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BACKGROUND OF THE INVENTION
Recently, a magnetic recording and reproduction apparatus has
been increasing recording density to realize small size and large capacity.

15  Especially, in the field of a hard disk as a typical magnetic recording device,
an areal recording density of more than one gigabit per square inch is
already available on the market, and an areal recording density of ten
gigabits per square inch is expected in a couple of 'years. The technology
proceeds with a rapid pace.

20 One of the primary factors that has enabled such high recording
density is the increasing linear recording density, due to improvements of
medium properties, ‘head-disk interface performance, and new signal
processing method such as "partial response". However, in recent years,
the rate of increase in track density exceeds that of linear record density,

25 and thus becomes e?{.pyimary factor of the increasing areal recording density.
Practical use of a magneto-resistive type head, which is superior to a
conventional inductive type head in read-back signal performance, has
contributed to the progress in the track density. It is possible at present to
read a signal from a track whose width is only a few microns with good S/N

30 ratio by practical use of the magneto-resistive type head. On the other
hand, it is expected that a track pitch will reach the sub—micron range in
the near future along with further improvement of the head performance.

A tracking servo technique is important for the head to read a signal
with high S/N ratio by tracing such a narrow track. For example, a
35 conventional hard disk has areas that are located at predetermined angles

over 360 degree and in which information such as a tracking servo signal,
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@bﬁ‘iroﬂﬁig" ¢hé 'pdsition of the head incorporated in the drive by using an
external actuator equipped to the servo track writer.

Such a preformat recording of servo signal, address information and
clock signal is performed similarly for large capacity flexible disks or disk
cartridges, which are removable disk media seen in the market recently, by
using a magnetic head and a servo writer. These media are removable, so
they can be compatibly used by other drives. Therefore, it is not always
required to perform the preformat writing by the heads of each drive after
incorporating the heads into the drive though it is required for a normal
hard disk. However, these removable disks are similar to normal hard
disks from the viewpoint that the preformat writing is performed by
precisely controlling the position of the head by using an external actuator
equipped to the servo track writer.

However, in the present preformat recording of servo signal, address
information and clock signal, there are the problems described below.

The first problem is that writing with the magnetic head is a linear
recording relying on relative movement between the magnetic head and the
recording medium. This means that a long period is required for preformat
writing by the above-mentioned method, while precisely controlling the
position of the magnetic head with a servo track writer. Moreover, because
the servo writer is expensive, the cost for preformat writing is high.

This problem becomes even more serious as the areal recording
density increases. This is not only caused by an increase of tracks in radial
direction. As the track density increases, a higher precision is required for
the head positioning and as a result, servo areas, in which the tracking

r mat
on.

k
hese

S
by



10 witer after installing the disk and the head into the drive. In this

case, a requi red accuracy of the track position for witing is
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tracking  necessary between the head and the medium for interface performance
between them. A conventional magnetic head usually has two elements for
writing and reading. A pole width at a trailing edge of the head
corresponds to a record track width, and a pole width at a leading edge is
20 several times larger than that at the trailing edge.
The above two phenomena may be a factor for causing the diffusive
recording magnetic field to fringe over the preformatted record track width,

resulting in the magnetic transition at track edges not being steep or erased

areas appearing on both sides of a track. In current tracking servo
25 techniques, the head position is detected by a change in read signal
amplitude when the head misses a track. Therefore, as in the process of
reproducing the data signal recorded between the servo tracks, the system
requires not only a high S/N ratio of a read signal when the head traces a
track correctly, but also a steep off-track performance, in which the read
30 signal amplitude changes steeply as the head misses the track. If the
magnetic transition is not steep enough at an edge of a track where the
preformat is written, it is difficult to realize a precise tracking servo
performance that will be required for a submicron track recording in the
future. _ ' _
35 As a solution of the first of the two problems mentioned above, a
duplicate record technique of a tracking servo signal or other signals by



servo signal and other signals are recorded, have to be provided with
smal | er angul ar di stances between them over 360 degrees. Moreover, the
address information to be witten as the prefornat data increases as the
recording density increases. Thus nore tinme and cost are required for 5
witing nore information signals as the record density becones higher.
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wi dt h, the preformat writing. However, this technique is effective only for media

such as flexible disks that have a small coercive force and a low areal record

density. It is not effective for today’s hard disks, which have a large

15 coercive force and a high areal record density in the order of several
hundred megabits to gigabit.

In the magnetic transfer technique, an alternating bias magnetic
field has to be applied, whose amplitude is approximately 1.5 times the
coercive force of the target (slave) disk to ensure high transfer efficiency.

20 The coercive force of the master disk should be more than three times of
that of the slave disk, so that the master information, i.e. a magnetized
pattern in the master disk, is not erased by the alternating bias magnetic
field. Today’s high-density hard disk media have a coercive force of 120-
200 kA/m to enable a high—areal recording density. It is estimated that the

25 coercive force will reach 250-350 kA/m for an areal record density of 10-
gigabit order in the future. This means that a master disk should have a
very large coercive force of 360-600 kA/m at present and 750-1050 kA/m in
the future.

It is difficult to realize such a large coercive force for a master disk

30 from the standpoint of a magnetic material. - In addition, master
information cannot be written into a master disk having such a large
coercive force by any current magnetic recording method. Therefore,
considering a possible coercive force for a master disk in the current
magnetic transfer technique, the coercive force of the slave disk inevitably

35 has an upper limit. '

In the above-mentioned magnetic transfer technique, it is possible
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10 writing with a magnetic transfer technique cannot be a substantial solution
for the before-mentioned problems.

Another solution for these problems is a pre-embossed disk
technique disclosed in Publication of Japanese Unexamined Patent
Application (Tokukai) Hei7-158060 (corresponding to US Patent No.

15 5,585,989 and European laid open patent application No. 655,734). In this
technique, an embossed pattern corresponding to a tracking servo signal,
address, clock signal and/or other signals is formed on a surface of the disk
substrate by a stamper, and a magnetic film is formed on the substrate.

This technique can be an effective solution for the before-mentioned

20 problems. However, the embossed pattern on the disk surface may
influence the head’s flying float performance (or contact state in the case of
contact writing) when writing or reading, so that interface performance
between the head and medium may be problematic. In addition, the
substrate processed by the stamper is usually a polymer material (plastic), .

25  so it cannot be heated when forming the magnetic film for ensuring medium
properties, and thus a necessary S/N ratio cannot be ensured.

As mentioned above, a truly effective solution of the before-
mentioned two problems, which does not sacrifice other important
performance such as the medium S/N ratio or the head-medium interface,

30 has not been found yet.
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SUMMARY OF THE INVENTION
Considering the above problems, the present invention provides a
method and apparatus for improving the productivity of the preformat
35 writing and the sharpness of the magnetic transition at edges of a track
where the preformat is written, without sacrificing other important



5 contents of a videotape. This technique is explained in detail in C D

Mee and E. D. Daniel, "Mgnetic Recording", Vol. 3, Chapter 2,

p94- 105, for exanpl e. The nethod di scl osed in Tokukai Sho63-183623
applies the above duplication technique for videotape to the preformnat
witing of the tracking servo signal or other signals for a flexible
di sk. 10 Such a rragnetic transfer technl que may i nprove the
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the slave di sk inqyiis alrg pteferabletd dppiea dikédti(ie., not alternating) magnetic
' field for exciting the ferromagnetic material forming the surface of the

protruding portion, or an alternating magnetic field for assisting the writing
20 of the magnetizing pattern, when the surface of the master information
carrier contacts with the surface of the magnetic record medium.

According to the above-mentioned method of the present invention,
a leakage flux is generated from the ferromagnetic material at the

‘protruding portion of the surface of the master information carrier when the

25 ferromagnetic material is magnetized in one direction. This leakage flux -
performs writing of the magnetized pattern corresponding to the embossed
pattern of the master information carrier into the magnetic record medium.
Thus, the preformat writing of the tracking servo signal, address signal,
clock signal and other signals is achieved by using the embossed pattern

30 formed on the surface of the master information carrier, corresponding to
the information signal.

The writing method of the present invention utilizes a leakage
magnetic field generated from the ferromagnetic material at the protruding
portion due to the change of the magnetic reluctance through the embossed

356 pattern. Therefore, the writing mechanism is the same as a conventional
magnetic record utilizing a leakage magnetic field generated from a gap of



I n the above-nentioned magnetic transfer technique, it is possible

4 to utilize a therno-magnetic transfer technique, where

i nstead of applying the alternating bias nmagnetic field to the sl ave

di sk, the slave disk is heated to the tenperature near to the Curie
tenperature for elimnating spont aneous nmagneti zati on. However, in that
case, the Curie tenperature 5 of the slave di sk should be much 1 ower than
that of the ster di sk coerCi
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10 First, the time needed for the preformat writing is substantially
short compared with the prior art using a magnetic head. In addition, an
expensive servo-tracking writer is not necessary for precise position control
of the magnetic head. Therefore, the present invention can improve the

productivity of the preformat writing and reduce production costs.

15 Secondly, a space gap between the master information carrier and
the magnetic record medium can be minimized, since relative movement
between them is not required for writing the information signal. In
addition, the leakage magnetic field for writing does not diffuse, while it
diffuses fringing over the record track width in the prior art using a

20 magnetic head due to a pole shape of the magnetic head. Thus the
magnetic transition at edges of a track into which the preformat data is
written has sharpness compared with the writing with a magnetic head.
This ensures a precise tracking of a head in reading data signals from the
magnetic record medium.

25 Furthermore, the method of the present invention does not require
the limitation of a structure or magnetic performance of the magnetic record
medium in which the master information is written, differently from the
magnetic transfer technique disclosed in Tokukai Sho63-183623 or the pre-
embossed disk technique disclosed in Tokukai Hei7-153060 as previously

30 stated.

For example, in the magnetic transfer technique disclosed in
Tokukai Sho63-183623, the master disk requires a substantially high record
resolution, since the master disk itself is a magnetic record medium having
master information as a magnetization pattern of the master disk.

35 Consequently, the magnetic flux density and the film thickness cannot be
enhanced sufficiently for enlarging magnetic field intensity for magnetic



substrate by a stanper, and a magnetic filmis fornmed on the substrate.
Thi.s techni que can be an effective solution for the before-nentioned 20
probl ens. However, the enbossed pattern on the disk surface may

i nfluence the head's flying float performance (or contact state in the case
of contact witing) when witing or reading, so that interface
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the coercive force is limited as previously stated.

10 On the contrary, the master information carrier of the present
invention has the master information as an embossed pattern, and a
leakage magnetic field, which is generated from a ferromagnetic material at
a protruding portion of the embossed pattern due to a change of a magnetic
reluctance through the embossed pattern, performs the magnetic recording

15 of the master information. The master information carrier does not
require a high resolution as the magnetic record medium, though it is
required for the master disk in the magnetic transfer technique. Therefore
a magnetic flux density and a thickness of the ferromagnetic material that
forms the protruding portion of the surface of the master information

20 carrier can be as large as the magnetic record head used in the prior art, so
that a sharp and large recording magnetic field can be obtained similarly to
a magnetic record head. Thus, a sufficient writing ability can be obtained
for any magnetic record medium, including a usual flexible disk and hard
disk and a record medium with a high coercive force for a gigabit recording

25 in the future.

The pre-embossed disk technique disclosed in Tokuka1 Hei7-153060
may require a sacrifice of the medium S/N ratio relating to a substrate
temperature at film formation process and the head-medium interface
performance relating to a head floating performance (or contacting state),

30 since the substrate material and shape of the disk are restricted as
previously explained. On the contrary, the writing method of the present
invention has no limitation about the substrate material and surface shape
of the disk to be written for the preformat. '

As mentioned above, the writing method of the present invention

35 provides an essential solution for the previously mentioned two problems
without sacrificing other important performances such as the medium S/N



performance criteria such as the SINratio or the head-nmediuminterface.
A nethod for witing a nmaster information signal into a nagnetic

record nedi um according to the present invention uses a naster

i nformation carrier conprising a substrate; an enbossed pattern 5
corresponding to the master information signal fornmed on the substrate;
and a ferromagnetic naterial t hat fornB at |least the surface of the

pr ot rudi ng Qgﬁro'aﬁﬂiﬁfteu? gattern The surface of this master
i nformati on carrier con & surface of a target magnetic record:

medi um havi ng a sﬂwalaoeﬂesmvgnaﬁuswmmmm appdy anfalteroatipgand 10
thin filmor Hy%n Eng& t

enbossed patd’[eggflﬁiérﬁt he eti;ccﬂaﬁ'lﬁfhﬁ maste For Lﬁ?%@%girg%{ e(r1 ol thfs
recor ded i nt85¢h&heReyAgt pe P%?@gi”g‘ lgma.smg a master mfoymatipns bYaﬂl% t hat

t het ferr errammatmgtmauﬁémé Gield 68 otHee extbirilSna, et1@ﬁe1<hﬁn9é thé WHdter
por ion is a

of t ne t er nat t can 15 .be a.hard or
Do hard e AERmatiEr B formnd bE the smidestie B?ttemﬁnwbggnﬁ#gﬁ information p/
in the in- plcamenrofpéreppmkenulmweﬂtmnodﬂenemﬂy tfiems ths sdter mformatmn | t

is more prefv@g@ang% , WBbtetdadlidr Shtédrnin £ tpgtmaghﬁlaac#ﬂ&zr%m

field for exci € surface

prot rudi ng paterefore, tahe geergivecforee iof ghedgrromagnstia maftgnahﬁbats farmsg th@

writingig0 ﬁi&tﬁﬂﬁnﬁ%ﬂﬁbhﬁf%ﬁe%ﬁfﬁe%f et alsbs ﬁﬂbfxﬁﬁﬁoﬁfca&ﬁ%r s 6
i nformation carr contacts with the surfac of%’éhe magne %ﬁwﬂﬁgord

medi um limitation. 5 The, ferromagnet %%W@lﬂﬁrm sent
i nvention, high ceelcivkfigee,Butcanshaiselectrdeforhr Dvatibty 6ﬁmawiﬁ@ls@uch apaerial

at the gro rudin ortlon of ;the surface of. .the rm
carrier whefSribabs BRERRE Bautial o acp EReRrut BalB Y he 1008 HAET o0
Thi s | eakagenaterial can generatersufficientgnagnetie feldnfor xm.tlpgttlmr master
correspqgdi Rgs, rﬂnétlﬂz?nﬁf %negc regxﬁfdtrﬁ(a Jif. the master infornmation

| c re

carrier 1nto th " Thus, the preformat writing
of the tracking anvtheswgrtmg methedof thegprasent invention kthe forromagnetie her

signals is anfteayAdtint ﬁﬁ&th@%ﬁfﬁ%ﬁg%d@ﬁbﬁ%ﬂtﬁ@ subfiice®st €k thestewr f ace

of the master .infornation catri correspongi.ng
information carrier should be magnetize ind one direction to generate a

magnetic field for writing. Therefore, if the semihard or soft magnetic

20 material used as the ferromagnetic material cannot generate a stable one-
way magnetization, or if a large amplitude of alternating bias magnetic field
is applied, it is necessary to apply a direct exciting field for exciting the
ferromagnetic material and generating an adequate intensity of magnetic
field for writing. This direct (not alternating) magnetic field corresponds

26 to the magnetic field generated by a drive current in wiring coils of a
magnetic head.

ﬁ

As mentioned above, the present invention provides a method for
preformat writing of a tracking servo signal, address signal, clock signal or
other signals into a magnetic record medium, especially a disk medium such

30 as a hard disk or a large capacity flexible disk, with substantially high
productivity and low cost.

The present invention also provides more precise tracking for a
higher track density than in the prior art. |

The present invention provides an essential solution for the

35 previously stated problems in the prior art without sacrificing any
important performances such as a medium S/N ratio or a head-medium



the information signal. The witing nmethod of the present

I nvention utilizes a | eakage " magnetic field generated fromthe
ferromagnetic material at the protruding portion due to the change of
the magnetic reluctance through the enbossed 35 pattern. Therefore, the
witing nmechanismis the same as a conventi onal magnetic record
utilizing a | eakage magnetic field generated froma gap of

6 net h th t hod f h
oesent  ipirhOTpARSRRbhRe " e " HEon) Tt Ofioh Wil e AR RS uRhnkn°
mast er ita¢hmotagy dor caamagnetmsrmdtmndltnnowiﬂheanh;ghereanrdaknsitmnﬁl um
at one tine ﬁablﬁ”&m‘ﬁ%&%%ﬁ%ﬁ?tﬁﬁmﬁt bet ween the master infornation

carrier and%l recor I's characteristic point differs fromthe
witing with magnetic head in the prior art, in which the head and the

record ngdi WRIEF DESERIPT‘I@INWTHEEHAW!N@S Thi s char act eristic point
of the present Tig ventio T E |des .an effective sol n for, the

previously menti ofd§- tdpane lapyiew shogiing sn examnp eo asurfaceafa (e
ti me needed mastetﬁnfq@nfsftmmﬂwm ddcogling tslthéfp&ééerﬂ;hhyentmn short conpared

Servor t racki ng wr (BB 2 s ofts EERGI e mderR thiok SR barrior oBHfANRL Y ©
to the present mventmn in a cross section along a track;
10 ' Fig. 3 shows another example of the master information carrier
according to the present invention in a cross section along a track;
Fig. 4 shows yet another example of the master information carrier
according to the present invention in a cross section along a track;

Fig. 5 shows yet another example of the master information carrier
15 according to the present invention in a cross section along a track;

Fig. 6(a) shows a method for writing master information into a
magnetic record medium using a master information carrier according to
the present invention;

Fig. 6(b) shows an example of a record magnetization pattern

20 - written into the magnetic record medium by the method shown in Fig. 6(a);

Fig. 6(c) shows an example of a read signal from the magnetization
pattern written into the magnetic record medium;

Fig. 7 shows another method for writing master information into a
magnetic record medium using a master information carrier according to

25 the present invention;

Fig. 8 shows yet another method for writing master information into
a magnetic record medium using a master information carrier according to
the present invention;

Fig. 9(a) shows another method for writing master information into

30 a magnetic record medium using a master information carrier according to
the present invention;

Fig. 9(b) shows an example of a magnetization pattern written into
the magnetic record medium;

Fig. 9(c) shows an example of a read signal from the magnetization

385 pattern shown in Fig. 9(b); :

Fig. 10 shows an example of a cross section of the protrudmg portion
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of the magnetic head. Therefore, the present invention can inprove the
productivity of the preformat witing and reduce production costs. 15
Secondl y, a space gap between the master information carrier and t he
magneti c record nmedi um can be mnim zed, since relative novenent

between themis not required for witing the information signal. In

addi tion, the |eakage magnetic field for witing does not diffuse, while it

e o ek ‘0dnES ih sl S ool Aol il DRl b 20
magnetlchtréhﬁldﬂ&ﬁﬁoatOfél!‘g@g@h, a track into which the preformat data is
wiiten has s arpmqgsu:gﬁmg%o\ehéflekﬁﬁgm Pﬁhre |%1 ta Si RE?S Pﬂngnthe

This ensures a track mr}g
magnetic r eé’BF'a g ﬁ?nm rmatmpmp ﬁﬁ?‘@' WGGF IyRnbMbsent
i nventi op deadengthe dﬁquﬁofbn: lehfth;! i mitation of a structure or nagnetic

performance of th ety c recor diumin Lch the st er
information is w i‘ll ng *?Y%r%thfwl?l(?n?nfﬁepmcess,\;ﬁﬁn@@ﬁ%ng s faster

t echni que disforusdibn mﬂmmortﬁhgﬁathemé@mrinvmipn;e- enbossed di sk
t echni que di scl os [ aﬁgn &eh

For exanple, in t%ggng3-r§gt5%adfnrolaﬁlﬁg)f7 éﬁgﬁ%&aﬂog&ssgﬁs% rfh?é tﬁukal
Sho63- 183623nf0€n@tm@m@worcbqgutpébearg tinmenEenyy hi gh record

resol utign, sinceRjhe 1a0shcws Yt andther feﬁa&ﬂe”@ﬂﬂ%t&ceé@‘f&‘ ‘i‘nﬁ!ﬁﬂig-’ﬁh@aw ng
mast er |nformat|ol“§§ a rragnetjzatloralgatt ?H e mast.er disk.

