnetic 15 recording nmedium 1. For the
recording of the magnetic patterns of the magnetic recording nediuml, it
is checked that center msalignment of the magnetic patterns 12 with the
shape of the magnetic recording nedium1 is within an acceptable val ue and
that m salignnment of the surface and undersurface magnetic patterns is
within an acceptable wvalue. In order for the msalignment to be equal to

or less trhanruiegaccepiabl ¢.val er alignpesbrisngonrducties mugnBgian _
al i gnnment device, such as shown in Fig. 6, disposed in a two-side nmagnetic

transfer geviceensl Bft khe malghgfAientredRideeg MRWemRNt comnt hal pkckesgpective
stages, processing of signals froma tel evision canmera and control of

respecti venhpesiddrans afiesLontEed Oy hsi g8ghet PEOSEEELEAEsdEYI ¢8 t43
di sposed with a conputer. As shown in Fig. 6, the undersurface-use master

di sk 16 isnbi xedrnd @ fid stapiage: 11.9e&§r@i1§<201§§&1iuﬂ;\ hereabgyen;fhenfirst
stage 19 is disposed with a Totating stage 20, which retains the

peripheral, paptihbene thangofamse dhat hhe. sHiiAce: use gﬂétégér%éb 124 S
and an X, Y

parallel to the undersurface-use master disk 16, stage 21, on

which is dih3Rosed shhe rﬂé&ﬁé@ﬂcsHﬂﬂﬂx%9u§oi%ha&i£ﬁ§n an acceptable

value. In order for the misalignment to be equal to or
less than the acceptable value, alignment is conducted
using an alignment device, such as shown in Fig. 6,
disposed in a two-side magnetic transfer device. In this
alignment device, movement control of respective stages,
processing of signals from a television camera and control
of respective ©positions are conducted by a signal

processing device 43 disposed with a computer.

As shown in Fig. 6, the undersurface-use master
disk 16 1is fixed and a first stage 19 is disposed
thereabove. The first stage 19 1is disposed with a
rotating stage 20, which retains the peripheral portion
thereof so that the surface-use master disk 15 is parallel
to the undersurface-use master disk 16, and an X, Y stage
21, on which is disposed the rotating stage 20 so that the
rotating stage 20 is rotatable on a plane and which is
movable in X and Y (orthogonal) directions with respect to

the undersurface-use master disk 16. The superposition of
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rotating stage 20 is rotatable on a plane and which is novable in X and Y
(orthogonal) directions with respect to the undersurface-use master disk
16. The superposition of 16 the alignnment nmarks of the two nmaster disks can
be observed from bel ow the undersurface-use nmaster disk 16 wth

m croscopes 22 serving as observing neans. While observing this
superposition, the rotating stage 20 and the X, Y stage 21 are driven,

ort hogonal novenent (X, Y) and rotational novenent (0) of the nmaster disk
15 with réspealivamehe undeksur bacethse st aiashiesk Ibi st eendwet ed, and
alignment (Fig. 4(c)) of the alignnent nmarks is conducted. 23 is a second

st age t hatobisrelvedesttdie beneow oth®f unbieregroatbegenalnastvrvabl ekonea pl ane
with respect to the tw master disks in a state where the periphery of the

magnetic racor dhi@r sBebpes 1,22t Os¥hiy Chgt ke NBgsety tng Pald=@isns amditie be
transferred, is retained by a retention nechanismsuch as a knife edge,

noved bet \weR Mgt Wonisfmsiperdosksiba, anthd 6r-apdtpPAgi tdened par akhle!l to
these disks. A TV canera 24 serving as observing neans is fixed above the

surface-usedmgstey digkeld1 and agthidd, sbAGRodonat habviseREIRRIORI Y (X
Y) novable on a plane parallel to
and rotational movement (0) of the master disk 15 with
respect to the undersurface-use master disk 16 are

conducted, and alignment (Fig. 4(c)) of the alignment

marks is conducted.

