MASTER DI SC AND METHOD OF MANUFACTURI NG THE SAME Technical Field of the

I nvention The present invention relates to a master disc and a nethod of
manuf acturing the sane, and nore specifically to a master disc in which a
servo signal used for positioning of a mnmagnetic head is witten by using a
magnetic transfer technique, and a nethod of manufacturing the nmaster

disc. Prior Art At present, a magnetic disc using a magnetic filmas a
recordi ng medi um has been used in a hard disc drive (hereinafter referred

to as HDDuashERhDISCNANDI MEUEED @F BMANUEXCEURENGSTRE ageMEevi ce for a
conputer. In the HDD, the recording/reproducing of a data is perfornmed by
a magnetic head. The magnetic head is floated fromthe surface of a
rotating magnetic disc so as to be kept away fromthe surface of the

magnetic di sc ate@nhfishanege0f sevenal rhesscwn by a floating mechani sm
called as a slider. Bit information on a magnetic disc is stored in data

tracks arrangedr,congamLlcalinerdadnt be1arasetiCanfades gpyed, r}i?;?g% speed

positioned to a target data track on the recor |ng ne lumat a
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master disc in which a servo signal used for positioning of a
magnetic head 1is written by using a magnetic transfer

technique, and a method of manufacturing the master disc.

Prior Art

At present, a magnetic disc using a magnetic film as a
recording medium has been used in a hard disc drive
(hereinafter referred to as HDD) which is mainly used as an
external storage device for a computer. In the HDD, the
recording/reproducing of a data is performed by a magnetic
head. The magnetic head is floated from the surface of a
rotating magnetic disc so as to be kept away from the
surface of the magnetic disc at a distance of several tens nm
by a floating mechanism called as a slider. Bit information
on a magnetic disc is stored in data tracks arranged
concentrically, and the magnetic head is moved and positioned
to a target data track on the recording medium at a high speed

to record/reproduce data.

Positioning signals (hereinafter referred to as servo



detect the relative position between the magnetic head and the data
tracks. The magnetic head detects the position thereof at a fixed tine
interval. A servo signal is witten on a magnetic disc by using a

dedi cated device called a servo witer, so that it is not deviated from
the center of the magnetic disc or the center of the |locus of the magnetic
head after the magnetic disc is installed in HDD. The recording density of
t he magnetic recordi ng nedium such as a nagnetic disc or the like at the

present deveghapingrest agec&geches1 1P06bi stéR2n avkle ahs§néhecr @CoE di &g
capacity thereof is increased every 60% per year. In connection with
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magnetic disc is installed in HDD.

The recording density of the magnetic recording medium
such as a magnetic disc or the like at the present developing
stage reaches 100Gbis/in?, and also the recording capacity
thereof 1is increased every 60% per year. In connection with
this, the servo signal for the positioning of the magnetic head
has such a tendency that the recording density is increased
and the writing time of the servo signal is increased year
by year. The increase of the writing time of the servo signal
becomes one of critical factors causing reduction in

productivity of HDD and increase in cost.

As compared with the system of writing the servo signal
by using the magnetic head of the servo writer as described
above, the writing time of the servo signal is more rapidly

shortened by collectively writing the servo signal through

magnetic transfer (see Patent JP-A-2001-283433, for example).



transfer technique, and Fig. 2 shows a nmagnetic transfer nethod for a
conventional magnetic disc. The magnetic transfer is divided into an
initial demagnetization step and a transfer pattern witing step. Fig.
1(a) shows the initial demagnetization step. A nmagnetic core 14 having
per manent magneto 15 is noved so as to be kept away fromthe surface of a
magnetic disc 11 having a nagnetic |layer 13 on a substrate 12 at a fixed
interval (1mmor less) . Initially, the magnetic |ayer 13 fornmed on the
substrate g2 i s noty et to,sugh;a state 4 tobs netizeq thi‘ fixed
di rection EJl%ciweverg ?‘tﬁ is mag etl?lfek in tﬂa&fé x%%l Vgﬁgect%on mag%eti C
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t he magnetlc disc 11. Fig. 1(h) .shows the transfer pattern witing step.
The 3 nastiert r&r’sgcfef?Haéttﬁé? ¥rditdng #&€Prhat a soft nagnetic layer 20 is
enbedded in a magnetic layer 19 on a silicon substrate

Fig. 1l(a) shows the initial demagnetization step. A
magnetic core 14 having permanent magneto 15 is moved so as
to be kept away from the surface of a magnetic disc 11 having
a magnetic layer 13 on a substrate 12 at a fixed interval
(Imm or less). Initially, the magnetic layer 13 formed on the
substrate 12 is not set to such a state that it is magnetized
in a fixed direction, however, it is magnetized in the fixed
direction by magnetic field leaking from the gap 16 of the
magnetic core 14. An arrow indicated in the magnetic layer 13

of the figure represents a magnetization direction.

Fig. 2(a) shows a movement path of the magnetic core 14.
The magnetic 1layer 13 is wuniformly magnetized in the
circumferential direction. Fig. 2(b) shows a state that a
magnetic transfer master disc (hereinafter referred to as
master disc) 17 is disposed and positioned on the magnetic

disc 11.