Consequent | yR3SiRE mation ¢aryier Ach geqelq tAnYeRess cannot be
enhanced suffici eligyl8 iy a plawvipw of angneimplefdfel thaistércimformyation cemgort i c

! according to the present invention;

Fig. 16 is a partial cross section showing an apparatus for writing

15 information signal of the master information carrier shown in Fig. 15 into a
magnetic record medium;

Fig. 17(a) is a perspective view showing a method for writing
information signal of the master information carrier into a magnetic record
medium using the apparatus shown in Fig. 16;

20 Fig. 17(b) is a perspective view showing another method for writing
information signal of the master information carrier into a magnetic record
medium using the apparatus shown in Fig. 16; _

Fig. 18 is a perspective view showing an example of a method for

pre-magnetizing the magnetic record medium;
25 Fig. 19(a) is a plan view of a master information carrier according to
the present invention; "
Fig. 19(b) show a surface contour of the master information carrier
shown in Fig. 19(a) along the line C-C';
Fig. 20 is a partial cross section showing an apparatus for writing
30 information signal of the master information carrier shown in Fig. 19 into a
magnetic record medium; and
Fig. 21 is a perspective view showing a method for writing
information signal of the master information carrier into a magnetic record
medium using the apparatus shown in Fig. 20.
35 .
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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transfer. In addition, a gradient of the nagnetic field for the magnetic
transfer becones small in the magnetic transition area since
dermagneti zati on occurs due to the repelling poles of the di-bit. To ensure
a sufficient magnetic transfer efficiency wwth such a weak magnetic
field for 5 magnetic transfer, an alternating bias magnetic field is
appl i ed, which has an |ntenS|ty of approximately 1.5 tines of a

f f disk...Th
oot et - oR! e Frd@idR ombodiplebhEYP Yt FRORR il L RECERIBmEdIR,
ot her nedi utﬂemﬂnvltbmfegemecmréwgchnmawmg drawings. coercive force is

limted as prat Bsbhodisdertpd. 10 On the contrary, the nmaster
informati on carri 0 i nvention has the master’

e present
i nformation as an dallowing e ml?awatmdcgncems 2 hagig coplignration rofothe
whi ch i s5geﬁﬁé@ﬁeﬁohn&%ﬁﬁaﬁoﬁeémga&ior&l@wrﬂh@ pésent invenfiop! bud e

portion of the ssed. e t.o.a e. of ;a_magnetic ..

rel uct ance tRHFHS qh@“@fﬂﬁ)iﬁ T)éf’?é‘?f?rmpfg}qngs@allﬂ@t?ég ticxesPEl ng 15
of the rrastenedmhmmntgthemaﬁtermtmmbmrmenl on carrier does not
require a high re u t o) ' £

required for the ﬁ ,[i'sﬁ g%ﬁéﬁliﬁ”@g ne |c(§9t6rtgaf1gﬁl éiﬁmr Hﬁgnc%’ﬁhrefore
a magnetic facoerding stot ;h%mme%enthmien&m ofFighd show® reagraster mﬁzrmamnt hat
forms the Pkt B9 HOwiftEnCh tahgréf&ﬁmea&fa k8t 78 iPodeil’ B R lgiéh 20

so " hamradSiarinas AnHgE dedaica: FondngReEPEIERi) Gaeimn Sheathed
simlarly tarack dwedniw)efolrcwxﬁctﬁddkshmctadmuaue%tﬁnf (ileci B ther dlirédﬁﬂon
o111 oD Al U5 e of B W TG .5 QeI AR °
coer ci ve forcoerespond @i d¢raxks teder used %datau areasfin dhe. magnetic record

15 medium after writing the master information signal. In a real master
information carrier surface, such master information patterns as shown in
Fig. 1 are formed at a predetermined angular distance in circumferential
direction and in all tracks over the whole recording area of the magnetic
record disk in radial direction.

20 The master information pattern comprises a tracking servo signal
area, a clock signal area and address signal area that are disposed
sequentially along the track direction as shown e.g. in Fig. 1. The surface
of the master information carrier according to the present invention has an
embossed pattern corresponding to this master information pattern. Each

25 hatched portion in Fig. 1, for example, is a protruding portion whose surface
is made of a ferromagnetic material. It is preferable to use a ferromagnetic
thin film formed by vapor deposition or a plating method as the
ferromagnetic material. However, a magnetic coating layer that contains
magnetic particles dispersed in an organic binder, or a bulk material such

30 as sintered material can be used, too.

The fine embossed pattern corresponding to the information signal
as shown in Fig. 1 can be formed easily by utilizing a variety of fine
processing technique such as a master stamper process for an optical disk or
a semiconductor process. For example, such a process comprises the steps

35 of forming a resist film on a ferromagnetic film, patterning by exposure and
development with a photolithography technique or a lithography technique

-
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The pre-enbossed di sk techni que di scl osed in Tokukai Hei 7- 153060 may
require a sacrifice of the nedium S/ Nratio relating to a substrate
tenperature at filmformati on process and the head-nmediuminterface
performance relating to a head floating performance (or contacting state),
30 since the substrate material and shape of the disk are restricted as
previously explained. On the contrary, the wwiting nmet hod of the present

i nvention has Linmtati on about the str teri sur f.ace shape

of the di'sk ibgdabd bsidi g prams B ey SBlifing Yo iake Afing Rriesed

above, the \nattermg)mﬂnmfetrmhaghetmﬁmntAltemamvel;mﬁﬁayrcompimﬂre stepent i al
| ut f t L

soi ution f olor i 8'tabits B o A UpLURE BTE o forronthddiil ARACKAL T ©1 "0

ot her |rrporta rrances SUC
8 removing %mtesustt ddmicte puakeranfive. embossed pattern by theo

effective | FefrdonPaghdtid ﬁ]lnrn‘f“tl‘|lﬁi’éi FoteaP B ¥a Y Biflo?f ARthoW aRds possﬂﬂ@@é‘y' ng

cace, ”?ﬁZ?Z'qﬁgﬂﬁiﬁs 8 PP PRGNt RSPE R ToRSG PBh Syeetine
al ternating pmmt usmglaelaienreleéﬂmn bexr; rimibeaﬁg etdthef nedchininge astloag
"ot o mat i on 49086 T SihHoleed AR cdrpSortARRS (RO HiBEmabio; Ml A
mast er inf orfqanedrmth a hightprecisien.a Semecxanplesofpfine erocesses ithatrageet i ¢
transf enot et for making the master information carrier of the present invention

will be explained in detail under the Second Embodiment.

Figs. 2-4 show examples of a cross section of the master mformatmn
carrier shown in Fig. 1 along phantom line A-A'. Figs. 2 and 3 show
examples whose embossed pattern corresponding to the master information

15  is formed after forming ferromagnetic film 22, 32 on planar substrate 21, 31.
The ferromagnetic film 22 in Fig. 2 remains at the bottom portion as well as
the protruding portion of the embossed pattern. On the other hand, the
ferromagnetic film 32 in Fig. 3 remains only at the protruding portion of the
embossed pattern as the bottom portion is in the substrate 31. Both

20 examples are acceptable.

In the example of Fig. 4, ferromagnet1c film 42 is formed a.fter
making an embossed pattern in the surface of the substrate 41. This
example may have a disadvantage in that edges of the surface of the
ferromagnetic film 42 at the protruding portion have a tendency to be round,

25 so a sharp step may not be obtained. In this case, during the writing of
master information on the magnetic disk medium, the gradient of the
magnetic field at a boundary between the protruding portion and the
bottom portion may be decreased and deterioration of writing performance
may occur.

30 On the other hand, the configuration of Fig. 2 or 3 is generally
preferable compared with that of Fig. 4 since the magnetic field for writing
may have a sufficiently large gradient at the boundai'y between the
protruding portion and the bottom portion. However, it is necessary to be
careful so that a resist layer or deteriorated layer is completely removed

35 from the surface of the ferromagnetic film after making the embossed
pattern. Otherwise, the remaining substances may cause spacing loss in

13



Therefore, the coercive force of the ferromagnetic material that forns the
10 protruding portion of the surface of the naster information carrier has
no limtation. The ferromagnetic material is not limted to a nmateri al
with hi gh coercive force, but can be selected froma variety of
materials such as a sem hard magnetic material or a soft magnetic
material as |long as the material can generate sufficient magnetic
field for thtglvﬁgfthe mast er information into a magnetic record medi um

In the witit Propesspf IB?%‘§§ anformation ento theamagnetiedipkomedium.

ma]E eri alt that for r@oﬂcb?niltii euﬂiaﬁtgntapbf the sabsﬁraee %@ti@s&ntafhﬁm%ti&%@r

i nformati on,carri ou maghet i z ectjon to

magnetic fi é?ﬁgﬁg%\?/rﬁqﬁ%a%ﬂ%rcé et?? ri%ﬁ‘n a5y 8?%%?83@6%0 20
mat eri al us ednkessed edtéemo oy bet procesdedr prociseiy :eci'regpﬂﬂdlm‘getb atlid aldstepne-
way magngt i t er nat,i nd, bi,as _magpeti c
field 8 %ﬁfdrﬁnngré si%t:}aill sﬂr’?g%gggg# lé # g&Sgﬁ? 3‘88 ahfx}aé:g Y(h"tsf’r‘? farcgr d for
exci ting t h@oughnesscisr smalrand which é:asaxcaﬂemgﬂamms nif the sufgcmof the
intensity of | fingl | | &€ ting)
magnetic fi gl:jggggﬁ elggmri; th@ %‘gfft eewﬁgﬁggﬁwég%%% g&l%ée(gotn t | ve
current in WO dPRE roopgh 0, Afsh &t WElterspacing loss may mcmsﬁéﬂlﬁ%ned
a]EJOV et thE etingt the \wrasted rmg%ﬁuaﬂ@ﬁ ﬁt@&h@ﬂm‘g%nc mskpr Q’Is)hﬁﬁiaﬂéhhll ng

of atr i servo Sj addr ess_si gnal

Ol gnal < 1P dEayERE &0 shiall BlurtaPl vigindie B panibty B elpipd neRll for meBhiia,  a
a hard disk chsksor apgmab dizks| pylymeric hhaeahai lsuch adhaspdiptarbbnatd, ymétas
producti vi t Yol @ﬂ%slﬂ’vsqgﬁbstrates, or carlhon Jz{f &nt i nvention al so provi des

nmore precise tracking ack en3|tythan in the prior
art. ﬂ@msmmgrﬁ G ah@mm@ntlpngd ivoate-gpacing doss, it isspreferable f or

the 35 previghyplthe hatasd o o %@stéf‘ 1ﬁf69nf¥tidif c&‘r‘ief"’ah&%b fiFhdd bELRY any

|9rrpor t a% p%;&&g i Ssks u(%ntggt aw11: eac ot é? t slsé)cug-craly W. gg g ! lflgnaster
information is written into the magnetic disk. Especially if the magnetic
record disk into which the master information is written is a hard disk, the
surface of the master information carrier preferably is able to compensate a
fine wimple or bending of the hard disk to realize a secure contact state over
20 the whole disk surface. Therefore, a material having some flexibility, for
- example a sheet or disk made of polymer or thin metal is preferable as the
substrate material for the master information carrier. From this viewpoint,
an example of the master information carrier having a preferred substrate

will be explained later in Third Embodiment. |
25 A depth of the bottom of the embossed pattern, that is the distance
between the surface of the protruding portion and the bottom, is usually set
at more than 0.05 microns, preferably more than 0.1 microns, though it
depends on the surface condition of the magnetic disk medium in which the
master information is written or the bit size of the master information. If
30 the ferromagnetic material remains at the bottom of the embossed pattern
as shown in Fig. 2 or 4, the depth of the bottom below 0.1 microns may
result in an insufficient gradient of the magnetic field for writing. The
depth of the bottom above 0.1 microns is preferable also for maintaining the
secure contact state between the surface of the master information carrier
35 and the surface of the magnetic disk when the master information is

written onto the magnetic disk.
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I nterface performance. Thus, the present invention will be an inportant
technol ogy for a nagnetic record nediumw th a high record density of
gi gabit order and above in the future. 5 BRI EF DESCRI PTI ON OF THE

DRAW NGS Fig. 1 is an enlarged plan view showi ng an exanpl e of
a surface of a master information carrier according to the present
I nventi on; Fig. 2 shows an exanple of the rraster I nformati on

carrier according to the e i,nvent i in a tlon al ong a
{rack; 10 The riciuagintlt SR8 eha bodPaRBR Bch uwal Reted o fPBmmRE | o
carrier a dzhimrﬁim;gsuchtaina sputterivg, RAGQMIMOrapor ale@bsﬂ:ﬁ)meplatmg,abﬂng a

track: not her exanpl e of the master
mical Viphr depSRBIS @fpg p

i nf or mat i on "SR5 Lty the present invention in a cross
section al ong a t Aa¥Rriety of mate s iag. be @edmrybtmngttherfempgnem t he

mast er i pf OfIRY, isABh GR'4 hsfcll( hiagrAO b al, Betdih A ':rmticrﬁiﬁf@r?]ﬁgbf

cross section al ong a tr

writing mastRAenelomateriaf asaxplained premng A ab%ﬁ%&hwgﬂa@
mast er inf orsaaﬁraﬁbnpmagﬁu@m deﬂﬁti @f the nidt@ridlcisclirge rmegénéme a

"0, S8 NGl SIS, By f seCi S UNEligal PN RAld o by uadhd
Fig. 6(c) sldisls imto ewhighl d¢hef mmsterndnforpratiorf rlsrrwlrithemagﬂspemaﬂypmhen
10 writing into a disk with a high coercive force above 150 kA/m or a flexible
disk with a thicker magnetic layer, a material with a saturation magnetic
flux density above 0.8 T, preferably above 1.0 T, is used generally. Otherwise
the writing cannot be performed sufficiently.
Furthermore, the thickness of the ferromagnetic film also influences
15 the writing ability into the magnetic disk. A certain thickness of the
ferromagnetic film is necessary to generate a sufficient magnetic field for
writing regardless of a kind of the magnetic disk, though, on the other hand,
the influence of a demagnetizing field due to the bit shape of the master
information should be taken into consideration. In the configuration of the
20 present invention, the ferromagnetic film of the protruding portion of the
master information disk is magnetized along the track direction in the film
plane for generating the magnetic field for Wfiting, except for the special

case where the magnetic disk is a perpendicular magnetic record medium or

other special cases. However, if the thickness of the ferromagnetic film is
25 too large, the writing ability is decreased since the leakage flux decreases by

the influence of the demagnetizing field. Therefore, the thickness of the

ferromagnetic film should be set at an adequate value depending on the bit

length of the master information. For example, if the least bit length of the

master information is 1-2 micron, the adequate thickness of the
30 ferromagnetic film may be 0.1-1.0 micron.

Preferred magnetic characteristics of these ferromagnetic materials
will be explained later together with a method for writing the master
information into the magnetic disk.

Fig. 5 shows another example of the cross section of the master

35 information carrier along the phantom line A-A'in Fig. 1. This example in
Fig. 5 differs from the examples shown in Figs. 2-4 in that the substrate
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pattern witten into the magnetic record nediun - Fig. 7 shows
anot her nethod for witing master information into a - magnetic record
medi um using a naster information carrier according to 25 the present '
i nventi on; Fig. 8 shows yet another nmethod for witing naster
i nformation into a magnetic record medi umusing a master information
carrier according to t he present invention; Fig. 9(a)

h th A i ti ter,.inf ti [ 30 ti
Fecord med SRel i hate el the  PrRignasid anaaTHAL o dm, Pher, el % M
present i nvdormatipn step is not necessary i thissixawple minceaths embbdssed pattern

i zati s . _ : . ;
Frg 9(c) siomRRhbalie t) the dnucto informatit 1B H0AhRA dLEAL lfBite dF the
pattern showtbsirate §1 magp;of the ferromagnetie materislovThus, thexppeducsivity cr oss

section gf hemykehs YRé MhaReY frifSfmation carrier is improved compared to Fi%s. 2-—
10 of "the master information carrier according to the present

i nvention al4ong the direction of bit |ength; Fig. 11 shows
anot her exanpl e ofif a dbulksmatetiabruch idan pinteredimgterial ponisednforf thdre

master i nf o RLE Oy eH’ | SibaEd 5119 4  BEeREEIEREnALLC Y Olhe master
information carrier may be large. In this case, the write spacing may

10 increase when writing the master information onto the magnetic disk, so
the substrate material chosen should have a surface as smooth as possible.
Generally, a bulk material such as a sintered material does not have
flexibility, so the example in Fig. 5 is more suitable for writing into a flexible
disk rather than a hard disk.

15 A method for writing the master information signal into the
‘magnetic disk using the above-mentioned master information carrier is
explained in the following. Fig. 6(a) shows the method for writing the
master information into the in-plane magnetic record medium. ~Fig. 6(b)
shows a magnetization pattern that was written into the magnetic record

20 medium. Fig. 6(c) shows an example of a read-back signal of the above
written magnetization pattern detected by a magnetoresistive (MR) type
head. Figs. 6(a) and 6(b) are both the cross sections of the magnetic record
medium along the track direction.

When writing onto the in-plane magnetic record medium, the

25 ferromagnetic material that forms the protruding portion of the master
information carrier 61 is magnetized in the direction 63, along a track
parallel to the surface of the magnetic record medium 62, as shown in Fig.'
6A. This magnetization 63 is given by residual magnetization generated
by previously saturating the ferromagnetic material that forms the

30 protruding portion along the track direction, e.g. if the ferromagnetic
material of the protruding portions is a highly coercive material. -
Materials composed of rare earth elements and transition metal material
such as Sm-Co or Ne-Fe-B are suitable as highly coercive material for the
above mentioned ferromagnetic material since they have a high coercive

35 force and high saturation flux density.