23 1s a second stage that includes the function of
being orthogonally movable on a plane with respect to the
two master disks in a state where the periphery of the
magnetic recording medium 1, to which the magnetic
patterns are to be transferred, is retained by a retention
mechanism such as a knife edge, moved between the two
master disks 15 and 16 and positioned parallel to these

disks.

A TV camera 24 serving as observing means is fixed
above the surface-use master disk 15, and a third stage 25
that is orthogonally (X, Y) movable on a plane parallel to

the magnetic recording medium 1 is disposed.

Thus, 1in a state where the magnetic recording
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t he magnetic recording medium 11 is disposed. Thus, in a state where the
magnetic recording 17 nmedium 1l is positioned between the two master disks
15 and 16 whose alignnent marks have been aligned, the third stage 25 is
driven in orthogonal directions, the position of the inner periphery or
the outer periphery of the magnetic recording medium1l1 is viewed full
circle along the periphery by the TV canera 24 serving as the observing
means from above the surface-use naster disk 15, the inner peripheral end

shape or uheliout ar ipepopherianenteihars ehe the MREARY elilkeond pggmedi um |
is measured fromthe novenment position information of the third stage 25

at that tigrewadgef romddieemosibir®d | REGE MdOn gf igh¥al s tior regpending to
t he periphery of the nagnetic recording nediuml in inmaging pixels of the

TV canera 24,geand the qeentLr i ROskthegoRht he rARGIBHLS o lg imdi um 1
IS estlnateg.fron1the measur enent dafa. Next, the positions of the two

master di $s 1heandh b WSS ald . gnment fRL ks, dhave Q??Ehé&%gn&? e

nmeasured by the TV canera 24°to “determ ne the center positions o

master di siemelax!  rodditnerondastiace 25" ehiallingeifie HROBFL G lggor di ng

medium 1l isdriven i n irectirons an co so'asto

el i m nat etrHeS?JeirQ'E)'ﬁ%'}ty l%?/t Ween 'It\/heCamera 24 serving as the observing

means from above the surface-use master disk 15, the inner
peripheral end shape or the outer peripheral end shape of
the magnetic recording medium 1 is measured from the
movement position information of the third stage 25 at
that time and from the position information of pixels
corresponding to the periphery of the magnetic recording
medium 1 in imaging pixels of the TV camera 24, and the
center position of the magnetic recording medium 1 is
estimated from the measurement data. Next, the positions
of the two master disks 15 and 16 whose alignment marks
have been aligned are measured by the TV camera 24 to
determine the center positions of the master disks. Next,
the second stage 23 retaining the magnetic recording
medium 1 1is driven in the X and Y directions and
controlled so as to eliminate misalignment between the
estimated center position of the magnetic recording medium

1 and the center positions of the master disks.

After alignment of the master disks and the
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estimated center position of the magnetic recording nedium 1 and the
center positions of the master disks. After alignnent of the naster disks
and the 18 magnetic recordi ng nedi um has been conducted in this nanner,
the master disks are tightly adhered to the mnagnetic recording nmediumby a
met hod such as vacuum adsorption or electrostatic adsorption. Next,
permanent rmagnets are rotated and brought into proximty with the nmaster
di sks from above the surface-use nmaster disk and from bel ow the

under sur f acgnese cmastevrdisl t@ecdonduchas nagnet i cdiansfar . iAf t ehigagneti c
transfer, the magnets are rotated and separated fromthe master disks, and

rotation i@nskeppedhat hhetpei ndikRstigee wWhelytee MpgnRiHEred | Wo density that
does not lead to a magneti zation reversal at the position of the magnetic

recor di ngmaRehietic | sckeaahed. wx@M@he ¥ Fiag. métBBaAW sh€n Coe | gllcatuiinon of
mast er di sks used in the present exanple, which are greatly different in

that, whergasrpRliyna JBOBEEEErBaLLEER hRs2een canbedded: | n pGanventi onal
mast er disks, alignment nmarks for alignment between the naster disks and

bet ween t he gasters di sksranda thes BEIELAE Lacer dng fedigmatg ¢hsposed.
Because the
master disks from above the surface-use master disk and
from below the undersurface-use master disk to conduct
magnetic transfer. After magnetic transfer, the magnets
are rotated and separated from the master disks, and
rotation is stopped at the point in time when a magnetic
flux density that does not 1lead to a magnetization

reversal at the position of the magnetic recording medium

is reached.

