Master disk for magnetic duplication and a nethod for nmanufacturing the
master disk 5 Technical field of the invention The present invention
relates to a master disk for nagnetic duplication and a fabrication nethod
thereof. In particular, the invention relates to a nethod to wite servo
signals for positioning a head for reading and witing the data from and
to a magnetic,}0 yecqrdi di sk syrface,,.or,.to wite special.data by using
a magnetic dhéfi?@%ﬁ M@E%@&Eﬁ%%ﬂi&%@%ﬂn@amegﬁeaeﬁqxafter al so
referred to as, "HDD'). The HDD uses_a magnetic filmas a recording

mat eri al Iﬁﬂalﬁfgcﬁufﬂa}&thﬂdﬁaﬁéebfdl@h ernal storage equi pnent for conputers
at present. 15 Background of the invention Recording and readout of data
in the HDD are perfornmed by a nagnetic head flying over the surface of a
rotating magnetic recording nediumby a levitation nmechanismcalled slider
keeping a 20 distance of a few tens of nanoneters above the disk surface.
Bits of information on a magnetic recording nediumare stored on data
trackss ar tri ium surface. A magnetic head is

qui ckls@ m%ﬁgﬁg(?gg%@{)gﬁggqﬁ%glﬁgﬁget data track on the nmedium surface

and records ofy,readout data. 1. . .
The presen 1nven]t1on relates to a master disk for magnetic

duplication and a fabrication method thereof. In particular, the
invention relates to a method to write servo signals for positioning a
head for reading and writing the data from and to a magnetic

10 recording disk surface, or to write special data by using a magnetic
duplication technique in a hard disk drive (hereinafter also referred
to as “HDD”). The HDD uses a magnetic film as a recording material
and is a major device of external storage equipment for computers at
present.

15
Background of the invention

Recording and readout of data in the HDD are performed by a

magnetic head flying over the surface of a rotating magnetic
recording medium by a levitation mechanism called slider keeping a

20 distance of a few tens of nanometers above the disk surface. Bits of
information on a magnetic recording medium are stored on data
tracks arranged concentric on the medium surface. A magnetic head
is quickly moved and positioned at a target data track on the medium

surface and records or readout data.



Positioning signals (or servo signals) for detecting relative position

bet ween the magnetic head and the data track are witten concentric on the
surface of the magnetic recording nedium The nagnetic head detects its
own position at intervals while recording 5 and readi ng out data. |In order
to avoid the center of the witten servo signals being off-centered from

the medi um cerj er.,.or .t he cent.er, of the runnj course of th netic
head, the serv¢@XHQHNAE sienalgy (or servg ?égn?@%&rl‘il%@qth‘égr@gﬁg&%c
recordi ng nmedi.um 'Bnto the HDD by using a_ dedjcated apggéat us called a
servo wri RES1tiRgcbetiviegn theanegnetaadead aad the datenbrnek aregwriktemo G

bits / in2 in a devel opnent phase, and the recording capacity is

i ncr easi ngoaiceatriat en tdfe 60rface pédhe ﬁmgnqtierﬂécnrdﬁhg shenkiuiy. dfhehe
servo signals for detecting the position of the head has necessarily

i ncr eased mpesidltic head det&HELRZOWH ngasiﬁibﬁ%ﬁ ﬂﬁté&fx}élbrwh‘ﬂbex-é@éxvcpng gnal s
1 dt f h S

year after yéar. 15 The prol onged ti or witing the servo signals
becomimg . at r iy t rai ses
re ooy, BREXERRInEXREHALAT Tn, BiReT & 8RO e chllan OF LhRGV IS ePS pec
where whol e _servo si,gnal.s arg. magpeti cal | ranscr.. bed at one tjine in 20
ol ace of SCRYPHOEELS hGing %@f%ﬁg‘?r&@f@%sfh% rgediygRhCcentet ivgth sanger
t he above-nentioned servo witer., This technique is expected to
subst ant i ithesrmanningteaursenef the magnetjcthendethe servorsignads.am gs.
11(a), 11(b), 11(c) and Figs. 12(a), 12(b) illustrate the 2
written after installing the magnetic recording medium into the HDD
by using a dedicated apparatus called a servo writer. Recording
10 density has currently reached as high as 100 G bits / in2in a
development phase, and the recording capacity is increasing at a rate
of 60 % a year. Consequently, the density of the servo signals for
detecting the position of the head has necessarily increased, resulting
in increase in the time for writing the servo signals year after year.

15 The prolonged time for writing the servo signals is becoming a severe

factor that lowers productivity of the HDD and raises its cost.

Recently, a magnetic duplication technique is being developed
where whole servo signals are magnetically transcribed at one time in
20 place of a method to write servo signals using a signal writing head of
the above-mentioned servo writer. This technique is expected to

substantially shorten the time for writing the servo information.

Figs. 11(a), 11(b), 11(c) and Figs. 12(a), 12(b) illustrate the



magneti c duplication technique in which the servo signals are witten at
one tinme using a signal witing head. (See the permanent magnet 110 in
Figs. 12(a) and 12(b).) 5 Figs. 11(a), 11(b), and 11(c) show the magnetic
duplication process between a master disk 1 and a magnetic recording
medium 100. In the initial honogeneous nmagneti zation process illustrated

in 10 Fig. 11 t he.cuyved, ar,row on.a tic recordin di um 100
conpri si ngnégﬁ%\%ﬁ‘@ejﬂﬁﬁéplhgﬁch%% 1ann§q‘gﬁ Hgler eV @_lggﬁg‘iﬁ@r@ Wgrlt_ten
nmovenent path of .a pernanent nagnet for nagnetic duplication. Mgnetic

| ayer 102 dlsORgfdmedsiBRya wighal weting hdaduiBeecthe permianesti magnet | n
the positioning process illustrated in Fig. 11(b), the master disk 1 for
magnet i ¢ duld indfigs 12(adi spdsk2(b)p position on the magnetic recording
medi um 100. 20 In the step of transferring signal patterns in Fig. 11(c),

the master disk is put in contact with the magnetic recordi ng nedium 100,
and the permanent magnet 110 for magnetic duplication is noved along the

th depicted t r r t f ic. dupnlhcation. 3 Figs.
52 “Bha 15( dytlet Gyl BT P B B L fic MR GR
process between a master disk 1 and a magnetic recording medium

100.

In the initial homogeneous magnetization process illustrated in
10 Fig. 11(a), the curved arrow on a magnetic recording medium 100
comprising a magnetic layer 102 formed on a substrate 101 shows the
movement path of a permanent magnet for magnetic duplication.

Magnetic layer 102 is homogeneously magnetized in circumferential

direction.
15
In the positioning process illustrated in Fig. 11(b), the master
disk 1 for magnetic duplication is disposed in position on the
magnetic recording medium 100.
20 In the step of transferring signal patterns in Fig. 11(c), the

master disk is put in contact with the magnetic recording medium
100, and the permanent magnet 110 for magnetic duplication is
moved along the path depicted by the curved arrow to perform

magnetic duplication.



duplication for the magnetic recordi ng nmedium 100. Fig. 12(a) is a cross
sectional view show ng an initial 5 honbgeneous magneti zati on process where
a pernmanent nagnet 110 is noved over the magnetic recordi ng nmedi um 100
with a constant gap less than 1 nm The magnetic fil m deposited on the
substrate is not magnetized 10 in one direction in the beginning and is

magneti zed i n:.hi s iy tial efjeous neti zat | process, .in one

di rection by Iﬁelgﬁag}gt?‘? @nd H%ﬂéwrﬁggmﬁ% F?g%gﬁtnﬁa&jﬁ%qlcllo. The
arrows depj ctled in tPe Hagneti c filmin Figs. 12(a) and 12(b) indicate the
di r ect i on BiPLigAkRS formthemmagnetie recopdongimedansr didy si gnal pattern
shown in Fig. 12 (b) illustrates magnetic duplication process. The naster
disk 1 conprises soft nmagnetic film 10, a cobalt-based soft magnetic film
for exanple, enbedded on the surface portion of a silicon substrate la 20

opposite to tiﬁgﬁ@(amiﬁ_tﬁ tP6Ss sEBﬁo@ﬁdl”ﬁWtsH&ﬂpﬁ% ahlPnftgapr at es | eakage
or

magnetic field writing duplication signals, direction of which is
rever sed ' j : [ iled i Lt
nomgeneotiobopEabls B 8L Y008 SRS FHlre ddhb el Mhmer 100,
I L e O A AT

gap less than 1 mm.

The magnetic film deposited on the substrate is not magnetized
10 in one direction in the beginning and is magnetized in this initial
homogeneous magnetization process in one direction by leakage flux
in the gap of the permanent magnet 110. The arrows depicted in the
magnetic film in Figs. 12(a) and 12(b) indicate the direction of
magnetization.
15
The step of transferring signal pattern shown in Fig.12 (b)
illustrates magnetic duplication process. The master disk 1
comprises soft magnetic film 10, a cobalt-based soft magnetic film for
example, embedded on the surface portion of a silicon substrate 1a

20 opposite to the medium surface.