The surface of the master information carrier 61 causes a change of
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5 along the direction of bit |ength; ' Fig. 12 shows an exanpl e

of a process for making the master I nformation carrier according to
the present invention; ' Fig. 13 shows anot her exanple of a
process for making the naster information carrier according to the
present invention; 10 Fig. 14 shows yet another exanple of a
process for maki ng the master information carrier according to the

present inve r1gnetlc reluctancé: ! @ue 1120 nﬁle? %ﬁgss%r . eﬁ{e an exanpl eypl a

mast er - i nf or rrat o) I'hvent1 Oh;
Fig. 16 i s anagnetization 6§§fsf@@t feamrgamﬁ:g mateamlaﬂtathﬁspmtrudm& porjios

i nformation g@h@i@es%et Hﬁgﬁ@ﬁbeﬁelﬂné&rﬁﬁwﬁ‘]nﬁar This nSdlhtic ﬂeﬁ 84 Bas i NtO

a magneti c reco Fi /(a) 1S a persp ctlve vi ew

showi ng a moPROSItS epffwﬁl%q f?g”he surfacpg of ke BrolRding Portionand the bpttom

IEformatslc;n of athei mlastét @nmmnmtp bﬁxixg@ﬁmd Conseﬁ”ﬁdhtl?}“ thed riﬂagﬂimmh i at us

snown I n | . R . |sa ers 4veV|eW oW

ot her ﬂ’&atl%‘?fﬁﬁwmg Fig. o0 s ilteriifed tBe it EodraCiaffth' e

i nformati on correspending to eraigbmsedpaétﬂmd medi um usi ng the apparat us
h in Fi 16;

shown 1 n F g. Téle read sugnal ﬁh efobth {SsHbwit 'hz}ﬁgra@i%f which is IQQ%\H Qﬁéﬁ’%m -

exanpl e of a neth e-magneti zi ng t t|c recqr

Fig. 19(a) iBsmagmelis maéiwaafl a&tmdeﬁromﬁhﬁ magneil i 69 ra%ép . by the

t het pr e&@Pt méﬁﬁﬂt bPthe present mvenﬂfbﬂ. ﬂ@biva%ﬁﬁnﬁ sihuﬁvfna‘iﬁ I gy iof the
nmast er i nf ormat ncar al o |ne
Fig. 20 s 438 o that of 31 Shimval gad froip b ARaghetizatign 1oy %g

| nf or mati on bg'l tjmaine@hod liletham'mr anuflrsmgfaj magaaticiheads hd\hereﬁ)r&mjxerégs into

magnet | | n . ' p jye
i ew shoa noaoRRRER, SpopHicling the read signal, T sPoitink RARRARGCkRY!
i nf or mati on m‘asentemwemmnalsm@h@m supexinyr tegardinghthié srmumetry Qﬂﬂiltapp%d at us
shown i A5Fi Qi) to}he method using a magnetic head, probably because the method of

the present invention is not accompanied by relative movement of the
master information carrier and the magnetic record medium.
In the writing step according to the present invention, applying an
alternating and decaying bias magnetic field improves the efficiency of
20 writing, as explained before. Considering the technical field of the
- invention, it is preferable to utilize a basically digital saturation recording
in the writing process of the present invention. However, there may be
some cases with insufficient writing ability depending on the information
signal pattern to be written or the magnetic characteristics of the magnetic
25 record medium. In these cases, applying the alternating and decaying bias
magnetic field will be effective means to obtain a sufficient saturation
writing.
A writing mechanism with applying the alternating bias magnetic
field is basically the same as an analog alternating bias writing in the prior
30 art. However, the recording method of the present invention is a static
recording without relative movement between the master information
carrier and the magnetic recording medium. Therefore, a frequency of the
alternating bias magnetic field is not as limited as the analog alternating
bias writing in the pridr art. The frequency of the alternating magnetic
35 field to be applied in the method of the present invention can be 50 or 60 Hz,
as is used for commercial AC power supply. |
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Bel ow, the

preferred enbodi nents of the present invention are explained in det ai |
with reference to the acconpanyi ng draw ngs. (First Enbodi nment)

The foll ow ng expl anati on concerns a basic configuration of the 5 master
I nformation carrier according to the present invention and the met hod

for witing the master information signal into a nagnetic record

medi um usi ng the Q@S&(ﬁffayi H4b mai' ﬁﬁ‘f Cﬁt«“{rﬁ{) ing bias_) magnetfd 9elll S00W8t 2

exanple of a surfac mast e or ma

accordin o] t he
present i nveubs@ntialy 101!g9§h1ihﬁ§1 8 pariedof ithe calma@mglbmsm@gaehctgeld
witten in ?xr@fe@ﬁBIy”Eiorérﬁﬁnt v ﬂeiudhss pmdeﬁmﬁlog'ﬁene freq :ﬁ?e&pm@ ned

angul ar dis C|rcum‘er ire rac

direct on) alerse ngr@eﬁénﬁﬁn?% 5@ r 60 15@% 1gorg ﬁh%ew& mécmaa@e
traversi 8g teheughdok}hofeddyetitiesk. In Fig. 1, areas defined by broken lines
correspond to tra 0 hg used as .data eg in the C rec.ord 15
medi um after wri tl(qffb tﬁq‘? &t g‘?“ﬁhf@‘?nﬁﬂ%éﬂ ?W my ﬁg g&%? _

i nf ormati on maxmmn amplitude of the altmmartmmmagmtmoﬂelﬂathaetrmsless thanvm in
Filg. lare aeieh dhrd Bf 346! frfRaEnaas thatedAt tRAE Soblls Cﬂh;ec pROGRAME 2

di rection an acks over thg& whol e recor Ing area o
record di sk Pioﬁtlpadﬁféhe dnaster infermagion carrier 61, dnyther method shomniin ttern

conpri sqg a G(aR@pplEingean Alterfftihg bias magnetic field greater than the coercive
force of the ferromagnetic material will decrease the magnetization 63 of
the magnetic material of the protruding portion. In this case, it is difficult
to obtain a sufficient magnetic field 64 for writing.

In the above explanation, a highly coercive material is used for the

15 ferromagnetic material that forms the protruding portion of the master
information carrier. However, there are some cases where it is difficult to
get a sufficient magnetization with an easy magnetization direction set
along a track, owing to the embossed pattern formed on the surface of the
master information carrier when using a highly coercive material. _

20 For example, if a bit shape of the master information signal is
elongated in the direction across the tracks, the ferromagnetic material that
forms the protruding portion of the master information carrier is influenced
by shape anisotropy in the direction across tracks so that the direction
across the tracks tends to be an easy axis. In this case, the residual

25 magnetization generated by saturatihg the ferromagnetic material along
the track is too small to obtain a mag‘hetic field along the track for writing.
In addition, a hard magnetic highly coercive material usually has difficulty
in controlling magnetic anisotropy. Therefore, it is difficult to induce the
anisotropy that is enough to compensate the contribution of the above

30 mentioned bit shape, in the direction along the track.

To solve the above—mentioned problem, it is preferable to make the
ferromagnetic material that forms the protruding portion of the master
information carrier using a soft magnetic material or a hard or semihard
magnetic material having lower coercive force. There is no specific

35 boundary between a hard magnetic material and a semihard magnetic
material. In this specification, the term "semihard magnetic material” is
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area, a clock signal area and address signal area that are disposed
sequentially along the track direction as showmn e.g. in Fig. 1. The surface
of the master information carrier according to the present invention has an
enbossed pattern corresponding to this master information pattern. Each 25
hat ched portion in Fig. 1, for exanple, is a protruding portion whose
surface Is made of a ferronmagnetic nmaterial. It is preferable to use a

as he O"®" ubed msn BRPTE teib B Jard AR e i inetie analert R S & oy
cont ai ns smalhgmmt:me foxrce i(oelow 60 Jms fak éxample),rgm'ﬁ is blsscthan :mhaif bul k
mat eri al 91 f;i‘ﬁsﬁbl"ﬁa%r poggte&{fda&legﬁﬂn %ﬁ'% kAMD, The

fi ne enbosse ormat1on ’‘sSignal- as shown

in Fig. 1 can be S@ph@ds mSﬁ an«tluma&mﬁgc majerinbegn be m'eau@d easily to
processigg haeeraxgu&e@uﬂa #fistropy b§ adhiAgREvais ) o endreiesdn el progbsdli sk

Steps 35 obf FBARIAK e ABateE gy Eﬁéﬁ%ns”ﬁhowégé’mfﬁ t 3?@%&8&8%@@3 by
exposur e andompared evithophard miaighetic phatatiall hagingpayhighly rRoepeive forte.
usi g | aver THEReREE Poe, above mentioned anisotrony, dug to,the bit shave BBy be,
pattern on compeosatedagasily, dobi | Furtlierarore; maxyy softt omegmihans: mageriads st eps
10 have a large saturation flux density suitable for the ferromagnetic material
that forms the protruding portion of the master information carrier. As the
soft magnetic material suitable for the ferromagnetic material that forms
the protruding portion of the master information carrier of the present
invention there are, for example, a crystalline material such as Ni-Fe or Fe-
15 Al-Si, an amorphous material of the Co group such as Co-Zr-Nb, or an Fe
microcrystalline material such as Fe-Ta-N. For the semihard magnetic
material having a low coercive force, for example, Fe, Co, Fe-Co and other
materials are suitable. _
Though the ferromagnetic material that forms the protruding
20 portion of the master information carrier in the present invention should be
magnetized in one direction to generafe a magnetic field for writing in a
writing process, a soft magnetic material or a semihard magnetic material
usually does not provide a stable one-direction magnetization in a residual
magnetization state. Therefore, in many cases, a direct exciting field is
25 applied for exciting the material to generate an adequate magnetic field for
writing. As mentioned before, this direct exciting field corresponds to a
magnetic field generated by a current that flows in coil windings of the
magnetic head.
Fig. 7 shows the method for writing the master information signal
30 using a direct magnetizing field as mentioned above. Fig. 7 is also the
cross section along the track of the magnetic record medium similar to Fig.
6(a).

The soft magnetic material or the semihard magnetic material that

forms the protruding portion of the master information carrier is

35 magnetized by the direct exciting field 75 in the direction along the track of
the magnetic record medium 72 to generate the magnetic write field 74.
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of patterning a resist filmon a substrate, formng a ferromagnetic film
and removing the resist filmto make a fine enbossed pattern by the 5
ferromagnetic film This process is called |iftoff method. It is possible
to - make the fine enbossed pattern without using a resist filmby a
direct fine process using a | aser, electron beam ion beam or other
machi ning, as long as the fine embossed pattern corresponding to the
fine. procosams Ritect Sxciting SIS Midbe be b bRl hieBlds iFHEMRE RERES
carrier of tPaspetiezerordmedium 72, too.n The inteariyafithe diredterxeiting digdd t he
Second Enmbodigm@preferably as largema8Sor Hefow HRY &eRBRE SHr&d of thé %ﬁgﬁ@ﬁ{:! on
of the master informatian . carrlﬁrst shown i.n F| g. al ong. phantom 'i ne
A-A . Figs. TocaRdme most ¢agesy,| Hdhgptensy ezeingfield i ndi ng
t2 0 tgg mast fis alrgea, io@deééétfdﬁt}fe%d@?ﬁv%ﬁéﬁé of@héfiﬂligx{eﬁcrrféﬁl@ﬂi\ﬁigdiuﬂ#! m
: on pl.an st ka 31, rrpmagpetic film J i g.
remai ns at ttﬁga'%%ﬁ%ﬁé ﬁS#‘ff%’S A ra@%% g%gerageti ﬁ«Y ﬁ@e ﬁ%t‘?ﬁﬁ?ﬂ@c H’&iﬂ’aﬂ 9bf the
embossed patthersemibard meagnedtio materdal ofithe protridingpoxtiontisantich stiddgen Fi g.
3 remains o r s} I -.Qn: .p ek, as
the bot t om Hoer: o Mtenefly MUKy difich gy ol Tholl ¥8F MHgRBtik R
accept abl e. Pattern can be writtencossesppnding torthy embossed: pafiermtindtheisama? i s
f OL rrfd ?bt lelrlmagl_rﬁ_er K shéwanie lrlhig&s @&;\patm ga_dé&gfah?@ iﬁyiﬁsag{e og‘;iéliehgsigréagt o
substrate . This exangpl e ave a di sadyant age i ]
the surface eitipgfield 75 can ggr@g@ due 1o the maggeticy %%Fﬁi}fl‘ﬁgf&ﬁ $9th
have a tendercserhihard mugndtic%}gt@ﬁahtbﬁlafdrn@é the prstiAalin qurbiowh | ofdhe | n
t his case, LNg.Lhe wektin master i nforamati on_the.nmagnegic
sk moar umiera? bt tion Peetdr, magndfRSnEmb@ALTR b the el BN O
t he prot rudimediven, iesnbessedt pattern shapeororpotheénfactorsbe Thereforsd thed

deteriongti M L Jf‘ﬁfi'fgeﬁ COME . e
ot her hé%d, (;iﬁéeﬁsé n?f %?é‘??%efé FI'g. el %]%d{%ajl% e_n%lrla ?/xPenmeBFe erabl e
conpar ed wi tobtaisthesmopt gdequafe writingchargeteristics injegch 686y i t i ng may

have a suffici ent IBroh2tHE aboRé iveswpsint]! the S6f e deynibatdeRAghdifc material
protruding RLtl And dnt" G rORLaRE Pourtiod of M B hater! ihBrmatin Habried
preferably reaches substantial saturation by the direct exciting field 75
20 whose intensity is as large as, or below the coercive force of the magnetic
record medium. Most soft magnetic materials show good saturation
characteristics in a small magnetic field. However, some semihard
magnetic materials need a large magnetic field for saturation, so attention
should be paid when selecting the material. Material having a coercive
25 force below 40 kA/m is preferable as the semihard magnetic material when
writing into a hard disk having a usual coercive force or a large-capacity
flexible disk. If the coercive force is more than 40 kA/m, an intensity of the
direct exciting field 75 that is significantly larger than the coercive force of
the magnetic record medium is necessary for stable magnetization of the
30 semihard magnetic material along the track of the magnetic record medium
72. Thus, it is difficult to write with a precise resolution in some cases.
The writing method with applying the direct exciting field as shown
in Fig. 7 is effective also in the case where the ferromagnetic material that
forms the protruding portion of the master information carrier has a large
35 coercive force, especially when applying an alternating bias magnetic field
whose intensity is larger than the coercive force. As mentioned above, if an
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careful so that a resist layer or deteriorated |ayer is conpletely renoved
35 fromthe surface of the ferromagnetic filmafter making the enbossed
pattern. O herw se, the remai ning substances may cause spacing loss in

13 the witing process of master information onto the
magneti c di sk nedi um Concerning the material of the substrate,
there is no limtation as |l ong as the ferromagnetic filmcan be forned

on L1 Su0S 8L b B, e RO B oot R BiSEsEihe ¢ 1.
better to uderranmagneticamatiriad isapplied- in Fig. 6pthé nmeagnetizatio 16320fl théi ch
i face of - CRECPHEEE matelidY HAGE 80 prifinding pOHIRH B8Rasde, 26 HAE o101
‘too, and a v Pelicignicmagnetie field jon weiting 64waonot be obainedng In tbisreasesr
i nf or mat 50N By kGpéiRsif tRé Idirddt xcithits FHIR 0 the al@rnhfink Biad xgﬁgbétic
surface-rpu%:eri&szP ﬁ@ng%%/@%aa% assegagglgdﬁé;r 'mqggr;ﬁ.tgqldgin I ossitgr
optical di sk¥%pdR§ : agpett b asr : €,10PP such
as Al', Si sulisdotivineto nedgetiZationc88 dfehesfdromagnetic materiad Hﬂb@féﬁﬁéﬁ, b?fGace
of “Une st ahar $hs ehriARRERgic BBF for wriuld G b Rshersted aitialy B FhE 4 <
contact wi t frasesrharetibe altemnasing bissrmapnetie fietd is not applied. Applicdtion
10 of the alternating and decaying bias magnetic field superposed on the direct
exciting field as mentioned above is also effective for the case where the
ferromagnetic material that forms the protruding portion of the master
information carrier is a semihard or soft magnetic material.
In some cases depending on the embossed pattern on the surface of
15 the master information carrier, a better written state can be obtained by
erasing the magnetic record medium previously with a direct saturation
and giving an initial magnetization 86 in one direction as shown in Fig. 8.
The embossed pattern can be a variety of patterns depending on the
information signal required for each application. Therefore, in some
20 embossed pattern, either the magnetic field on the surface of the protruding
portion site or the magnetic field on the bottom portion site is much weaker
than the other. Thus, the weaker magnetic field cannot perform saturation
writing, or the linearity of writing is deteriorated. In Fig. 8, it is preferable
to erase the magnetic record medium 82 previously by a direct saturation in
25 the direction of the weaker magnetic field, which is either the magnetic field
84a on the surface of the protruding portion site or the magnetic field 84b on
the bottom portion site, to promote the saturation writing in this direction.
In Fig. 8, the magnetic record medium 82 is previously erased with
the direct saturation magnetization in the opposite direction to the
30 magnetization 83 of the ferromagnetic material that forms the protruding
portion. However, it is clear from the above explanation that the polarity
for erasing a magnetic record medium by the direct saturation depends on
the case. For example, in some cases, a better resolution for writing is
obtained by erasing the magnetic record medium 82 using a direct
36 saturation in the same direction as the magnetization 83 of the
ferromagnetic material at the protruding portion of the master information.
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information is witten into the magnetic disk. Especially if the magnetic
record disk into which the naster information is witten is a hard disk

t he surface of the master infornmation carrier preferably is able to
conpensate a fine winple or bending of the hard disk to realize a
secure contact state over 20 the whole disk surface. Therefore, a material
havi ng sone flexibility, for exanpl e a sheet or di sk made of pol yner

or thin net ' . substrate,mat erd al for the naster
i nformat i onaié%dru%hfe){r;lg gjr:rg% «?ﬁﬁ@%@%&%ﬁ&pp € %t%m%nﬁkoﬂé‘%%r
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later i n Thi ] H 8 dire sq: . .
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prot r udi ng d851s ot appdiedot t om is usual | y set at nore than 0.05
mi crons, spr ef er abIPhamabeve heuplAnatibh Céctternd RPkbihg into in-pleRENHagABLENE
surface condit |%1 of ..t he ﬁaﬁnet I c,di sk.nmediumin v@ cht}ﬁthe . stgr

i nfor mat i on TESORRy PRediA- o Howevey, (the; yaiting, method (of this; Mviention, can; be
t he ferronmagrtiized foxtvariais mapmetie retording médianinod viabiete of esslsslliprnter n
as shown in BiQia Mé@eectgepth of the bottom below 0.1 m crons may

result in an‘insuffrcrent gradient of the magnetic field for witing. The
depth of the bott dnt¥pigekvariationcofothe writing mathbdacepredingdo thei present ng

t he 10S € GHYEntiOR i@ ShowhaheFiBe bWeRdYre! {he ﬁ'défe@f(iﬁ\%ﬂfméﬁﬁn P ¥eftted My gBL T ON

carrier 35 and the surface of 'the gnetic di hen the master .
i nf or mat i on Re¥pendicuigy magnelig Feeord < diigk 9@ shows the writing

14 method of the master information signal into the perpendicular magnetic
record medium using a master information carrier. Fig. 9(b) shows a
magnetization pattern written into the perpendicular magnetic record

15 medium. Fig. 9(c) shows an example of the waveform of a read signal read
by a magnetoresistive (MR) type head from the magnetization pattern.
Figs. 9(a) and 9(b) are cross sections along the track direction of the
magnetic record medium similar to Figs. 6 — 8. |

When writing into the perpendicular magnetic medium,

20 magnetization 93 is applied to the ferromagnetic material of the protruding
portion of the master information carrier 91 in the direction perpendicular
to the surface of the magnetic record medium 92. Therefore, if the
ferromagnetic material of the protruding portion is a ferromagnetic film, a
thickness of the film should be large enough for reducing a demagnetization

25 field in the direction perpendicular to the surface.

If the direct exciting field 95 is applied, its direction should be
perpendicular to the surface of the magnetic record medium 92, differently
from the in-plane writing. The previous erasing of the magnetic record
medium 92 with direct saturation is performed also in the direction

30 perpendicular to the surface of the magnetic record medium 92 so that the
initial magnetization 96 can remain in the vertical direction.

(Second Embodiment)”
This second embodiment will explain an example of the master
385 information carrier having superior record resolution uniformly over the
large area, and an example of the process for making the master
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The ferromagnetic filmcan be fornmed by a usual nethod for formng a
thin film such as sputtering, vacuum-vapor deposition, plating, or

chem cal vapor deposition (CVD). A variety of materials can be
used for formng the ferromagnetic 5 film such as a hard magneti c
material, sem hard magnetic material or soft magnetic material as
expl ai ned previously. However, it is better that the saturation

ic f | |
cuticiont | AnEOERbY e %ﬂ@%ﬁ%ﬁh%@ Pifoss of a kind of the magnetic
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n et
the track di¥¥@t Ao F‘Hﬁhf arge amﬁFanes 5atql'ng’5 tlﬁ’é’ﬂﬁ&gﬂ&"r
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However 1 1 PRES BphidRolis GuhBRd aRRar B heve sofis SlioBRSmE ififgEte o
writing abi|depenidinglenritmloedtionnce t he | eakage flux decreases by t he

For ronagget | ¢ 111 Cpourapk, the oy MBRAE L oo il BABENE RS ccttifn |,

| ength of t HhowRiRFig. wagmadsby stepsoffomming afemmalgaa@c ﬁﬂm 32 endhr of
the surface of the planar substrate 31, coating a resist film on the surface,

exposing and developing the resist film to form the pattern corresponding to
“the digital information signal, and forming the fine embossed pattern on the

20 surface of the ferromagnetlc film by a dry etching techmque such as an ion
milling.