Example 2

Fig. 7 show the configuration of master disks used
in the present example, which are greatly different in
that, whereas only a magnetic pattern has been embedded in
conventional master disks, alignment marks for alignment
between the master disks and between the master disks and
the magnetic recording medium are disposed. Because the
master disks resulting from the Si substrate cannot
transmit light, it is necessary to consider disposing, on
the master disks, alignment marks for alignment between

the two master disks so that observation can always be
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master disks resulting fromthe Si substrate cannot transmt light, it is
necessary to consider disposing, on the master disks, alignnent marks for
al i gnnent between the two naster disks so that observation can al ways be
19 made fromone side with a TV canera described later. Figs. 7 are

di agranms where surface/undersurface-use master disks are seen from
magnetic pattern sides thereof. Fig. 7(a) shows a naster disk (surface-use
master disk) 30 for the surface of the magnetic recordi ng nmedi um 1.

Al i gnnent maelek$r33 bae alidgnwenh thevt wamsrst eesdisksdaletedi sposed at
symmetrical positions, away fromthe center of the disk 30 as nuch as
possible, at a region outside of the magnetic pattern, at the side
opposite to the side in which a magnetic pattern 32 conprising magnetic

films is enmbeddedysin7order di@ghrainSe whler@NRAY JRIcfCingicdBurfhcesheel d be
noted that alignment marks for aligning the nmaster disks may al so be

formed onpheiBrsiidexsohrkh® e MBsh®¥m Ha¥fhethicd patRlrsheuwsicd WRghebrdi sk
(undersurface- use master disk) 31 for the undersurface of the magnetic

recor di ng pigdi uma ) Alsh@REERL RIS 37 0T (RGN skheaWe r FBSKE! 3@ Sks are
di sposed at "a region outside of the magnetic pattern of the sane side as

the side igy whicgh tBhg FURENELEC PALY &l 32 £OMPI S NG ABRINRI iGord 1 TS TS
enbedded.
Alignment marks 33 for alignment the two master disks are
disposed at symmetrical positions, away from the center of
the disk 30 as much as possible, at a region outside of
the magnetic pattern, at the side opposite to the side in
which a magnetic pattern 32 comprising magnetic films is
embedded, in order to raise alignment precision. It
should be noted that alignment marks for aligning the
master disks may also be formed on both sides of the
master disk. Fig. 7b) shows a master disk (undersurface-
use master disk) 31 for the undersurface of the magnetic
recording medium. Alignment marks 34 for aligning the two
master disks are disposed at a region outside of the
magnetic pattern of the same side as the side in which the
magnetic pattern 32 comprising magnetic films is embedded.
It should be noted that, 1in the above description,
although the alignment marks in the surface-use master
disk are disposed at the side opposite to the side in
which the magnetic pattern is embedded and the alignment

marks in the undersurface-use master disk are disposed in
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It should be noted that, in the above description, although the alignnent
mar ks in the surface-use master disk are disposed at the side opposite to
the side in which the nmagnetic pattern is enbedded and the alignnent

mar ks in the undersurface-use master disk are disposed in 20 the side in
whi ch the magnetic pattern is enbedded, there is no problemat all if the
reverse i s done. Also, the nunber of alignnent marks may exceed two each
Fig. 8 shows the manufacturing nethod of the above described surface-use
mast er di ske Hielepailrt ertniscis hove maghkegsc Paaterfiol pedmbadued, phbkesasks
necessary for patterning the upper surface side and the | ower surface
side of the swfeceblae gasten diskchdhatvessel)l sUphgle surhase, sicée- use
phot omask 35 (Fig. 9a) Alignnent marks 36 (set outside the region of the

master  dinskgbefrobfakilggrrBhtbebweenmbie cuppen/ LeveeasHr f ace side

phot omasks Alignnment marks 37 (set outside the region of the master disk)
for alignnment between the surface/undersurface-use nmnmaster disks 2)