The permanent magnet 110 generates leakage magnetic field for
writing duplication signals, the direction of which is reversed from

the direction of the magnetic filed in the initial homogeneous



bet ween t he permanent magnet 110 and the magnetic recording nedium 100,

| eakage magnetic field fromthe pernmanent magnet 110 5 penetrates through
the silicon substrate |a and magnetizes magnetic layer 102 in the region
wi t hout the soft nmagnetic films 10, while in the position of soft magnetic
films 10 in the pattern, the | eakage flux flows within the soft nagnetic
films 10 because.the magnetic f:xux takes the path ﬁf@ m ni mum r el uct ance.
10 Accor dirﬁﬁlgﬁe%tl%tlp@a LgeesmghBt the argangenaayk whereithegras de la
is small in the position of the soft magnetic filns 10, thus, )

magnet i zathaying arpatiesw of embeddednsefiemagmetic filmesdk@isgnterining 15
Patterns on the master disk 1 are conventionally not product servo
patterns Xetaseshdle porhignehs.mhgnetr B10efred Qhéenf@gﬁ@tic%d(ﬁﬂ@ﬁgw as
shown in Fig. 14 that serve a base for self-generating the product servo

patterns ifiedififd 400, Jealafod BabAbEICAEE TEOHP tHR' pEFMaifbdd i ARASEY 1 N

the followng restrictions in o € magn I'on can de iecu[)ely
reversed | gnetic duplicatign usi;ng a master di s . by
the o e iRy tHRh (BBl StRsbRals I AR Rean :
layer 102 in the region without the soft magnetic films 10, while in
the position of soft magnetic films 10 in the pattern, the leakage flux

flows within the soft magnetic films 10 because the magnetic flux

takes the path of minimum reluctance.

10
Accordingly, the leakage magnetic flux through the silicon
substrate la is small in the position of the soft magnetic films 10,
thus, magnetization is not newly written in the magnetic recording
medium.
15

Patterns on the master disk 1 are conventionally not product
servo patterns 20 as shown in Fig. 13, but are reference servo
patterns 30 as shown in Fig. 14 that serve a base for self-generating
the product servo patterns in a hard disk.

20

The reference servo pattern 30 is imposed with the following
restrictions in order that the magnetization can be securely reversed
in the process of magnetic duplication using a master disk 1 by the

external field in the portion of the magnetic recording medium 100



that just opposes to the location of the master disk 1 at which a soft
magnetic film 10 is absent. Here, the mninumline wdth of the reference
servo pattern 30 is about 1.5 pm while that of the product servo pattern
20 is 0.35 pm 5 1) Patterns other than the burst pattern, for exanple a
preanble pattern, don't change in the radial direction (R direction) and

only change  in the circunferenjial .direction (0 direction) that is the

di rect i on tRASAYIsk ARRRERES 10 tix)e focatignat @mmaﬁt@ fasls | aéavhxe@naﬁt ern
that is conposed of isolated magnetic filnms. The foll| owi ng describes

pr obl emat imagoietis film ddyireabsens. ddeires sheominsimymalimeswadthiafkthe on
which a reference servo pattern 30 is forned. 1) Errors in the process of

form ng t refericeseeveqsatterat 3618 Afousflf Bqim, Rehileothiat ofeheoppadtiet n
20, which is not a situation suited for 20 high density recording. 2) The

effect of S@ggﬁé&&gpgpg@@. | d be enhanced if the nmagnetic

duplication pattern cou i nclutde ©S and contents in addition to the
reference servo pattern 30. 6 Relating to the point 2), in particular
recording of only the servo

1) Patterns other than the burst pattern, for example a preamble
pattern, don’t change in the radial direction (R direction) and only
change in the circumferential direction (0 direction) that is the
direction along a track.

10
2) The burst pattern 5 is an isolated pattern that is composed of

isolated magnetic films.

The following describes problematic points in magnetic

15 duplication using a master disk 1 on which a reference servo pattern

30 1s formed.

1) Errors in the process of forming the reference servo pattern 30
affect the product servo pattern 20, which is not a situation suited for

20 high density recording.

2) The effect of magnetic duplication would be enhanced if the
magnetic duplication pattern could include OS and contents in

addition to the reference servo pattern 30.



pattern is sufficient in an externally installed hard disk, while hard
disks installed within an apparatus, for exanple a personal conputer in
t hese days, are equipped with pre-installed OS and application 5 software
at the time of shipnent. It will be very effective to magnetically
duplicate those types of software, too. Thus, a technique is expected to

be devel oped t allows,magneti duplicatipn of the.product.servo pattern
and the data SIS 100 BOINERe AN NACHIAY dracoTsang-0l Bl thR 8130 13

used in conventional HDDs can be classified into the three patterns that
are deschajéarpdsanfiiientiiar gocextarmaliyanstalledehandwhisky wheke hasd
through 18. 15 1) Fig. 15 shows a pattern that does not change in the

radi al didieksiioistaRedi wathiromn anpazhﬁJmeoﬁ Rixarmplé ke personal eoenpusér
direction (O direction). Atypical pattern of this type is a preanble

tt 2 | i ' | ock
Bt racti on e, RaT P aae B UiRe] S E bR Tnsfal EFPERT bl SRlRcARGy © O

ws an-rsol ate

patterm c 1150l d i firl nB; bur st ttern 5 is this

type o p%@@?%&le%teﬂg%rtz{n%pgfgg‘:iﬁiﬁ‘%%‘f‘egkSW {lkg’epggﬂ’i eqﬁlvg WQ magneti c

h .7 Fig. 17 Fig. h th t th b t t

O? agat t e??{galg%etmaﬁl{r] %uﬁﬂcagg tflo%\g toypeesr 0 %o t%gxs'e, t(%], eug, gve wo types
technique is expected to be developed that allows magnetic

duplication of the product servo pattern and the data pattern.

10 The product servo patterns 20 as shown in Fig. 13 used in
conventional HDDs can be classified into the three patterns that are
described below and enlarged views thereof are shown in Figs. 15

through 18.

15 1) Fig. 15 shows a pattern that does not change in the radial
direction (R direction) and changes only in the circumferential
direction (0 direction). A typical pattern of this type is a preamble
pattern 2 that performs amplitude adjustment of readout signals and
clock extraction from the readout signals.

20
2) Fig. 16 shows an isolated pattern composed of isolated magnetic
films. A burst pattern 5 is this type of pattern. The burst pattern

detects the position of the magnetic head.



The pattern of Fig. 17 corresponds to irregular patterns including 5 servo
detection pattern 3 and patterns for the servo address information (track
nunber 4a and sector nunber 4b). The pattern of Fig. 18 corresponds to an
entirely irregular pattern such as a contents pattern. 10 The area
surrounded by closed lines in Figs. 15 through 18 is the =zone where soft
magnetic fj\l m.10 s faorped in the master disk 1. Japanese Unexam ned Patent
Appl i cat i ?dgri a@p&nﬁe lgcﬁhowzrs paitternas éhan themheje twer types di ng
detection error of a readout 15 signal by correcting pulse shift of the

r eadout sKﬁﬁ&MﬁBM@S.is detected corresponding to the soft nmagnetic pattern
of the master carrier. Japanese Unexam ned Patent Application Publication
No. 2002- 216343 di scloses a technique to prevent occurrence of signal |oss
by 20 enhancing intimte contact between a slave nedium and a naster

carrier. The 1T BBitkeFAUERLe | P7TRASCBBSRIN 6 MBI AL pRUSIABling

paths, which in tarn s for the p ern o ons a

in thesmaster carrier with the wdth of the ot,rusions snuller than the
track %i t SFIVE %@rﬁeﬁé%‘tﬁ? &t g\%ﬁ@?t@ﬁgn?’%grﬁh%ﬁe%% 1©SBupl i cati on
can be carri,ed out wtho prohl em for the preanble patb§ern 2 and the
burst pat ABformagionEragk u 4gfangdrsenter pamkendblo Thewwatderni of t he

patterns except for the above ) .
Fig. 18 corresponds to an entirely irregular pattern such as a

contents pattern.

10 The area surrounded by closed lines in Figs. 15 through 18 is the

zone where soft magnetic film 10 is formed in the master disk 1.

Japanese Unexamined Patent Application Publication No. 2001-
283433 discloses a technique for avoiding detection error of a readout
15 signal by correcting pulse shift of the readout signal that is detected

corresponding to the soft magnetic pattern of the master carrier.

Japanese Unexamined Patent Application Publication No. 2002-
216343 discloses a technique to prevent occurrence of signal loss by
20 enhancing intimate contact between a slave medium and a master
carrier. The intimate contact is made possible by forming air suction
paths, which in turn is formed by the pattern of protrusions and
recesses in the master carrier with the width of the protrusions

smaller than the track pitch.



5 two types of patterns, an area surrounded by a soft magnetic film10 as
shown in Figs. 19(a), 19(b) and 19(c) (hereinafter, such an area is
referred to as a special region A) cannot be magnetically duplicated.

