MASTER DI SK FOR MAGNETI C PRI NTI NG AND MANUFACTURI NG METHOD THEREOF
Technical Field of the Invention The present invention relates to a naster
disk for nmagnetic printing and a nanufacturing nmethod thereof and, nore
in detail, to a master disk for magnetic printing which is provided so as
to wite servo signals for positioning a head or specified data onto a
surface of a magnetic disk by wusing magnetic printing technol ogy, and a
manuf acturing nethod thereof. The head carries out witing of data
to/reading%Pf witten data fromthe surface of the nmagnetic recording disk

in a har dY@PSRRAPIVE EREr ¥PREFTLF FPEAEIANG AYD HENFRACEBRINGWIERTPRe
magneti c recording disk using a nagnetic filmas a recording nmateri al
whi ch dri VE€E&EPFently becomes main stream as external storage of a
conmputer. Prior Art In the above-described HDD, recording and reproducing
of data are carried out while a magnetic head is nade floated on a surface
of a rotating magnetic disk as a magnetic recording nmediumby a floating
mechani smlkgowicad &islliddef thet Angedisbance of several tens nanoneters
kept fromthe surface of the disk. On the magnetic recording nedium bit
informati on i s sTheedrenedat anveatksnamedrded ito conoestercdisk for
magnetic printing and a manufacturing method thereof and,
more in detail, to a master disk for magnetic printing which
is provided so as to write servo signals for positioning a
head or specified data onto a surface of a magnetic disk by
using magnetic printing technology, and a manufacturing
method  thereof. The head carries out writing of data
to/reading of written data from the surface of the magnetic
recording disk in a hard disk drive (hereinafter referred to
as an “HDD”) with the magnetic recording disk using a

magnetic film as a recording material which drive currently

becomes main stream as external storage of a computer.

Prior Art

In the above-described HDD, recording and reproducing
of data are carried out while a magnetic head is made floated
on a surface of a rotating magnetic disk as a magnetic
recordingv medium by a floating mechanism known as a slider
with a distance of several tens nanometers kept from the
surface of the disk. On the magnetic recording medium, bit

information is stored in data tracks arranged in concentric



1 circles on the magnetic recording nmedium The data recording/reproducing
head is noved and positioned at a high speed onto a target data track on
the magnetic recording nmediumto carry out recordi ng and reproduci ng of
the data. On the surface of the magnetic recording nedium positioning
signals (servo signals) for detecting a relative position of the head to
the data track are witten in concentric circles for making the head
carrying out recording and reproduction of data detect its own position

at fixed ti.ne.interval The _seryo signal is witten by usjng
specializéﬁlégﬁfbeOﬁno%ﬁeasmﬁg§8¥§8 FEEF &P ler " AR ragnetic ?E%@rding
mediumis nounted in an QPD.devbce so that the center of the witten servo
signal cald$SESTTINHEEBFOAEETY PEAENES (it 5K PRELFAGhEE & re ng
medium (or the center of the orbit of the head). At present, a recording
density i PPE£SHevePoPment G dedac e Up b U0 ERXE 2 Tas@ I Hihg wi th
this, a recordin density is increasing at an annual rate of 60%
Acconpani€@leFt%ctﬁP§FYtﬁétdéﬁ§PF9169 PRE $6PFeJ8rdgRdl of ofhehdahaad
detecting its own position is increasing and the witing tinme of the servo
signal also tends to increase year by year. The increase in the witing

time of the servo signal becones
On the surface of the magnetic recording medium,

positioning signals (servo signals) for detecting a
relative position of the head to the data track are written
in concentric circles for making the head carrying out
recording and reproduction of data detect its own position
at fixed time intervals. The servo signal is written by
using a specialized device known as a servo writer after
the magnetic recording medium is mounted in an HDD device
so that the center of the written servo signal causes no
eccentricity to the center of the magnetic recording medium

(or the center of the orbit of the head).

At present, a recording density in a development stage
reaches up to 100Gbits/in? and, along with this, a recording
density is increasing at an annual rate of 60%. Accompanied
with this, the density of the servo signal for the head
detecting its own position is increasing and the writing
time of the servo signal also tends to increase year by year.
The increase in the writing time of the servo signal becomes

one of the major causes of bringing reduction in



one of the mmjor causes of bringing reduction in 2 productivity and
increase in cost of the HDDs. Recently, in contrast with the

above-descri bed nethod of witing the servo signal using a witing head of
the servo witer, a technol ogical developnent is carried out about a
met hod for far reducing the witing time of servo information by witing
the servo signal in a lunp by magnetic printing. Figures 3 (a) to 3 (c)
and Figures 4 (a) and 4 (b) are views for explaining a nagnetic printing

technol ogy. Fjgures 3(a) ,too 3(c) are views for explaining process steps of
nmagnet i c %prrol Ucrjrd’ﬁtr}’( f?%glﬁl&rlge@sree&& FOTg medithm PBP§ures 4(a) and  4(b)
are views for explaining the principle of the nmagnetic printing in the

magneti c recording medium Figure 4(a) is a viewfromthe direction of a
cross section of a substrate, a state in which a permanent nmagnet noves
on the surface oRe5eRhgHet it TRUGTA hy IFddithm RPY e~ deehi PR Asthas

di stance (1mmor |ess) thereto. A magnetic film 42 deposited on a
substrate 1 FEiFiRG athBgnEiee rsdededi ntpimsdiaum4ding ihdiad #1 ythiot in a
state of being magnetized in a definite direction. However, the film42 is
magnet i zedS94Yx hevdefphrte dis@sdmoiselh dewkkbyenenigniet iafiipd out

about a method for far reducing the writing time of servo
information by writing the servo signal in a lump by magnetic

printing.

Figures 3(a) to 3(c) and Figures 4(a) and 4 (b) are views
for explaining a magnetic printing technology. Figures 3(a)
to 3(c) are views for explaining process steps of magnetic
printing 1in a magnetic recording medium. Figures 4 (a) and
4 (b) are views for explaining the principle of the magnetic

printing in the magnetic recording medium.