Under surface side-use photomask 38 (Fig. 9b) Alignnent marks 39 (set

outside the regi pngof gt BRoNBSERE m@hskhchari1aLi GBRRBYE Bet Ween RS e-

upper /| ower surfacée side-
described surface-use master disk. The patterns shown in
Figs. 9 are formed on two photomasks necessary for
patterning the upper surface side and the lower surface
side of the surface-use master disk. That is,
1) Upper surface side-use photomask 35 (Fig. 9a)
- Alignment marks 36 (set outside the region of the master
disk) for alignment between the upper/lower surface side
photomasks
- Alignment marks 37 (set outside the region of the master
disk) for alignment between the surface/undersurface-use
master disks
2) Undersurface side-use photomask 38 (Fig. 9b)
- Alignment marks 39 (set outside the region of the master
disk) for alignment between the upper/lower surface side-
use photomasks
- Magnetic transfer-use pattern 40 (set inside the region
of the master disk)

That is, the alignment marks for alignment between

the upper/lower surface side-use photomasks are marks used

to conduct alignment of the upper surface side-use
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use photomasks Magnetic transfer-use pattern 40 (set inside the region of
the master disk) That is, the alignnent marks for alignnment between the
upper /|l ower surface side-use photomasks are marks used to conduct

al i gnment of the upper surface side-use 21 photomask and the | ower surface
si de-use photomask. As a result, alignnent of the magnetic pattern of the
surface- use nmaster disk and the magnetic pattern of the undersurface-use
master disk is effected by the alignnment marks for alignnent between the
upper/ | owehogwmaake agidde-haiskoypdiot smatkse antldé hesal phgotremaskar kasf ar

al i gnment between the surface/undersurface side-use nmaster disks. In a

st at e wheresti¢, Sialsiupstarat eo f stisandadcdietdc pathetrheopatther ned fsicdes of the
upper /1l ower surface side- use photomasks facing the Si substrate side

form ng thme masderedi sKdskposirtd onahe admagteent ( asdhoganal oFovement ,
rotational novenent) of one photomask is conducted so that the alignnent

mar ks for waldegrneith deetiseemaddte uppedi | Dyee £ regt facpysitte- Use gpheihemasks
are aligned. After positional adjustnent is conducted in this nmanner, as

shown in Magks &orf idBignmait epotideh Sthe0ngRetedoqB helh ralcdes iofe-t he Si
substrate 41 (a), then
use photomasks and the alignment marks for alignment

between the surface/undersurface side-use master disks.

In a state where the Si substrate is sandwiched
with the patterned sides of the upper/lower surface side-
use photomasks facing the Si substrate side forming the
master disks, positional adjustment (orthogonal movement,
rotational movement) of one photomask is conducted so that
the alignment marks for alignment between the upper/lower

surface side-use photomasks are aligned.

After positional adjustment 1is conducted in this
manner, as shown in Figs. 8, first, patterning is
conducted on both sides of the Si substrate 41 (a), then
both sides are etched (b), a soft magnetic film 42 is
formed by sputtering only on the surface on which the
magnetic transfer-use patterning is formed (c), lift-off
is conducted (d), and the manufacture of the surface-use
master disk 32 of the magnetic recording medium is

concluded. The photomask used in the manufacture of the
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both sides are etched (b), a soft magnetic film42 is forned by sputtering
only on the surface on which the nagnetic transfer-use patterning is
formed (c), lift-off 1is conducted (d), and the manufacture of the
surface-use nmaster disk 32 of the magnetic recording nediumis concl uded.
The photomask used in the manufacture of the 22 undersurface-use naster

di sk 31 magnetic recording nedium is one and created by sane manufacturing
nmethod as in Exanple 1 (see Figs. 2). The shape of the alignnment nmarks
descri bed wvalleveurdnecsuck nhaitdheyi it e3nuibghbyial rgaeddasgshewdumf or
exanple, in Figs. 4, in order to raise alignment precision. The positional