Al though Fig. 12 is a cross-sectional view of magnetic duplication, 10 the
magnetic flux actually flows in a three-dinensional space and take a path

of mninmupreluctance. Int terns of. Figs. 19(a), 19(b) and 19(c), it
is ideall ?@gﬁ%g&gﬁé@%ﬁ{imﬁg%gﬁé&v&mﬂ@& on A, in which soft magnetic
film10 is absent, 15 all the magnetic flux fromthe external field would
flowin the maguetic daplicatomeernrha carriad outevithoat problemifanthae
master disk 1. However, the magnetic flux actually tends to flowin the

adj acent gufeilambiegdtternl 2all thatbexst patsere$sof ehecilarectypes af result,
only a small fraction of the magnetic flux fromthe external 20 field can

flowin t dﬂi%’cef) i N ' g} i ' t he
mast er di gl’? 1. In %ﬁ%%@g.@g}@' ) s%aqilﬁggﬁg:l' %ggh'egéué?l&gﬁid%/ e?(g@gea?ﬁ Igﬁlga{#)&?%e
speci g r.egl A_S by the pattern qf ithe sofp nagnetj.c 44l 0 as
S showh i 1Rt et RAHATE, B i5arMyhiinfled: B 2 bk, HARtIEALITLS°
magneti zati on as showq.in Fig. canpnot erforjjed. As. a result,
sogcal | ed A% ghPWé% 18IS fé]@q)hiékgi@d—{ff E(Qﬁ&lgr%&ﬁﬁgﬁesuﬁhg%tar@a 18
recordi ng nmedium 100 with the transferred nagnetic 5 pattern fromthe

mast er di gefarrexhtie as despeciaivegaonoh) camrit hermiiagnetically duplicated.

Although Fig. 12 is a cross-sectional view of magnetic duplication,
10 the magnetic flux actually flows in a three-dimensional space and

take a path of minimum reluctance.

In the patterns of Figs. 19(a), 19(b) and 19(c), it is ideally desired

that in the special region A, in which soft magnetic film 10 is absent,
15 all the magnetic flux from the external field would flow in the

magnetic recording medium 100 intimately contacting with the

master disk 1. However, the magnetic flux actually tends to flow in

the adjacent soft magnetic film 10 that exhibits less reluctance. As a

result, only a small fraction of the magnetic flux from the external
20 field can flow in the magnetic recording medium 100 intimately

contacting with the master disk 1.

In a case of small duplication field, in particular, the special

region A surrounded by the pattern of the soft magnetic film 10 as



performed. More specific description will be nade below. Fig. 10 is an

enl arged top plan view of a master disk 1. The 10 special region A (marked
by hatching) surrounded by a pattern of soft magnetic film1l0 is an area
where reversal of magnetization is difficult. This special region A of
difficult magnetization reversal has a relatively small area and is
surrounded,by a .so ma tyc film1l i |l ose praximty. In magnetic

dupl i cati GROFBAESEies: Agea. (b GurancH Geinn Rioblandtlintha Grsabb).
the applied magnetic field collectively flgxs in the surrounding soft
magnet i ¢ fofimagnetdgation asishawa o Kige icannaigberpexfonmed. Asar al
regi on. Because a soft magnetic film 10 does not exist in special region A

20 proper Irgsidt,geo-radlest bit 1dsxostars dnthepphdedttsighlads fegnethe recor di ng
medi um 100 in the location that is opposing the special region A and

magnet i calmaggje%méébf&iﬁg e diah 30erwit v d Bﬁéﬁéferreahﬁlafgiﬁgi%' region

A is surroun by the soft magnetic film10 1n close proxi so enough

not 1 cha attteERdran B ARB el istOra DR RBAT P BE ARG PRERS Hardly °
opposi ng the .special region A reversal of magnetization is not perforned,
resul ti ngB f ‘rect magnetic duplication. 5

More specific description will be made below.
Fig. 10 is an enlarged top plan view of a master disk 1. The
10  special region A (marked by hatching) surrounded by a pattern of soft
magnetic film 10 is an area where reversal of magnetization is
difficult. This special region A of difficult magnetization reversal has
a relatively small area and is surrounded by a soft magnetic film 10
in close proximity. In magnetic duplication process using a
15 permanent magnet 110 as shown in Fig. 12(b), the applied magnetic
field collectively flows in the surrounding soft magnetic film 10 and is

not lead to the special region A in the central region.

Because a soft magnetic film 10 does not exist in special region A,
20 properly large magnetic flux should be applied to the magnetic
recording medium 100 in the location that is opposing the special
region A and magnetically transferred from that area. Nevertheless,
the special region A is surrounded by the soft magnetic film 10 in

close proximity, so enough magnetic flux can not be applied.

10



Because of incorrect magnetic duplication according to the technique of
magneti c duplication, sone information data that is to be recorded on the
magneti c recordi ng medi um 100 as a correct value of "1" nay be recorded as
a wong value of "0". Thus, there is a 10 problemthat highly reliable
magneti c duplication is inpossible. Accordingly, an object of the present

invention is royide ster disk, for magnetic duplication allow ng
highly reli ab}s;m%ﬁaéﬁ%??@yd%gecQ?%ﬂef@cﬂ%&p%ﬁ@agﬁiﬁ ﬁg? Sgﬁ]"@ct isto
provi de a 15 nethod for —manufacturing such a master disk. A naster disk and
a manuf ad%la&n?&%?ﬁ%dmmaﬁwgm& at itheclnaagion | appesingtheispegiabi t
l oss in a magnetic recordi ng nedi um having a magnetic pattern transferred
fromthe megien Aj skversal af magnegizdtion is netiperfosmedt, mdstdting éne
reversal of magnetization by transferring field is 20 secured, even in the

area surrduedefedtyntaguetieuddplizatigne pattern of soft nagnetic film
Means to solve the problem One aspect of the present invention is a nmaster

di sk fgr magnetic 11 duplication conprising duplication patterns that is
magnetically duplicated to a magnetic recording nedium and a pattern of

soft magnetigy filns enbedded in the ter disk.arranged.in a radial

direction andﬁ?ée%j}l?%% SPERETEST m?%g&s&n&‘éﬁﬂr‘?@gm@é} rdiagite thegi on 5

t hat has an ﬁr ea equfal to an area_ of a division of one record pixel, the
technique of magnetic duplication, some information data that is to
be recorded on the magnetic recording medium 100 as a correct value
of “1” may be recorded as a wrong value of “0”. Thus, there is a

10  problem that highly reliable magnetic duplication is impossible.

Accordingly, an object of the present invention is to provide a
master disk for magnetic duplication allowing highly reliable
magnetic duplication technique, and another object is to provide a

15 method for manufacturing such a master disk. A master disk and a
manufacturing method according to the invention allow eliminating
bit loss in a magnetic recording medium having a magnetic pattern
transferred from the master disk. For achieving this, a region is
provided where reversal of magnetization by transferring field is

20 secured, even in the area surrounded by a surrounding shape pattern

of soft magnetic film.

Means to solve the problem

One aspect of the present invention is a master disk for magnetic

11



speci al region being a nmagnetic transfer region consisting of a

magneti zation reversible area that is magnetically transferred and a
magneti zation irreversible area that is not nagnetically transferred. 10
The magneti zation reversible area is formed in a central region of the
di vision of a record pixel and a magnetic flux of an externally applied

magnetic fjeld is. collectively eaﬁ to. the magneti ﬁ%};i on reversihle area
with very upHeation P%}w@smgﬁi@ satm pettesns thadgsamagnetigallyand t he
magneti zatjon reversible area constitutes a 15 part of a magnetic path

havi ng a duplicateditoca amagnesic recordimgenedivmpand apadkern ndidoft appl i ed
magnetic field. The nagnetization irreversible area is fornmed around the

magnet i zatrhagnetéy €ilshdleenbeddednth the mdsteralisk apPAhsddnggaatddiafli el d is

not lead to the magnetization irreversible area with influence of the

pattern ofdiffcHiBil afROA ik CubfeiBn RGNS IR RhiroR Ahd b GYGKAL Fegidh o2

constitutes a nmagnetic pat avi ng arger reluctance nmagn
flux of t xternal ly applied magnetic fpeld.t.han the reluctance of .the
manettc 0 PaCAIL R AFAUAL et ezt B drsih atimé Epedtd Bikedhdor
magnetic fil m.oL t he pfat?t,ern of soft magnetic filps surrounding the
magnet i zatSPSS1ALYRSIODDL1RCA MAgNatec fEansier segon cppststang of 8 area of

the magnetic transfer region _E)referablﬁ has a wdth in the radial
di r ect i on magnedizatian reversibleiareta that is magnetically transferred and a

magnetization irreversible area that is not magnetically transferred.