Fig. 1(b) shows the transfer pattern writing step. The



18. In the soft magnetic |ayer 20, a servo signal to be recorded in a
magneti c recording nmediumis enbedded as a nmmagnetization pattern. The
magneti c core 14 magnetizes the nagnetic disc 11 in the opposite direction
to the direction of the magnetic field in the initial demagnetization step
t hrough the master disc 17. At this tine, magnetic field which |[|eaks from
the gap 16 and infiltrates into the master disc 17 reaches the magnetic
disc 11 in areas having no soft nagnetic |ayer 20 to nagnetize the

magneti c haveerldisOnthes didiera Jantbtdre angas ahaviraonbbgesott 1apgnetic
| ayer 20, the magnetic field passes through the soft magnetic |ayer 20
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of the magnetic field in the initial demagnetization step
through the master disc 17. At this time, magnetic field which
leaks from the gap 16 and infiltrates into the master disc 17
reaches the magnetic disc 11 in areas having no soft magnetic
layer 20 to magnetize the magnetic layer 13. On the other
hand, in areas having the soft magnetic layer 20, the magnetic
field passes through the soft magnetic layer 20 serving as a
magnetic path having small magnetic resistance. New

magnetization writing is not carried out in the areas having

the soft magnetic layer 20.

Fig. 2(c) shows a movement path of the magnetic core 14.
The master disc 17 is brought into close contact with the
magnetic disc 11, and the magnetic core 14 is moved along the
circumferential direction. The servo signal embedded as a
magnetization pattern in the master disc 17 is transferred
onto the magnetic disc 11 through magnetic transfer as

described above.



pattern 32, cylinder information 33, sector information 34 and servo burst
information 35. The format of the servo signal w1l be described hereunder
in detail. (1) Servo AGC A servo AGC (Automatic Gain Control) 31 is
associated wth an AGC circuit of amanplifier for anplifying a signal
read out froma nmagnetic head. Normally, the AGC circuit of the anplifier
operates ordinarily under the state that data are witten in portions

ot her than the servo signal. However, under the state that only the servo
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100bi ts aldltoPRedessTiRE8IsBRYEURELT31R B8eF2Y1Servo Detection Pattern This
is a specific pattern to identify the servo signal.

(1) Servo AGC

A servo AGC (Automatic Gain Control) 31 is associated
with an AGC circuit of am amplifier for amplifying a signal
read out from a magnetic head. Normally, the AGC circuit of the
amplifier operates ordinarily under the state that data are
written in portions other than the servo signal. However,
under the state that only the servo signal is written and no
data are written, or under the state that the servo signal is
read out immediately after the data are written, the gain of
the amplifier is approximately kept to the maximum value, and

thus it is impossible to read out the servo signal normally.

Therefore, a dibit pattern of all “1” bits, that is, a
signal having a fixed frequency (hereinafter referred to as
servo frequency) is first written in the servo signal. The gain
of the amplifier is normally returned by reading out the servo
AGC 31. A PLL (Phase Locked Loop) circuit for generating clocks
to read out the servo signal is synchronized with the servo

frequency. About 100bits are formed as the servo AGC 31.



(3) Servo Address Information The servo address information conprises
cylinder information 33 and sector information 34. Cylinder information of
servo tracks is witten in the cylinder information 33 while subjected to
gray coding. HDD carries out the operation of positioning the head to a
target track on the basis of the cylinder information 33 and readi ng out
data witten there or witing data there. The gray coding will be
described later with reference to Fig. 4. The sector information 34 is

information rel ating th S tracks. The sector is an area
achi eved by dlvﬁgynaggv?r 8E88€ gﬁsgégF% I‘?hundreds parts, and it serves

as a data recor / repraduci. unit, in HDD. A t or. address ormal |y
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sectors”are’ given
on the whol e periphery, the sector address has 7-bit length. (4) Servo
Burst Information The servo burst information 35 is information to

position the na etic head on a target track after the magnetic head is
moved to the tar étS?FgekAdgﬁeéénépgprmﬁﬁéoé magnetic head is positioned to
the center of the target track by nmpari ng .t he signal anplitude of
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pattern
information 33 and sector information 34. Cylinder
information of servo tracks is written in the cylinder
information 33 while subjected to gray coding. HDD carries out
the operation of positioning the head to a target track on the
basis of the cylinder information 33 and reading out data
written there or writing data there. The gray coding will be

described later with reference to Fig. 4.

The sector information 34 is information relating to
the sectors in the tracks. The sector is an area achieved by
dividing a track into several hundreds parts, and it serves
as a data recording/reproducing unit in HDD. A sector address
is normally represented by binary numbers, and for example
when 90 sectors are given on the whole periphery, the sector

address has 7-bit length.

(4) Servo Burst Information
The servo burst information 35 1is information to
position the magnetic head on a target track after the

magnetic head is moved to the target track. In general, the



in which A, B, Cand D are deviated in phase in one track width. Fig. 4
shows the gray coding of the conventional «cylinder information. Fig. 4(a)
shows a binary gray code conversion rule of 4 bits. Fig. 4(b) shows a gray
code conversion rule in the cylinder information of 19 bits. Only
variation of one bit is made between nei ghboring cylinders by the gray
codi ng. Accordingly, even if any one bit is erroneously read out when the
cylinder information is read out by the nmagnetic head, the nagnetic head
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recordabl e .ma ordln nedla are used in HDD total nunber of
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bits. Wien the, servo blt Ie th at_ the radius of .85mMmM i s set to 0.1m
the total SeFPLcBid- IBen%t%PAqg SEyEaviedef sh g Fr@ QRT VT A5k ngﬁBt h at
the radius of 23.5mmis set to 0.13m the total servo bit length is equal
7 to 2. 4m This nmeans that a section in which "0" or "1" continues exists

over the length correspondlng to the total servo bit length in a sEecific
servo pattern. Fig. 4 shows the gray coding of the conventiona

cylinder information. Fig. 4(a) shows a binary gray code
conversion rule of 4 bits. Fig. 4(b) shows a gray code
conversion rule in the cylinder information of 19 bits. Only
variation of one bit is made between neighboring cylinders by
the gray coding. Accordingly, even if any one bit is
erroneously read out when the cylinder information is read out
by the magnetic head, the magnetic head is prevented from

accessing a completely different position.