Though the section profile of the protruding portion is simplified
with a rectangular shape in Fig. 38, it is difficult to form such a rectangular
section over a large area in a real master information carrier made using

25 regular photolithography. The section profile of the protruding portion
usually assumes a trapezoidal shape, where the length of the upper side
differs from the length of the lower side, not a rectangular shape. In
addition, the edges of the upper side at the surface of the trapezoid become
rounded in general.

30 Such a section profile results primarily from the fact that the
resolution of the exposing or developing process of the resist film is not
sufficient for the bit length of the digital information signal. The section
profile of the patterned resist film has already been a trapezoid and its
edges at the upper side have already been rounded. Thus, the section

35 profile of the protruding portion of the ferromagnetic film that is formed by
the dry etching technique such as the ion milling becomes a rounded

(@
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master information is 1-2 mcron, the adequate thickness of the 30

ferromagnetic filmmy be 0.1-1.0 m cron. Preferred magnetic
characteristics of these ferromagnetic materials wi |l be expl ai ned

| ater together with a nethod for witing the naster information into
t he magneti c di sk. Fig. 5 shows another exanple of the cross

section of the master 35 information carrier along the phantomline A-A" in
E: gs 1 5. Ih: ﬁ:r%ﬁ%z{%{l,ﬁéﬁga%gg Q;Felegbcti%ndﬁlfoiifé of {l{eogétgfne%(?es slteélnf.hovm ‘N
15 - i tBmtthermores dhe abovéimentionedagotioh profiletdraiot beruifdien )
enbossed paither g 12786 BB4, 10 SPrliorddBini UASSAICL, oF thdbceriiiiPhorle A .
t he surface hgf obgerved deppnding: onsthenlosatipnt Ha fspiteonfidhasting the csameé .
Thus, t 33 prpaitatg'ﬁﬂg.t ;/:sﬁchfgrmi@béa%ié RBEfERHE" of @illgféaaa ihﬁﬂpfr@tlé 'r(?f; ltiaguch
as a si nt or GFREEH RACSE siay undestrably inflnence, Hae N Fatiof et sizwal ¢ he
sur f ace- r ougiwitien fof the preferinait. information carrier may be large. In -
nfor et ron onto. (P nEonts  Rrble et b SBiEAC bt i e ATRTERB s en
shoul d have photolithography s bechtiqus  thatsidaine . realize sufficient accuracy and
10 resolution over the large area. However, in this case, even if the above
problems are solved, a substantially expensive exposing machine, resist
material, developing liquid and other things are necessary. Consequently,
the productivity of the master information carrier may drop and the cost for
making the master information carrier may rise.
15 On the contrary, this embodiment can control the variation of the
S/N ratio due to the variation of the section profile within a certain
tolerance by improving the section profile of the embossed pattern even if an
inexpensive photolithography process is used.
The inventors have searched for a preferred section profile of the
20 embossed pattern that has little influence on the S/N ratio of the signal.
As a result, it was found that a first or second configuration of the
protruding portion of the master information carrier explained below can
control the variation of the S/N ratio within a certain tolerance.
Fig. 10 shows a first configuration of the protruding portion. In
25  this configuration, the section profile of the protruding portion along the bit
length direction of the digital information signal is substantially a trapezoid
with an upper side at the surface and a lower side on the substrate. The
upper side length "a" is less than the lower side length "b", and the
difference (b-a) between the both side lengths is less than twice the height of
30 the trapezoid. Such a section profile of the protruding portion can control
the variation of the S/N ratio due to the microscopic variation of the section
profile within a certain tolerance, even when writing a digital information
signal for the preformat, with several microns bit-length.
The S/N ratio of the read signal is influenced not only by the
35 intensity of the magnetic field for preformat writing generated from the
ferromagnetic film 102 at the protruding portion of the master information
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Generally, a bulk material such as a sintered material does not have
flexibility, so the exanple in Fig. 5is nore suitable for witing into a

flexible di sk rather than a hard disk. 15 A nmethod for witing
the master information signal into the magnetic di sk using the
above-nentioned master information carrier is expl ained in the
following. Fig. 6(a) shovxs the nmethod for witing the mast er
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16 ratio of the read signal due to the variation of the section profile increases
15 beyond a certain tolerance, so that a uniform and sufficient S/N ratio of the

read signal cannot be obtained over a large area.

If the bit length of the digital information signal to be written is less
than one micron, field gradient variation due to the microscopic shape
variation at the edges of the upper side can influence the S/N ratio of the

20 read signal. In this case, curvature radii r, r' at edges of the upper side are
preferably set below a half of the upper side length.' Thus, the variation of
the S/N ratio due to the microscopic variation of the section profile is
controlled within a tolerance, even when a digital signal with a bit length of
less than 1 m is recorded.

25 As mentioned above, the first configuration permits the section
profile of the protruding portion to have a trapezoid shape, so the embossed
pattern can be formed by a regular, widely used photolithography process,
without having to use an advanced photolithography technique. Therefore,
the master information carrier having the first configuration can be

30 produced efficiently at low cost.

As explained in the first embodiment, the thickness of the
ferromagnetic film may influence the S/N ratio of the read signal when
performing preformat writing by use of the above mentioned master
information carrier. If the thickness of the ferromagnetic film 102 in Fig.

35 10 is too thin, a sufficient magnetic field cannot be generated for writing,
and the gradient of the magnetic field may decrease at the boundary of the
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t he magnetic reluctance due to the enbossed pattern. Thus, the

magneti zation 63 of the ferromagnetic material at the protruding portion
generates the magnetic field 64 for witing. This magnetic field 64 has
opposite polarities for the surfaces of the protruding portion and the
bottom5 of the master information carrier 61. Consequently, the
magneti zati on pattern 65 shown in Fig. 6(b) is witten into the
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15 magnetization of the ferromagnetic film 102 increases, so that the magnetic
field for writing generated by the protruding portion is weakened.
The influence of the above mentioned demagnetizing field causes a
drop of the S/N ratio if the thickness of the ferromagnetic film 102 is larger
than a half of the upper side length "a" of the protruding portion. However,
20 the drop of the S/N ratio is small enough to be neglected if the thickness of
the ferromagnetic film 102 is smaller than a half of the upper side length "a"
of the protruding portion. Thereforg, it is preferable to ensure that the
thickness of the ferromagnetic. film 102 can generate a sufficient magnetic
field for writing in a thickness region below one half of the upper side length -

25 "a", especially in a master information carrier with in-plane preformat
 writing.

On the other hand, when writing the preformat signal into a
perpendicular magnetic record medium, a direct exciting field is applied in
the direction perpendicular to the ferromagnetic film 102 to magnetize the

30 ferromagnetic film 102, and a digital information signal is written
corresponding to the embossed pattern. In this case, differently from the
case with in-plane writing, the magnetic field for writing is dropped due to
the demagnetizing field, the more the ferromagnetic film becomes thinner.
Therefore, a master information carrier to be used for preformat writing

35 into the perpendicular magnetic record medium should have a thickness of
the ferromagnetic film 102 that is larger than the upper side length "a"
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magnetic field will be effective neans to obtain a sufficient saturation

writing. A writing mechanismw th applying the alternating bias
magneti c field is basically the sanme as an anal og alternating bias
witing in the prior 30 art. However, the recording nethod of the present
I nvention is a static recording wthout rel ative novenent between the
master information carrier and the magnetic recordi ng nedi um
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obtain a sufficient S/N ratio of the read signal and control the variation of

10 the S/N ratio within a tolerance over a large area, in spite of some
microscopic variation of the section profile, even when a digital signal with
a bit length of less than 1 u m is recorded. |

As previously mentioned, the S/N ratio of the read signal is
influenced by the intensity of the magnetic field for preformat writing

15 generated from the ferromagnetic film at the protruding portion of the
master information carrier, and by the gradient of the magnetic field at the
boundary between the protruding portion and the bottom portion, that is
the edges of the upper side of the protruding portion. In the second
configuration, the é.ngles between the upper side and slant faces are acute

20 angles since the upper side length "a" is larger than the lower side length
"b" of the trapezoid section of the protruding portion. Such a configuration
reduces the influence of the leakage magnetic field generated by the slant
faces and provides a steep gradient of the magnetic field at the edges of the
upper side, so that a sufficient S/N ratio of the read signal is obtained.

25 Furthermore, the difference between the upper side length "a" and
the lower side length "b" as well as the gradient variation of the magnetic
field at each edge of the upper side is small in the second configuration. As
a result, the variation of the S/N ratio of the read signal due to the
microscopic variation of the section profile also can be within a tolerance.

80 Therefore, as in the first embodiment, a uniform and sufficient S/N ratio of
the read signal over a large area can be obtained.

The thickness of the ferromagnetic film 112 influences the S/N ratio
of the read signal in the second configuration, too. The standard for
determining the thickness of the ferromagnetic film 112 is the same as that

356 mentioned in the first configuration. The thickness of the ferromagnetic
film 112 is preferably less than a half of the upper side length "a" for the
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coercive force of the ferromagnetic material that fornms the protruding
portion of the master information carrier 61. In the nmethod shown in Fig.
10 6(a), applying an alternating bias magnetic field greater than the

coercive force of the ferromagnetic material wll decrease the
magneti zati on- 63 of t he magnetic material of the protruding portion.
In this case, it is difficult to obtain a sufficient nagnetic field 64

ot er al 1o masternformatidd chntfoP s BBl ERe S xRk, teffih  atd is
protrudi ng ryefarahlyfmote thast bwice the  uppermaideodenmgtiy "a't .foriothey enasteher e
are some casgforthitién thrricr %&fff) Ehdi&larmagﬂ%FmQ'eédifdt Hﬁ.{}ﬁ magnet i zat i on

wi th an easy nagnetil zation rec owing to the
enbossed pattern f%%ﬂr@d‘ WHiersation carier haging the segend configuration ean

ca[) r It er hwherbwmimlfacfmﬂﬂl b’y@@h@!{:dlﬂ:hﬁ@iﬁfh;f"teclﬁﬁque usmg ffﬂg::ﬁibl@' £ If
a bit shape e _naste rmation .Signa ated .

di rection aﬁg PERGeSBy a@kﬁr}jﬁﬂm%? %’P.e&‘amleﬁ 3 pqo%gqs smtgbl?(r}gﬁs t he
prot rudi ng poakinga aiadtbe informationrdarrier having the sevondconfiguretiond by
shape ani sotro [ ' tJ. 0 r thac djr e

acr gss t he tragis B nga ?Mvgg dn ngﬁ ?iéa)%fsﬁl% ﬁch%gs tf@: ﬁl@iﬁg {;IFe gﬁs%ﬁ(}gf 25
magnet i zat i g‘m@a@nmmuh@xgm@hmecmd configuration. nat eri al  al ong

the tragl is too yRid, dsosmﬁ“FigalﬁPaQ”%é %n{Ho%!s&h ?'a@ﬂﬂnt&ﬁré hu§

witing. on, g har, oercive na

| ne suaIIy
has diffi cultpﬁ &‘gltaq WfE’HHFPﬁPI ?%gﬁdﬁ %"PS a‘PH rﬂ?ellgiow ﬁ
difficult tq;hdtdtusﬁttﬁhn 123. al‘heﬁ@io’sﬁméchbﬁtml fheebﬂ:ulﬁhgfth di®sdtivis of €hé he

the traok,  prdvrddiie Bton dorsiSd| Ry 155, BhisRHSH b A dnn supebasdiafly *"0
pref erabl e ttvapedoddalhwith an fuppeorsidediti thersuefdical andad lbwemldée)n the
prot r udiygy Rkt Chnlthd HBbEE side 1ehE¥H 1 8hbARY (Had The SkBF HasOhk

nmagneti c nat magnetic nma &r havi’ng | ower
coercive fo W%F@zg il2@b specific 35 boundary bet ween a hard magnetic

mat er| al and a semHE, ha LW | '1ﬁ F1g 1209} fd Brrotnaghbiie MABLTRD IS Foimed t he
term’ sem h%rndthngg&ﬁs g.ten?éf raIn%. the protrud.mg portion formed by the photoresist
film 123. A usual method such as a vacuum vapor deposition, sputtering or
20 plating can be used for forming the ferromagnetic film 122,
Then, as shown in Fig. 12(c), the surface of the ferromagnetic film
122 is etched a little by ion milling or another method. After that, the
photoresist film 123 and the ferromagnetic film 122 formed on the
photoresist film 123 are removed by a liftoff method. Thus, as shown in
25 Fig; 12(d), the master information carrier is made, which includes the
substrate 121 and the protruding portion of the ferromagnetic film 122
formed on the substrate 121, and the section profile of the protruding
portion is a trapezoid with an upper side longer than a lower side. The
liftoff process is performed by melting the photoresist film 123 by using a
30 special solvent called “remover", for removing the ferromagnetic film 122
formed on the photoresist film 123 together with the photoresist film 123.
The etching step of the ferromagnetic film surface shown in Fig.
12(c) is performed for making the liftoff easy by removing the ferromagnetic
film 122 deposited on the slant faces of the protruding portion formed with
35 the photoresist film. This step can be eliminated if the thickness of the
ferromagnetic film 122 is thin. In this case, however, the accuracy of
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18 . used as a generic termfor hard or sem hard magnetic

materials having a smal | coercive force (below 60 kA/m for exanple),
that is less than a half val ue of a usual nagnetic record nmedi um
(120-200 KA/ M . Such a soft or sem hard nmagnetic material can
be treated easily to 5 have an adequate anisotropy by adding a variety of
energi es i n the process of making the material or annealing the
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| nformation 1% (ie'peors1 te on %hg siaan%nttacclesméf3 ﬁtlé 8¥ot§'u8.mg pgrtlon formed with the
photoresist film 123. According to experiments, it was found that the
ferromagnetic film 122 deposited on the slant faces can be removed
effectively when an incident angle of the ion 124 with respect to the normal
15  of the substrate 121 is more than 20 degrees. |
Fig. 13 shows another example of the process for making the master
information carrier having the second configuration.
First, as shown in Fig. 13(a), a conductive film 134 is formed on the
substrate 131. Then, an embossed pattern corresponding to the digital
20 information signal is formed on the conductive film 134 using a photoresist
film 133, as shown in Fig. 18(b). The section profile of the protruding
portion formed with the photoresist film 133 is a trapezoid with an upper
side at the surface that is longer than a lower side on the substrate as
shown in Fig. 13(b).
25 Then, as shown in Fig. 13(c), a ferromagnetic film 132 is formed on
the conductive film 134 and the protruding portion of the photoresist film
133 with an electroplating method.
Then, the photoresist film 133 is removed. Thus, as shown in Fig.
13(d), the master information carrier is completed, which includes a
30 conductive film 134 and a protruding portion of the ferromagnetic film 132
whose section profile is a trapezoid with an upper side longer than a lower
~ side. The photoresist film 133 is removed by melting the photoresist film
133 by a solvent called "remover" in the same way as shown in Fig. 12(d).

35 - Differently from the process shown in Fig. 12, this process shown in
Fig. 13 forms the ferromagnetic film 132 by electroplating, so the
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magnetized in one direction to generate a magnetic field for witing in a
writing process, a soft nmagnetic material or a sem hard magnetic nmateri al
usual | y does not provide a stable one-direction magnetization in a residual
magneti zation state. Therefore, in many cases, a direct exciting field is
25 applied for exciting the material to generate an adequate nagnetic
field for writing. As nentioned before, this direct exciting field
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10 If the surface-roughness of the conductive film 134 is large, the surface-
roughness of the ferromagnetic film 133 formed thereon may also become
large, and the surface-roughness can influence a distribution of the
magnetic field for preformat writing. Therefore, it is desirable to select the
continuous thin film material with little surface roughness and as thin as
15 possible, as long as a sufficient conductivity for electroplating can be
obtained.
If the reflectivity of the surface of the conductive film 134 is large at
a wavelength region of light for exposing the photoresist film, the resolution
at exposure can be deteriorated due to the influence of the reflecting light.
20 Therefore, it is desirable to use a material for the conductive film whose
reflectivity at the surface is small, preferably less than 50 % at a
wavelength of light for exposing the photoresist film 1383.
As mentioned above, the resolution at exposing the photoresist film
can be improved when the conductive film 134 has a function of anti-
25  reflection coating compared with the case where the patterning of the resist
film is performed directly on the substrate 131. This conductive film 134
with anti-reflection function can be a conductive carbon film or a film with
some impurities containing a carbon as a main component, for example.
It is also preferable when selecting a material for the conductive
380 film to consider a compatibility of the material with the ferromagnetic
material to be disposed on the conductive film 134. Deposition rate,
construction or magnetic characteristics of the ferromagnetic film 132
formed on the conductive film by electroplating may change depending on
the material of the conductive film. Therefore, it is preferable to select the
35 most proper conductive film material considering the ferromagnetic film
material to be used.
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record nmediumin nost cases. If the intensity of the direct exciting field
75 5 is as large as, or less than the coercive force of the magnetic
record nmedi um the magnetic field for witing 74 generated by the soft
magnetic material or the sem hard magnetic material of the protruding
portion is nuch stronger than the intensity of the direct exciting
field. Thus, the nagnetization pattern can be witten corresponding to
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20 from the medium may include a partial lack of data or deteriorated S/N

ratio.
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This embodiment provides a suitable configuration of the master
information carrier for maintaining a secure and uniform contact between
the surface of the master information carrier and the surface of the

25 magnetic record medium, a master information carrier that can perform
preformat writing with high reliability, as well as a method for producing
the master information car_rier. _

If the magnetic record medium into which the master information is
preformat—written is a hard disk, its substrate is a hard material such as

30 metal, glass, silicon or carbon. Therefore, it is preferable that the
substrate of the master information carrier has flexibility to a certain extent
so that the surface of the master information carrier can compensate a fine
wimple or bending to keep a secure contact state over the whole disk surface.
A polymer material is suitable for making such a substrate of the master

35 information carrier.

The master information carrier of the present invention can keep a
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35 coercive force, especially when applying an alternating bias magnetic

field whose intensity is larger than the coercive force. As nentioned
above, if an 20

alternating bias magnetic field that is larger than the coercive force of
t he ferromagnetic material is applied in Fig. 6, the magnetization 63
of the ferromagnetic material that fornms the protruding portion
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For example, dimension stability against an expansion or contraction due to
a change of temperature or humidity, a physical and chemical stability in
the process for making the master information carrier, and a processability
of the material should be raised. In addition, to ensure a secure and
15 uniform contact between the surface of the master information carrier and
the surface of the magnetic record medium, an electrostatic sticking of dust

should be suppressed.

The inventors have studied the structure of master information
carriers having a substrate that includes a polymer material. As a result,

20 it was found that the above mentioned problems are solved by using a
master information carrier having a structure as explained below.

First, a structure for improving the environmental resistance
property is explained. A substantially high accuracy of dimensions should
be required of the substrate of the master information carrier to write

25 preformat data into a hard disk having an areal recording density of 10-
giga-bit order in the future. Furthermore, this high accuracy should be
realized in various circumstances such as manufacturing process,

preformat-writing step, and storing of the master information carrier.
There is no material that can satisfy such a request for the environmental

30 resistance by itself alone.
For example, polyimide and polyamide resins have excellent

stability against heat and chemicals, but they have a tendency to expand

due to water absorption. The tendency of polyethylenetherephtalate resins
to absorb water and expand is relatively small, but heat stability is a

35 problem. _
Polypropylene or Teflon (trademark of polytetrafluorethylene) resins
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and giving an initial nmagnetization 86 in one direction as shown in Fig. 8.
The enbossed pattern can be a variety of patterns depending on the

i nformation signal required for each application. Therefore, in sone 20
enbossed pattern, either the magnetic field on the surface of the

protrudi ng portion site or the magnetic field on the bottom portion
site is nmuch weaker - than the other. Thus, the weaker magnetic field
cannot perf I i
cannot Per{ oK e, Qb of BishdMlon Yindl S AB G p Al BRSRAS
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direction as netlz.atlon 83% 1 gdloma netlcb terial at the

prot rudi ng p't?&?"ﬁ%ﬂ P AREChEAR I A8 $%fgllent dimension sta under a
variety of circumstances, owing to the properties of the polypropylene or
Teflon resin, while it has sufficient adhesiveness with the ferromagnetic

film that is formed on the surface of the polyimide or polyamide resin.