rel ationshisp &géweeni t Beeakteanment safdr kamith dher Ignekieopatderng in the
phot omasks is such that the surface-use master disk and the

under sur f asempie 1masker rdiggk ane in a symretrical relationship. Wen the
magnetic pattern surfaces of the surface-use nmaster disk and the

under surface-use master disk are nmade to face each other and the position
(X, Y, 0) of one master disk is adjusted with respect to the other fixed

master disk so {hat e Pogkt ians ?i%éhﬁgggw H@-é!é?iﬂﬁ&‘?%b%@et he

axial direction of the disks as wl ater, the positions of
the magnet, ¢ péﬁ&ﬁfﬁﬁuﬁﬁtﬁhey are mutually aligned as shown, for

example, in Figs. 4, in order to raise alignment precision.

The positional relationship between the alignment
marks and the magnetic patterns in the photomasks is such
that the surface-use master disk and the undersurface-use
master disk are in a symmetrical relationship. When the
magnetic pattern surfaces of the surface-use master disk
and the undersurface-use master disk are made to face each
other and the position (X, Y, 0) of one master disk is
adjusted with respect to the other fixed master disk so
that the positions of the alignment marks match on the
axial direction of the disks as will be described later,

the positions of the magnetic patterns match.

Fig. 10 is a diagram showing the positional
relationship between the magnetic recording medium 1 and
the master disks 30 and 31. The magnetic recording medium
1 is sandwiched between the magnetic patterns 32 so that

the magnetic pattern 32 of the undersurface-use master
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Fig. 10 is a diagramshow ng the positional relationship between the
magnetic recording nedium1 and the master disks 30 and 31. The magnetic
recording medium 1 is sandw ched between the magnetic patterns 32 so that
the magnetic pattern 32 of the undersurface-use master 23 disk 31 faces the
undersurface of the magnetic recording mnedium 1l and the magnetic pattern
32 of the surface-use nmaster disk 30 faces the surface of the magnetic
recording medium 1l. For the recording of the magnetic patterns of the

magneti ¢ Hee®r FINgra@sk UBhd, unldersueiracked # hahe CRALREL1 BT Salbgaregt of the
magnetic patterns with the shape of the magnetic recording nediumis

wi thin anraecept abl gnavahee ghdihat phsabignment, of thhe siegarrdybat t om
magnetic patterns is within an acceptable value. In order for the

m sal i gnmeptstke Be s@qudl el thessuhtand ke 3GeeRARR i Valderdaig
al i gnnment device of a two-side magnetic transfer device is configured as

shown in Ei.g-,41and i.g nt.J : in | owi npner. This
alignnentﬁﬂg&ﬁéé]"is t E ggﬁer§%§?ﬁ§9@€3ﬁi§96 %%gsegggx é%?g%ﬂgt%?t i s not

di sposed LN HLGLA9CORER 0 (ikhaThE MRS bi,0N% and shaney o lihe tya,
rks 'Sk @ g

alignment mar or master nmenit i 'nthe undersurface-use nmaster

di sk 31 \A’ﬂ&%ecll&%ﬁ}nreh%n 51.5 %Béeqna%rn%t%%seﬁggger%tt;'lith the shape of

the magnetic recording medium is within an acceptable
value and that misalignment of the top and bottom magnetic
patterns is within an acceptable value. In order for the
misalignment to be equal to or less than the acceptable
value, an alignment device of a two-side magnetic transfer
device 1s configured as shown in Fig. 11 and alignment is
conducted in the following manner. This alignment device
is the same as the device of Fig. 6 except that it is not

disposed with microscopes.