For example, the recording range of a 3.5-inchi type
magnetic recording medium is equal to about 29,000 tracks per
surface when the radius is set to 17.85 to 47.00 mm and the
track width is set to O0.lum. When three double-side
recordable magnetic recording media are used in HDD, the
total number of cylinders is equal to 2x3x29,000 = 174,000, and
it corresponds to 18 bits. When the servo bit length at the
radius of 17.85mm is set to 0.lpm, the total servo bit length
is equal to 1.8um and the servo bit length at the radius of

23.5mm is set to 0.13um, the total servo bit length is equal



A data pattern exists in the magnetic recording nmedium in addition to the
pattern of the servo signal described above. The data pattern is recorded
by using an RLL (Run Length Limted) code. The RLL code will be described

her eunder

. The

RLL code is represented by using as paraneters the m ni num

magneti zation inverted interval d, the maxi mum nagnetization inverted

i nterval

k, t

he bit length of original data : m and the bit |length

after nmodulation : n. Fig. 5 shows a conversion rule of an RLL 1-7 code of
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section in which "0" or "1" continues is equal to 8 0.7m Problemto be
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in addition to the pattern of the servo signal described
above. The data pattern is recorded by using an RLL (Run Length
Limited) code. The RLL code will be described hereunder. The
RLL code is represented by using as parameters the minimum
magnetization inverted interval : d, the maximum
magnetization inverted interval : k, the bit length of
original data : m, and the bit length after modulation : n. Fig.
5 shows a conversion rule of an RLL 1-7 code of d=1, k=7. The
RLL 1-7 code means that the minimum and maximum values of the
magnetization inverted interval are equal to 1 and 7
respectively, the data sequence of 2 bits is converted to 3 bits
in principle and the data sequence of specific 4 bits is

converted to 6 bits.

Fig. 6 shows a conversion example of the data sequence
on the basis of the conventional RLL 1-7 code. The RLL 1-7
code is designed so that one “0” at minimum and seven “0” at
maximum exists between “1” and “1”, and “0” or “1” does not
continue over a long section. Since the data bit length is set

to 0.1lum, a section in which “0” or “1” continues is equal to



transfer, as described above in the 3.5-inch type magnetic recording

medi um the nagnetic transit interval of the servo address information,
that is, the section where "0" or "1" continues covers a broad range from
the data bit length of 0. Imto the total servo bit length of 2. 4m which
corresponds to about 24 tines. Fig. 7 shows variation in magnetic fl ux
density of the mnagnetic |ayer when the | ength and period of the soft
magnetic |layer are varied. As shown in Fig. 7 (a) , a case where the

| engt h Mbqggkhe soft magnetic layer 20 is equal to 0. 7mand the interval
Pis equal 'to6 1. 4mis shown in Fig. 7 (b) , and a case where the length W
is equal to 2. Omand the interval Pis equal to 4.0mis shown in Fig.
7(c). As a calculation result, the nagnetic flux density at the | ower

portion of the ?3gggﬁﬁagge£gcsgfygéxgg Lﬁe'ﬁﬁggﬁ%'gnthe case of W2. Om and

P=4. Om |deal e nmagnetic ensity o e magnetic |layer 13 of
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address information, that is, the section where “0” or “1”
continues covers a broad range from the data bit length of

0.1lpm to the total servo bit length of 2.4um, which corresponds

to about 24 times.

Fig. 7 shows variation in magnetic flux density of the
magnetic layer when the length and period of the soft magnetic
layer are varied. As shown in Fig. 7(a), a case where the length
W of the soft magnetic layer 20 is equal to 0.7um and the
interval P is equal to 1.4pm is shown in Fig. 7(b), and a case
where the length W is equal to 2.0um and the interval P is equal
to 4.0pm is shown in Fig. 7(c). As a calculation result, the
magnetic flux density at the lower portion of the soft
magnetic layer 20 is larger in the case of W=2.0um and P=4.0um.
Ideally, the magnetic flux density of the magnetic layer 13
of the magnetic disc 11 at the lower portion of the soft
magnetic layer 20 is preferably equal to zero. If the length
W of the soft magnetic layer 20 is increased and the interval

P of the soft magnetic layer 20 is increased, the magnetic flux



magnetic flux density exceeds the saturated nmagnetic flux density of the
soft magnetic |layer 20, and the magnetic field I|eaks into the magnetic

| ayer 13 of the magnetic disc 11. Fig. 8 shows variation in magnetic
saturation point at the |ower portion of the soft magnetic | ayer when the
|l ength and period of the soft magnetic filmare varied. It is apparent
that nmagnetic field | eaks due to magnetic saturation. On the other hand,
the magnetic flux density in the gap between the two soft magnetic |ayers

20 is snaller, | Lheo£ase, of 2 m. and Jief. O0flolhs incBecausesynder the

state that the interva et ween e two soft magnetic layers 20 is |arge,
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Fig. 8 shows variation in magnetic saturation point at
the lower portion of the soft magnetic layer when the length
and period of the soft magnetic film are varied. It is apparent
that magnetic field leaks due to magnetic saturation. On the
other hand, the magnetic flux density in the gap between the
two soft magnetic layers 20 is smaller in the case of W=2.0um
and P=4.0um. This is because under the state that the interval
between the two soft magnetic layers 20 is large, the magnetic
fluxes passing through the soft magnetic layers 20 pass nearer
to the magnet side, so that the magnetic flux density in the

magnetic layer 13 of the magnetic disc 11 is reduced.