15 The appropriate combination of polymer material and thickness of
each layer for such a multi-layer construction can be changed depending on
the thermal history in the process for making the master information
carrier, temperature and humidity when writing preformat data,
temperature and humidity when storing the master information carrier and

20 other conditions. It is necessary to select the most suitable combination
and thickness ratio of layers in accordance with each condition.

Second, a structure for improving the processability is explained.
It is sometimes necessary to process the master information carrier into a
proper shape in accordance with a shape of the magnetic record medium

25 after forming the embossed pattern corresponding to the master
information. For example, the master information carrier that is used for
writing preformat master information into a hard disk preferably has a
proper dimension corresponding to a certain diameter of the hard disk, so
that it can be easily handled for preformat writing.

30 " However, a master information carrier having a substrate made of a
polymer material usually has a bad processability. Especially, plastic or
other deformation sometimes occurs in the process, and detenoratlon of
dimension accuracy may occur due to the deformation.

The master information carrier of the present invention has a
- 35 substrate including a base made of a metal, alloy or ceramic material; and a
polymer material layer formed on the surface of the base. The
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Though the direct exciting field. 85 is applied in the configuration shown

I n Fig. 8 in'the same manner as shown in Fig. 7, the effect of
previously erasing with a direct exciting field is obtained even if
the direct exciting field 85 is not applied. 5 The above
expl anation concerns witing into in-plane magnetic record nedia.
However, the witing nethod of this invention can be utilized for
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The polymer material layer can be formed on the surface of the base
by a variety of methods such as sticking, coating or flowing of monomer or
20 polymer precursor followed by polymerization after the coating or flowing,
or vacuum vapor deposition of the polymer material.
Fig. 14 illustrates an example of the process for making the master
information carrier having the above-mentioned structure.
First, a polyimide solution (Torayneece: trademark of Toray
256 Industry Inc.) is diluted with cyclohexanol into a predetermined
concentration, and is coated onto the surface of the glass base 141 by using
a spin-coater. Then, it is cured at high temperature to obtain the substrate |
comprising the glass base 141 and the polyimide layer 142 formed on the
glass base 141, as shown in Fig. 14(a). The thickness of the polyimide
30 layer 142 should be optimized depending on the condition of the application.
In one example, it was approximately 1.0 micron after curing.
Then, a photoresist film 144 is formed on the polyimide layer 142,
and exposed and developed to make the embossed pattern correspondmg to
the master information signal as shown in Fig. 14(b).
35 : Then, a ferromagnetic film 143 is formed on the polyimide layer 142
and the protruding portion of the photoresist film 144 by using variety of
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initial magnetization 96 can remain in the vertical direction.

(Second Enbodi nent) Thi s second enbodi nent will explain an

exanple of the master 35 information carrier having superior record

resolution uniformy over the | arge area, and an exanple of the

process for making the master 22

I nformation carrier efficiently at a | ow cost. In the above

mentioned fi rrratlon
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10 resistance to chemicals, or other properties. A developer for developing the
photoresist film, a remover for liftoff, an etchant for wet etching and other
solutions are usually strong acid or alkaline. The polymer material such
as a polyimide or a polyamide has an excellent resistance to acid or alkali
and is suitable for the material forming the very surface of the substrate.

15 Next, a structure for preventing the master information carrier from
gathering dusts by static electricity in the preformat Writing step is
explained. The electrostatic sticking of dust during the preformat writing
step should be suppressed to ensure a secure and uniform contact of the
surface of the master information carrier with the surface of the magnetic

20 record disk. If dust sticks to a spot of the surface of the master information
carrier, a deterioration of the S/N ratio of the read signal or partial lack of
read signal may occur at the spot due to spacing loss.

In the master information carrier of the present invention, the
polymer material that forms at least the surface of the substrate has a

25 conductivity that can prevent the substrate from taking an electric charge.
Thus, the electrostatic sticking of dust to the master information carrier is
suppressed and the preformat writing can be performed with high
reliability.

Particles whose main component is a conductive substance may be

30 dispersed in the polymer material that forms at least the surface of the
substrate. The main component of such particles is preferably a carbon.
Such particles whose main component is a carbon can be dispersed easily in
the polymer material and are inexpensive.

35 As another example of the structure for preventing the electrostatic
sticking of a dust, a thin conductive film (e.g., a thin metal film) may be
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depending on its location. 15 For eXarrpI e, the master information

carrier having a cross section shown in Fig. 3 was nade by steps of
formng a ferromagnetic film32 on the surface of the planar substrate
31, coating a resist filmon the surface, exposi ng and devel opi ng t he
resist filmto formthe pattern corresponding to the digital

I nformation signal, and form ng the fine enbossed pattern on the 20
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profile of t BF?fFF%rd&?gﬂb‘Hr q d%l prmg é‘&‘n&e guriage, Ghﬂeha%hape,

where theé | emgide aif tﬁmdzympneramd dﬁhe embdséé‘derpaﬂtéﬂfn isheformiedt Rwith tthe

upper 51 do’ cRryAeERFRERHh b thdWhapelye s, bl AhotiuffioR 5 pigeand oy

30 @sctroatastmmbatldum@ dfelust sincesdhprsurface|of the masltélmtffanhatlbat t he
resol ution ofgitf i8%R: ess of the resist filmis not
sufficient for the b| I?E{&?Hﬁhe %:ﬁgﬂm’?a information signal. The
section profile of the patterned resist filmhas al ready been a

trapezoix angFoursh Embo(ﬁgﬁgﬁ) at the upper side have already been rounded.
T AT WA R S
the ion mll ¢algat:(echntwsen sarfadesl of the master information carrier and the
23 magnetic record medium in the writing process of the master information
for maximizing the effect of the writing method of the present invention. If
15 the secure and uniform contact between the surfaces is not obtained, a
spacing loss causes a partial lack of a read signal, or deterioration of S/N
ratio due to a small written signal level. In addition, the magnetic
transition may not be sharp at the edges of a track due to diffusing of the
magnetic field for writing, so that sufficient off-track characteristics may
20 not be obtained. , _
' The master information carrier of this embodiment can ensure the
secure and uniform contact between the surface of the master information
carrier and the surface of the magnetic record medium by a different
configuration from that of the third embodiment mentioned above. A
25 suitable apparatus for writing the master information into a magnetic
record medium with high reliability using this master mformatlon carrier is
also provided.
A first configuration of the master information carrier of this
embodiment has a substrate surface including areas where an embossed
30 pattern corresponding to information signal is formed and areas where the
embossed pattern is not formed. A ferromagnetic film is formed at least on
surfaces of protruding portions of the embossed pattern, and through holes

are provided at least partially in the area where the embossed pattern is not
formed.

35 A second configuration of the master information carrier of this
embodiment comprises an area in a surface of a substrate, where an -
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trapezoid, inheriting the section profile of the patterned resist film
Furthernore, the above nentioned section profile cannot be uniform

over a large area, so sonme mcroscopic differences of the section profile
may be observed depending on the location, in spite of having the sane
5 patterning. Such a mcroscopic difference of the section profile of the
enbossed pattern may undesirably influence the S/INratio of the signal
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first configuratio t t ' orti I [ nf i guration,
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15 least partially in the area where the embossed pattern is not formed, as

mentioned above as the first configuration. The apparatus has means to

force the master information carrier (embossed_ pattern) and the magnetic

record medium to contact securely with each other by sucking air between

the master information carrier and the magnetic record medium through

20 the through holes after the master information carrier and the magnetic

recording medium are contacted with each other.

A second specific configuration of the apparatus mentioned above
utilizes the master information carrier whose height of the surface of at
least a part of the area where the embossed pattern is not formed is lower

25 than that of the area where the embossed pattern is formed, as mentioned
above as the second configuration. The apparatus has means to force the
embossed pattern of the master information carrier and the magnetic record
medium to contact securely with each other by sucking out air between the
area of the master information carrier where the embossed pattern is not

30 formed, and the magnetic record medium after the master information
carrier and the magnetic recording medium are contacted with each other.

Using the above-mentioned master information carrier and writing
apparatus, a magnetic record medium can contact with the master

35 information carrier securely and uniformly. Thus a preformat writing can
be performed with high reliability. -
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wi th an upper side at the surface and a | ower side on the substrate. The
upper side length "a" is less than the Iower side length "b", and the
di fference (b-a) between the both side lengths is less than twi ce the
hei ght of 30 the trapezoid. Such a section profile of the protruding

portion can control the variation of the SINratio due to the
m croscopi ¢ variation of the section profile within a certain
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preformat, with sevefra . : )
the read si gRghnsdoifare hecmastan informafonicaaries andnthe magpetic neperdingnet i c
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teegeso t . LI ot rudl n ortion. | t he
difference ba evv:aé_)tldg -ﬁ%exﬁ%rg?(fsrpagnf eWéﬁ}]%]ﬁ" air S&ﬁﬁ& f?l%cri’rw ?P'B@elrengt h
"b" of the teompristsithasetflangesfand-fasteningumiembers; a yporé sepure andeanifoimn
twi of th ' - M, : t I 44 { 2nt .. sl netic
Ferd 15 racpuead tan e f"“ﬁ 64 WotRees the aSedt fbfllariOh carrierdifa

field is rather steep. Therejore, [ shed e S/IN
ratio of themagRatisirgaend mediumge Whanta dugh forein guetion e connectedi to a
due to tige ndentos PoRtiGn Vel thd mPabted ihfAnSAsin @arHeslor! the snfstiitlc voded t he
above condi tx'n%ﬁium, the suction force may be applied to the center portion strongly, so
that the master information carrier or the magnetic record medium may
have a warp. In this case, the above mentioned flanges and fastening
members suppress the warp so that the master information carrier and the
15 magnetic record medium can contact securely and uniformly. It is more
preferable to insert an elastic member between one flange and the master
information carrier, and/or, between the other flange and the magnetic
‘record medium. Thus, the master information carrier and the magnetic
record medium can contact more securely and uniformly.
20 The above-mentioned means for alignment of the master
information carrier and the magnetic recording medium preferably include
a marker provided at the inner circumference or outer circumference of the
. master information carrier corresponding to the inner circumference or
outer circumference of the magnetic record medium.
25 The following the configurations of this embodiment of the present
invention in detail, referring to Figs. 15-21.
Fig. 16 is a cross section showing an example of an apparatus for
writing information signal provided in the master information carrier into a
magnetic record medium. Numeral 161la and 161b denote master
30 information carriers, 162 denotes a hard disk, 163 denotes an upper flange,
164 denotes a lower flange, 165a and 165b denote permanent magnets, 166a
and 166b denote air suction devices, 167a and 167b denote three-way valves,
168a and 168b denote suction ducts, and 160 denotes an O-ring. The
magnetization direction of the permanent magnets 165a, 165b is from back
35 to front of the paper. '

The surface of the master information carrier 161a, 161b includes
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10 On the contrary, if the difference bet ween the upper side

| ength "a" ~ and the lower side length "b" is nore than twi ce of the
hei ght "h" of the trapezoi d, |eakage fromslant faces decreases the
gradi ent of the nmagnetic f|eI d at the edges of the upper side.

Therefore, the variation of the S/N ratio of the read signal due to

the variation of the section profile increases 15 beyond a certai n
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As shown in Fig. 15, the master information carrier 151 has through
holes 153 except at areas 152 where the embossed pattern is formed
corresponding to the information signal. If the substrate of the master
20 information carrier is made of glass, the through holes 153 can be formed by
well-known processes such as an ultrasonic process, a laser process or wet
etching and other methods. It is preferable that a diameter of the through
holes is as small as possible and the number of the through holes is as large
as possible. In an example, through holes with a diameter of 1.0 mm were
25. disposed in a density of 1.0 per 3.0 mm x 3.0 mm area by ultrasonic
processing. '

Iength

.D

When writing the master information signal into a hard disk, i.e. a

magnetic record medium, centering of the master information pattern and

30 the hard disk is required before contacting them. To facilitate this
centering, the master information carrier 151 has markers 154 at the inner
circumference as shown in Fig. 15. The marks are formed in same the step

in which the embossed pattern corresponding to the information signal is
formed. The markers 154 disposed at the inner circumference of the

35 master information carrier 151 are aligned to the inner circumference of the
hard disk. Alternatively, markers can be disposed at the outer
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protrudi ng portion and the bottom portion. Thus, it is difficult to perform
sufficient witing. On the other hand, when witing a prefornat
signal into an in-plane magneti c record nedium if the thickness of
the ferromagnetic film102 is 5 too thick, the demagnetizing field due to
the profile of the protruding portion nmakes it difficult to generate a
sufficient magnetic field. For exanple, preformat witing into the
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portion is whadrAed. The influence of the above nentioned
the forromgnet | o eI 1 359ws.a methyd B2 writingdhe infrmatim sigal frmed e
length "18" dhetmaster ahfordiatiprperrrierrintdiateidrdiske Wsidghthedweitimf apperabusl
for r ongnet (ohorfif g f16°C TP oRiliRg. bpodiipd MHGSAETE Bie. 16 weitte o - o0
of the pr ot raitiasphevict pressulth dex feosurinigt aj wniforrh cconithet i theswhole laxeat he
between the master information carriers 161a, 161b and the hard disk 162.
The hard disk is forced to the master information carrier 161a, 161b when

15 air between the master information carrier 161a, 161b and the hard disk
162 is sucked out via the through holes that are provided in the master
information carrier 16la, 161b. Thus, the surface of the protruding
portion of the embossed pattern formed on the master information carrier
161a, 161b contacts securely with the surface of the hard disk 162. Then,

20 utilizing the permanent magnets 165a and 165b, the ferromagnetic film,
formed on the surface of the protruding portion of the embossed pattern
formed on the master information carrier 161a and 161b, is magnetized to
write the information signal corresponding to the embossed pattern into the
hard disk 162, according to the steps explained below.

25 First, by using a permanent magnet 182, the hard disk 162 is
previously magnetized along the circumferential direction indicated by
arrow 181 as shown in Fig. 18. The permanent magnet 182 can be
replaced with an electromagnet. Then, as shown in Fig. 16, an O-ring 160
is set in the groove of the lower flange 164, on which the master information

30 carrier 161b and the hard disk 162 are stacked on the hard disk 162. At
this time, the previously mentioned markers (154 in Fig. 15) formed on the
master information carrier 161b should be aligned to the inner
circumference of the hard disk 162. Then, another master information
carrier 161a and the upper flange 163 with an O-ring 160 set in the groove

35 are stacked on the hard disk 162. At this time too, markers formed on the
master information carrier 161la should be aligned to the inner
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t hi ckness of the ferromagnetic film 102 can generate a sufficient magnetic
field for witing in a thickness region below one half of the upper side
|l ength 25 "a", especially in a master information carrier with in-plane

pr ef or mat writing. On the other hand, when witing the
preformat signal into a per pendi cul ar magnetic record nedium a direct
exciting field is applied in - the direction perpendicular to the

f er r omagnet i gy cdunh fak &hm ge 30 ferromagnetic film 102, and a
digital informatiaq wr(?ltgtﬁefﬁS correspondi ng to the enbossed
pattern. In this &*ﬂ&q uppey thregrwafvalve 1678 etween phewpper
writing, thdldmeness ﬁnﬁlthb GnAster wowwldnscmma%%dcked out b Rée air
demagneti zi ng f. el L ggg{eé%l%g_hsl;erro etlcgﬂl nner

Ther ef or e, Pe |‘Fﬁ p wer d ‘?‘Wﬁyp s?aquﬂqlng 35

i Et of t he 5perhecopemed s0 Mgm@pmemrﬁrmderthdtﬂwspa@ bbtvﬁé’d&f»‘ﬁhe of

t er t

s o1 OBt Hahed 4l ahid thd ina@ef Ui BRubE G RE, 1BIRT SRER hir g
the pr otr udlhﬁ?éween tlwomaatar cnfqrmtmn cantign cifila andrrthbohard disk 162 is Fi g.
11 shows a ReREd otPid B %hg{tjﬂ 16 ﬁrﬁﬁ%&%ﬂtﬁ@ nbtbt Hforthltion ca:ﬁEi's

i rection ofllie the bard Gek 162 isbragsesl ta the TepeRARGHIA M Farer 1612
subst antipal lghdathey are contacted securely with each other. Then, as shown in Fig.
17(a), the permanent magnet 165a is moved around the suction duct 168a
and in parallel to the surface of the upper flange 163 to apply a direct
exciting field 171a. Thus, the ferromagnetic film of the protruding portion
formed on the master information carrier 161a is magnetized to write the
15 information signal corresponding to the embossed pattern into the hard
disk 162. The hard disk 162 is previously magnetized along the direction
of the circumference by using the permanent magnet as mentioned above.
The polarity of this initial magnetization and the polarity of magnetic field
applied by the permanent magnet 165a for writing information signal are
20 usually opposite. However, as mentioned in the first embodiment, it may
be preferable that they are the same polarity in some cases. Therefore, the
suitable polarity should be selected to achieve a favorable S/N ratio. Inan
example, they were opposite.
Next, operating the lower three-way valve 167b, air between the
25 lower flange 164 and the master information carrier 161b is sucked out by
the air suction device 166b. At this time, the upper three-way valve 167a
should be opened so that atmospheric pressure exists in the space between
the upper flange 163 and the master information carrier 161a. When air
between the master information carrier 161b and the hard disk 162 is
30 sucked out via through holes 169 formed in the master information carrier
161b, the hard disk 162 is pressed to the master information carrier 161b
and they are contacted securely with each other.
As shown in Fig. 17(b), the permanent magnet 165b is moved
around the suction duct 168b and in parallel to the surface of the lower
35 flange 164 to apply a direct exciting field 171b. Thus, the ferromagnetic
film of the protruding portion formed on the master information carrier
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trapezoid with an upper side at the surface and a | ower side on the
substrate, and the upper 'side length "a" is larger than the | ower side

| engt h "b". This upside-down trapezoid section of the protruding
portion can obtain a sufficient SINratio of the read signal and
control the variation of 10 the S/Nratio within a tolerance over a | arge
area, in spite of sone m croscopic variation of the section profile,

even when a Bty E@'mégﬁﬁ’ied“tti vrite thé‘ﬂo&daﬁﬂﬂf Eeg%fg} @ffe ﬁ&ifn]% h(irth]am i s

recor ded. L evi Qus t.1 on read
signal is emb??ﬁeﬂu%@%‘? ﬂte Lﬁf‘gﬁé me“hﬁm & eeP Qlariy of
preformat wihe iigtiab mmimm appmd e the I‘Haiﬁaéliékt 162 Bhunah@ 615191

protrudi ng portiao r information carr|
gr adi ent of ’Pﬁgnﬁﬁ nbteég fppiied gﬁy ﬁé pem%%ﬂ'rda?‘?gﬁ 3 é%lpﬁdl ng
portion &nd infierobation signaltwere optpoaite) s t he edges of the upper side of

t he protrudi ng por .

bet ween t he upper. é%gﬂpla&ﬁedp ‘?eeﬁ)qgg)sm}iarted%g{}[se Bt% %géﬂgsﬁég O?ﬁ:g upper
si de | engt h hard disk 1625y a shert time. |6meeesﬁrqma|g@ngmnbe ‘usedinstendiafshe .
trapezoi d segdrneinéHt E%rﬂdQ 1£§3’6]ié ErroRidgheficCRIM iofthety ﬁ%dmgl ant

reduces the |anu e e etic freld generat.e

faces and prRRFEIPDS n%"%e%‘b g? I.B%Brgwélqpa%qrc éﬁ@e%l%'dl?lﬁethéa §b8 of
t Be d1our2)r5matmalbof tlee 'ubﬁér andtlbﬁvle@lﬂifjﬂgre?/ 163, a1648 b@twbm tﬁ@ ('pérmamitdl S
obt ai ne no e difference between.the u e
Cength ~ar  dmgenet and B4 mASET B frmation tavrigr S S e mAEESin dspiAR i nb
vari ati on ofag hebr@yn@| that the férrbmhagnetiachiliedye thé surfaceppf theimastes
smal | in thegpg, of 28fHigH @ﬁb@rfnaéfeﬁnzed aresult, the variation of the