10 The magnetization reversible area is formed in a central region of
the division of a record pixel and a magnetic flux of an externally
applied magnetic field is collectively lead to the magnetization
reversible area with very little influence of the pattern of soft
magnetic films, and the magnetization reversible area constitutes a

15 part of a magnetic path having a minimum reluctance for the
magnetic flux of an externally applied magnetic field. The
magnetization irreversible area is formed around the magnetization
reversible area and the externally applied magnetic field is not lead
to the magnetization irreversible area with influence of the pattern of

20 soft magnetic films, and the magnetization irreversible area
constitutes a magnetic path having a larger reluctance for the
magnetic flux of the externally applied magnetic field than the
reluctance of the magnetic path including of the magnetization

reversible area.

12



5 Each soft magnetic filmin the pattern of soft nmagnetic filns

surroundi ng the nmagneti zation reversi ble area and the magneti zati on
irreversible area of the magnetic transfer region preferably has a wdth
inthe circunferential direction smaller than a line pitch. 10 Each soft
magnetic filmof the pattern of soft magnetic filnms preferably hﬁs thg ]
width in the radial djrection.of..about. half the trac pitch or _the w dt
in the ci rcunfEZﬁ“elHtspg n&figé‘&tl(bhlm ok tbet pPakiern ﬁgsoh HeABNEtIs fliLIQST he
pattern of soft nmgnetic filnms is preferably enbedded along the |ine of
the radi alsudrosardifg the magnstizatiosr veversibde maen andi the meagnepizataonon
pattern other than a burst pattern used for positioning of the nagnetic

head. 20 Ancéversibdpeaeacdf the mmessotic itpyagtéPrezion pwfbpﬂbtao

has a
manuf acturing a master disk for magnetic duplication having uplication

patterns LhRitlA{g t@@?&aiﬁaﬁiﬁéﬁwisﬁﬁ%ﬁgr@%p’qﬁlﬁg@%g)r%té}?.cor di ng medi um

and a pattern of soft magnetic filns, patterns and the
patterg of soft magnetic filnms being enbedded in the naster disk.

Each soft magnetic film in the pattern of soft magnetic films
surrounding the magnetization reversible area and the magnetization
irreversible area of the magnetic transfer region preferably has a

width in the circumferential direction smaller than a line pitch.

10
Each soft magnetic film of the pattern of soft magnetic films
preferably has the width in the radial direction of about half the track
pitch or the width in the circumferential direction of about half the
line pitch.
15

The pattern of soft magnetic films is preferably embedded along
the line of the radial direction and the circumferential direction in the
duplication pattern other than a burst pattern used for positioning of
the magnetic head.

20

Another aspect of the present invention is a method for
manufacturing a master disk for magnetic duplication having
duplication patterns that are magnetically duplicated to a magnetic

recording medium and a pattern of soft magnetic films, the

13



The nethod conprises a step of arranging the pattern of soft 5 nagnetic
films in aradial direction and a circunferential direction surrounding a
special region that has an area equal to an area of a division of one
record pixel; a step formng a nagnetization reversible area in a central
region of the division of a record pixel, wherein a nmagnetic flux of an

external ly, applied magnetic fi is collectjvely 10 lead o the .

magnet i L athiicalions PRt e % A ghslnamﬁfirn@ﬁ@@%toma%etlsﬁ 18BN of t
magnetic filps, and the magnetization reversible area constitutes a part

of a magnembedded iméhagnastenidasii.r el uct ance for the magnetic flux of an
externally applied magnetic field; and a step of form ng a magneti zation

irreversible area around the 15 magneti zation reversible area, wherein the
externally applied magnetic field is not lead to the magneti zation

irreversible T}f‘@ﬂf@ﬂ*ﬂodid&&hg?{ﬁ Qfstteg)goi’%‘ﬂ‘?lhgli}?gsﬁgg ﬁggﬁg@?tg'ffgat' e

and the nmagnetization 1rrevers e ar cons havi ng
a larger r t anceqfor.the tikc fl.ux of ;the.externally applie
magnettc BoERdRGAIE, R ACrAERIEedrioh dha TEpR Rl RAtialRBite o « ne
magneti zati on reversi ble area. Brief description of drapings Fig. 1.is a

pl an vi ewsélﬁ'é'@llh’éﬁélgr?cﬁﬂﬂﬁlﬁ regipm that basanares equal tageares of as on a

master disk of the first aspect of enbodi ment according to the present
i nvent i ondigisioauefiong weape pixeleranstep forming a magnetization reversible

area in a central region of the division of a record pixel, wherein a
magnetic flux bf an externally applied magnetic field is collectively

10 lead to the magnetization reversible area without influence of the
pattern of soft magnetic films, and the magnetization reversible area
constitutes a part of a magnetic path having a minimum reluctance
for the magnetic flux of an externally applied magnetic field; and a
step of forming a magnetization irreversible area around the

15 magnetization reversible area, wherein the externally applied
magnetic field isy}lﬁot 1ééd to the magnetization irreversible area with
influence of the pattern of soft magnetic films, and the magnetization
irreversible area constitutes a magnetic path having a larger
reluctance for the magnetic flux of the externally applied magnetic

20 field than the reluctance of the magnetic path including the

magnetization reversible area.

Brief description of drawings

Fig. 1 is a plan view showing surrounding shape patterns of soft

14



according to prior art are also shown for conparison. Fig. 2 is a plan view
of an enlarged pattern of soft nmagnetic filns 5 according to the present
invention. Fig. 3(a) through Fig. 3(e) show a process for manufacturing a
master disk to forma pattern of soft nmagnetic filnms according to the
present invention. Fig. 4 illustrates a relationship between a burst

pattern and data. tracks. Fig. 5(.a) throu Fig. 5(d).illustrate

wavef or ns Igggaeﬁég%ﬁms Q& danyer H%Sifa@f?ghﬁ 1G5f %S%%@f P@E@ébmelfltg. 6is
a flow chart saowi ng signal processing of detected waveform 15 Fig. 7(a)

i |1 ust rat @&ecrEdiRgttosthg aresendnmy eguionnagusrounding shape patteens of soft

magnetic filns according to a prior art and Fig. 7(b) illustrates readout

si gnal s f rameoadsngttonpoitat art firenleb shewit fsmcompapikbonmagnetic filns
according to the present invention. Fig. 8 is a plan view show ng one

variation of aigattiyn Wharkdiéw SPatPefPdised dttelA JLGH Jﬁaa{@(}gcg@ fjlinkhe

circunferential "directiion is not restricte . ( .
oroed ST RS (0 VIEsRRSRRUBHE™ L%, 10, Lo A Bl v
length in the P‘ig.]I iéﬁlat) dc r]t‘%({ﬁtgi}? %‘fgs 3?8} Sf11(5)W a process for manufacturing a
master disk to form a pattern of soft magnetic films according to the
present invention.
Fig. 4 illustrates a relationship between a burst pattern and data

10 tracks.

Fig. 5(a) through Fig. 5(d) illustrate waveforms obtained on
detecting the patterns by a magnetic head.

Fig. 6 is a flow chart showing signal processing of detected
waveform.

15 Fig. 7(a) illustrates readout signals from a soft magnetic film of a
pattern of soft magnetic films according to a prior art and Fig. 7(b)
illustrates readout signals from a soft magnetic film of a pattern of
soft magnetic films according to the present invention.

Fig. 8 is a plan view showing one variation of a pattern of soft

20 magnetic films in which a length in the circumferential direction is
not restricted, in the second aspect of embodiment according to the
present invention.

Fig. 9 is a plan view showing another variation of a pattern of

soft magnetic films in which a length in the radial direction is not

15



restricted, in the second aspect of enbodi ment according to the present

invention. Fig. 10 illustrates surroundi ng shape patterns of soft nagnetic
films according to a prior art. 5 Fig. 11(a) through Fig. 11(c) illustrate
a magnetic duplication process of a magnetic recording nedium Fig. 12(a)
and Fig. 12(b) illustrate outline of a magnetic duplication process of a

magneti c recording medium Fi 13 illustrates. a product servo ttern. 10
Fig. 14 i|1“ﬁ§§¥1;c£€@s 13 %‘?%‘Ng@ asned %ﬁen@b@mp@.t al@;qtﬂlngt%fﬁg a
pattern that does not vary in the radial direction and only varies in the

ci r cunf er @nesgntdinvegitilon: an exanple of a preanble pattern. Fig. 16
illustrates an isolated pattern: an exanple of a burst 15 pattern. Fig. 17

iI'lustrates aHigpd(billestratelsysurregutangpgdidgs pattesrs\of safetrhaighetd 9. 18
illustrates another type of entirely irregular pattern: a contents

pattern. Z0nkk hecdbPthetty 84 oF it 19(c) illustrate exanples of patterns
that are difficult togbe nﬁ%ﬁeti cally duplicated. Aspect of enbodi nent of

e oy o oM FRYT AP ERYBuh Big! 17 IR A B i TiGatibh
process of a magnetic recording medium.

Fig. 12(a) and Fig. 12(b) illustrate outline of a magnetic
duplication process of a magnetic recording medium.

Fig. 13 illustrates a product servo pattern.