As shown in Fig. 1, the magnetic transfer is carried out
in both the initial demagnetization step and the transfer
pattern writing step. In order to surely carry out the magnetic
transfer on the whole surface of the magnetic disc, it 1is
necessary to reduce the leak magnetic flux density at the lower

portion of the soft magnetic layer and increase the magnetic

10



i ncreased, the |l eak magnetic flux density at the |ower portion of the soft
magnetic |ayer is increased, and the magnetic flux density is reduced

bet ween the soft magnetic layers. As a calcul ation exanple, the difference
corresponds to about three tines in the length Wof the soft magnetic

| ayer and twice in the interval. However, when the magnetic transit
interval of the servo address information covers a broad range of about

24 tinmes, this tendency is further remarkable. That is, there locally

appears a pl ace which i ot suhj.ected.to magnetization_inversion,., and
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present inventian has beep inplenented in yiew o t he foregqin obl em
and has an"&BicC ESYﬁFovgﬁeSn;go%éfleflgﬁr s%’ dw&eﬁegﬂ%dled?&(r)fhﬁ%f g@?uri ng
t he master disc mhich,caﬁ carr%aout na%netic transfer with high
reliabilit3By "M eNi hY thelRadRErreSefafdid §hf etVeFTVadkahs 81580l vi ng
the ProblemIn order to attain the above object, according to the,

i nvent i on BCTEHSA 1 EREnke K M gnediicdbius daistidry aitsehe nlaiificRorhiservo
signal to be recorded in a magnetic recording nmedium 11 is enbedded as a
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information indicating a start position for inverting or non-inverting
data of tHedwedgspsity is reduced between the soft magnetic layers. As

a calculation example, the difference corresponds to about
three times in the length W of the soft magnetic layer and twice
in the interval. However, when the magnetic transit interval
of the servo address information covers a broad range of about
24 times, this tendency is further remarkable. That is, there
locally appears a place which 1is not subjected to
magnetization inversion, and thus it is difficult to carry out

the magnetic transfer stably.

The present invention has been implemented in view of
the foregoing problem, and has an object to provide a master
disc and a method of manufacturing the master disc which can
carry out magnetic transfer with high reliability by

shortening the magnetic transit interval.

Means of solving the Problem
In order to attain the above object, according to the
invention of claim 1, there is provided a master disc in which

a servo signal to be recorded in a magnetic recording medium

11



address information is equi pped between a servo detection pattern and
servo address information in the servo signal, and when a section in which
data conti nue exceeds a predeterm ned section in the data sequence of the
servo address information, data at a subsequent portion to an exceedi ng
position are inverted or non-inverted, and the exceeding position is

regi stered as the start position in the area. According to the above
construction, nmagnetic transfer can be perfornmed with high reliability by
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that is, Cebht i Ruer*accor rng to the

i nvention claim2, HP re is provided Ehod facturl mast er
s | n Wi ATs@HE g Ao I e e c BT SR RGREPLe PeboPHERG medi um
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servo signal, characterized in that when a section in which data continue
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section in the data sequence of the servo address information,
data at a subsequent portion to an exceeding position are
inverted or non-inverted, and the exceeding position is

registered as the start position in the area.

According to the above construction, magnetic transfer
can be performed with high reliability by shortening a
magnetic transit interval of the servo address information,

that is, a section in which data of “0” or “1” continue.

According to the invention of claim 2, there is provided
a method of manufacturing a master disc in which a servo
signal to be recorded in a magnetic recording medium is embedded
as a magnetization pattern and that has an area for registering
information indicating a start position for inverting or
non-inverting data of the servo address information which is
equipped between a servo detection pattern and servo address
information in the servo signal, characterized in that when

a section in which data continue exceeds a predetermined

12



position for inversion in the area, and when a data-continuing section
exceeds a predeterm ned section again, the data of a subsequent portion to
t he exceeding position are non-inverted, and the exceeding position is
regi stered as a start position for non-inversion in the area. According to
the invention of claim3, there is provided a master disc in which a servo
signal to be recorded in a mnmagnetic recording nediumis enbedded as a
magneti zation pattern, characterized in that an area for registering

i nformati @aci-AEhCAL itk BathaddqROsdd io¥Nthersd AnehlidRg sdal @fophat heh servo
address information and the nunber of inverted bits is equipped between a

servo det ggi-bonypabt &M 30k e$8r W raddr 835 dNf ol d Oty | fod Nei ey si gnal
when a data-continuing section exceeds a predetermned section in the

data sequenge ol dt N6 phY0. AL eA%, HRLOLTBL! A0 0aLA Abofls SHSEAURNT

portion to the exceedi ng position inverted o non-inverted, and the

data-invegﬁﬁqgﬁéﬁeedipgrposiiiég}gi%ﬁbregk te£$g agrgastagédpoaﬁéﬁo for the

i nversion € area Wwhil é the nunber of brts from t he data-inverted

erceed N0, BasL Lo 0ele JALaoT LINerh e Crseelimtald | oot or

e area.

| vention_of ol al 4, therg is prowided. a ethod of mefactyrigg,a mster

position are non-inverted, and the exceeding position is

registered as a start position for non-inversion in the area.