S/Nratio of t rea S|gna du m croscopic_variation of the

section profile algé Jnageetig record meding ismet a bard thek bubadlexible; disknhe
first enfgodiifeghe configtirhfibMsABHmSH Figt16 nén@iﬁlfeaﬂlireugﬁ holes foi‘ﬁ%drlﬁ%ﬂe

rea.can be_.obtain ness,of, the

signal over a |
fe?r omagnet |18a15$ n?’}@?ni#l’fqnuﬁﬂ’@%%r tAF8 ﬁ,rge,r 4he Sflexible (Siflék HEaY & syckrd in
t he second qnmftlaj]y dhtorthet tlroufhe holednaadd deformed, redalting in failufe of

n the rir stPiedSme SATRARThid obdrelh fouiohs ol EE: GEsighL s0 Be WERIGE! Y
112 is pref eTbenafoneeS?@ mieabioned diefors; it he pupferablei hepraide las"manyosmalle
20 through holes as possible. Thus, this apparatus can write the preformat
signal not only into a hard disk but also into a flexible disk with high
reliability. The apparatus shown in Fig. 16 comprises a pair of master
information carriers 161a and 161b disposed at both sides of the magnetic
record medium, so the preformat writing can be performed efficiently in a
25 short time for both sides of the magnetic record medium. Thus,
productivity is further improved. ,
Fig. 20 is a cross section showing another example of the apparatus
. for writing information signal provided in the master information carrier
into a magnetic record medium. Numeral 201 denotes a master
30 information carrier, 202 denotes a hard disk, 203 denotes an upper flange,
204 denotes a lower ﬂange, 205 denotes a permanent magnet, 200a and
200b denote elastic plates, 206 denotes an air suction device, 207 denotes a
three-way valve, 208 denotes a suction duct, and 209 denotes bolts for
fastening the upper flange 203 and the lower flange 204.
35 The surface of the master information carrier 201 includes an area
192 disposed once every predetermined angular distance where a fine
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27 master information carrier for an in-plane magnetic record .

medium and is preferably nore than tw ce the upper side length "a"
for the nmaster information carrier for a perpendi cular magnetic record
medi um The master information carrier having the second
configuration can 5 be manufactured by a photolithography techni que using,
for exanmple, a liftoff process. The follow ng explains an exanple of a

process sui t@besdedr pattern "iBkforthed e&&bs‘% ﬂdihgr tRithe rln?&"nﬁéﬁén Qﬁ%h&!ﬂ akhe

second confiqurati.o an .exa rocess
for making t%@ glf"lg 19(a); nfsémﬁ]f?trﬁho g&e&%?la.%“&nom gsd

confi gur at i cexample of enlargedpatsérn e&tlﬂdﬂa!e‘a £99 is 4R¢wn intHig. Bnbossed pat tern
di t t on

substrate 121 v t A7 e ‘9‘38°9qu2‘?8%%5‘§*§§5$“% DR, i T (TGS BRI (e

bi t-1engh dWithctheoareas 19%where the emhgdsetbppttemmfdmmbdnd;a péxipheral

phot or esi st éﬂehnlélzéadnshﬁmhgﬁ‘eh %ig 19(a)$ rt%@%ﬁéf] ﬁl-eﬂ“ééﬁ Aﬁ&cﬁ@ﬁ%eﬁ' de

Tength 1o oo FLs. 100t has lower height of.ghe surbisov Thin seg. 1adiayalled
Then, as shd\uswefefagaa"lli’e(rbinaﬁéie e TO(BY BROWS d‘sﬁrﬁée?&ﬂtéufﬁ @f Heéeégilnglta on
fim 123, A G 10 Ao Bhgp @r@g@anmspé?f defpbe B RIE AR or
10 192, the embossed pattern is formed corresponding to the information
signal as shown in Fig. 1. After forming the embossed pattern by
photolithography or other method, the lowered area 193 is formed by using
a well-known method such as machining, supersonic process or laser
process. The height difference between the area 192 where the embossed
15 pattern is formed and the lowered area 193 is preferably more than 10
micron, more preferably more than 100 micron, though it depends on the
thickness of the substrate of the master information carrier 191.
When writing the information signal formed on the master
information carrier into a hard disk, i.e. a magnetic record medium,
20 centering of the master information pattern and the hard disk is required
before contacting them. As shown in Fig. 19(a), the master information
carrier 191 has markers 194 at the inner circumference. The markers 194
are aligned to the inner circumference of the hard disk. Alternatively,
markers can be disposed at the outer circumference of the master

25 information carrier 191 to be aligned to the outer circumference of the hard
disk. |

Fig. 21 shows a method for writing the master information formed
on the master information carrier into a hard disk by using the writing
apparatus shown in Fig. 20. The writing apparatus shown in Fig. 20

30 ensures a uniform contact between the master information carrier 201 and
the hard disk 202 not only by utilizing an atmospheric pressure but also
mechanically. There are spaces between the hard disk 202 and the lowered
areas 193 of the master information carrier 201. Air in the spaces is
sucked out for ensuring the secure contact between the hard disk and the

35 area of the master information carrier where the embossed pattern is
formed corresponding to the information signal. Then, utilizing the
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20 plating can be used for formng the ferromagnetic film 122.

Then, as shown in Fig. 12(c), the surface of the ferromagnetic film

122 is etched a little by ion mlling or another nethod. After that, the
photoresist film 123 and the ferromagnetic film 122 formed on the
photoresist film 123 are renoved by a liftoff method. Thus, as shown in 25
Fig. 12(d), the master information carrier is made, which includes the

subst rat e 12gertinduiomBlht 98 thef gﬁg&ftémf BFESERNE furbldBrtR2

forned on the subsirate 121 ect1.on prof ing
portion is aPXHtH | POKIOR é’? E%e? pered @&I&m Hermed IONerth§| cmaStBNe

liftoff prOCﬂﬁ'srmau@ﬂrémf@-d%! mhsagmatidaa b6 Gl it € Sthwt aﬁfokma%x%% fgi/gdﬁ' ng a

122 “P°" o R aFEE 1 She eTiiared ppsiepn ine Bt Rard dink SR acvsioede: i

film1235 the steps explﬁmedabelmw:g step of the ferromagnetic fi I m sur f ace
Fenovi ng 1 he f ey r dueh e S TR 16, B (Rl I phHBantat Bidenel Yo Hhe
the protrudiprddisk 202 i previansly smgnebizedhiox the sircuniferentidlhdirestion can
be el i m nat eghdidatb@ Dyt MW?QP Of‘héﬁ"%%s showh §h BP0 S{HCelbbtifpigte 2608,N -
In this case hﬁwe ?Bg (gil a . clepd in
28 the "Rard, digk. £he rhaster infargation. carrier 203 azer wacked
liftoff ¥ay twendai the IUWéleﬂange 204. The elastic plate 200b has a through hole at
the center, whose diameter is substantially the same as a center hole of the
hard disk 202. At this time, the previously mentioned markers (194 in Fig.
19) should be aligned to the inner circumference of the hard disk 202.
Then, another elastic plate 200a-and upper flange 203 are stacked on the
156 master information carrier 201. The elastic plates 200a and 200b can be
made of a variety of materials such as a silicone rubber.
Operating the three-way valve 207, air between the lowered area
193 of the master information carrier 201 and the hard disk 202 is sucked
out by the air suction device 206. As a result, the hard disk 202 and the
20 area of the master information carrier where the embossed pattern is
formed contact securely with each other. The suction duct 208 is disposed
at the center of the apparatus as shown in Fig. 20, so an exhaust
conductance is large at the center portion of the master information carrier
201. Therefore, the air suction effect is strong at the center portion but
26 weak at the peripheral portion of the master information carrier 201.
Consequently, it is possible that a secure contact between the hard disk 202
and the master information carrier 201 is not obtained at the peripheral
portion.
To solve this problem, elastic plates 200a and 200b are disposed
80 between the upper flange 203 and the master information carrier 201 as
well as between the lower flange 204 and the hard disk 202, and in addition,
the peripheral portiohs of the upper and lower flanges 203, 204 are fastened
to each other with bolts 209, as shown in Fig. 20. Adjusting the fastening
force of each bolt 209, the hard disk 202 and the master information carrier
35 201 are contact with each other securely and uniformly. Thus, the hard
disk 202 and the area of the master information carrier 201 where the




and ferromagnetic filmor photoresist film2123 can remain partially.
Therefore, it is better not to elimnate the etching step shown in Fig.

12(c). In the etching step shown in Fig. 12(c), ion mlling for
etching the 5 ferromagnetic filmcan be replaced with a vacuum dry process
such as sputter etching or a wet process such as chem cal etching.

I f a vacuumdry process such as sputtering or ion mlling is used for
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Is formed on cc[n otru r(‘ig portion Qf the
phot or esi st $aTTIRT. eeIQrey; %‘l‘\‘-té cP? t&tﬁ for good S/¥hen,

t he photxs esrdtio bf the t8ad Isfgrf£ Reering tt Seach Scondetitn iof aEpﬁcatlon Is80ap, the
mast er i nfornati O&ﬁrr er 1s cappl eted, which includes a 30 conductive

film134 and™¥PP o WETHOPPYIE-of the ferromagnetic film 132 whose
section profile isltais rdgsivablel thathaamatepinl of dhel apper flimage R20Dvier a

side. The pholphgshetic Dhatlribidueh detABYask BhclThb dipet HarPP208 &6 bhlcel! | M
between the permanent magnet 205 and the master information carrier
20 201.

As mentioned above, the configuration shown in Fig. 20 can obtain a
more reliable preformat writing by sucking out the air between the hard
disk and the lowered area of the master information carrier, and by
fastening the peripheral portion of them with the bolts.

25 The present invention, though explained with several examples, can
be utilized in a variety of embodiments. For example, the applications of
the present invention are not limited to preformat writing of a magnetic
disk, but include preformat writing of a magnetic card, magnetic tape, or
other magnetic record medium.

) The present invention can be applied to writing information signals
into a magneto-optical record medium or other magnetic record media that
use a variety of optical effects for reproducing the signal. When writing
information signal into a magneto-optical record medium by using the
method of the present invention, the magneto-optical record medium may

35 be heated to the Curie temperature or near the compensation temperature
to perform writing under the condition where the spontaneous
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133 by a solvent called "renover" in the same way as shown in Fig. 12(d).
35 ‘Differently fromthe process shown in Fig. 12, this process shown
in Fig. 13 forns the ferromagnetic film 132 by el ectroplating, so the
29 ' ferromagnetic material does not deposit on the surface of
t he protruding portion of the photoresist film 133. Therefore, the
phot oresi st film 133 can be renoved easier than in the process shown
in Fig. 12. mRacadfzation isd¥ani et ey; f r“ﬁ%ﬂﬂﬂd— j f1.m 132
is not required.in this ﬁ%‘g;’é‘ss?ed 5%&3"%@? %rédfj%rdmsng t he corail u%H‘:ve
film 134, whVEiingmethod': F%a‘i‘Fﬂn}agews-process shown in Fig. 13, can be

Though  he Loz ol aRd i cknoss SO Lne: Sanal o bo TR T e
ou e al _an i ckness e_cpndu e film £ no
i ed, i1 et Bedlilh Y op TAREATo he Brbiogal detE sueh Roly frackinetemncss.
10 f|f t e stighak eddvessclck axid otherangnialst i Teis possibid4oiapply the prédent
surface- ; ( 2 i . 0 . on ¢1a

al so becone m%ﬂtﬁagp@%%éﬁg%wggﬁ%u?ﬁ%ﬁ‘ (g:lgoﬁ Oﬁnéqﬂggnéégﬁéﬁ' ™
di st ri but i orthese applicationg; jmass cpradsictiono o tcanr bei pgrfommedebyre,
it is desir ailiRzing el Hekeht BiventionCtdPrioViRSoftwark at low eguterial with

little surface roughness and as thin as 15 possible, as long as a
sufficient conductivity for electroplating can be
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obt ai'ned. If the reflectivity of the surface of the conductive

film134 is large at a wavel engt h regi on of _light—fer—exposing the
photoresist film the resolution - at exposure can kQiedi ed due
to the influence of the reflecting light. 20 Ther\mmgﬁlﬂi‘“iK \Wmt rable to
use a material for the conductive filmwhose L vimt ysat=t he
surface is small, preferably | ess than 50 % at a wavel ength of Iight
for exposingotAgvahiotoresist film 133, As nmentioned above, the
resol ution at exposing the photoresist. film can be inproved when the

conductive film 134 has a function of anti- 25 reflection coating conpared

with the case wherg thenRaitbeinfoRfiatibntdd®ries Foblvriting ahiin®r md
directly on .the substrate 131. E]”Ii g .gnduct Ive _fjrll rru%ﬁ%% Mfﬁaﬂﬁiﬁlfs

t
anti-refl ect’Pd £u RABBALE ;Feeard, Mg 1 | SPROREENE, 41| ﬁﬁh"sﬁevai pPatteran
sone i npér i tdoesespontdingitogtiee dafdramticn sigmaln faenebranta substratéMahd. a

It i | . ' lal _f dugt i 0 fil
to conei der TarhAfhdtid BtoRE) 54 ARl VLR fanrie of B iffiuidfibe portion '
materi al to dfdhgiembessdd@attere. conductive film 134. Deposition rate,

construction or magnetic characteristics of the ferromagnetic film 132
formed on the conductive filmby electroplating my_change dependj ng_on

the material of the comfi@asier information, earsier aqeprdingfocslaimpl, evherein| ect

the 35 1gosttherfePRimadmeticnaterihl 198 56t PhaPetiOmitaldal.ng the ferronmagnetic
film material to be used. '
30

3. The master information carrier according to claim 1, wherein

the ferromagnetic material is a hard or semihard magnetic material with

~ either a coercive force in the inplane direction or a coercive force
16 perpendicular to the substrate that is not more than 40 kA/m.

4. The master information carrier according to claim 1, wherein
the ferromagnetic material has a saturation magnetic flux density of at
least 0.8 T.

20 _

5. The master information carrier according to claim 1, wherein

at least a part of the substrate has flexibility.

6. The master information carrier adcording to claim 5, wherein
25  the substrate comprises a polymer material.

7. 'The master information carrier according to claim 6, wherein
the substrate has a multi-layer construction including plural kinds of
polymer material.

30 . }

8. The master information carrier according to claim 6, wherein
the polymer material of the substrate has electrical conductivity.

9. The master information carrier according to claim 6, wherein
35 particles mainly composed of conductive substance are dispersed in the
polymer material of the substrate.
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If the substrate material is selected fromconductive material it is
preferable to pay the same attention as mentioned above concernl ng the
conductive film In the exanpl e of ﬂl‘ﬂlmfmmm II'! k| ng a
master information 5 carrier having the secon Nt i oned
above, the section profile of the protruding pdrtion of* t he
photoresist film133 is permtted to be a trapezoid. Therefore, a
regul ar, widely used phot ol i t hography process can be used wi t hout
using a special advan phot ol { t hogr aphy t echni que, Thus, the naster
i nformation carriéet- cgﬁl‘b@ ! Hmétlpmvémqrya%prdl&&f@dﬂmﬁmhemnsane
way as the reheteehdustioe @abswmwaymmwémﬁpéﬁd Sfdairbenlr at i on expl ai ned
previ ously. (Third Enbodi nment) It is necessary that the
surface of the master infornmation carrier 15 and the surface of the
magnet i c5record nmeldi. uifheemasterimifémmation damdexiaecording twoolhim 6, whereist at i ng

a master inf r n nd
uni form contéaa(E:ltEE]E ggﬁo?ﬂk ﬁ'!ﬂb %&? o %18 gubstrate F%%Eqs"{l% éﬁﬁg@%

i nf or mat i on MRl @ahemé)oe\aed pattem@@m@@pnghngwtq) thhe.nformatmg signa] i 1secor d
medi um due tf@rﬁﬂé&%ﬁ‘@hé %éﬁduét'i‘vé fhih SBACanl g least! thé %ru@@nl\ig poftibh it

medi um may :?z‘ﬁ dg aart ack of %a or deteriorated

Thi s enbodi teRPARFeEL wtcampé’se R PJ&P’&PPWQ&CW ter

i nf or matwoon carrier for maint a| ning a secure and uni form cont act bet ween
the surface of th te rrier ands..the syrfa 25
magnetic record rrem '&aﬁﬁ rh‘ﬁ%b%gq%% ’ %Pﬁt.h‘mtghwﬁ, he

pr ef or mat V\/rsllhsbr:;ltancpmpmsﬁs a basalmade: of nm;al;\mlloyaa' eerantit matievial mmeblaci ng

the master ij [, he magnetic record nedi um
into which t g mast Ha%nalformedontheb%oénat witten is a hard disk,

Its substrate is ahard mat erial such as _
15 13. The master information carrier according to claim 12, wherein

the substrate comprises a polymer film applied to the surface of the base.

ratio.

LXU

14. The master information carrier according to claim 12, wherein

the substrate comprises a polymer layer formed by polymerization after

20 coating or flowing of monomer or precursor of polymer on the surface of the
base.

15. The master information carrier according to claim 12, wherein
the polymer layer is formed by vacuum vapor deposition on the surface of
25 the base.

16. The master information carrier according to claim 12, wherein
the surface layer formed on the surface of the base has a multi-layer
structure made of plural kinds of polymer material.

30 '

17. The master information carrier according to claim 12, wherein

the polymer material on the surface of the base has electrical conductivity.

18. The master information carrier according to claim 12, wherein
85 particles which are mainly composed of a conductive substance are
dispersed in the polymer material on the surface of the substrate.
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30 netal, glass, silicon or carbon. Therefore, it is preferable that the
substrate of the master information carrier has fTexibiTity to a certain

ext ent so that the surface of th on carrier can
conpensate a fine wi npl e or bende]mm m MII re-contact state
over the whol e disk surface. »er erial 14s suitable for making

such a substrate of the master 35 |nforrrat|on carrier. The
master information carrier of the present invention can keep a
31 secure and uni formcontact with the surface of the hard

di sk that includest® The mgster information canrien apenyding to ¢lainm ¥8& wikeredm t he

substrate, Rheldndtcive subsﬂ&ﬁbé!'i@ﬁzdiﬁl;ﬁédlﬁi)ogeﬂroﬁé&fbéﬂ‘bStrate of the master
informati on carrier. Thus, he master information carrier of the

present invention can raise the 5 reliability of the preformat witing.

Howevgr 5f gr pr ef mi'{]hemusdemﬂﬁo?ﬁaﬁgﬁdﬁrﬁhﬁ ab@mmrpz wlt1ere@ii63|
recordi ng dep L0 a of der ntial. i nprove was
found to be %g ‘é%?‘{/e tﬁ“’e%ﬁr %nﬁc 0Pk sé‘?b ?Rage ?‘59 of the

handl i ng pr qméymleeanamma]usimgnﬂ)opsﬂ@pattemtmﬁponﬂam (7)) thefmf(mmanond to
10 the har %1&1{1_&[’(135%{@5& Cﬁlﬁrc&xﬂﬁmm Hi t faﬁ&eatnﬁ%f?'i:hé gxtr%ﬂﬁﬁh

carrier. I mens| on sta Q!i/ I NSt an expansi on
contract i on Rexsionf t eemmqsa @é@ntléﬁmﬁ ef@rfemmaﬁneym Iaafsﬁwﬂr cal and

chem caljgstability in

21. A master information carrier for writing an information signal
into a magnetic record medium, comprising a substrate that is composed of
a ferromagnetic material and an embossed pattern corresponding to the
information signal, which is formed on the surface of the substrate.

15 :

22. The master information carrier according to claim 21, wherein

the ferromagnetic material forming the substrate is a soft magnetic
material.

20 23. The master information carrier according to claim 21, wherein
the ferromagnetic material forming the substrate is a hard or semihard
magnetic material with either a coercive force in the inplane direction or a
coercive force perpendicular to the substrate that is not more than 40 kA/m.