(1) The positions and shapes of the two alignment
marks for master disk alignment in the undersurface-use
master disk 31 whose position is fixed are observed, with
the television camera 24 that is disposed above the
undersurface-use master disk and placed on the third stage
25, 1in accompaniment with the movement of the same stage
25, and stored in a memory of the signal processing device
43, The center position of the undersurface-use master

disk 31 is determined from the positions and shapes of the
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the television canera 24 that is disposed above the undersurface-use
mast er di sk and placed on the third stage 25, in acconpaninent with the
novenent of the sane stage 25, and stored in a nenory of the signa
processi ng device 43. The center position of the undersurface-use naster
disk 31 is determned fromthe positions and shapes of the 24 alignnent
mar ks of the undersurface-use naster disk 31. (2) The nagnetic recording
medium 1l is placed on the second stage 23 di sposed above the

under sur f agegusentmast-¢s difskhet hadekisud fatagasabmaptwhi ahskheit el evi si on
canera 24 is placed is controlled so that the end surface of the inner
peri phery of the magnetic recording nmedium 1l appears in the center of the
screen of the television canmera 24, the inner periphery is observed ful

circle, the shapg) OfTh@“%éﬁrﬁ@il@e%@BQﬁihgeﬁﬁe&furﬁ he magngiigedr egor di ng
medium 1l is nmeasured fromt venment anount of the stage and the

DOS'tlonStQEzpéé@$§d0%%%%%pQﬂﬂ'HgsbgsEBeeﬂhﬂﬂ?rtﬂérHﬁ%&@fﬁuﬂ%&ééJES%he
tel evision screen, and the center position of the magnetic recording

medi um 1 b5 crestignted framithe shaps,of sthe,| WﬁfckpeEthQ:reellev%%q,o The

amount of mi salignment between the center position of magneti c

recor di ng Jgediumoly and he.genter cBeekbi 9940kt @ﬁatureﬂgr S aqe-atse master

disk 31 is cal cul at second

of the inner periphery of the magnetic recording medium 1
appears in the center of the screen of the television
camera 24, the inner periphery is observed full circle,
the shape of the inner peripheral end of the magnetic
recording medium 1 is measured from the movement amount of
the stage and the positions of pixels corresponding to the
inner peripheral end in the television screen, and the
center position of the magnetic recording medium 1 1is
estimated from the shape of the inner peripheral end. The
amount of misalignment between the center position of the
magnetic recording medium 1 and the center position of the
undersurface-use master disk 31 is calculated, the second
stage 23 on which the magnetic recording medium 1 is
placed 1s moved so as to eliminate this misalignment
amount, and the center of the undersurface-use master disk
31 and the center of the magnetic recording medium 1 are

matched.

(3) The surface-use master disk 30 is placed on the
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stage 23 on which the magnetic recording nedium1 is placed is noved so as
to elimnate this msalignnent anount, and the center of the

under surface-use master disk 31 and the center of the nagnetic recording
medium 1l are matched. (3) The surface-use master disk 30 is placed on the
25 first stage 19 di sposed above the magnetic recording medium 11, the
positions and shapes of the two alignnent nmarks for master disk alignnent
di sposed on the upper surface of the surface-use master disk 30 are
observed, fiwisth shegtel 29i sd0Bp6asEr aalRdye i Nt C oA TIRNT rddr dihe
novenent of the X Y stage 21 or the novenent of the third stage 25, and

the signak®ddue st,oreHel pddie i9ingNadnd PEBERSSI RF dEvd Cewo ThE iment: of
ort hogonal novenent and the anount of rotational novenent of the

surface-ugerk¥aster disda30 anerdeler ghmnedt f ramgdhedn sal i gdrenfpeiet ween
t he positions and shapes of the two alignnment marks in the surface-use

master di sk r3@cantt henposdud s shapes ofi sikhesd Waral iamniegrarks in
t he undersurface- use master disk 31 stored in the nenory of the signa

processi ng,iqdeyi«qe 43,14 HEs MON Bk Al JAd1e 9t aLLodoShAgen 2010 Which the
surface-use master disk 30 is placed and the X Ypstage 21 1s controlled,
al'i gnment o pf; JRAtLWE the X, Y stage 21 or the movement of the third
stage 25, and the signals are stored in the signal
processing device. The amount of orthogonal movement and
the amount of rotational movement of the surface-use
master disk 30 are determined from the misalignment
between the positions and shapes of the two alignment
marks in the surface-use master disk 30 and the positions
and shapes of the two alignment marks in the undersurface-
use master disk 31 stored in the memory of the signal
processing device 43, the movement of the rotating stage
20 on which the surface-use master disk 30 is placed and
the X, Y stage 21 is controlled, alignment of the two
pairs of alignment marks is conducted (state of Fig. 4c),

and alignment is concluded.