According to the invention of claim 3, there is provided
a master disc in which a servo signal to be recorded in a
magnetic recording medium is embedded as a magnetization
pattern, characterized in that an area for registering
information indicating a start position for inverting data
of the servo address information and the number of inverted
bits is equipped between a servo detection pattern and servo
address information in the servo signal, when a
data-continuing section exceeds a predetermined section in
the data sequence of the servo address information, data at a
subsequent portion to the exceeding position are inverted or
non-inverted, and the data-inverted exceeding position is
registered as a start position for the inversion in the area
while the number of bits from the data-inverted exceeding
position to the data-non-inverted exceeding position 1is

registered as the inverted bit number in the area.
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signal to be recorded in a nmagnetic recording nediumis enbedded as a
magneti zation pattern, and that has an area for registering information
indicating a start position for inverting data of the servo address
information and the nunber of inverted bits which is equi pped between a
servo detection pattern and servo address information in the servo signal
characterized in that when a data-continuing section exceeds a
predeterm ned section in the data sequence of the servo address

informati on, data at ,a _subsequent _portion fo.the ,exceedin it] are
inverted, and t 808§§é99ﬁ6%§?531n¥§8 éaPﬁa%éééﬁﬁ}én ?%e$%633§g§g%a§§ a

start position for, th i nversion.in the area nd when a.dat a-cont i nui ng
section é&c@@ﬁéo pt dgﬁ&Hﬁéﬁﬁy%ﬂﬁﬁi8nm§§g?ﬁ,8&59a18twﬁl§ﬁb§eaﬁaﬁ?
portion to the _exceeding position are non-inverted and the nupber,of bits
fromthe Fat%3nvé ecPeexg%%ﬂJF%jd pd8i & quk?t%%er%%?%q%-rfl%‘gje‘?rfl et®
exceeding position is registered as the inverted bit nunber in the area.
Bri ef Des@MsCoss 8f 2 HeaInein FRfsl ¢ fatiqrd,aagfafhat kodhG teRet BFi nci pl e

of a conventional magnetic transfer technique, wherein (a) shows an

initial defsgrderingg sREPrMaARHONh)Indovat G r ansPeart pRAEH A i £PRg st ep.

14 Fig. 2 is a diagram show ng a nagnetic transfer nethod
inverting data of the servo address information and the number
of inverted bits which is equipped between a servo detection
pattern and servo address information in the servo signal,
characterized in that when a data-continuing section exceeds
a predetermined section in the data sequence of the servo
address information, data at a subsequent portion to the
exceeding position are inverted, and the data-inverted
exceeding position is registered as a start position for the
inversion in the area, and when a data-continuing section
exceeds a predetermined section again, data at a subsequent
portion to the exceeding position are non-inverted and the
number of bits from the data-inverted exceeding position to

the data-non-inverted exceeding position is registered as

the inverted bit number in the area.

Brief Description of the Drawings

Fig. 1 is a diagram showing the principle of a
conventional magnetic transfer technique, wherein (a) shows
an initial demagnetizing step, and (b) shows a transfer

pattern writing step.
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for a conventional magnetic disc. Fig. 3 is a diagramshowi ng the format of
a conventional servo signal. Fig. 4 is a diagramshow ng gray codi ng of
conventional cylinder information. Fig. 5 is a diagram showi ng a
conversion rule of conventional RLL1-7 code. Fig. 6 is a diagram show ng a
conversion exanple of a data sequence based on the conventional RLL1-7
code. Fig. 7 is a diagram showi ng variation of magnetic flux density in a
magnetic | ayer when the length and period of a soft nagnetic |ayer are

varied. Fig. 8 Fsga 2i pgramishpWmGneiingf bORaghediBbgnghkEer S ti@d i ON
point at the |l ower portion of a soft magnetic |ayer when the |ength and

period of fbheasebhvBRENEhAE hhhAtake qyakied. Fig. 9 is a diagram show ng
the format of a servo signal according to an enbodi nent of this invention

Fig. 10 is a di@95@”3%EPE‘@Ba&ﬂé&QﬁRﬁﬁhﬂfQ%%HféPWat%ﬁ?9r95H9eﬁE&éﬁﬁi

enbodi nent of the present 1nvention. Fig. Is a diagramfor explalning

data inversion Shgﬁgﬁion information according to the first enbodi nent of
this invention. g. 12 is a diagram for explaining data inversion

Fig. 4 is a diagram showing gray coding of conventional
cylinder information.

Fig. 5 is a diagram showing a conversion rule of
conventional RLL1-7 code.

Fig. 6 is a diagram showing a conversion example of a data
sequence based on the conventional RLL1-7 code.

Fig. 7 is a diagram showing variation of magnetic flux
density in a magnetic layer when the length and period of a
soft magnetic layer are varied.

Fig. 8 1is a diagram showing variation of a magnetic
saturation point at the lower portion of a soft magnetic
layer when the length and period of the soft magnetic film are
varied.

Fig. 9 is a diagram showing the format of a servo signal
according to an embodiment of this invention.

Fig. 10 1is a diagram showing cylinder information
according to the embodiment of the present invention.

Fig. 11 is a diagram for explaining data inversion
location information according to the first embodiment of
this invention.