10 Fig. 14 illustrates a reference servo pattern.

Fig. 15 illustrates a pattern that does not vary in the radial
direction and only varies in the circumferential direction: an example
of a preamble pattern.

Fig. 16 illustrates an isolated pattern: an example of a burst

15 pattern.

Fig. 17 illustrates a type of entirely irregular pattern: a servo
pattern.

Fig. 18 illustrates another type of entirely irregular pattern: a
contents pattern.

20 Fig. 19(a) through Fig. 19(c) illustrate examples of patterns that

are difficult to be magnetically duplicated.

Aspect of embodiment of the invention

Some aspects of preferred embodiments according to the present

16



16 invention wll be described in detail belowwth reference to
acconpanyi ng drawi ngs. First Exanple 5 The first aspect of enbodi nent of
the invention will be described referring to Figs. 1 through 7. Structure
of a master disk Structure of master disk 1 will be described. 10 Fig. |
shows patterns on a master disk 1. The master disk has patterns of soft
magnetic f.ilnms 50 ac di t.o the invenijon enbedded _.on the surface

regi on théPéfSﬂtl%rWﬁg%@oﬁ%aﬂ“Mw té‘tu];)bﬁnga\vﬂ’? grferpnee $0r f ace al so
includes illustration of conventional patterns of soft magnetic filnms 10
that are @AXPMPANYIBE il@awaggéti cally duplicated. Burst pattern 5 is also
illustrated in Fig. 1. Patterns other than the pattern of the soft
magnetic filnms 50 are the sane as the patterns illustrated in Fig. 13 and
Fig. 14. 20 Fig. 2 is an enlarged illustration of the region in Fig. | in

whi ch  thqripat ¢ampste soft magnetic filnms 50 are formed. The soft magnetic
filmb50 of the pattern has a rectangul ar shape, 17

5 The first aspect of embodiment of the invention will be described

referring to Figs. 1 through 7.

Structure of a master disk

Structure of master disk 1 will be described.
10

Fig. 1 shows patterns on a master disk 1.

The master disk has patterns of soft magnetic films 50 according
to the invention embedded on the surface region thereof. For
15 comparison with a prior art, the disk surface also includes illustration
of conventional patterns of soft magnetic films 10 that are difficult to
be magnetically duplicated. Burst pattern 5 is also illustrated in Fig.
1. Patterns other than the pattern of the soft magnetic films 50 are
the same as the patterns illustrated in Fig. 13 and Fig. 14.
20
Fig. 2 is an enlarged illustration of the region in Fig. 1 in which

the patterns of soft magnetic films 50 are formed.

The soft magnetic film 50 of the pattern has a rectangular shape,

17



a side length in the radial direction being half the track pitch and a
side length in the circunferential direction being half the line pitch. A
plurality of soft nagnetic films 50 of the pattern (seven or eight 5 filns
in this exanple) are arranged along the radial direction and the _
circunferential direction and around the special regions P and Q having a

i | t fi.a di.visjon faqr record .pixel,
Cher by conssis dbng it Biedrgaditifettitn bma&aﬁ%@edtw pistiAad
i ) T i al ion P.that is surrounded by a_surroundi ng shape
ettt b SRR Tttt divaconab o bt ehor oneoichoor
pi xel, forns as an area that allows reliable magnetization reversal in the

special region P by transferring magnetic field. 15 The special region Pis
positioned at the central portion of the division for one record pixel and

. at i , ! . ror o
i s a magnetizA iplaraditsrof Soft ?{%éﬂi(zzo ThgrB(wa_rtHe' ééﬁﬂéi‘h %%:'\rsé}g Siff‘éti%ﬁe q

by the transferring magnetic speci al Tegion .
 mmgrot | SaS e tRR b A p R R AR ROy b AT g eFish RRGEPRe
by the trpslflfel B8t IROGRGidh B around the special regions P and Q

having a combined area equal to the area of a division for one record
pixel, thereby composing a surrounding shape pattern 40 around the
special regions.
10
The special region P that is surrounded by a surrounding shape
pattern 40 and has an area equal to the area of a division for one
record pixel, forms as an area that allows reliable magnetization
reversal in the special region P by transferring magnetic field.
15
The special region P is positioned at the central portion of the
division for one record pixel and is a magnetization reversible area in

which magnetization can be reversed by the transferring magnetic

field.
20
The special region Q is positioned in the peripheral portion
around the magnetization reversible area and is a magnetization

irreversible area in which magnetization is not reversed by the

transferring magnetic field.

18



18 In this exanple of embodiment of the invention, magnetic duplication
process fromthe master disk 1 to the magnetic recording medium 100 is the
same as the previously described one referring to Figs. 11(a), 11(b),
11(c) and Figs. 12(a), 12(b). That is, the process in 5 the exanple also
enpl oys a techni que of nmagnetic duplication using a signal transferring

head h g Principle of magnetic duplication The
et or MO ECHRARE bl i Ao i R 2
d ibed.;In.Fig. 1, the salid |ljnes in the radial direction indicate
center - ofdWRECAEION Pragkss Arornbha dnasteridiek 1 kaitha magnepissrecankingTp/ 4
apart fromthe center of the data track. The solid Iines along the“ 15

radi al di raeditgm dHihis kbemasine aa thie piremmlr&iygnéemﬁbeﬂeoﬂetﬂeé’drhrglgg%

shows LP/ 2 position relative to the position of |line change. Here,

repr esent Fist rlddla) pil ), BhE)tded %gé)ﬁli’@gg?_}_gKb)?hT}ﬁa@%}Vﬁiﬁ b‘?@@ésﬁgﬁt ﬂ]”

of soft magnetic filns 10 is fornmed wt and !_P as unit !engttionis

; - -inv.
et oy
o7 e et SpHbhRg o B R R p RS T PO

magnetic films. As a 19

Principle of magnetic duplication

The principle of magnetic duplication using the master disk 1

10  will be described.

In Fig. 1, the solid lines in the radial direction indicate the center
of the data track and the dotted lines indicate the positions +TP/4
apart from the center of the data track. The solid lines along the

15  radial direction show the position of line change and the dotted lines
shows +L.P/2 position relative to the position of line change. Here, TP

represents a track pitch, and the LP the line pitch.

A conventional pattern of soft magnetic films 10 is formed with
20 TP and LP as unit lengths. In contrast, a pattern of soft magnetic
films 50 according to the invention is formed with TP/2 and LP/2 as
lengths of the unit of the magnetic films, the periods of the unit being
TP and LP. Regions without the magnetic film with side lengths of

TP/2 and LP/2 are provided between the units of magnetic films. As a

19



result, the magnetic filns are isolated each other. Fig. 2 illustrates flow
of magnetic flux based on physics in the special regions P and Q
surrounded by a pattern of the soft nmagnetic 5 filns 50 shown in Fig. 1.
The bl ack rectangul ar areas in Fig. 2 represent soft magnetic filns 50. 10
The area with hatching positi oned in the center represents the speci al

regi on P, S conve al har | cally duplicated.

(See the ES%Ef%ﬁﬁe&f%%% P—’l’ﬂg“’gxi dlﬁ*@f‘ﬁ%@%r% dgion P in the present
invention is a nagnetization reversi bI e area that allows nmagnetic
duplication. 15 Special regions Q are fornmed around the special region P,
that is, in the neighboring area of the nagnetization reversible area. The
speci al regi obsgQRal ustagitesiflewi ohmagneticsiloixebased o1 pitysiesnntthee
magnetically duplicated. The region having at |east the special 20 region P

of magnet Spébiélnré@YﬁfsSPbéﬁdaQ%%ﬁa@dSW@ phtfas 8fThe $6ft magnetic

magnetlzatlon irreversible areas as a whole is referred to as a

magnety za When an external field for magnetic
SR T AR et

duplication’is per manent magnet 110 as shown in Fig. 12
(b), a unidirectional magnetic field is appliedin Fig. 2 in the
circunferential (0) direction.

The black rectangular areas in Fig. 2 represent soft magnetic

films 50.

10 The area with hatching positioned in the center represents the
special region P, which was conventionally hard to be magnetically
duplicated. (See the special region A in Fig. 10.) The special region P
in the present invention is a magnetization reversible area that
allows magnetic duplication.

15

Special regions Q are formed around the special region P, that is,
in the neighboring area of the magnetization reversible area. The
special regions Q are magnetization irreversible areas that cannot be
magnetically duplicated. The region having at least the special

20 region P of magnetization reversible area and the special regions Q of
magnetization irreversible areas as a whole is referred to as a

magnetization transfer region.