After alignment of the master disks and the
magnetic recording medium has been conducted in this
manner, magnetic transfer is conducted in the same manner

as in Example 1.
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pairs of alignnment marks is conducted (state of Fig. 4c), and alignnment is
concluded. After alignnment of the master disks and the nagnetic recording
medi um has been conducted in this nanner, magnetic transfer is conducted
in the sane manner as in Exanple 1. 26 Advantageous Effects of the

I nvention As descri bed above, in the present invention, alignnment of the
magnetic pattern of the surface-use master disk of the magnetic recording
medi um and the magnetic pattern of the undersurface-use nmaster disk
becones possible. Thus, for exanple, even if the reading and witing
cylinders are changed fromsurface to wundersurface or fromundersurface to
surface, eweandabaouseddifagtand fwWthki ngvehi®ohs enabl ed without the tine
until position stabilization of the HSA being greatly changed. 27 d ains
1. Master disks Aor acsBgnBEHC BBEOE(I NGnMEdhYM PGRERMSI NGivRRaich , Of
master di sks having regions of magnetic patterns forned therein and having

al i gnnent a1MRmkentsabd magaethggRati 8l NsatfePe Mp@natjLalduyradcanstkerred to
t he magnetic recordi ng nmedium and sa

master disk of the magnetic recording medium and the
magnetic pattern of the undersurface-use master disk
becomes possible. Thus, for example, even if the reading
and writing cylinders are changed from surface to
undersurface or from undersurface to surface, even data

reading and writing time is enabled without the time until

position stabilization of the HSA being greatly changed.
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alignment marks for alignnent being disposed on the master disks outside
the regions of the magnetic patterns. 2. The master disks for a magnetic
recording medium of claiml, wherein at |east two alignment marks are
formed on each of the pair of master disks. 3. The nmaster disks for a
magneti c recording medium of claim?2, wherein the at |east two alignnent
mar ks are symetrically disposed with respect to reference points of the
magnetic patterns. 4. The naster disks for a magnetic recordi ng nedium of
any of clainms 1 to 3, wherein the alignment marks of one of the pair of
master disks and the alignnment marks of the other of the pair of nmaster

di sks havelautngal |y different shapes. 28 of any of clains 1 to 4, wherein
the master disks of the pair are optically transparent or sem -transparent
excluding the alignnment marks. 6. An alignment device conprising: a first
stage that retains one of the pair of master disks of any of clains 1 to 5

and includes orihoapnalemousERal 2pd rot ALLABRL MOVEIEAL; {dInFdang, Wi th

respect to the other of the pair of master disks facing that naster disk;
comprising a pair of master disks having regions of
magnetic patterns formed therein and having alignment
marks, said magnetic patterns to be magnetically
transferred to the magnetic recording medium, and said

alignment marks for alignment being disposed on the master

disks outside the regions of the magnetic patterns.

2. The master disks for a magnetic recording medium
of claim 1, wherein at least two alignment marks are

formed on each of the pair of master disks.

3. The master disks for a magnetic recording medium
of claim 2, wherein the at least two alignment marks are
symmetrically disposed with respect to reference points of

the magnetic patterns.