Figure 4(a) is a view from the direction of a cross
section of a substrate, a state in which a permanent magnet
moves on the surface of a magnetic recording medium while
keeping a fixed distance (lmm or less) thereto. A magnetic
film 42 deposited on a substrate 41 forming a magnetic
recording medium 40 is initially not in a state of being
magnetized in a definite direction. However, the film 42 1is
magnetized in the definite direction by a leakage magnetic flux

from the gap of a permanent magnet 43 (arrows drawn in the



fromthe gap of a permanent nmagnet 43 (arrows drawn in the 3 magnetic film
in the drawing indicate the direction of nmagnetization). The step is
referred to as an initial denagnetization step. The initial

dermagneti zation step shown in Fig. 4(a) <corresponds to an initial
demagneti zation step showmmn in Fig. 3 (a) . An arrowin Fig. 3 (a)
represents the noving path of the permanent magnet 43 in Fig. 4 (a) , by
whi ch nmagnet the nmagnetic film42 is uniformy nagnetized. Figure 3(b) is
a view showng a state in which a master di sk for nmagnetic printing
(hereinafF@ﬂnﬁgﬂérr%HlWojéb e neldedii ngi skn§ifate aitdeondtFRCt Heynéti ¢
recording mediumto carry out positioning. Figure 3(c) is a view show ng a
state of ERONFItAGSdCIAagnetNe SHEbht g 1Rf Briadyi By Hife dAst@itdiddk into
intimate contact wth the surface of the magnetic recordi ng medi um and by

novi ng t hélepaeorendre thegnétePer magnetic printing along the noving path in
the figure (shown by an arrow). Moreover, Fig. 4 (b) is a view showi ng the
step of witing a printing pattern, and corresponds to Fig. 3(c). The
master disk has a structure in which, as shown in the figure, soft
magnetic films (Cbbaliniftasil gyemebhenngattpe bickpsphédanarie Fegbedded on the
side of a face of a silicon substrate 45

corresponds to an initial demagnetization step shown in Fig.

3(a). An arrow in Fig. 3(a) represents the moving path of the

permanent magnet 43 in Fig. 4 (a), by which magnet the magnetic

film 42 1is uniformly magnetized. Figure 3(b) is a view

showing a state in which a master disk for magnetic printing

(hereinafter referred to as a “master disk”) is laid on the

magnetic recording medium to carry out positioning. Figure

3(c) is a view showing a state of carrying out magnetic

printing by bringing the master disk into intimate contact

with the surface of the magnetic recording medium and by

moving the permanent magnet for magnetic printing along the

moving path in the figure (shown by an arrow).

Moreover, Fig. 4 (b) is a view showing the step of writing
a printing pattern, and corresponds to Fig. 3(c). The master
disk has a structure in which, as shown in the figure, soft
magnetic films (cobalt family soft magnetic films) 44 are
embedded on the side of a face of a silicon substrate 45

contacting the surface of the magnetic recording medium 40.



contacting the surface of the magnetic recordi ng nedium40. 4 As shown in
Fig. 4 (b) , intervention of the substrate, enbedded with patterns of the
soft magnetic filnms, between the permanent magnet 43 and the magnetic
recording nmedium 40, allows the | eakage magnetic flux fromthe permanent
magnet 43 that entered the silicon substrate 45 (the direction of a
magnetic field for witing printed signal is opposite to the direction of
the magnetic field for denagnetization) to pass through the silicon
substrate 45 again and nagnetize the netic film42 at a _position

nma

Wi t hout the softAﬁaﬁﬁ%W?chiﬁﬁﬂﬂ44fbﬂowéﬁgﬁfvﬁptéoﬁa?¥ Wie P Uhseddifece of the
sof t nagnetichattern the | eakage magnetic flux passes through the soft
magnet i ¢ FRdEEds oWASht BREBR RIS 20 Fralget $RL BiTRIRY T F tHE Itsi 4%
resistance. This makes the Ieakage magnetic flux fromthe silicon
substrat e th85 BeEBABCERmIMadeta fosPhPoRn®i PATEAEL S ofeCaRdiiet iMeFiutm 44,
by which no witing by magnetization is carried out. Wth the nmechanism as
above, nadfet iad sty brakire saramsignalflus dqom dédicomermmngurtes 5(a)
to 5(e) are views for explaining the nmanufacturing process steps of the
mast er di FRdnietth 43 g. thet( a)entwwidg the stidpa appbyirmgta Aésicthe Fig. 5
(b) show ng

direction of a magnetic field for writing printed signal is

opposite to the direction of the magnetic field for

demagnetization) to pass through the silicon substrate 45

again and magnetize the magnetic film 42 at a position

without the soft magnetic film 44. However, at a part with

presence of the soft magnetic pattern, the leakage magnetic

flux passes through the soft magnetic film 44 so as to form

a magnetic circuit with low magnetic resistance. This

makes the leakage magnetic flux from the silicon substrate

45 become small at a position with the soft magnetic film 44,

by which no writing by magnetization is carried out. With

the mechanism as above, magnetic printing of the servo signal

is carried out.

Figures 5(a) to 5(e) are views for explaining the
manufacturing process steps of the master disk with Fig.
5(a) showing the step of applying a resist, Fig. 5(b) showing
the step of patterning the magnetic pattern, Fig. 5(c)
showing the step of etching the silicon substrate, Fig. 5(d)

showing the step of sputtering soft magnetic material, and



the step of patterning the magnetic pattern, Fig. 5(c) showi ng the step of
etching the silicon substrate, Fig. 5(d) showing the step of sputtering
soft magnetic material, and 5 Fig. 5(e) showing the step of lift-off. In
the foll ow ng, explanation will be made specifically about each step. First
step: On the surface of a silicon substrate (substrate thickness of about
500m 51, a resist (thickness of 1.2m 52 is applied by using a spin
coater (Fig. 5(a)) Thereafter, patterning is carried out to the resist 52
pti cal Ilthography nmethod simlar to that _.in

|
manuf Aot uEHY. o o RIS G (o ‘Se tgndudtorhe Bog 1O8EBP: The

resist 52 is used as a mask for etching in _a second steg and is of a
mat eri al @?pﬁéﬁéFé@nf&&#ﬁybﬁhméﬁe ?geﬁé€l§éléﬂréﬁ@u5gﬁﬁﬁ t SeERhi ng.
Therefore, it is inmportant for the resist 52 to have such a thickness that
the resist 52 does not disappear even by etching. Second step: By
enpl oying a reactive plasma-etching nethod (reaction gas: nethane
trichloride), thBispti eérp:sulistklag essrfpsesldj ezt edlieodr pubséhiang to the
depth of 500nm (Fig. 5(c)). Third step: By enploying a sputtering nethod,
deposi ti ol sebsa radkt thagkeeses 61 lahdB G00Qm)i Slcan riewi out(thyickness

of 1.2um) 52 is applied by using a spin coater (Fig. 5(a)).

Thereafter, patterning is carried out to the resist 52 by

employing an optical lithography method similar to that in

a manufacturing method of a normal silicon semiconductor

(Fig. 5(b). The resist 52 is used as a mask for etching in

a second step, and is of a material of novolak family which

is not so strong against etching. Therefore, it is important

for the resist 52 to have such a thickness that the resist 52

does not disappear even by etching.