When an external field for magnetic duplication is applied by a

20



The magnetic flux of the external field tends to take a path of mninmm
reluctance according to the | aw of physics. 5 The reluctance is inversely
proportional to the cross sectional area and directly proportional to the
| ength of the path of nmagnetic flux flow Because the special region P
positioned in the central region is apart fromthe soft magnetic filns 50,

the flow of the 10 magnetic_flux of the external_ field is_hardly fected
by the soferhagsati pagnet 146 awﬁi@ﬁnem tflg- ﬁl?e{b)a@@mdlfch&wm% lead to
the central region wthout significant disturbance. Now, exanining
magnet i ¢ fmagnetoefieldnist apppiednin A'igo 2 he thei errcunsfarantisl (O) diradteonhr ee
pat hs can be assuned: the first path A-->C-+B through the special region

P, the sedfdie maghmetic fixnx Bf tthicoogtetnel fighdvealdd egitake@ pritth bfie third
path A-E-FHB through the special region Q and a soft magnetic film The

rel uct ancgngﬁirﬁgﬁgff@ht&gﬁ??%cd@?lmFﬁqg J%%YE)TL%%CSZO Because t he

reluctanc the so magn smal | er than the
reluctance Rc of magnetic film 101 of the magnetic recordi ng nedi um 100,
Rd of the RAEFB can be neglected. 21 path reluctance A-->C >B RACB=2xRa

The reluctance is inversely proportional to the cross sectional
area and directly proportional to the length of the path of magnetic
flux flow. Because the special region P positioned in the central
region is apart from the soft magnetic films 50, the flow of the

10 magnetic flux of the external field is hardly affected by the soft
magnetic films 50. Consequently, the magnetic flux is lead to the

central region without significant disturbance.

Now, examining magnetic flux flow from the point A to the point
15 B in Fig. 2, the three paths can be assumed: the first path A—>C—B
through the special region P, the second path A—D—B through the
special region Q, and the third path A—»E—F—B through the special
region Q and a soft magnetic film. The reluctance of each path can be
represented as follows.
20
Because the reluctance of Rd of the soft magnetic film 50 is far
smaller than the reluctance Rc of magnetic film 101 of the magnetic

recording medium 100, Rd of the Rarrs can be neglected.
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A-->D- - +B RADB=2xRb A--->E->F--+B RAEFB= 2xRc+ Rd= 2 xRc 5 Since the
magni tude of the reluctances Ra, Rb, and Rc of the magnetic |ayer 101 of
t he magnetic recording nedium 100 is proportional to the distance in the
magnetic circuit as shown in Fig. 2, the path exhibiting snallest
reluctance is the path A-->C ->B. 10 Consequently, magnetic flux flows in
the special region P (indicate hat chi ng) where magnetic duplication
was conventio®aWYy difficult,re ﬁneoﬁ’rough the soft magnetic filns 50
exi st around the special region. External field can be applied to the
magnet i ¢ recoddirig—Bedi um 10Baice ®éhkdda with the naster disk 1, thereby
allowing the 15 reversal of nagnetization as in the transferring process

shown in Fig. ALA0b)»B n this Rpegial2 keBbon P of the magnetization transfer
region. Therefore, the special regions P and Q can be defined as foll ows.

20 The speci afAT_gg_QF__P,Ha R]r}‘%? ggrRéqy L@&Eea) is an area where

the magnetic ux of external very ttle influence of
the pattern of soft magnetic filns 50 and is collectively lead to the
central region. The special regi on Pis formed as a part of t he magnetic

Pand, "t he spedhacerdi g EnyaiRag NG a8 uhandaschas dtbi and Boof then ar ca
where t he magnetic flux of external field
magnetic layer 101 of the magnetic recording medium 100 is
proportional to the distance in the magnetic circuit as shown in Fig. 2,
the path exhibiting smallest reluctance is the path A—-C—B.
10 Consequently, magnetic flux flows in the special region P (indicated
by hatching) where magnetic duplication was conventionally difficult,
even through the soft magnetic films 50 exist around the special
region. External field can be applied to the magnetic recording
medium 100 in contact with the master disk 1, thereby allowing the

15 reversal of magnetization as in the transferring process shown in Fig.

12(b) in this special region P of the magnetization transfer region.
Therefore, the special regions P and Q can be defined as follows.

20 The special region P (a magnetization reversible area) is an area
where the magnetic flux of external field flows with very little
influence of the pattern of soft magnetic films 50 and is collectively
lead to the central region. The special region P is formed as a part of

the magnetic path of minimum reluctance against magnetic flux flow.
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tends to flowto the soft magnetic filnms 50 with smaller reluctance
affected by the pattern of soft magnetic filns 50 and is not lead to the 5
special region Q The special region Qis forned as a magnetic path having
greater reluctance than a magnetic path including the nmagnetization
reversi ble area. Manufacturi ng met hod 10 A manufacturing nmethod of the
mast er di sk 1% 'llgqebe descri bed . below, Fig..3 shows the manufacturing
process of a tt ker hanfd the specaal ragior Qbgieeignetapatioan i on of
servo signals by a nechanism 15 shown in Fig. 12. In the first step shown
in Fig. 3imeversibk aref) lisnagl areai wihertehthémagnetid flixuof ietepphl étkldnt o
the surface of a silicon substrate about 500 umthick using a spin coater.

Then, in ftéﬁd%emﬂ@bwiTt@rtli@s§ft9m$ﬁeﬁcgﬁl§fsb50 witH ShihNer relaepsiyes ed to
the resist filmby nmeans of photolithography simlar to a,manufacturi ng

rothod of affdled BYURORaBALLS Ot bt fﬁﬁ@w bh® {nHE §8a ASoR RS

for etching int e resrs novo

which is not ve res etc ant for th resi
F1m o nabeclel Yo it Bl ﬂfh%ﬁ@@&laﬂwgiwk%ﬂ@ fhRied a8ra e gpéﬁﬁp
shown in '}:19 3(c), the sillcon supstrate 60 is

aving greater reluctance than a magnetic path including the

magnetization reversible area.

Manufacturing method

10 A manufacturing method of the master disk 1 will be described

below.

Fig. 3 shows the manufacturing process of a master disk 1 that is

used in the magnetic duplication of servo signals by a mechanism

15 shown in Fig. 12.

In the first step shown in Fig. 3(a), a resist film 61 having
thickness of 1.2 pm is applied onto the surface of a silicon substrate
about 500 pm thick using a spin coater. Then, in the second step

20 shown in Fig. 3(b), patterning is conducted to the resist film by means
of photolithography similar to a manufacturing method of usual

silicon semiconductors.

The resist film is used as a mask for etching in the third step.
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processed by dry etching to a depth of 500 nm enpl oying reactive plasnma
etching using a reactive gas of nethyl trichloride, to form grooves. 10 In
the fourth step shown in Fig. 3(d), soft nmagnetic film50 is deposited to
a thickness of 500 nm by neans of a sputtering nethod |eaving the resist
filme6l, to enbed the soft magnetic filns 50 in the grooves. 15 Patterns

of soft netig filnme 5@,are forqed with the uni.t, .lengths of half the
Crack pit Ry Che TPRITGILE o BRRER ofoKalaC oHBIFh 8 TG VeRy rRotHat i
direction hayi.ng the soft nmagnejic filnms isglated each other as shown in
Fig. 1 ex&FOING; 1k kelmpuiasy ot the wesimtnfilm tohave puftierantsthiakndess
patterns, such as preanble pattern 2, that are 20 invariable in the radi al
di recti on rotdt@mhgltvent.abl e in the circunferential direction out of the
three types of the nagnetic patterns forned on the nagnetic recording

medi um 100. In the fifth step shown in Fig. 3(e), the silicon substrate 60
is 24 imersed in a solvent that dissolves the resist filmafter deposition

of the magnetyi i i QN \ S . | igqd . as,r Lred. As
o result Uhe pohe Brd el BhGw I 0 He) boft SRIBHR s irash B e
ili | §S. A . di sk pr.
S reon SRy A0S LN £ LACPER 500 nint e Tepldying readtiva-ce? PY
plasma etching using a reactive gas of methyl trichloride, to form

grooves.

10 In the fourth step shown in Fig. 3(d), soft magnetic film 50 is
deposited to a thickness of 500 nm by means of a sputtering method
leaving the resist film 61, to embed the soft magnetic films 50 in the

grooves.

15 Patterns of soft magnetic films 50 are formed with the unit
lengths of half the track pitch in the radial direction and half the line
pitch in the line direction having the soft magnetic films isolated each
other as shown in Fig. 1 except for the isolated pattern such as burst
pattern 5 and the patterns, such as preamble pattern 2, that are

20 invariable in the radial direction and only variable in the
circumferential direction out of the three types of the magnetic

patterns formed on the magnetic recording medium 100.

In the fifth step shown in Fig. 3(e), the silicon substrate 60 is
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met hod all ows perfectly avoiding bit loss in a magnetic recording nedium
havi ng magnetic patterns transferred fromthe master disk. That neans the
bit error rate of the mediumis zero. 10 Readout process of information
Readout process of information recorded on a magnetic recording nedium 100
that is duplicated using the master disk 1 is described referring to Fig.