4. The master disks for a magnetic recording medium
of any of claims 1 to 3, wherein the alignment marks of
one of the pair of master disks and the alignment marks of
the other of the pair of master disks have mutually

different shapes.
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a second stage that retains the magnetic recording nedium between the pair
of master disks and includes an orthogonal novenent function with respect
to the pair of master disks; and observing neans for observing the
positions of the alignment marks of the pair of nmaster disks and an end
surface position of an inner periphery or an outer periphery of the
magnetic recording medium 7. The alignnent device of claim®6, wherein the
observing neans includes first observing neans for observing only the

positions oFf driie &f | gnaens markks 0Of dhe-pa reed naster ddsgksorarthesecond
observing neans for observing the positions 29 of the alignnment marks of

the pair @himastgredi sdistianyh the t%%%s%@&%%%e posi t i ioft Ahedarer
peri phery or the outer periphery of the magnetic recording nedium 8. An

al i gnment Rthed ngORRE Si1Agnmehthagenal.ly noving and rotatingly noving one
master disk in a state where the pair of master disks of claim5 face each
ot her, sinultaneously observing the alignnment marks of the pair of naster
disks with first observing nmeans, matching the alignnment nmarks between the

6. An alignment device comprising:

a first stage that retains one of the pair of
master disks of any of claims 1 to 5 and includes
orthogonal movement and rotational movement functions with
respect to the other of the pair of master disks facing
that master disk;

a second stage that retains the magnetic recording
medium between the pair of master disks and includes an
orthogonal movement function with respect to the pair of
master disks; and

observing means for observing the positions of the
alignment marks of the pair of master disks and an end
surface position of an inner periphery or an outer

periphery of the magnetic recording medium.

7. The alignment device of claim 6, wherein the

observing means includes
first observing means for observing only the

positions of the alignment marks of the pair of master

disks, and

second observing means for observing the positions
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pair of master disks, observing, with second observing neans, the
alignment marks of the pair of master disks and an inner peripheral or
outer peripheral end surface of the nmagnetic recording nedi um positioned
between the pair of nmaster disks and, on the basis of the observation
results, orthogonally noving and aligning the nmagnetic recording nedium
Wth respect to the pair of master disks. 9. An alignnent nethod
conprising: in a state where the position of one of the pair of master
di sks of ardy tok elldiomsebtt madkiss offi xéek, pebiserfi mgsttehe ddlsikgnrmeat timer ks of
t he one master disk with observing neans, observing, wth observing neans,
an i nner ¥0dpenimiweral posioiuber opertihehdamalerence sisiiace ot the mageetic
recordi ng nmedi um positioned above the one naster disk, referencing the
observat i preriehelrts cdndhebsepviatiion recesdlihg akdtibha.al i gnment marks of the
one master disk, orthogonally noving and aligning the nmagnetic recording
mediumwi th respect to the one master di sk, observing, wi th observing
means, the alignment narks of the other of the pair of magnetic disks
posi tioned abovesgt henmagnghiént eaet HbAdcHmEE U ng :
orthogonally moving and rotatingly moving one

master disk in a state where the pair of master disks of

claim 5 face each other, simultaneocusly observing the

alignment marks of the pair of master disks with first

observing means, matching the alignment marks between the

pair of master disks,

observing, with second observing means, the

alignment marks of the pair of master disks and an inner

peripheral or outer peripheral end surface of the magnetic

recording medium positioned between the pair of master

disks and, on the basis of the observation results,

orthogonally moving and aligning the magnetic recording

medium with respect to the pair of master disks.

9. An alignment method comprising:

in a state where the position of one of the pair of
master disks of any of claims 1 to 4 is fixed, observing
the alignment marks of the one master disk with observing
means,

observing, with observing means, an inner
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[ [ tion results of the
referencing the observation results and observa _ _
alei gnnment gnr ks of the one master disk, orthogonally noving or rot atldngl y
noving the other master disk with respect to the one master disk, an t
mat ching the positions of the alignnent marks between the pair of naster

di sks. 31

peripheral or outer peripheral end surface of the magnetic
recording medium positioned above the one master disk,
referencing the observation results and observation
results of the alignment marks of the one master disk,
orthogonally moving and aligning the magnetic recording
medium with respect to the one master disk,

observing, with observing means, the alignment
marks of the other of the pair of magnetic disks
positioned above the magnetic recording medium,
referencing the observation results and observation
results of the alignment marks of the one master disk,
orthogonally moving or rotatingly moving the other master
disk with respect to the one master disk, and matching the
positions of the alignment marks between the pair of

master disks.
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