Second step: By employing a reactive plasma-etching
method (reaction gas: methane trichloride), the silicon
substrate 51 1is subjected to dry etching to the depth of

500nm (Fig. 5(c)).
Third step: By employing a sputtering method,
deposition of a soft magnetic film 53 of Co is carried out by

a thickness of 500nm (Fig. 5(d)).

Fourth step: After the deposition of the Co soft



a thickness of 500nm (Fig. 5(d)). Fourth step: After the deposition of the
Co soft 6 magnetic film53, the silicon substrate 51 is imersed in a

sol vent that dissolves the resist 52 (while enploying ultra sound and the
i ke as necessary), by which the resist 52 between the Co soft magnetic
filmb53 and the silicon substrate 51 is dissolved to be renoved (Fig.
5(e)). Oficial gazettes describing prior art relating to the invention are
shown as follows. The art described in the patent JP-A-2001-34938 relates
to a master infqormation _carrjer, by which high densjty infornation signals
can be unfP&MY Ca &lgkégvyth?eéb}gﬁano%%?ng%t%h%1el?a%%p%ﬁsgﬁ mégiet i c
recordi ng nedium _and a manufacturing nmethod of the carrier. The carrier
is provi d8dViFEth tiadufdEratEcantne Feft dhaghet Tl thisnFlaH GQidpdsed on
the substrate so as to forma pattern arranged to correspond to a magnetic
pattern wiSRChea8dr f hBe éfket RE PeFesFaghetri &Yf Whvchaddcapsedsitnetlel v
flat. Moreover, the art described in International Publication No.00/26904
Panmphl et m&itares toe Lometernagfor hatiidm edraidithgndl bicomgndsitaatecor di ng

nmet hod using the carrier, in which a figure pattern corresponding to an
arrangene@ﬂ gfs dissolved to be removed (Fig. 5(e)).

Official gazettes describing prior art relating to

the invention are shown as follows.

The art described in the patent JP-A-2001-34938
relates to a master information carrier, by which high
density information signals can be uniformly and stably
recorded over the whole face of a magnetic recording medium,
and a manufacturing method of the carrier. The carrier is
provided with a substrate and a ferromagnetic thin film
disposed on the substrate so as to form a pattern arranged
to correspond to a magnetic pattern with the surface of
the ferromagnetic film made approximately flat. Moreover,
the art described in International Publication No.00/26904
Pamphlet relates to a master information carrier and a
magnetic recording method wusing the carrier, in which a
figure pattern corresponding to an arrangement of
information signals for being recorded in a magnetic
recording medium 1is provided by an arrangement of

ferromagnetic thin films deposited on the surface of a



information signals for being recorded in a magnetic recording nediumis
provi ded by an arrangenent of ferromagnetic thin filnms deposited on the
surface of a 7 non-magnetic substrate. Problens to be Sol ved by the

I nvention Figures 6(a) and 6(b) are views show ng shapes of servo patterns
with Fig. 6(a) showing a part of the servo pattern. In the figure, regions
surrounded by cl osed curves (although the Iines, being magnified in the
figure, look like straight lines, they are actually curved |lines) show
areas in which soft m e%ic films are formed. Figure 6(b) shows patterns
of contenP?p—Wﬁgpﬁ§lFi§%g§,rF@&rons surrounded by closed curves (although
the lines, being magnified in the figure, ook |like straight |ines, they
are actually curved lines) show areas in which soft nmagnetic filnms are
fornmed. Line widths of the patterns range from1l line to several lines. In

order to &&PPYEBEt tRadfeticd VEF RYi h§CoflNVERELISBrvo patterns, the sane
patterns as the servo patterns nust be forned on a master disk as patterns
of soft magneticFi¥RragE. 6The BRAcRABLsase VREWSof BhAHuyRet i FRI i°d very
inportant. A thin filmthickness causes nmagnetic saturation when a

nmagnet i c fSicdV@® t BabeepREnteth Fppl§ €, showing a part of the servo

pattern. In the figure, regions surrounded by closed curves
(although the lines, being magnified in the figure, look like
straight lines, they are actually curved lines) show areas in
which soft magnetic films are formed. Figure 6(b) shows
patterns of contents. In the figure, regions surrounded by
closed curves (although the lines, being magnified in the
figure, 1look like straight lines, they are actually curved

lines) show areas in which soft magnetic films are formed.

Line widths of the patterns range from 1 line to
several lines. In order to carry out magnetic printing of
the servo patterns, the same patterns as the servo patterns
must be formed on a masterdiskaspatternsof softmagnetic
films. The thickness of the soft magnetic film is very
important. A thin film thickness causes magnetic
saturation when a magnetic field to be printed is applied,
which results in leakage of a magnetic flux to the magnetic
recording media facing the soft magnetic film. This, in the
worst case, causes inversion in magnetization to produce a

problem that makes a region where the data must be “0” have



which results in | eakage of a magnetic flux to the magnetic recording
nmedia facing the soft magnetic film This, in the worst case, causes
inversion in magnetization to produce a problemthat makes a regi on where
the data nust be "0" have 8 data of "1". Figures 7(a) and 7(b), and Fi gures
8(a) and 8(b) are views each show ng magnetic field strength distributions
around the magnetic filmof a magnetic recording nmediumat printing with
Fig. 7(a) showing magnetic field strength distributions on the surface of
a magnetic recordiqg medium in the case of (P =1.4, W=0.7m , Fig. 7
(b) shomnﬁﬁ'ﬁaﬁ eti field strength distributions on the surface of a
magnetic recording nediumin the case of (P = 0.4, W= 0.2m, Fig. 8(a)
showi ng magnetic field strength distributions on the surface of a magnetic
recording nmediumin the case of (P = 7, W= 0.35n, and FI%B 8(b)
showi ng magneti cFfgeras sfeemytd Hi%kii%ﬂﬁi?ﬁﬁ#%ﬁﬁt&i )s caddXaf 2a&Smagnet i c
recording nediumin the case of (P =0.2, W= 0.1n) where P is pitch of
the soft WagWsti €3N ighaying vﬁl@l@lhemcméeé@ftstrm@ﬁét i s idpu tigms] y
Figs. 7(a) and 7(b), and Figs. 8(a) and 8(b) are views each show ng
magneti c ﬁn@M@dsﬁm@ng@mnetic film of a magnetic recording medium at

printing with Fig. 7(a) showing magnetic field strength

distributions on the surface of a magnetic recording medium

in the case of (P=1.4, W= 0.7um), Fig. 7(b) showing magnetic

field strength distributions on the surface of a magnetic

recording medium in the case of (P = 0.4, W = 0.2um), Fig.