Fig. 12 is a diagram for explaining data inversion

15



15 location informati on according to a second enbodi ment of this invention.
Enbodi nent of the Invention An enbodi nent according to the present
invention will be described in detail with reference to the drawings. A
magneti c recordi ng nmedi um according to this inventionis newy equipped
with an area for registering information indicating a start position to
invert or non-invert the data of servo address information as data
inversion location information between a servo detection pattern and the
servo ad resi.infon tion where_ the gata of."0" or."'1"

o !
cont i nues ~%&X¢éEls éggﬁéﬁgFéPﬁfﬂagcégﬁ%?%n F9 ¢ necEdtd SBR0EHRE bt ©

equernice of ¥he
servo address i.nfornmation, the data at the subsequent portion to the
exceedi ng i tPYF4r@ Y nverted. In addition to the inversion, the
exceeding position is registered as a data inversion start position in the
data inversion location information. Wien the section where "0" or "1"
continues exceeds a predeterm ned section again, the data at the
subsequent port EBROCGNERE efcEBE AGVEBSiEPRon are non- inverted. In
addition to the non-inversion, the exceeding position is registered as a
dat a non-i nver sPoncBbedingosiadamrding he e Rresapérspvant beamidd be
i nformation.

described in detail with reference to the drawings. A

magnetic recording medium according to this invention is
newly equipped with an area for registéring information
indicating a start position to invert or non-invert the
data of servo address information as data inversion location
information between a servo detection pattern and the servo

address information.

When a section where the data of “0” or “1” continues
exceeds a predetermined section in the data sequence of the
servo address information, the data at the subsequent portion
to the exceeding position are inverted. In addition to the
inversion, the exceeding position is registered as a data
inversion start position in the data inversion location
information. When the section where “0” or “1” continues
exceeds a predetermined section again, the data at the
subsequent portion to theexceedingpositionarenon-inverted.
In addition to the non-inversion, the exceeding position is
registered as a data non-inversion start position in the data

inversion location information.
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16 Li kewi se, the data inversion and non-inversion are repeated until the
rear end of the servo address information to forma servo signal. In the
manner as descri bed above, the section where the data of "0" or "1"
continues is prevented from exceeding a predeterm ned section, that is, a
magnetic transit interval is prevented from exceeding a predeterm ned
interval. On the other hand, plan reproduction is carried out by using a
magneti c head, the data inversion location information is read out and an

i ndi cat ed portlgmk@&léee S&fevodaegdrﬁﬁﬁeﬂsrﬁo@f NBh & OMneRnRAuGad i Satdvert ed
or non-inverted. Fig. 9’ shows the format of the servo signal according to

one enbodkg%gratgg EH&S@%@“}eAE‘@% I ENG$66YQq§HBa! i n FOPREL 865 @

servo AGC 9 a servo detection pattern 92, servo address iInformtion

cont ai ni ng oCyldere AT OLTRLLAN 97 00 naB6L0T,d HLACIALLN. B4 Bnd e vO

bur st |nfornat|on an area for data |nverS|on ocafion

i nf or mati g 99 i ni eating. e | nverg).on pagit Loncof, Lhe; seryvo, addr ess

i nformati 6n1S equl pped ween the servo detec [ely pa and t he
cylinder informatio shows ¢ der ?Lgﬁnatlon accorglng to

anot her &x68dF ﬁﬁﬁ?nggtﬁ|Egﬁﬂ$gﬁfpéﬁedF SC 18%(a ong’ a®r B3el'Y é%hleved
DY ULkl B oS e Ot o0 0 Amg g L gylhoger 1D
interval. On the other hand, plan reproduction is carried out
by using a magnetic head, the data inversion 1location

information is read out and an indicated portion of the servo

address information reproduced is inverted or non-inverted.

Fig. 9 shows the format of the servo signal according to
one embodiment of the present invention. The servo signal
comprises a servo AGC 91, a servo detection pattern 92, servo
address information containing cylinder information 93 and
sector information 94 and servo burst information 95.
Further, an area for data inversion location information 96
indicating the inversion position of the servo address
information 1is equipped between the servo detection pattern

92 and the cylinder information 93.

Fig. 10 shows cylinder information according to another
embodiment of this invention. Fig. 10 (a) shows a result achieved
by subjecting 18-bit cylinder information to gray coding. In

cylinder ID: O to 15, the state of “0” exceeds 7 bits. Fig. 10 (b)
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17 shows a result achieved by inverting the data sequence of the cylinder
information. That is, by inverting the data of the seventh and subsequent
bits, the sections in which the state of "0" continues are limted to 7
bits or less (fromzero-th bit to sixth bit). Then, with respect to the
cylinder ID: O to 7, the bits at the fourteenth bit is subjected to
non-inversion so that the sections in which the state of "1" continues are
limted to 7 bits or less (fromthe seventh bit to thirteenth bit).

Fur t her m%ﬁow‘é’i Lhd %%ﬂ&%%bﬁb%Y&h@g?Eiﬁ&:tkﬁ]téﬁt]aaseiqfue}rl@% obi{fse at the

fourteenth bit 1s subjected to non-inversion, state of "1" would

exceeds 7F§hﬁﬁggghgpggyﬁa£'8npi&ﬁﬁ%t'Ehebynggéﬁgfﬁg @ﬁg égpéegyegﬁebits

are |left Ver re, én eac o% t he’i nversion®and non-i nversi on of

are | Fere, chof “(héi nversron”and non-T nver
(Trver si ofp aRELAT BT RRLRRE T YRG <y PoeRLeR FAE#taed, -

on-rnversion) 1n

[ [ 14 - jon, 1 I, [ ipn_th [ind I D
5 115, NBKt Of nGeBELALPAVERS: bl Bkt or! (e Rt RaRowi FFoBeSHecth | bed.

Fig. 11 shows data i vensbon | ocation information according to a first
enbodi menPif tPhPeXFAVBAtI on. It alternately shows the exceeding position
(inversion start 18

Then, with respect to the cylinder ID: 0 to 7, the bits
at the fourteenth bit is subjected to non-inversion so that the
sections in which the state of “1” continues are limited to 7
bits or less (from the seventh bit to thirteenth bit).
Furthermore, with respect to the cylinder ID: 8 to 15, if the
bits at the fourteenth bit is subjected to non-inversion, the
state of “1” would exceeds 7 bits, and thus the bits at the

fourteenth and subsequent bits are left inverted.