25 24. The master information carrier according to claim 21, wherein
the ferromagnetic material has a saturation magnetic flux density of at
least 0.8 T.

25. The master information carrier according to claim 1, wherem

30 an embossed pattern corresponding to a digital information signal is formed

on the surface of the substrate, the ferromagnetic material is formed at

least at the protruding portion of the embossed pattern, the cross section of

the protruding portion along bit length direction of the digital information

signal has a substantially trapezoidal shape with an upper side at the

35 surface that is shorter than a lower side on the substrate, and a length
difference between the upper and lower sides is not more than twice the
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t he process for making the master information carrier, and a processability
of the material should be raised. In addition, tﬁnﬂw 15
uni form contact between the surface of the nmaster information carri and
the surface of the magnetic record nedium an el emm, ang of
dust - shoul d be suppressed. The i mm’ ngI ed the

structure of master information carriers having 3 stbstrate at

i ncl udes a pﬂ%?ﬂ?ﬁf%@a@? idhs @ result, 20 it was found that the above
menti oned pr.obPens are-s by using a master information carrier
havi ng a structure as expl ai ned bel ow. First, a structure for
i nproving the enwz@nnmé ﬁias'i:@ﬁixﬁbﬁﬁﬁﬁon canﬁmssafd!ng%oeréﬂnaz 8'S%hefein
substantlall % rac¥ nsi ons ll\ﬂvr zggf requi red o th
substrate of f UPReF Sie qidhgirape ap?é%met

into a hard aihah‘df&hen@ms@d@mngm,cordi ng density of 10- gi ga- b|t

order in the future. Furthernore, this high accuracy should be
realized in various circunmstances such as manufacturing process,
preformat-witi ng 2. ep’I‘h@masd;enmfngnanonrmrmmmcondmﬁg;tmralamwzﬁ,ewhemm

30 res o an kBt bpthe fforakheh ufieiial 1iget Bothd fockiifnB BRI *!

pol yani de re%qtn@%éh@;ec& b@hﬁ of the qinper| pide Ag@gt«hstsqwetgataﬂw gnasteral s,
but ' t heyiohaviaferrh £HER NSatric® ﬁXBﬁftﬂble for GHStihge MF6RNaflBA Oftd & inlplame

t endency of BO|¥ é | en the ephtal ate resins to absorb water ‘and
expand is r P?f - heat stability is a 35 problem

Pol ypr opyl ene or Tefl on (t radermar k of pol ytetrafl uorethyl ene) resins -

28. The master information carrier according to claim 25, wherein

a thickness of the ferromagnetic material layer at the protruding portion is

15 more than twice of the upper side length, so that the master information

carrier is suitable for writing information into a perpendicular magnetic
record medium.

, 29. The master information carrier according to claim 1, wherein
20 an embossed pattern corresponding to a digital information signal is formed

on the surface of the substrate, the ferromagnetic material is formed at

least at the protruding portion of the embossed pattern, the cross section of

the protruding portion along bit length direction of the digital information

signal has a substantially trapezoidal shape with an upper side at the
25 surface that is longer than a lower side on the substrate.

30. The master information carrier according to claim 29, wherein

a thickness of the ferromagnetic material layer at the protruding portion is

not more than a half of the upper side length, so that the master

30 information carrier is suitable for writing information into an in-plane
magnetic record medium.

31. The master information carrier according to claim 29, wherein
a thickness of the ferromagnetic material layer at the protruding portion is
35 more than twice of the upper side length, so that the master information
carrier is suitable for writing information into a perpendicular magnetic
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have excellent stability of dinension under various circunstances, but they

have weak adhesiveness with the ferromagnetic film The
substrate of the master information carrier accordin pr esent
i nvention has a multi-layer construction of at | the 5 polyner
materi al s having different properties as nmenti omg&ﬁﬂm hﬂ u t he
advant ages of each material are utilized and disa ch

mat eri al ar e RitARRd - As one of the preferable exanples,
the substrate of the nmaster information carrier has a nulti-Iayer

construction of a polypropylene or 10 Teflon resin and a polyimde or a
pol yanmi de resin. 3ii sSTh@gisster informatdn @irrit? sbidiak toadlaiiii 1)ivwherein

Lo the pr opdiE Siwthe bfBhe shbatiBe cofiprises dréhs Fullers, tha. eibostad PEUEETNas

suffici et cdmeespoadins toi ah infermationnsignel is formed fahdndreas whefeorthed on

the surface Wl ' r 05 . q s .

appropr | at o Gonpivediistidl 80apt LAl et Shdetlt material jo $ivided af

layer for sUénstahbhe purfage of the probruding pertionef the eqthessed patteny, and

the thermal fhr6ughYhbRs! fe rovited ' 168 Partidlly @StRE hrdeL WHéreOthe

carrier, ter%ﬁéa ur.e z%?d hu i %Isflg‘}lmﬁen writing preformat data,

t enper at ur e oseing SFOAAPLIPHRPAY t he master information carrier and 20

other caeditions. It is necessary to select the nost suitable conbination

and t hi ckness ratig, of | B rdance with eaeh conditiaon. . '

Second, a struct uré;s'f o']l:llll?aﬁ’{%% h%t%ﬁ%%twpoﬁ%egbﬁcﬁf@&toeamxamev&herem It

i s sonet i nestheesurfaca 9f the pubstrate chmprisescarenafwhenst thenemdbossast patterna

proper shape.n €53 €q; fgﬁ? ticar | 25

after form ﬁ“é"r ?%Qeﬁ%g{lggdéﬂpnaﬁ%ﬁégg?r%i%zgng g&t%lgd rf%%tg é?wggpé e

i nf or mat i on.embessedpaitern isno i momagnetiy maseriahg previded @ts or
15 least at surfaces of protruding portions of the embossed pattern, and the

surface height of at least a part of the areas where the embossed pattern is

not formed is lower than the area where the embossed pattern is formed.

34. A method for making a master information carrier that is used
20 for writing an information signal into a magnetic record medium, the
method comprising the steps of:
forming an embossed pattern corresponding to the information
signal on a surface of a substrate by using a photoresist film;
forming a ferromagnetic thin film on the embossed pattern;
25 etching a surface of the ferromagnetic film; and
removing the photoresist film and the ferromagnetic film on the
photoresist film by a liftoff method. '

35. The method according to claim 34, wherein, in the step of

30 forming an embossed pattern with a photoresist film, a cross section of a

protruding portion is formed into a substantially trapezoidal shape with an

upper side at the surface that is shorter than a lower side on the substrate
along the bit length of a digital information signal.

35 36. The method according to claim 34, wherein the step of etching
a surface of the ferromagnetic film is performed by sputter etching or ion
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witing preformat naster i nformation into a hard disk preferably has a -
proper dinmension corresponding to a certain dianmeter of the hard disk, so

that it can be easily handled for preformat_witing. 30
master information carrier having a substrate nade of a

mat eri al usually has a bad processability. ' , '
ot her deformation sonetimes occurs in the pﬁmmum u‘" ﬂm
S *

di mensi on aGgifigey may occur due to the def of mation. *

However, a
pol yrner
ic or
ioration of
The master

informati on carrrer of the present invention has a 35 substrate including a

base nade of a netal, alloy or ceramc material; and a

pol ymer

material |ayer forgwed The htthed abesidind té BRikAS6; whziﬁﬁfnothﬁa iﬁc%dr?ng angle

33 . __processability. of the whol e naster agrjer is
i npr oved andf ions B’F%‘Si@?%‘?d’é‘ﬁ:ﬁr% F\Sﬂﬁtﬁﬁﬁedwﬂbcr@ﬁl’%c"i te the %P}ﬁ;e?g Frh? eri al
| ayer fobsnmedubstrate is abteassti20alegreds.t he base, resulting fromthe excell ent
processability of the relatively hard base. In addition, a nacroscopic

stability in shape and 5 handling properties of the master

i nformati on

carrier are rai sed8s The smthed accordiig tdelaimc@d,| whergin dhe stetbof etching t he
hard base. g gyrface ?f the feri‘ﬂnggﬁaéﬁ@mﬁm ik grerfo QAL Rik N & fine
g the g cor

w npl e or bending o neticr

medi um wever, 3 fl exible

pol ymer mat
conpensape

15

20

25

30

35

eri al Ia_yer‘ formed on the surface of the substrate can
a fine 39.MA thethod for making a master information carrier that is used

for writing an information signal into a magnetic record medium, the
method comprising the steps of:
forming a conductive thin film on a surface of a substrate;
forming an embossed pattern corresponding to the digital
information signal on the conductive thin film with a photoresist film;
forming a ferromagnetic thin film on the conductive thin film
forming the embossed pattern by using an electroplating method; and
removing the photoresist film. '

40. The method according to claim 39, wherein a cross section of a
protruding portion of the embossed pattern formed by the photoresist film
has a substantially trapezoidal shape alohg the bit length of a digital
information signal with an upper side at the surface that is shorter than a
lower side on the substrate.

41. The method according to claim 39, wherein a reflectivity of the
surface of the conductive thin film is not more than 50 % at the wavelength
of the light source for exposing the photoresist film.

42. The method according to claim 41, wherein the conductive thin
film is mainly composed of carbon.

43. A method for making a master information carrier that is used
for writing an information signal into a magnetic record medium, the
method comprising the steps of:

forming an embossed pattern corresponding to a digital information
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10 bending of the magnetic record nedi Mand uni form-

contact state between the protrudi ng porti e ferromagnetic film of
the master information carrier and the Sl‘mﬂ”?!f” my

mm',lnetic record
e ion carrier

medi um Furt hernore, when the*nas
conprises a base 15 nade of a netal, -alloy or ceramic miterial and a
pol ymer material |ayer formed on the surface of the base, the effect

Pt at er . . o b

iy oved, ¢ o4ear o eurtace HHATe SURbOARED ind SURARRRIAE 0, ¢ e

‘surface of the baderming @fexromagnretic shimsiilm den stheh canductivvkisupstradat i ng

or flowing of in@théSmBSsyd Pat iR WA Un d18trQYRAINY nidPhodiRig 2t | O
.0 position of the

after the coating or f Wlﬂg or .yacuum vapor d
pol ymer material . removingthe pheforesigh film. st rates an exanple of the process
for maki Bg the master i nformati on carrier having the above-nentioned

structure. L r ol viym de sql uti orayneece: tradermark
of Toray 25 | n(_jus‘ﬁ’y Tﬁ%@a?bs(ﬁd%:#gﬁu%%?h E‘VEI %ﬂe&&%ﬁ’%ﬁ’ n‘Poglée step of

pr edet er mi ndforming amembossed patternwiithsa phateresist tfilm,he crosst sectionf of he
| ass base I4LihVdi % ; S D Bs €0, L L oL Shs !

'? enper at ur e_*frg"o ._gl I t 1gnslag§rtrrﬁ§d[1 2‘% o @Eﬁfé%”@%%@?ﬁ%“@%%’ga@a‘é‘gﬂgg‘t and
the polyi m dePRenside afthe surtagcedhat ps shorter than & loxear side onghewuhatrate Fi g.

14(a). Tioe tdloAkRRs biPlenghR obldikithlmidimatidnSigddl2 shoul d be opti ni zed
depending on the condition of the application. In one exanple, it was
approximately 1.0 mcron after curing. Then, a photoresist film

144 is formed on t4& pDhy nethed lasypedidg £o claim 43, wherein acrfleotivitg\ofithped t o

o onal “gsegﬁsgx}g&fén@é%gggg@& 3RBAES ot more S B34 B chE PRVERMER, 4
i s formed orefithe lightysomirceforaxposingthe photaresist@lops ot r udi ng portion of the
phot oresjgst film 144 by using variety of

34 . . .
46. The method according to claim 45, wherein the conductive
substrate is mainly composed of carbon. '

47. A method for writing an information signal into a magnetic
20 record medium using a master information carrier, the method comprising
the steps of:
preparing a master information carrier whose surface has an
embossed pattern corresponding to the information signal and at least a
surface of the protruding portion of the embossed pattern is made of a
25 ferromagnetic material; and '
putting a surface of a sheet—shaped or disk—shaped magnetic record
medium having a ferromagnetic film or a ferromagnetic coating into contact
with the surface of the master information carrier so as to write a
magnetization pattern corresponding to the embossed pattern into the
30 magnetic record medium.

48. The writing method according to claim 47, wherein the step of
putting the surface of the magnetic record medium into contact with the
surface of the master information carrier includes application of an

35 alternating bias magnetic field.
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met hods such as a vacuum vapor depositien—sputtering, or plating.
Finally, the photoresist film 144 and the ferromagnetic film 143 are

renoved by the liftoff nmethod. As a reh um:ummlm,ﬁml nformation carrier
I s obtained as shown in Fig. 14(c), ubstrate including .
5 the glass base 141 and the polyi m de Iayer (Pol ynet material |ayer) 142,
and the protruding portion 143 of the ferromagnetic filmfornmed on the

POl yi m de Iayler 1449, OTTEJS'l%tiﬂiﬁ fnﬁéth@d according toclaﬂ'%i??&'h)égﬁhﬂ@;[ﬁ% Ced
to e st nol ¢ Hultors Enb stifceual, the Biagheric racgrd. Fopdipgt jmtosRnsoph kR thenl <
or other pr cmmfaceeef the daastes daforhtuticie carripr igcluties apphcaﬁehcﬁfeélﬁieo%i ' m

ar o usual 1y 23k e 25, SREREbine” b BrsEhbp e s PR ke, foren o' 21

pol yi mi dé orsurfaes gfthederotruding poxtion lof the master mfonnatloamadner al kal i

and is swtable for the material formng the very surface of the substrate.
15 Next, a_ st ucture for preventing the nmaster information carrier
from gat heri P-du gsziméweéﬁmgt to claim 4d, whereinthe steptafng

st e!co is t pl@bﬁﬁigﬂﬂi@@urﬂ%@t ofl et ﬁﬁ‘gh@b ticCreebid 'ﬁ:ljét?uﬁ{ if6S ottt REth ftﬁed
preformt witi.n S ou e ,suppresse nsure.a securg an

uni f orm cont%]#a%f of, ghe 1l g"& f‘ﬁ‘ ‘Fﬁ }n‘ﬁ}’]&?ﬁ rﬁsﬂﬂlﬂ’ﬁ L R efBwi th
t he surfldce aite:tﬂ&tmmbrm maghétic fietd lacldohmﬂ:lcaltionjoﬁa ditect Iexcxll:mgaﬁem)forof

t he surface a r d f the
S/Nratio ofﬂt e rﬁtstlﬁéngelm' Hgéé‘?g' IPaF ﬁl fg%b? fonﬁPeQ{ k‘gﬁﬂa%% ﬁf;ﬁl ccur
at the spot Rresrudingmortieg chthe master informationncaritiermast er i nf or mati on
carrier of the present invention, the

51. The writing method according to claim 47, wherein the step of
15  putting the surface of the magnetic record medium into contact with the
surface of the master information carrier includes heating the magnetic
record medium.

52. The writing method according to claim 47, further comprising

20 the step of erasing the magnetic record medium with a direct exciting field

before the step of putting the surface of the magnetic record medium into
contact with the surface of the master information carrier.

53. The writing method according to claim 47, wherein the

25 ferromagnetic material that forms the protruding portion of the master
information carrier is a soft magnetic material.

54. The writing method according to claim 47, wherein the

ferromagnetic material that forms the protruding portion of the master

80 information carrier comprises a hard or semihard magnetic material whose

coercive force is not more than 40 kA/m in the inplane direction or
perpendicular to the substrate.

55. The writing method according to claim 47, wherein the

35 ferromagnetic material that forms the surface of the protruding portion of
the master information carrier has a saturation magnetic flux density more

i
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pol ymer material that forns.at |east the surface of the substrate has a 25
conductivity that can prevent the substrate fromtaking an electric charge.

1o S uppressed and the prefornat wei ti AN AEANIBIES i o5 Rron

reliability. - Particles whose mai*'n éonpontnts i s a conductive
substance nmay be 30 dispersed in the polynmer material that forns at | east
the surface g{ad OR T substrate. The main conponent of such particles is
preferably a carbon. Such particles whose main conponent is a carbon
can be dispersed easily in the polyner material and are inexpensive.
35 As anoséler ARappRLStuRffor Whtiﬁg 46! iWFGnt Ao EIRAAT i td Haegneuc

el ectrostatic &{Ckln of dust , I"Tn conductlve film a thin
metal filn) TREY rq) Jnedium h a erromagnetm ayer using a master grmahon

formed ord t hearsierf athatofconprises! yarer embossedal pattpen to¥reBpomtingheaos wheace

anough . doips §§Fﬁ%fﬂ@ﬁ§i@§@%ﬁﬂeﬁ#ﬁ§*%%ﬁ&#&%?? ot e
o

For exanpl e, sunface of & profruding portine ofhthe conbossed veatternn the Apparatusn t he
surface of t&fmgﬁgﬁl .5 made of polyner, and the enbossed pattern is forned

with the ferroma n?‘tlc filmon the conductive_film This construction
can prevent means for putting the magnetic record medium into contact with the

10 master information carrier;
' means for positioning the magnetic record medium and the master
information carrier; and
means for applying an exciting field to magnetize the ferromagnetic
material that forms the surface of the protruding portion of the master
15 information carrier.

57. The apparatus according to claim 56, using a master
information carrier whose surface has an area with an embossed pattern
corresponding to the information signal and an area without the embossed

20 pattern, wherein the master information carrier has through holes at least
in the area without the embossed pattern, the means for putting the
magnetic record medium into contact with the master information carrier
sucking out air between the magnetic record medium and the master
information carrier through the through holes in the master information

25 carrier when the master information carrier is in contact with the magnetic
recording medium, so as to ensure secure contact between the magnetic
record medium and the embossed pattern of the master information carrier.

58. The apparatus according to claim 56, using a master

30 information carrier whose surface has an area with an embossed pattern
corresponding to the information signal and an area without the embossed
pattern, wherein at least a part of the area without the embossed pattern of

the master information carrier has a lower surface than the surface of the

area with the embossed pattern, the means for putting the magnetic record

35 medium into contact with the master information carrier sucking out air
between the magnetic record medium and the area without the embossed
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el ectrostatic and sticking of dust since the surface of the master

I nformati on carrier is made of only conductive material. 10 (Fourth
Enbodi nent) As menti oned above to ensure a
secure and uniform contact between su““lm ﬂu)m mﬂmnt i nformation
carrier and the magnetic record nedi um*i ntthe witsing process of the
master information for maxi m zing the effect of the witing nethod of

the present pavees IontheI fnaJsEer iﬁﬁrﬁ%@ibhe W HeH thé HHastek ﬁ*ﬁ?ﬁB Eﬂoi:he

surfaces is not. ohtai ned aci ng 0SS cause partla
read signal, caé'Fleéle‘FéFll‘Eﬂn&?‘?toWl@‘ tkg Ragnetic, xeep emF diums e pp t@/r‘mﬂ‘@ﬁ

signal | evel secufe aatactobetwded HhgMBhghetic rec&fdaliﬁéchhﬁfl aidy th® lenilSossbdr P at

t he edges of due tp di £.fusing of the magnetic field for
writing, R%ﬁ% ﬂ}f( € Jpform t&‘%’ﬁ?\’&?%ﬁ:t eristics may 20 not be
obt ai ned.5 The master information carrier of this enbodi-rrent can

ensure the segqir erﬁ@qpplme{rtﬂ?%g} Pdi agjr‘face O?@ﬁfle?éﬁf (@;agtghﬁg

mast er informatijon
medi um by a PREtg cthe magnetdef regordyt mﬁdlunbmnfc@aconiact h%flt'hﬂ ﬁh@ andsteérnment_
ment i oned abigifermAtidR cabMbs %ﬁﬂ@&ﬁrﬁlﬂﬁfﬂﬁﬁﬁfﬁﬁ béiviienl WhicH e magnetic
I nformation into,a 8@%‘%‘? record mediumw th high reljabi]rty using
this master ll'eﬁf’ﬁﬁ?ﬁ the master informatign cagrier age disposed, and means; r st
confi guri i oﬁorcﬁaisﬁehmgrpéhpheralfpmﬁahs ofitli@flahgés € eddH 6ther. enmbodi nent has
a substrate surface including areas where an enbossed 30 pattern
corresponding to information signal is formed and areas where the

enbossed pattern i680.ndThé appadatus aecordingy be tclaind 59 fusthenrcomprisingeant on
surfaces of ol es
are provi deda at fseas%ﬁaﬂ?ﬁééﬂo??& eﬂ:‘he% %@tﬁ%ﬁéﬁﬁa&%e%ﬂd”b#gazﬂggé&ﬁk.‘?&rr ﬁ i's
not f ormpediugor bétween thA athep ﬂ@ng@rﬁn%theamaﬂtelbmfemaﬁmtc@mer or

i nf or matjizon KetiwdeR bsth fihses and tﬁ@t}ﬁﬂgﬂ&% rééUinﬂéﬁfeWﬁﬁ& th8 master ace

of a substr aitn(i. where an,
ormation carrier respectively.