8(a) showing magnetic field strength distributions on the

surface of a magnetic recording medium in the case of (P =

0.7, W = 0.35um), and Fig. 8(b) showing magnetic field

strength distributions on the surface of a magnetic

recording medium in the case of (P = 0.2, W = 0.1lum) where P

is pitch of the soft magnetic film, W is width of the soft

magnetic film.

Namely, Figs. 7(a) and 7(b), and Figs. 8(a) and 8 (b)
are views each showing magnetic field strength
distributions at the magnetic film of a magnetic recording
medium with a printing magnetic field kept constant and the
width (the pattern width) and the film thickness of the soft
magnetic film of the master disk made varied. When printing

is carried out, the magnetic field strength must be 4kOe or



distributions at the magnetic filmof a magnetic recording nmediumwth a
printing magnetic field kept constant and the wdth (the pattern w dth)
and the filmthickness of the soft nagnetic filmof the master di sk nade
varied. Wien printing is carried out, the magnetic field strength nust be
4kCe or 9 nore in a region where magnetization is nmade inverted and nust
be 2kCe or less in a region where nagneti zation is not made inverted. The
t hi ckness of the soft magnetic filmfor satisfying the conditions becones
as follows. Pattern width: 0.7m-> Thickness of the soft magnetic film
0.20m or FE¥€ Pat t®r ASG@hWvhergswroseThrekhessipfmadre igufartmsgredi c film
0.20mor nore Pattern width: 0.2m-> Thickness of the soft magnetic film
0. 075m or Mysite bepakPer arwl@sh: 10. & nredidhi wheres snafnathie adfan egmetti ¢ film
0. 050m or nore Wien the pattern width of the servo patternis from 0.1 to
0. 7m t he melieckhwegtefd .t hEhsothipkgees i ¢f filen st essintadtias ftidmbéod. 20m or
nore for causing no magnetic saturation in all of the regions.
Practi cal Isptilsdwever thewictolidd tiiiohm bercomietorsi fyplapbiwsen in a phot o- process
and
Pattern width: 0.7pm —
Thickness of the soft magnetic film: 0.20um or more
Pattern width: 0.35um —
Thickness of the soft magnetic film: 0.20pum or more
Pattern width: 0.2pum —
Thickness of the soft magnetic film: 0.075um or more
Pattern width: 0.lpm —

Thickness of the soft magnetic film: 0.050um or more

When the pattern width of the servo pattern is from

0.1 to 0.7um, the thickness of the soft magnetic film

necessitates to be 0.20pm or more for causing no magnetic

saturation in all of the regions. Practically, however,
within film nonuniformity arisen in a photo-process and
deposition of the soft magnetic film must be taken into
consideration. Therefore, the thickness of the soft
magnetic film necessitates to be 0.30um or more. Cross
sectional shapes in each of which a Co soft magnetic film is
embedded in a groove etched in a photo-process are shown in
Figs. 9(a) to 9(g), anda relationship between groove width

and film thickness at the groove section is shown in Fig. 10.
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deposition of the soft magnetic filmnust be taken into consideration.
Therefore, the thickness of the soft nagnetic filmnecessitates to be
0.30mor nmore. Cross sectional shapes in each of which a Co soft magnetic
filmis enbedded in a groove etched in a photo-process are shown in Figs.
9(a) to 9(g), and a relationship between groove width and filmthickness
at the groove section is shown in Fig. 10. 10 Figure 9(a) is a view show ng
a 0.5m groove width section, Fig.9(b) section, Fig.9(c) section,Fig.9(d)
section, Fig.9(e) section,Fig.9(f) is a view showing a 1.0mgroove width is
a vi ew showi ng aF19&ne g? 6dvel@di dehvies ghoWéengshoWi- AYMaIZo0egeeve wi dth
is a view showing a 2.5mgroove wdth is a view showi ng a 3.0m groove
wi dt h sectseoiiocand Fig. 9(Bh) diss aa wieaw sivouing aa 13.0p8magoovee wawiddhh
section. In the figures, reference nuneral 91 denotes a silicon substrate,
92 denot eseatiesi stiiandd 98) denptaesriew stfawimggretli.Opfu lgmoove width
section, Fig. 9(d) is a view showing a 2.0pm groove width
section, Fig. 9(e) 1is a view showing a 2.5um groove width
section, Fig. 9(f) 1is a view showing a 3.0pum groove width
section, and Fig. 9(g) is a view showing a 3.5um groove width
section. In the figures, reference numeral 91 denotes a
silicon substrate, 92 denotes a resist, and 93 denotes a

soft magnetic film.

From Fig. 9 and Fig. 10, it is known that as the groove
width becomes smaller, thickness nonuniformity of the soft
magnetic film deposited in the groove becomes noticeable.
In Fig. 10, it is shown that the nonuniformity becomes not
negligible for groove widths of lum or less and there is a
problem in that the narrower the pattern width becomes, the
more difficult it becomes to embed the soft magnetic film in
a deep groove. Therefore, a method of manufacturing a master
disk is long awaited which facilitates magnetic printing

even for groove widths of lum or less.
In view of such a problem, the invention was made

with an object of providing a master disk for magnetic

printing that enables control of an aspect ratio of a width

11



FromFig. 9 and Fig. 10, it is known that as the groove w dth becones
smal l er, thickness nonuniformty of the soft magnetic filmdeposited in
t he groove becones noticeable. In Fig. 10, it is shown that the
nonuni form ty becones not negligible for groove widths of 1mor |ess and
there is a problemin that the narrower the pattern w dth becones, the
nore difficult it becones to enbed the soft magnetic filmin a deep
groove. Therefore, a nethod of manufacturing a naster disk is |ong awaited
which facilitates magnetic printin even for groove widths of Imor |ess.
In view oPIsuch ad9provteis -t e feRENt FHRTRAS, mads! QM aNibbj &6 Sof
providing a master disk for magnetic printing that enables control of an
aspect ratfifgidftatgisdt RPedsing gridoved vssofdt deprdnethict ebf lmapd &bhéng with
this, facilitates enbedding of a soft magnetic filmin the groove for
stabilizi 9FoRagnefPE pralnt hbiing ynagnethiec musindrabidiisky ahdhe masitifact uring
nmet hod of the master disk. Means for Solving the Problens In order to
acconpl i skliskehaand ebjpesufacheringenecicbnd a§ thai medten diakm 1 is
characterized in that, in a master disk for form ng a nagnetic pattern in
a magnetic recording medium by magnetic printing, at |east two or nore
ki nds of

Means for Solving the Problems

In order to accomplish such an object, the invention

as claimed in claim 1 is characterized in that, in a master

disk for forming a magnetic pattern in a magnetic recording

medium by magnetic printing, at least two or more kinds of

depths 0of grooves for embedding magnetic materials are

provided on a substrate of the master disk.