4 through Fig. 7. 15 Fig 4 sh relationship between a burst pattern 5
and data fpEOETsedHa f; tgﬂ%%(plwswlmxeaxsttﬁihm aliersdapesiiencdugh
Trk 7 20 in the case of the data pl ane servo system The burst pattern 5
of A B, tCheanthgnetidifihnesbOhehudsiultvasonid e absgagtilie desdrépiied.at i ve
to the track center. Fig. 5(a) through Fig. 5(d) show the wavef orns

obt ai ned ofs 35relailesthearddist FHNLEO1 Betwvee NERAYOE A e%ﬂ9f11ﬂ§506ah& a

flow chart showi ng signal processing of a detected waveformiIn step S

t he magnetth% %ﬁzﬁ%rgggb SraPyed gg%lt(ﬂgs{}l fe taqfa& %g{xﬁ)\(e'i%A t hrough D shown in

Fig. 5(a) e Circu erentla rec attern signals. In
st eps g and 3, the detected signals are anplified and passed

A master disk produced by the above-described manufacturing
method allows perfectly avoiding bit loss in a magnetic recording
medium having magnetic patterns transferred from the master disk.

That means the bit error rate of the medium is zero.

10
Readout process of information
Readout process of information recorded on a magnetic recording
medium 100 that is duplicated using the master disk 1 is described
referring to Fig. 4 through Fig. 7.
15

Fig. 4 shows a relationship between a burst pattern 5 and data

tracks.

The figure shows the positions of the tracks Trk 0 through Trk 7
20 1n the case of the data plane servo system. The burst pattern 5 of A,
B, C, and D indicates the position of the magnetic head 200 relative

to the track center.

Fig. 5(a) through Fig. 5(d) show the waveforms obtained on
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through a lowpass filter to read out the signal waveforns shown in 10
Fig. 5(b). In step S4, the read out waveformis processed by full wave
rectification to obtain a rectified waveform of the signal shown in Fig.
5(c). 15 In step S5, the rectified waveformof the signal is integrated to
obtain the integrated waveformof Fig. 5(d), mherein the integration is
reset bet n the pattern B and the pattern C. 20 In step S6, sanpllng IS
execut ed ﬁtﬁﬁmngabhﬁtgamem byi¢ha magnetuiheade200m Iorg.tthes si floar chagt
extract sanpling signals corresponding to the values of A A+B, C, and
C+D. I n sshovihg shenabipresessirigeffrodeteetml wavefoynal s are conputed 26 by
a conputing elenent to calculate A-B and CGD. A-Bis output if GD > 0 and
- (A-B) is output if CGD<_0. Thus, a position signal detected by the
magnetic head 200 is generated in a 5 form of anal ogue vol tage over the

b RIS R A
] LP
o equ °f¢\ot$@ob” 1) RBoiiain Fie HEDchT EhfrcirenttarotiaLaimetsitie
preanbl e dDattern 2 that generat es clock frequency, and usually sane as the
etect pattern signals.

In steps 2 and 3, the detected signals are amplified and passed

through a low-pass filter to read out the signal waveforms shown in

10 Fig. 5(b).

In step S4, the read out waveform is processed by full wave

rectification to obtain a rectified waveform of the signal shown in Fig.

5(c).
15
In step S5, the rectified waveform of the signal is integrated to
obtain the integrated waveform of Fig. 5(d), wherein the integration
1s reset between the pattern B and the pattern C.
20 In step S6, sampling is executed at four points from the

integrated waveform of the signal, to extract sampling signals

corresponding to the values of A, A+B, C, and C+D.

In step S7, the values of the four sampling signals are computed
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line width of the burst pattern in the circunferential direction. The
pattern of soft nagnetic filns 50 according to the present 15 invention is
applied to patterns other than the isolated patterns such as the burst
pattern 5 and the patterns, such as the preanble pattern 2, which are
invariable in the radial direction and only variable in the

circunfergntial direction. 20 a resuyl { magni tude of the read out
wavef or m y?r@mﬁ@ﬁﬁgs&&m?gf; Ob‘al%@ﬁ%% I‘\Aélifé‘é}igm ignal 300 fromthe
pattern of the soft magnetic filnms 10 of Fig. 7(a) where the invention is
not applied and the readout signal 301 fromthe pattern of the soft
magnetic film 50 of Fig. 7(b) where the invention is applied. The

di fference, 2A-hievatputad GeDcerthhainet- WArB) iy cutpastsiff €-skn@. dbhus, a

appropriate electronic circuit described below 1) The problemthat the

pul se int gjogatiodf sigieal @atedtdd byotlad %ﬁg?@ti@hbﬁﬂ 280Nt %&g??fﬁ‘ﬂeec?q?ﬁ ds

hal ved due to half 1Tength in the“circunferential directio

magnetx ze j i V. | i ag IR y just in
that rogi carFEpPAAcRsa Gelee BPRE UROWHSIV TR JAEHELE ol 5o <" rom
the 10 magnetic head 200 is halved due to half length in the radial
direction of the magnetized region is solved by doubling the gain of the
AGC (Auto Gin ntrol) anmplifier just in that region. Second Exanple

( As Sgscrl%e)d above, the data track is determined by the burst

pattern 5, and generally, a track pitch TP is equal to a length of the

burst pattern 5 in the radial direction. The line pitch LP is equal to
10 the line width in the circumferential direction of the preamble

pattern 2 that generates clock frequency, and usually same as the

line width of the burst pattern in the circumferential direction.

The pattern of soft magnetic films 50 according to the present
15 invention is applied to patterns other than the isolated patterns such
as the burst pattern 5 and the patterns, such as the preamble pattern
2, which are invariable in the radial direction and only variable in the

circumferential direction.

20 As a result, the magnitude of the read out waveform of the
signals differs between the readout signal 300 from the pattern of the
soft magnetic films 10 of Fig. 7(a) where the invention is not applied
and the readout signal 301 from the pattern of the soft magnetic film

50 of Fig. 7(b) where the invention is applied. The difference,
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15 The second aspect of enbodi nment of the invention will be described
referring to Fig. 8 and Fig. 9. This Exanple shows sone variations of the
pattern of soft rmagnetic filns 50. The soft magnetic filnms 50 in the First
Exanpl e 20 descri bed above have a square shape with the lengths in the
radial direction and the circunferential direction being half the each

pi tch. wever the shape of .t soft. magnetic filmis not limted to this
confi gur attOKEVEE; Fﬂrltslﬂ% Cé’%ﬁnbﬁré‘ie ‘é’fl%ik@f agMmeqye NSiRE; 4N ARPLORKIgLe
directionis linmted to aalf the erck pitch, but nolimtation is inposed
to the |@4§€quth%0@1& Qﬁﬁﬁ.\‘&@d gloWirection. 5 In the exanple of Fig.

9, the length in the circunferential directionis limted to half the line
pitch, but nolimtation is inposed to the length in the radial direction.
As shown in the exanples, the configuration of the pattern of the 10 soft

magnetic i)l fthé&Probleat thalitlRdpidsd ifBesv Al of h® ré3fd b%gsi%ixlzﬂg‘ﬁ'bﬁgi on

surrounded by a Surroundi ng shape pattern of soft nagnetic ns 50 I n the

129 o501 ! horuAee Re oGO SUTBTEDIG! (Shapi Al clyges 2 reaton
1o on P o IR LA gL oSSR Pk RIS e

t hat canno .magnetically. ) ) )
(foubbehnggtrlle sampillng frequency just in that region.

2) The problem that the amplitude of the read out signals from the
10 magnetic head 200 is halved due to half length in the radial direction
of the magnetized region is solved by doubling the gain of the AGC

(Auto Gain Control) amplifier just in that region.

Second Example

15 The second aspect of embodiment of the invention will be

described referring to Fig. 8 and Fig. 9.

This Example shows some variations of the pattern of soft
magnetic films 50. The soft magnetic films 50 in the First Example
20 described above have a square shape with the lengths in the radial
direction and the circumferential direction being half the each pitch.
However, the shape of the soft magnetic film is not limited to this

configuration.
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transferred). Advantageous Effect of the invention 20 As described so far,
a master disk for magnetic duplication according to the present invention
is provided with a special region consisting of a nagnetization reversible
area and a magnetization irreversible area around the nagnetization
reversible area in a region that is surrounded by a surroundi ng shape
attern of soft gnetic 29 filns and has an areg correspandi ng tq one
Pecord pi xel .imﬁg{i%ﬁé(é‘ilﬁpfe ngﬁ'kﬂq %I'ﬂlﬁ/\ielég'& Anngne sadiahivgctpenst i zat i on
by a transferring nmagnetic field. 5 10 15 20 30 Clainms 1. A master disk
for magnefimithcplo dm]%d?ha: trqek giihgh, Buplne dimatatpent srimpokat tcsthe
magnetically duplicated to a nagnetic recording nedium and 5 a pattern of

sof t magnéénhgthiinfthewecigdetderantiel dhsiceioni sk arranged in a radial
d

direction and a circunferential direction surrounding a special region
that has an area equal to an area of a

5 In the example of Fig. 9, the length in the circumferential
direction is limited to half the line pitch, but no limitation is imposed

to the length in the radial direction.