Here, when each of the inversion and non-inversion of
data is set as a unit, the data inversion location information
is 7 (inversion) and 14 (non-inversion) in the cylinder ID :
0Oto7, and7 (inversion) and 14 (non-inversion) and 14 (inversion)

in the cylinder ID : 8 t 15.

Next, the data inversion location information will be
described. Fig. 11 shows data inversion location information
according to a first embodiment of this invention. It

alternately shows the exceeding position (inversion start
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position) at which a data-continuing section exceeds a predeterm ned
section, and an exceeding position (non-inversion start position) at which
a data-continuing section exceeds a predeterm ned section again. Wen the
cylinder information conprises 18 bits and the sector information
conprises 7 bits, it is totally equal to 25 bits. Representing a bit
position as an address, it corresponds to 5 bits. Since three inversion
positions and two non-inversion positions are needed at nmaximum totally

25 bits ar . ur.t.he re, um.ng.th a sectioni of 4 bits
o0 o310 Pl tIRET  abU LIRS pBRALELRO hOFhaR SEGLA) BRa08 of
restriction for secti%?ing of the data igversion loc%%%&%h and nggnetic

transfer, % SLPERIEFY% he d&CS ier si 8RS | ¥t SRS tiBHSﬁ O?otally
45 bits. 5%%%_12 shows dat.a inversign Ioca%io informgtion according to a
second enb RVeSEP PR ShdlenPPoht 1 QL hr £ it ohs 98T N HAT Y FAver si on
and the bit nynber of inversion sections are shown. An exceedi ng position
(i nversi ofStEPR poR¥FEEHT &t RAFETrTiAted cBREF AP nGISeédti I eexEBRds a
predeterm ned section, and the nunber of inverted bits achieved by
cal cul at i fyliReequnmbanfermaitions r aPhRESeaxcdedPhr§Spodidi dhe oFSERBYL
inversion to the exceeding position for the non-inversion on the basis of
an exceedilfforpadilonoaorashseaversiton dttais pesativrgawal ia @3 Rits.
Representing a bit position as an address, it corresponds to
5 bits. Since three inversion positions and two non-inversion
positions are needed at maximum, totally 25 bits are needed.
Furthermore, assuming that a sectioning code of 4 bits of
“0110” is inserted every 5 bits in consideration of the 7-bit
restriction for sectioning of the data inversion location

and magnetic transfer, the area of the data inversion

location information has totally 45 bits.

Fig. 12 shows data inversion location information
according to a second embodiment of this invention. Start
positions of the data inversion and the bit number of
inversion sections are shown. An exceeding position
(inversion start position) at which a data-continuing section
exceeds a predetermined section, and the number of inverted
bits achieved by calculating the number of bits from the
exceeding position for the inversion to the exceeding
position for the non-inversion on the basis of an exceeding

position (non-inversion start position) at which a
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19 data-continuing section exceeds a predeterm ned section again, are
registered in the data inversion location information. As explained with
referring to Fig. 7, as the interval of the soft magnetic |l ayer is

i ncreased, the magnetic flux density exceeds the saturated nmagnetic fl ux
density of the soft nmagnetic |layer, and thus the magnetic field leaks into
the magnetic | ayer of the nmagnetic recording nedium Under this nmagnetic
field, the magnetic field intensity needed for nmagnetic inversion runs

Short, #0 Lhal Breepsl onalec 1601 0dyBedagon i sy Al sgopadof hus o

bit error occurs. is e I ment’, e section In rch "0Q"

or "1" conti.nues is prevented from exceeding .7 bi.ts, so tha rence
of sub pulaggl&ue toaﬁé;alfggé‘s%erﬁﬁjgnépi c&?(i:‘el tcaanl Véerssl}&r)lr e%%‘éggfgﬁd a

magneti c p@%%ﬁrn of a soft magnetic |layer enbedded in a master disc can be
accur at el y{'PIREFéPPed to a nagnetic di sc. Advantageous Effect of the

I nvention As descri bed above, according to this invention, the nmagnetic
transit interval of the servo address information, that is, the section in
whi ch data of "0" or "1" continues can  be shortened, so that magnetic
transfer can bePgsefkBiadaedi vhthnrghereinanieikyg- 7, as the interval

of the soft magnetic layer is increased, the magnetic flux
density exceeds the saturated magnetic flux density of the
soft magnetic layer, and thus the magnetic field leaks into
the magnetic layer of the magnetic recording medium. Under
this magnetic field, the magnetic field intensity needed for
magnetic inversion runs short, so that a servo signal
reproduced contains a sub pulse and thus a bit error occurs.
According to this embodiment, the section in which “0” or “1”
continues is prevented from exceeding 7 bits, so that
occurrence of sub pulse due to leakage of magnetic field can
be suppressed, and a magnetic pattern of a soft magnetic layer
embedded in a master disc can be accurately transferred to

a magnetic disc.