The invention as claimed in claim 2 is characterized
in that, in the invention as claimed in claim 1, the depth of
the groove for embedding the magnetic material 1is
proportional to a pattern width in a sector direction of a

servo pattern.

The invention as claimed in claim 3 is characterized
in that, in the invention as claimed in claim 2, the depth of
the groove for embedding the magnetic material is made
shallow 1in a region where the pattern width of the servo
pattern is narrow and made deep in a region where the

pattern width is wide.

12



dept hs of grooves for enbedding nagnetic materials are provided on a
substrate of the master disk. The invention as clainmed in claim2 is
characterized in that, in the invention as clainmed in claim1, the depth
of the groove for enbedding the magnetic material is proportional to a
pattern width in a sector direction of a servo pattern. The invention as
claimed in claim3 is characterized in that, in the invention as clained
inclaim2, the depth of the groove for enbedding the nagnetic nmaterial is
made shallow in a region where the pattern width of the servo pattern is
narrow and nmade dBepinveatienidn Gheteed htd paierh i @rbestfirdecd 2 The
invention as clainmed in claim4 is characterized in that, in the invention
as cl ai medn fhatai i Xhe Havgeptilprofs chelgedove Fleirerbedde rderRHe afagneti c
material is mude varied in stepwise with respect to the pattern width. The
i nventi on the clogiawsd | @l aignsdding neltdodaghet hanubaeririlng sa medst er di sk
for magnetic printing and is characterized in that the groove for

enbeddi ng viehe esadmetsitepwimttemiidlh assgleaitnéd itheapptopenofvicdithim 1 to 4 is
formed by repetition of photolithography.

The invention as claimed in claim 5 is a method of
manufacturing a master disk for magnetic printing and is
characterized in that the groove for embedding the magnetic
material as claimed in any one of claim 1 to 4 is formed by

repetition of photolithography.

With respect to the above-described subject, the
problem caused at the deposition can be eliminated by taking
measures that make the depth of the groove for embedding the
soft magnetic film in the silicon substrate of the master
disk varied depending on the pattern width of the soft
magnetic film in the sector direction. The depth of the
groove is not required to be varied in an analog way, but may
be varied stepwise. When classification of the depths of the
grooves 1s determined with the magnetic field strengths
shown in Figs. 7(a) and 7(b) and Figs. 8(a) and 8 (b) taken as
examples, the depths can be classified into two groups, 0.075um
or more depths for the grooves with the pattern widths being
0.1 to 0.2pum, and 0.2um or more depths for the grooves with

the pattern widths being 0.35 to 0.7pum. For forming grooves
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Wth respect to the above-descri bed subject, the problemcaused at the
deposition can be elimnated by taking neasures that nmake the depth of the
groove for enbedding the soft magnetic filmin the silicon substrate of
the master disk varied depending on the pattern width of the soft

magnetic filmin the sector direction. The depth of the groove is not
required to be varied in an anal og way, but may be varied stepw se. Wen
classification of the depths of the grooves is determined with the
magnetic field strengths shown in Figs. 7 (a) and 7 (b) and Fi 8 (a)
and 8 (b) "i&kehH BereXafEPEss tHee ééﬁtsﬁss‘é%ﬁlaﬁlé‘ hassicrredsier 6 % gr oups,
0.075m or nore depths for the grooves with the pattern widths being 0.1

to 0.2m &mdFag2nPofafpPe HePERASefdY ERBL§rdoves. wiHWete pacfetRew dt hs
being 0.35 to 0.7m For formng grooves 13 with different depths, the first
step and PWecescohd Baep Shownturn Frgn Bheastrdand efeat ddl ;th@arfrllré@ out .
However, when the process is made to return fromthe second step to the
first st@ﬁﬁﬂ,iﬂnfﬁfbféfOﬁhéheegb§ﬂstsiﬁeoessasyryBrief Description of the
Drawings Fig. 1 are views show ng shapes of servo patterns and shapes of
grooves for enbedding soft magnetic films in the invention with (a) and
(b) being views show ng the shapes of

Brief Description of the Drawings

Fig. 1 are views showing shapes of servo patterns and

shapes of grooves for embedding soft magnetic films in the

invention with (a) and (b) being views showing the shapes of

the servo patterns, and (c) and (d) being views showing the

shapes of the embedding grooves.

Fig. 2 are views for explaining a manufacturing
process steps of a master disk according to the invention
with (a) showing the preparation step of a silicon
substrate, (b) showing the application step of a resist, (c)
showing the patterning step of a magnetic pattern with a
narrow line width, (d) showing the etching step of the
silicon substrate, (e) showing the removing step of the
resist, (f) showing the application step of a resist, (g)
showing the patterning step of a magnetic pattern with a
wide line width, (h) showing the etching step of the silicon
substrate, (i) showing the removing step of the resist, (Jj)
showing the deposition step of a soft magnetic film, and (k)

showing the polishing step by CMP.
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the servo patterns, and (c) and (d) being views show ng the shapes of the
enbeddi ng grooves. Fig. 2 are views for explaining a manufacturing process
steps of a master disk according to the invention wth (a) showi ng the
preparation step of a silicon substrate, (b) show ng the application step
of aresist, (c) showing the patterning step of a magnetic pattern with a
narrow line width, (d) show ng the etching step of the silicon substrate,
(e) showing the renoving step of the resist, (f) showi ng the application
step of a resist, (g) showng the patterning step of a magnetic pattern
with a wde |ineleu dt h2) (49 (ShMhgiehe e ehiRgadtepIdtr e HeSsiSIteesn
substrate, (i) showing the renoving step of the resist, (j) show ng the
deposi ti oefsmagnetis psftntangneni @ MROAPLAARMTERPrdsReWIAGIERe pol i shing
step by CWP. 14 Fig. 3 (a) to (c) are views for explaining process steps of
magnetic printing in a magnetic recording nedium Fig. 4 (a) and (b) are
views for explaining the principle of the magnetic printing in the
magneti ¢ recordi Agg. médi@h &*Fig. (b) arere ewsidwar Bxpl akpilagnihe the
manuf acturing process steps of manufacturing the master disk with (a)
principle of the magnetic printing in the magnetic recording

medium.

Fig. 5 are views for explaining the manufacturing
process steps of manufacturing the master disk with (a)
showing the step of applying a resist, (b) showing the step
of patterning the magnetic pattern, (c) showing the step of
etching the silicon substrate, (d) showing the step of
sputtering soft magnetic material, and (e) showing the step

of lift-off.