As shown in the examples, the configuration of the pattern of the
10  soft magnetic films 50 is not limited to a special form, as long as the
region surrounded by a surrounding shape pattern of soft magnetic
films 50 in the radial direction and in the circumferential direction
includes a region with an area of a division of one record pixel
consisting of a special region P (of a magnetization reversible area
15 that can be magnetically transferred) and a special region Q (of a
magnetization irreversible area that cannot be magnetically

transferred).

Advantageous Effect of the invention

20 As described so far, a master disk for magnetic duplication
according to the present invention is provided with a special region
consisting of a magnetization reversible area and a magnetization
irreversible area around the magnetization reversible area in a region

that is surrounded by a surrounding shape pattern of soft magnetic
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di vision of one record pixel, the special region being a magnetic transfer
regi on consisting of a magneti zation reversible area that is 10
magnetically transferred and a nagnetization irreversible area that is not
magnetically transferred, wherein the nmagnetization reversible area is
formed in a central region of the division of a record pixel and a
magnetic fl.ux of externally applied.magnetic field is coIIectlver | ead
to the madH®Rs 204 &iasian area COBreSBeBAIng ® one vecgne: prEeli chhesspecinbl e
area constitutes a part of a magnet ath having a mni mumrel uctance for
the magnéeegtonlablovfs secuming nanBI]Séﬂp@P neslgnmetrrmttion fhye bdtraamfernmg
magneti zation irreversible area is formed around the nagnetization
reversi bl enapertantidlie external ly applied magnetic 20 field is not |ead
to the nmagnetization irreversible area, and the magnetization irreversible
area constitutes a magnetic path having a |arger reluctance for the
magnetic flux of the externally applied magnetic field than the reluctance
of the5nagnetic path including the nagnetization reversible area. 31 2. A
mast er”di sk for nmagnetic duplication according to claim1l, wherein each
magnetic filmformng the pattern of soft magnetic filns surrounding the
magneti zation reversi ble area and the nagnetization irreversible area of
the magnetic transfer region has a 5 width in the radial direction snaller
than a track pitch

10

15

20
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3. A master disk for magnetic duplication according to claim1, wherein
each soft magnetic filmin the pattern of soft magnetic filns surrounding
t he magneti zati on reversi ble area and the magneti zation 10 irreversible
area of the nmagnetic transfer region has a width in the circunferenti al
direction smaller than a line pitch. 4. A master disk for magnetic
duplicati according to claim2, wherein each soft magnetic filmin the
pattern of msmagnetic films 15 has the width in the radial direction of
about half the track pitch. .5 A master disk for magnetic duplication
accordi ng ko claj %8“,138'(/%?1& feéénagmtlwgmh%tmn ¢oMPprasdPHat t er n of
soft magnetic filns has the width in the circunferential direction of
about hal f thelupheatiad pattérnsthat mesnegnbtikallyrdupbicated tdual i cation
according to claim1, wherein the pattern of soft magnetic filnms is

enbedded ahaphetic¢ i[-@@oﬁﬂ_in%lﬂﬁedﬁgihﬁlaﬂﬂr ection and along a line of the
circunferential direction 32 in the duplication pattern other than a burst

tt d f,o | tieQni q ' . i for
ragnet e dapl Poont BATLLEARE i Aknktfe fAhibgRa if Eﬁ%“ﬂ%%?éf ?1%? sof ¢
tic fil i Sy enbedded al,ong,a |ine,of the radial .direction and along a
line of t AETERESHHIRrLRafinl HFEtioB AN A cHEWRISTERERS MiBeEHE of her
than a burst pattern used for positioning of the magnetic head.
surroundelng a special region that has an area equal to an area of a

division of one record pixel, the special region being a magnetic
transfer region consisting of a magnetization reversible area that is
10 magnetically transferred and a magnetization irreversible area that
1s not magnetically transferred, wherein
the magnetization reversible area is formed in a central region of
the division of a record pixel and a magnetic flux of an externally
applied magnetic field is collectively lead to the magnetization
15 reversible area, and the magnetization reversible area constitutes a
part of a magnetic path having a minimum reluctance for the
magnetic flux of an externally applied magnetic field, and
the magnetization irreversible area is formed around the
magnetization reversible area and the externally applied magnetic
20 field is not lead to the magnetization irreversible area, and the
magnetization irreversible area constitutes a magnetic path having a
larger reluctance for the magnetic flux of the externally applied
magnetic field than the reluctance of the magnetic path including the

magnetization reversible area.
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10 8. A master disk for magnetic duplication according to claim3, wherein
the pattern of soft nagnetic filns is enbedded along a line of the radial
direction and along a line of the circunferential direction in the
duplication pattern other than a burst pattern used for positioning of the
magneti c head. 15 9. A master disk for magnetic duplication according to

claim4, wherein the tter f soft gnetic.fil.ns i s enpedded al ong, a
line of  he radi 4 TARPLRE AbPK dan TRAGRSTAC i iDRen Ge ol PESh@ AL R L,
direction jn the duplication pattern other than a burst pattern used for
20 posi ti onhagewt eﬁﬂgl mageetic fabadformoing thet patitén ofwofit aeagnetis a
master disk for magnetic duplication having duplication patterns that are

magnet i calfilyns dupirocaicichg the meagnsitizatieeprdivopsibididvonnda thetern of
soft 33 magnetic filmnms, the duplication patterns and the pattern of soft

magnetic fhh &ﬁ@ﬁoﬁ”ﬁ%@%@si@%%ﬁm&{e %égpfzfﬁetl‘%éfé? dqe%igﬂ,ghﬁ'b%g: a

step of arranging the pattern o magneti c N In ara

di rectgon - Ci kCU nhial cdirection syrroundi ng a.special region
that e AL PRI Rcs IO RR BRUIAR D E A ERET o i el
formng a magnetization reversible area in a central region of the
division of a record pixel, wherein a magnetic flux of an externally

3. A master disk for magnetic duplication according to claim 1,

wherein each soft magnetic film in the pattern of soft magnetic films

surrounding the magnetization reversible area and the magnetization
10 irreversible area of the magnetic transfer region has a width in the

circumferential direction smaller than a line pitch.

4. A master disk for magnetic duplication according to claim 2,
wherein each soft magnetic film in the pattern of soft magnetic films

15 has the width in the radial direction of about half the track pitch.

5. A master disk for magnetic duplication according to claim 3,
wherein each soft magnetic film in the pattern of soft magnetic films
has the width in the circumferential direction of about half the line

20 pitch.

6. A master disk for magnetic duplication according to claim 1,
wherein the pattern of soft magnetic films is embedded along a line of

the radial direction and along a line of the circumferential direction
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applied magnetic field is collectively lead to the magnetization 10
reversi ble area, and the nagneti zation reversible area constitutes a part
of a magnetic path having a m ninmnumreluctance for the nagnetic flux of an
externally applied magnetic field; and form ng a nagnetization irreversible
area around the rmagnetization reversible area, wherein the externally
applied 15 magnetic field is not lead to the nmagnetization irreversible
area and 1nHhedgdicationopattarayetbenithan eabusss pattews usedaforeti c path
having a | arger reluctance for the nagnetic flux of the externally applied
magnet i ¢ fooslitiohag ofithe ahagiwiie hefad.he magnetic path including the
magneti zation reversible area. 20 34

7. A master disk for magnetic duplication according to claim 2,

5 wherein the pattern of soft magnetic films is embedded along a line of
the radial direction and along a line of the circumferential direction
in the duplication pattern other than a burst pattern used for

positioning of the magnetic head.

10 8. A master disk for magnetic duplication according to claim 3,
wherein the pattern of soft magnetic films is embedded along a line of
the radial direction and along a line of the circumferential direction
in the duplication pattern other than a burst pattern used for
positioning of the magnetic head.

15
9. A master disk for magnetic duplication according to claim 4,
wherein the pattern of soft magnetic films is embedded along a line of
the radial direction and along a line of the circumferential direction
in the duplication pattern other than a burst pattern used for

20 positioning of the magnetic head.

10. A method for manufacturing a master disk for magnetic
duplication having duplication patterns that are magnetically

duplicated to a magnetic recording medium anda pattern of soft
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10

15

20

magnetic films, the duplication patterns and the pattern of soft
magnetic films being embedded in the master disk, the method
comprising:

a step of arranging the pattern of soft magnetic films in a radial
direction and a circumferential direction surrounding a special region
that has an area equal to an area of a division of one record pixel;

forming a magnetization reversible area in a central region of the
division of a record pixel, wherein a magnetic flux of an externally
applied magnetic field is collectively lead to the magnetization
reversible area, and the magnetization reversible area constitutes a
part of a magnetic path having a minimum reluctance for the
magnetic flux of an externally applied magnetic field; and

forming a magnetization irreversible area around the
magnetization reversible area, wherein the externally applied
magnetic field is not lead to the magnetization irreversible area and
the magnetization irreversible area constitutes a magnetic path
having a larger reluctance for the magnetic flux of the externally
applied magnetic field than the reluctance of the magnetic path

including the magnetization reversible area.
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