Advantageous Effect of the Invention

As described above, according to this invention, the
magnetic transit interval of the servo address information,
that is, the section in which data of “0” or “1” continues can
be shortened, so that magnetic transfer can be performed with

high reliability.
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20 CLAIM5 1. A master disc in which a servo signal to be recorded in a
magneti c recording nediumis enbedded as a magnetization pattern,
characterized in that an area for registering information indicating a
start position for inverting or non-inverting data of the servo address
information is equi pped between a servo detection pattern and servo
address information in the servo signal, and when a section in which data
continue exceeds a predeternm ned section in the data sequence of the servo
address i pf@rp@ti on, data at a subsequent portion to an exceedi ng position
are inverted or non-inverted, and the exceeding position is registered as
the start position in the area. 2. A nethod of manufacturing a master disc
in which a servo signal to be recorded in a magnetic recording nediumis

enbedded as a_magnef iz ALl nGRAL! AN, @G, LhaL haSs AL AT 42 LA reLEBiSA T i NG

information indicating a start position inverting or non-inverting
data of the ger{ﬁé’é’ng’é’i’é %Sescofdﬁn%%tdliggl ﬁ@'&%ééd&&‘géoﬁeﬂagﬁé%%tfo ervo
detection pattefn and servo address information in the sérvo signal,
characterizggein tha%aMMgE a, se ti.on igﬁ@hich dat a c%ntinue .egcgggs a
predet er PR E8et | SRPTRACTRELERY a Yhqldhde 3F FHE séPVo Agdrasettnd
informatiqn, data. at a subsequent portiqp . . .
information indicating a' start position for inverting or
non-inverting data of the servo address information is
equipped between a servo detection pattern and servo address
information in the servo signal, and when a section in which
data continue exceeds a predetermined section in the data
sequence of the servo address information, data at a
subsequent portion to an exceeding position are inverted or

non-inverted, and the exceeding position is registered as the

start position in the area.

2. A method of manufacturing a master disc in which a
servo signal to be recorded in a magnetic recording medium is
embedded as a magnetization pattern and that has an area for
registering information indicating a start position for
inverting or non-inverting data of the servo address
information which is equipped between a servo detection
pattern and servo address information in the servo signal,
characterized in that when a section in which data continue
exceeds a predetermined section in the data sequence of

the servo address information, data at a subsequent portion
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21 to an exceeding position are inverted, and the exceeding position is
registered as the inverting start position in the area, and when a

dat a-conti nui ng section exceeds a predeterm ned section again, the data of
a subsequent portion to the exceeding position are non-inverted, and the
exceeding position is registered as a start position for non-inversion in
the area. 3. A master disc in which a servo signal to be recorded in a
magneti c recording mediumis enbedded as a magneti zation pattern,

charact eri.ged ghn d.hale AN PSS 07 ok €9LST 8RLBIteknNf QmRBLiRN bRdic@idfg a
start position for i1nverting data of the servo address information and the

nunber of chAYREbad: o Bdgy dise RAHIRPRACDELYELN; & S0 dRkactionipatiern and
adll en

Servo ress Information 1'n the servo si gnal , at a-cont | nul ng

section excegds a prgdeferi ned seelion.in.,1he dala, pefuence.of;the servo
information, data at a Subsequent porfion Y6 fhe excee ing position are
inverted or _.non-inverted nd the_ data-inyerte di it i

regi ster egrﬁgegeg‘ép?dposﬁ%qatolnoq or 2BRE™M nv\eé Si o a?%lcf%gelaggaggg%l;l%gt ![ fle
nunber of bits fron1tge data-inverted.gxceeding gositiOE éo th$

dat a- non- PRYEPBA T ex EBEAPRGEFILNTi BRSLE1OPegF &t BPRALAESThedr nveY t B bi t

nunber in the area. 4. A nethod of nanufacturing a master disc in_which a
exceeding position 1is registered as start position for

non-inversion in the area.

3. A master disc in which a servo signal to be recorded
in a magnetic recording medium is embedded as a magnetization
pattern, characterized in that an area for registering
information indicating a start position for inverting data
of the servo address information and the number of inverted
bits is equipped between a servo detection pattern and servo
address information in the servo signal, when a
data-continuing section exceeds a predetermined section in
the data sequence of the servo information, data at a
subsequent portion to the exceeding position are inverted or
non-inverted, and the data-inverted exceeding position is
registered as a start position for the inversion in the area
while the number of bits from the data-inverted exceeding
position to the data-non-inverted exceeding position is

registered as the inverted bit number in the area.

4. A method of manufacturing a master disc in which a
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22 servo signal to be recorded in a magnetic recording nmediumis enbedded
as a magnetization pattern, and that has an area for registering
information indicating a start position for inverting data of the servo
address information and the nunber of inverted bits which is equi pped
between a servo detection pattern and servo address information in the
servo signal, characterized in that when a data-continuing section
exceeds a predeterm ned section in the data sequence of the servo address

i nformat i gerggat&%gt%UBéef&ecg&d@&fM ANl Gnet e SxcediNngRAsS ik o are

i nverted, "and 't he - nver exceeding position 1s registered as a

nverted. “ahd tie data-Thverted © ,
ection  eheandeds 7 aunrBYEFReACeRR d R ST P p At ERTEIEN ™

ortion to the, exceedin osition are,.non-.inverted and the. nb f bit
o the. G800SE Ry SRS BTt 1 oot iy oo L. RAR AP Pt

exceedi n osition is registered as the inverted bit nunber in,the area.
23 gi?lverting datag of tge servo ad&ress informa ion and phe

number of inverted bits which is equipped between a servo
detection pattern and servo address information in the servo
signal, characterized in that when a data-continuing section
exceeds a predetermined section in the data sequence of
the servo address information, data at a subsequent portion to
the exceeding position are inverted, and the data-inverted
exceeding position is registered as a start position for the
inversion in the area, and when a data-continuing section
exceeds a predetermined section again, data at a subsequent
portion to the exceeding position are non-inverted and the
number of bits from the data-inverted exceeding position to
the data-non-inverted exceeding position is registered as

the inverted bit number in the area.
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