Fig. 6 are views showing shapes of servo patterns
with (a) showing a part of the servo pattern and (b) showing

patterns of contents.
Fig. 7(a) and (b) are views (1) each showing a
magnetic field strength distributions on a surface of a

magnetic film at printing.

Fig. 8 (a) and (b) are views (2) each showing amagnetic

field strength distributions on a surface of a magnetic film
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showi ng the step of applying a resist, (b) showing the step of patterning
the magnetic pattern, (c) showing the step of etching the silicon
substrate, (d) showing the step of sputtering soft nmagnetic material, and
(e) showing the step of lift-off. Fig. 6 are views show ng shapes of servo
patterns wth (a) showing a part of the servo pattern and (b) show ng
patterns of contents. Fig. 7(a) and (b) are views (1) each showi ng a
magnetic field strength distributions on a surface of a nagnetic film at
printing. Fig. 8 (a) and (b) are views (2) each showing a magnetic field
strengt h ditsorilbitiingns on a surface of a magnetic film 15 at printing. Fig.
9(a) to (g) are views each showi ng a cross section where a soft nagnetic
filmis enbedded in a recess. Fig. 10 is a view showi ng the groove w dth
dependence of the filmthickness. Mbde for Carrying Qut the Invention In
the follow ng, ekppandteonson (d) beremdeitwsa eavde fbowtagr yi ngosst t he
invention with reference to the draw ngs.

section where a soft magnetic film is embedded in a recess.

Fig. 10 is a view showing the groove width dependence

of the film thickness.

Mode for Carrying Out the Invention
In the following, explanations will be made to a
mode for carrying out the invention with reference to the

drawings.

Figures 1l(a) to 1(d) are views showing the shapes of
the servo patterns and the shapes of the grooves for
embedding soft magnetic films in the invention with Figs.
1(a) and 1l(b) being views showing the shapes of the servo
patterns and Figs. 1l(c) and 1(d) being views showing the
shapes of the embedding grooves. Figure 1l(a) and Figure
1(c) correspond to each other and Figure 1(b) and Figure 1(d)
correspond to each other. 1In the figures, reference numeral
11 denotes a silicon (Si) substrate and 12 denotes a soft

magnetic film.

A characteristic of the invention is that the width of
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Figures 1(a) to 1(d) are views show ng the shapes of the servo patterns
and the shapes of the grooves for enbedding soft magnetic filnms in the
invention with Figs. 1(a) and 1(b) being views show ng the shapes of the
servo patterns and Figs. 1(c) and 1(d) being views showi ng the shapes of
t he enbeddi ng grooves. Figure 1(a) and Figure 1 (c) correspond to each
other and Figure 1 (b) and Figure 1 (d) correspond to each other. In the
figures, reference nuneral 11 denotes a silicon (Si) substrate and 12
denotes a soft magnetic film A characteristic of the invention is that
the wi dt htér g60PKHe groddealsteqias wodthelmitdich Sarttdre Saecdd ogi péct i on of
the servo pattern and the depth is varied. Nanely, the servo pattern width
"a" in Fi ghelseayoaprtidien wingt hhecdepthtie vigrdede Fam$ly., theseave equal
to each other (a =c¢) in the sector direction with the depth "cl" of the
groove i npPRitgern(e¢}dthelaigipr Bpor ti onalandothhevisirhv o cffao f erhre wirdtolye" a" i n
Fig. 1 (a) . Meanwhile, the servo pattern width "b" in Fig. 1 (b) and the
width "d" iof Fhe.gtooveara dgpl I{d)eacte @duat (o =eagh inotther slwtord) in
the sector direction with the depth "dl" of the groove in Fig. 1(d) being
proporti onédlretcaibine setvo thEat tepnhw Yeh” "df the Kmpov bin Fig. 1(c)

being proportional to the servo pattern width “a” in Fig.

1(a). Meanwhile, the servo pattern width “b” in Fig. 1(b) and

the width “d” of the groove in Fig. 1(d) are equal to each

other (b =d) in the sector direction with the depth “d1” of

the groove in Fig. 1(d) being proportional to the servo

pattern width “b” in Fig. 1(b).

The depths are required to be those with which the
soft magnetic films have such thicknesses that no magnetic
saturation occurs due to printing magnetic fields therein.
According to the results of analyses of magnetic field
strengths on the surface of the magnetic recording medium as
shown 1in Figs. 7(a) and 7(b) and Figs. 8(a) and 8(b) by
employing a method of magnetic field analysis, following
thicknesses become necessary.

Pattern widths: 0.:35pum to O0.7pum —

Thickness of the soft magnetic film: 0.20um

Pattern width: O0.lpm to 0.2pum —

Thickness of the soft magnetic film: 0.075um
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The depths are required to be those with which the soft magnetic filns
have such thicknesses that no nagnetic saturation occurs due to printing
magnetic fields therein. According to the results of analyses of nagnetic
field strengths on the surface of the magnetic recording nmediumas shown
in Figs. 7 (a) and 7 (b) and Figs. 8 (a) and 8 (b) by enploying a nethod
of magnetic field analysis, following thicknesses becone necessary.
Pattern widths: 0.35mto 0.7m Thickness of the soft nmagnetic film 0.20m
Pattern wdth: 0.1mto 0.2m -> Thickness of the soft magnetic film 0.075m
17 The magnetic FThelHegmal sl abdanahessurdme dhe kelr fmgnetli ¢heecor di ng
medi um shown in Figs. 7(a) and 7(b) and Figs. 8 (a) and 8 (b) treat the
pattern widgnstdn yréaordeny angl um reomewn 1in tHids .7m 20 detder/mine an@o ki nds
of thicknesses of the soft magnetic film However, since servo track

addr esses Filgel-ugi¢d) iand Rdébg et voa pdthteepas tare wepries emtledibythd &abiges, t he
pattern wi dth beconmes up to 1.8m This requires further increase in the

Ki nds of tthent bi.cknesses. Qfm tHheesefrimimgnebi kifds mf Rirgwlesesde) ofo 2( k)

are process draw ngs for
the soft magnetic film. However, since servo track
addresses included in the servo patterns are represented by
18 bits, the pattern width becomes up to 1.8um. This

requires further increase in the kinds of the thicknesses of

the soft magnetic film.

Figures 2(a) to 2(k) are process drawings for
explaining a manufacturing method of a master disk
according to the invention with Fig. 2(a) showing the
preparation step of a silicon substrate, Fig. 2(b) showing
the application step of a resist, Fig. 2(c) showing the
patterning step of a magnetic pattern with a narrow line
width, Fig. 2(d) showing the etching step of the silicon
substrate, Fig. 2(e) showing the removing step of the
resist, Fig. 2(f) showing the application step of a resist,
Fig. 2(g) showing the patterning step of a magnetic pattern
with a wide line width, Fig. 2(h) showing the etching step
of the silicon substrate, Fig. 2(i) showing the removing step
of the resist, Fig. 2(j) showing the deposition step of a
soft magnetic film, and Fig. 2(k) showing the polishing

step by CMP (Chemical Mechanical Polishing).
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expl ai ning a manufacturing nethod of a master disk according to the
invention with Fig. 2(a) showing the preparation step of a silicon
substrate, Fig. 2(b) showing the application step of a resist, Fig. 2(c)
showi ng the patterning step of a nagnetic pattern with a narrow |ine
width, Fig. 2(d) showing the etching step of the silicon substrate, Fig.
2(e) showing the renoving step of the resist, Fig. 2(f) show ng the
application step of a resist, Fig. 2(g) show ng the patterning step of a
magnetic pattern with a wi de Iine wi dth, Fig. 2(h) show ng the etching
step of the silfconRBliubstidte, FP§. 2 Hh‘)t%‘mﬁ%g RereTe VRS SStep  of
the resist, Fig ) showi ng the deposition step of a soft nmagnetic film
and Fig. PEEPrLs ﬂ?éwdlngh%ﬁb GRES ol tgébeb@/ur@wr(oc-ﬁnéhﬁcbm% fibeal
Polishing). 18 A plurality of photomasks becone necessary bef or ehand whi ch
corresponéltl(!i1 theckoabeesotf tthe RpAdsnagnehec Filma thhekhesdesobithehe soft
magnetic filns (the kinds of the depths of the grooves) . Nanely, in the
exanpl e, tdde@thegairidte dkioedsshecolemehy, kimdse axphplensske algpifred a
region with the thickness of the soft nmagnetic filmbeing 0.075m and a
phot omask kdmidg foercoaer egvonkmdd, tdept dii okaels sorofy tfier softegimagnettihc fil m
being 0.20m In the follow ng, explanations

the thickness of the soft magnetic film being 0.075um, and a

photomask only for a region with the thickness of the soft

magnetic film being 0.20pum. In the following, explanations

will be made in order about the process steps.

First step: A silicon substrate (substrate thickness

of about 500um) 21 is prepared (Fig, 2(a)).

Second step: A resist 22 is applied (Fig. 2(b)).

Third step: Patterning is carried out by using a
photomask only for a region with a thickness of a soft
magnetic film being 0.075um (Fig. 2(c)).

Moreover, in the wunillustrated development step,
parts of the resist irradiated with light are removed to make

the pattern of the photomask printed on the resist.

Fourth step: By employing a reactive plasma-etching

method (reaction gas: methane trichloride), dry etching of the
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will be made in order about the process steps. First step: A silicon
substrate (substrate thickness of about 500m 21 is prepared (Fig, 2(a)).
Second step: Aresist 22 is applied (Fig. 2(b)). Third step: Patterning is
carried out by using a photomask only for a region with a thickness of a
soft magnetic filmbeing 0.075m (Fig. 2(c)). Mdrreover, in the unillustrated
devel opnent step, parts of the resist irradiated with |[ight are renpoved to
make the pattern of the photomask printed on the resist. Fourth step: By
enpl oying a reactive plasma-etching nmethod (reaction gas: nethane
trichl ori g)Liceny sebehirageof 1t he 2ars5iffcont sibsthratderth iof danm é@ out to
the depth of 75nmto formgrooves (Fig. 2(d)). Fifth step: The resist 22 is
removed byorasiggoovesy i(fper £ddexpose the face of the silicon substrate 21
(Fig. 2 (e) ) . Sixth step: Aresist is applied again (Fig. 2(f)). Seventh
step: Patterning is carried out by using a photomask only for a region
with a thickness of a soft magnetic filmbeing 0.2m (Fig. 2(g)). Moreover,
in the unillustrBiédhdetelpoprire stepispart?® is removed by resist
stripper to expose the face of the silicon substrate 21 (Fig.

2(e)).

Sixth step: A resist is applied again (Fig. 2(f)).

Seventh step: Patterning is carried out by using a
photomask only for a region with a thickness of a soft

magnetic film being 0.2pum (Fig. 2(g)).

Moreover, in the unillustrated development step, parts
of the resist irradiated with light are removed to make the

pattern of the photomask printed on the resist.

Eighth step: By employing a reactive plasma-etching
method (reaction gas: methane trichloride), dry etching of
the silicon substrate 21 is carried out to the depth of 200nm

to form grooves (Fig. 2(h)).

Ninth step: The resist 22 is removed by resist
stripper to expose the face of the silicon substrate 21 (Fig.

2(1)).
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of the resist irradiated with Iight are renoved to make the pattern of the
phot omask printed on the resist. Eighth step: By enploying a reactive

pl asma-etching nethod (reaction gas: nethane trichloride), dry etching of
the silicon substrate 21 is carried out to the depth of 200nm to form
grooves (Fig. 2(h)). Ninth step: The resist 22 is renoved by resist
stripper to expose the face of the silicon substrate 21 (Fig. 2(i)). 20
Tenth step: A soft nmagnetic film23 is deposited on the silicon substrate
21 by a sputtering device and the like. At this tine, the soft magnetic
filmis made to haveh &tarhi Bkl magrftdieht L} Xk dsedpRgSt hed St f&€e of the
silicon substrate 21 fromthe bottomof the grooves (Fig. 2 (j)). Eleventh
step: Thesddficopnghepserai¢ m223 He¥pastpetenbeycdehiecs wifhddcoflikke silicon
substrate 21 is polished by CWM (Chem cal Mechanical Polishing) to be
renoved (Ritg. thigk) tjime,| ithiehe safdv eaas taineldl ot evenmadet €p, hByegraspi ng
the polishing rate of the silicon (Si) substrate and the polishing rate of
t he magnettihg ckinemsotu€hiandnthg ¢kkeedyn@Mhe befofatmmd dahd Iy lkieowi ng t he
t hi ckness of the soft magnetic filmdeposited on the silicon substrate, it
beconmes pesistirete 21 from the bottom of the grooves (Fig. 2 (j)).

Eleventh step: The soft magnetic film 23 deposited
above the surface of the silicon substrate 21 is polished by

CMP (Chemical Mechanical Polishing) to be removed (Fig. 2(k)).

In the above-explained eleventh step, by grasping the
polishing rate of the silicon (Si) substrate and the
polishing rate of the magnetic film of Co and the like by CMP
beforehand and by knowing the thickness of the soft magnetic
film deposited on the silicon substrate, it becomes possible
to estimate the polishing time using CMP. Actually,
however, the polishing is carried out with some margin given
to the estimated polishing time. At the early stage of the
polishing, the soft magnetic film deposited on the silicon
substrate 1s ©polished. When the polishing reaches the
silicon substrate, the speed of the polishing becomes slow to

allow only a little amount to be polished in a unit time.

In the invention, the resist was used as an etching

mask, but an SiO, film can be taken as an etching mask. This,
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to estimate the polishing tinme using CWP. Actually, however, the polishing
is carried out wwth sone margin given to the estimted polishing tinme. At
the early stage of the polishing, the soft magnetic filmdeposited on the
silicon substrate is polished. Wen the polishing reaches the silicon
substrate, the speed of the polishing beconmes slowto allowonly alittle
anmount to be polished in a unit tinme. In the invention, the resist was used
as an etching nmask, but an Si02 filmcan be taken as an etching mask. This,
21 however, requires conplicated processes as shown below, in which the
first stepovevehe foagthrss epormndi tdieed iftdrastsgs am shreneibghow,stiep are
substituted by the respective steps shown below Characteristic of using
the mask ohiche tSe0Rifst nstieap tthattipol fehitiy seecnd/ithy dfif€h tsaeHi 02 film
is increased at the eleventh step and the Si02 filmis hard to polish to
provi de anmoadvent ageyhth t lkatept herdeptslubeft itthe edgr bgv e terbeddiprg ttive sof t
magnetic filmis kept accurately. First step and Fifth step: Thernal

oxi dat i on stteeat stesitn  ofe lldwe sChaeastsubstiat eof S ugahgi €tk Gl kt OF ftorem an
Si02 film on the silicon surface. Second step and Sixth step: Aresist is

applied omithe ffiage 0f ther PO dhimy selectivity of Co to SiO, film
is increased at the eleventh step and the SiO, film is hard

to polish to provide an advantage in that the depth of the

groove embedding the soft magnetic film is kept accurately.
First step and Fifth step: Thermal oxidation treatment
of the silicon substrate is carried out to form an SiO-, film

on the silicon surface.

Second step and Sixth step: A resist is applied on the

face of the Si0O, film.

Third step and Seventh step: Patterning of the resist

is carried out for development.

Fourth’ step and Eighth’ step: Etching of the Si0- film

is carried out by using the mask of the resist.

Fourth’’ step and Eighth’’ step: Ashing of the resist

is carried out.
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Third step and Seventh step: Patterning of the resist is carried out for
devel opnent. Fourth' step and Eighth' step: Etching of the Si02 filmis
carried out by using the nask of the resist. Fourth" step and Ei ghth'
step: Ashing of the resist is carried out. 22 Fourth '' ' step and
Eighth... step: Etching of the silicon substrate is carried out by using
the mask of the Si02 film Advantageous Effect of the Invention As was
expl ai ned above, according to the invention, in a master disk for formng
a magnetic pattern in g,,na%netic recordi ng nmedi um by nmagnetic printing, at
| east two or nofeukihds’ oftaepts dIigtidpves $erP enblliahhgd magnéticc
materials are provided on a substrate of the master disk. Therefore, the
depth of tHdigesovebsbraeabedgrngichecdbfy urapaectiic mbskmEarhe&ifrovi ded
so as to be made shallowin a region where the pattern width of the servo
pattern i $ilmarrow and made deep in a region where the pattern width is
w de. This enables control of an aspect ratio of a wwdth of a groove vs. a
depth thereof to facilitate enbedding of the soft nagnetic filmin the
groove, which can provide

Advantageous Effect of the Invention

As was explained above, according to the invention,
in a master disk for forming a magnetic pattern in a
magnetic recording medium by magnetic printing, at least two
or more kinds of depths of grooves for embedding magnetic
materials are provided on a substrate of the master disk.
Therefore, the depth of the groove for embedding the soft
magnetic film can be provided so as to be made shallow in
a region where the pattern width of the servo pattern is
narrow and made deep in a region where the pattern width is
wide. This enables control of an aspect ratio of a width of
a groove vs. a depth thereof to facilitate embedding of the
soft magnetic film in the groove, which can provide

stabilization of magnetic printability by the master disk.
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stabilization of magnetic printability by the master disk. 23 Cains 1. A
master disk for magnetic printing characterized in that, in a master disk
for formng a nmagnetic pattern in a magnetic recordi ng nmedi um by magnetic
printing, at least two or nore kinds of depths of grooves for enbedding
magnetic materials are provided on a substrate of the master disk. 2. The
master disk for magnetic printing as clained in claim1 characterized in
that the depth of the groove for enbedding the magnetic material is
proportional to a pattern width in a sector direction of a servo pattern.
3. The ma$t@dimgi sk for magnetic printing as claimed in claim2
characterized in that the depth of the groove for enbeddi ng the nagnetic
material is made shallow in a region where the pattern width of the servo
pattern is narrow and made deep in a region where the pattern width is
wi de. 4. The master di gk for mamdgeet i cdpsknt ifiog asmaghat ed ipricltanm 2 or
claim3 characterized in that the depth of the groove for enbedding the
magnet i ¢ mabericilerigenaden variaed siepwasenasitichr reispecfot ofbhmipgt kern
wi dth of the servo

magnetic pattern in a magnetic recording medium by magnetic

printing, at least two or more kinds of depths of grooves for

embedding magnetic materials are provided on a substrate of

the master disk.

2. The master disk for magnetic printing as
claimed in claim 1 characterized in that the depth of the
groove for embedding the magnetic material is proportional

to a pattern width in a sector direction of a servo pattern.

3. The master disk for magnetic printing as
claimed 1in claim 2 characterized in that the depth of the
groove for embedding the magnetic material is made shallow in
a region where the pattern width of the servo pattern is
narrow and made deep in a region where the pattern width is

wide.

4. The master disk for magnetic printing as
claimed in claim 2 or claim 3 characterized in that the depth
of the groove for embedding the magnetic material is made

varied stepwise with respect to the pattern width of the servo
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24 pattern. 5. A nethod of manufacturing a master disk for nagnetic
printing characterized in that the groove for enbedding the nmagnetic
material as clainmed in any one of claim 1 to 4 is formed by repetition of
phot ol i t hography. 25

pattern.

5. A method of manufacturing a master disk for
magnetic printing characterized in that the groove for
embedding the magnetic material as claimed in any one of claim

1l to 4 is formed by repetition of photolithography.
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