—
-u

61. The apparatus according to claim 56, wherein the means for
positioning the magnetic record medium and the master information carrier
20 are markers, which are disposed at an inner circumference portion of the
master information carrier and aligned to an inner circumference portion of
the magnetic record medium.

62. The apparatus according to claim 56, wherein the means for
25  positioning the magnetic record medium and the master information carrier
are markers, which are disposed at an outer circumference portion of the
master information carrier and aligned to an outer circumference portion of

the magnetic record medium.
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36 enbossed pattern is formed corresponding to information

signal, and anot her area where the enbossed pattern is not forned,
wherei n a hei ght of the surface of at |least a part of the area where

t he enbossed pattern is not formed is lower than that of the area
where the enbossed pattern is formed. 5 The apparatus for witing
an information signal into a nmagnetic record nediumusing the

above- nent i OHB@TMCTrOF@HE@fS@]aOSQTREer conprises neans for forcing
the master information carrier and the magnetic record nmediumto
contact with each other, neans for positioning the master information

carri ;ar an tgef mf’tﬁhsiiérﬁﬁfdi}&]ﬁh?&ﬁ lc!iﬁheﬁ@?mia@xseg%ﬁﬁbéﬂ?.teaﬁlﬂoﬁé
magnetic fi or citi e ferromagnetic fi, . forme
surface of tH2® BPSTPRH 8‘%5?[“09?’5 Ppﬂg-l% @P‘PE‘FG‘F‘FFA?’F g}gnaT i?‘%ﬁter.
A first donca (stlwfacerﬂﬁ tjm’protmudnfg portiap pfithe uanbmsédqmtdenbis/made of a
utilizes th r dat 15
| east parti :‘f %gé’i’%@é %{e{g{'1 er e ﬂh%dr%ossecpga%q% ‘thﬁﬁts%@rll
nent i oned abdhes disk magneticorecordimediom wibk aaﬁpnomagnetlasthmdi\kntm
force the f

”B&taQ{n i ,?éﬂ&tmeu\ bﬁ%{t'cﬁ{g @Mﬁm égeg%m{eter i ghege%&&a E%et i

record nmediumto co act. securely Lng air

the mastor i¥HPCARNCHWith the Bastirin ﬁ@mﬁﬂgn@ameréeasaom#m d>0
the thraegh peitem 2bhrespétidingttit the efifbiossad pattendf the MadtdrihfoRBAtionC

carrier into the magnetic record medium.
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recordi ng nmedi um are contacted with each other.

specific configuration of the apparatus nentioned above

i nformati on carrier whose hei ght of the surface of at
part of the area where the enbossed pattern is not fornmed is | ower 25
that of the area where the enbossed pattern is forned, as nentioned
above as the second configuration.
enbossed pattern of the master

mast er

A second
utilizes the

| east a

t han

The apparatus has neans to force the
i nformation carrier and the magnetic record

mediumto contact securely with each other by sucking out air between the
I nformation carrier where the enbossed pattern is not 30

area of the master
f or ned,

appar at us,

st for

and the magnetic record nediumafter the naster
carrier and the magnetik rHcor |ng“ned
Usi ng the above-menti onked

Hgn1ﬁre Uontﬁ?tza

n Cf’:"l‘l‘l

i nf or mateson
' h %aéﬂ ot her.

a magnetic rﬁcond nﬁdlun1can comnt acg; with tihe nmst ar £35

i nformation carrier securelly and uhlfohn1yH Thius dlprdﬂordﬁt Mwéglng can

37
pair of flanges as

t he magnetic recording
bet ween which the naster

N

[

be perfornmed w th high [el

Jbbl

means to force the master
mediumto contact tightly with each other

KOS ARSYS SN S S ISSIESSSESSSESSNIEASSN
wsveanewswewsmewsncssnﬂﬂsceixvessml\xwe

NN AR/ AU/ AN ANNNY /AN AN AN
NN NN RSOSSN AN N NN ESAN N ENNNANTENANN
NN NN RN NN NN SN ENNNNENNNN
SN RSN NN ERNSN BN NN NN AN SN RSSO NN
AN NN AN NN AN AN AN/ ANNN £ NN AN AN
Y RN RN Y N N NN AN RN NN
[ NNNNY NN
fADDNNY [ ANTONY / RN N
M- OO ENNNN
NN SS§>===,E§T§===,SSS3===,E§§§
—_—= — === —_ o==u O
| == = =T =x=xx mB
=== = == — —=
=xu == == ==
[ == = -] [ == = =] [ = = = -] =X
[ = v = -] [~ == =] | - =~ =1 ==X
= [ = = = =] [ == = =} =xs
===xxm [ - — — ] [~~~ ] =erxxs
==c= == x === === ==
[ v === ] [ == — - ] =X [ - == =X
g g =T EXXxTs [ === - ]
[ === =] [ - = =« ] [ - - =] == [ - =~ ~ |
[ - - = -] [ = ===} [ - = — =~ | T [ = = -~ ]
== = = == ==
| | | I l ] | 1 I |
I [ | l | I
| N 1 H I | ] ] 1 ] |
i I I 1 1 M I [T T I
| I I l| t I I I 1 1 i
i I I 1 {1 i h 11 1 1 I
1721

~

Y
address

Y

tracking servo signal

data area—> =

JeJ~rarb’I| 'le—tJHat'JtLheJel'pp'a‘rLat‘dé'tdnp# i ses a

I nformation carrier

and

!

FlG.



information carrier and the magnetic record nmedi um are di sposed, and 5
menbers for fastening the periphery of the pair of flanges to each other.

| f t he above-nentioned neans with the air suction nmechani smfurther
conprises these flanges and fastening nmenbers, a nore secure and uniform
contact can be obtai ned between the master information carrier and the
magneti c record nmedium Wen a duct for air suction is connected to a 10
center portion of the master information carrier or the nagnetic record
medi um the suction force may be applied to the center portion strongly, so
that the master information carrier or the magnetic record nedi um may

have a warp. In this case, the above nentioned flanges and fastening
menbers suppress the warp so that the master ®\aformation carrier and the 15

magnetic record medi umggan contact ely ang unif . It is nore
preferable to insert an&Elastic mepger e flan and the master
information carrier, @bgdfor, bet e her /T | apxge dfthe magnetic
record medi um ThuswwWp@e maFRex \n mat’on rrjer d the magnetic
record nmedi um can cont act WBKE ely a unifor . The
above-nenti oned neans for aN oQ t st i pformation carrier
and the magnetic recordi ng pediumlpyef gfably i ud a mar ker provided
at the inner circunference ovterNgfrc erghce Of e mast er
information carrier corresp I N the i ng€r cfrc er ghce or out er
circunference of the magnet di he follow ng the
configurations of this enbogl t hg#pr egent i ngention in detail,
referring to Figs. 15-21. g. /716 f a £ro section show ng an
exanpl e of an apparatus for n nf gf mat ¥on gpal provided in the
master information carrier L gpftic Tecghd dium Nunera
161la and 161b denote nmaster 30 i pATat | cafrigfs, A6p denotes a hard
di sk, 163 denotes an upper flange 64 Mdengfes | gwer fl ange, 165a
and 165b denote permanent nagnets d 186b note air sugjon
devi ces, 167a and 167b denote thr¢ y Xal \y#fs, 68a and 168b dehote
suction ducts, and 160 denotes an rig. e gnetization direction
of the pernmanent magnets 165a§31§i Vs m béck O

S—

L

A\
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35 to front of the paper. The surface of the master
information carrier 16la, 161b incl udes

38 an area 152 di sposed once every predeterm ned angul ar

di stance, where a fine enbossed pattern is forned corresponding to the
i nformation signal as shown e.g. in Fig. 15. Apart of the area 152
(region Bin Fig. 15) is shown enlarged in Fig. 1. As explained in the
first enmbodinent, the master 5 information provided as an enbossed pattern
in area 152 includes a tracki ng servo signal, a clock signal and
address information signal that are di sposed sequentially along the
track direction. In Fig. 1, the hatched partions are protruding
portions whose surface is made of a ferromagne®c mat eri al such as Co
or Ni-Fe. 10 As nmentioned in the first)enbodinent, a preferable
step hei ght bet ween t surface of P ~on and the bottom
of the enbossed patt correspond g tgfthe/1 nf g myAfon signal varies
dependi ng on surfacE?Tn t hgZmagreti gl recOrd mediuminto

whi ch the master Qatl ' i (#fen and e bt gdze of the nmaster
information. In 15 general, | £ th 0 ycroff, \preferably nore
than 0.1 mcron. It was (. 1 i ¥ ongfex | e As shown
in Fig. 15, the master inf q { er 1 has ro

AN
™

=
N

Fla. 3
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hol es 153 except at areas 152 where the enbossed pattern is forned
corresponding to the information signal. If the substrate of the master 20
information carrier is made of glass, the through holes 153 can be forned
by wel | - known processes such as an ultrasonic process, a |laser process
or wet etching and other nmethods. It is preferable that a di aneter of
t he t hrough holes is as small as possible and the nunber of the

t hrough holes is as |large as possible. In an exanple, through hol es
with a diameter of 1.0 mmwere 25 disposed in a density of 1.0 per 3.0 nm
x 3.0 nmm area by ultrasonic pr ocessi ng. When witing the
master information signal into a hard disk, i.e. a magnetic record
medi um centering of the master information pattern and 30 the hard disk
is required before contacting them To g?cilitate this centering, the
master information carrier 151 has markersy 154 at the inner

circunference as shovjin Fig. @ S JTie din sane the step
in which the embosse@pattern %V ( prmation signal is
i E\ grence of the 35

formed. The marker &7 di ‘ifa

master informati onW8iie g b
t he hard di sk. Al t ¢\ NY d] sposed at the outer
39 '

FlG. 4

4/21



circunference of the master information carrier 151 to be aligned to the
outer circunference of the hard disk. If the magnetic record nediumis not
a di sk having an inner circunference, but a magnetic card or other sheet
medi um markers of the master information carrier 151 disposed at the 5
outer circunference of the magnetic recordi ng nedium may work for
alignnent. Thus, a position, shape or nunber of the marker should be

optim zed in accordance with a configuration of the magnetic record

medi um Fig. 17 shows a nethod for witing the information
signal formed on 10 the master information carrier into a hard di sk using
the witing apparatus shown in Fig. 16. The witing apparatus shown in
Fig. 16 utilizes an at nospheric pressure for ensuring a uniform
contact in the whole area bet ween the master information carriers
161a, 161b and the hgrg di sk 162 The hard k is forced to the
master information catgi er 161a, c\ L w bet ween the nmaster
information carri er a, 161b dnd N Sk 162 is sucked out via
t he through hol es WA ar A Doy C information carrier
161a, 161b. Thus, the suriaih_ portion of the
enbossed pattern forned 05\; Q  carrier 161a, 161b
contacts securely with thg sk 162. Then, 20

utilizing the permanent nROQE(S b ferromagnetic film
formed on the surface of [he\p
NBEb

Q

t he enbossed pattern
formed on the master infobx WotaN\anadN161b, is magnetized to
wite the informati on siggps ; PDON o\te\lenbossed pattern into the
hard di sk 162, according ;‘me S ) ey ow. 25 First,
by using a pernmanent nagn§‘~5: VANES previ ously
magneti zed al ong the circhubiexey

vd] cat ed by arrow 181
as shown in Fig. 18. The pernanrhrk pe replaced with an

O P

el ectromagnet. Then, as shown i 160 is set in the
groove of the |ower flange 164, informajion 30 carrier
161b and the hard disk 162 agre 9 y di sk 1627 7At this
time, the previously nenti o€y 15) forned on the

S

~—

L
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master information carrier 161b should be aligned to the inner
circunference of the hard disk 162. Then, another master information
161a and the upper flange 163 with an O-ring 160 set in the groove

carrier

35 are stacked on the hard disk 162. At this tine too, nmarkers fornmed on

t he master information carrier 16la should be aligned to the inner

40 circunference of the hard disk 162. Oper ati ng
t he upper three-way valve 167a, air between the upper flange 163 and

the master information carrier 16la is sucked out by the air suction

device 166a. At this tine, the | r three-way valve,167b should 5 be

opened so that atnnspherlc pres e exists in the s e between the
v\-an-w-nflnr\ carrier /Y61b. \Wen air

| ower fl ange 164 andtire—mest erf-orn
bet ween the naster i C agﬁ;t#gﬁ?gif;ﬁggiiEGZ is
sucked out via through h proviyde 0 tion carrier
161a, the hard disk ﬁ presgsed tojthe master informatiqn carrier 1l6la
ct [

10 and they are con ely wijt ot her { —Then, |Jaspghown in Fig.
17(a), the permanent _maghet 1654 is ved ardund the suctign Bict 168a
and in parallel to the surface of the upper f 163 to & a direct

exciting field 171a. \Thus, the ferromagnetic film of the protruding portion
formed on the master /information carrier 16la is magnetized tofwite the

()

i ] 62
—

(b)

_____“_;33333_
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15 information signal corresponding to the enbossed pattern into the hard
di sk 162. The hard disk 162 is previously magneti zed al ong the direction
of the circunference by using the permanent magnet as nentioned above.
The polarity of this initial nagnetization and the polarity of magnetic
field applied by the permanent magnet 165a for witing information
signal are 20 wusually opposite. However, as nentioned in the first

enbodi ment, it may be preferable that they are the sane polarity in
sone cases. Therefore, the suitable polarity should be selected to
achieve a favorable SINratio. In an exanpl e, they were opposite.
Next, operating the |ower three-way valve 167b, air between the 25 | ower
flange 164 and the nmaster information carrier 161b is sucked out by

the air suction device 166b. At this time, the upper three-way valve 167a
shoul d be opened so that atnospheric pressure exists in the space between
the upper flange 163 and the nmaster information carrier 16la. \Wen air

bet ween the master information carrier 161b and the hard disk 162 is 30
sucked out via through holes 169 forned in the master information carrier
161b, the hard disk 162 is pressed to the master information carrier 161b

and they are contacted securely with each other. As shown in
Fig. 17(b), the permanent nmagnet 165b is noved around the suction duct
168b and in parallel to the surface of the lower 35 flange 164 to apply a
direct exciting field 171b. Thus, the ferronmagnetic filmof the

protrudi ng portion fornmed on the master information carrier
41

/v7£; /V72
L*\'/‘\YP\Y/\ N /“\'/7‘1
73] — —| 7

()

FIG. 7
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161b is magnetized to wite the information signal corresponding to the
enbossed pattern into the hard disk 162. In an exanple, the polarity of

the initial nmagnetization applied to the hard disk 162 and the polarity of
magnetic field applied by the permanent magnet 165b for witing 5
information signal were opposite. As expl ai ned above, preformat
data is witten into both sides of the hard disk 162 in a short tine.
An el ectronmagnet can be used instead of the per manent magnet to
magneti ze the ferromagnetic filmof the protruding portion formed on
the master information carrier. It is desirable that the 10 material of
the upper and | ower flanges 163, 164, between the pernanent magnet and
the master information carrier is a nonmagnetic material such as a
brass, so that the ferromagnetic filmon the surface of the naster
information carrier can be nagneti zed. If the magnetic record
mediumis not a hard disk but a flexible disk 15 in the configuration
shown in Fig. 16, and if the through holes fornmed in the mast er
information carrier are large, the flexible disk my be sucked

partially into the through hol es and deforned, resulting in failure of
preformat writing into correct positions or in lack of signal to be
witten. Therefore, as nmentioned before, it is preferable to provide
as many small 20 through holes as possible. Thus, this apparatus can wite
t he preformat signal not only into a hard disk but also into a
flexible disk with high reliability. The apparatus shown in Fig. 16
conprises a pair of master information carriers 16l1a and 161b di sposed
at both sides of the magn&[pg 84b recof§ medi um so tg? preformat witing
can be performed efficiently ip/a 25 ﬁhort time for h sides of the

magnetic record nedium __J 506 , ty I3 Tur[He i nproved.
Fig. 20 is a cross 2 ¥ P : 0w gZappar at us
for witing informatipn st gmal proyrded— the ~Af ormation carrier

85
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into a magnetic record nedium Nuneral 201 denotes a master 30
information carrier, 202 denotes a hard di sk, 203 denotes an upper flange,
204 denotes a |l ower flange, 205 denotes a permanent magnet, 200a and

200b denote elastic plates, 206 denotes an air suction device, 207 denotes

a t hree-way val ve, 208 denotes a suction duct, and 209 denotes bolts
for fastening the upper flange 203 and the | ower flange 204. 35
The surface of the master information carrier 201 includes an area 192
di sposed once every predeterm ned angul ar di stance where a fine
42 enbossed pattern is forned corresponding to the
i nformati on signal as shown in Fig. 19(a). Simlarly to the

ern of this

configuration shown in Flg 15 n anpl e ofggnl arged p
area 192 is shown in_Fig : 38 ?46,4\/9%%1 the 9@ |nfor
191 shown in Fig ‘ S
pattern is fornme
19(a)), the othe
hei ght of the su

on carrier

he enbossed
rea in Fig.
bas | ower

hereinafter. Fi of Fig
19(a) along the pf t fejarea 10
MIon

192, the enbossed pattern |s
S|gnal as shown in Fjg -

-
—
-
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phot ol i t hography or other nmethod, the |owered area 193 is formed by using
a well -known net hod such as nmachi ni ng, supersonic process or |aser
process. The height difference between the area 192 where the enbossed 15
pattern is forned and the |owered area 193 is preferably nore than 10

m cron, nore preferably nore than 100 m cron, though it depends on the

t hi ckness of the substrate of the master information carrier 191.

When witing the information signal forned on the naster i nformation
carrier into a hard disk, i.e. a magnetic record nmedium 20 centering of
the master information pattern and the hard disk is required bef ore
contacting them As shown in Fig. 19(a), the master information carrier
191 has markers 194 at the inner circunference. The markers 194 are
aligned to the inner circunference of the hard disk. Alternatively,

mar kers can be di sposed at the outer circunference of the master 25
information carrier 191 to be aligned to the outer circunference of the

har d di sk. Fig. 21 shows a nethod for witing the nmaster

i nformati on formed on the master information carrier into a hard disk
by using the witing apparatus shown in Fige 20. The witing apparatus
shown in Fig. 20 30 ensures a uniform contact tpaveen the master
information carrier 201 and t he hard di sk Egérﬁot only by utilizing an
at nospheri c pressure but al so mechani cal | y: gf?#e are spaces between

t he hard di sk 202 and the | owered areas 193 &l master information

carrier 201. Air in the spaces
contact between the hard disk and the 35 area o
carrier where the enbossed patig j
information signal. Then, utilA%i
43

for ensuring the secure
the master information
corresponding to the

101

FIG. 10
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per mmnent magnet 205, the ferromagnetic film fornmed on the surface of the
protrudi ng portion of the enbossed pattern forned on the master
information carrier 201 is nagnetized to wite the information signal
corresponding to the enbossed pattern into the hard di sk 202 according to

5 the steps expl ai ned bel ow First, as showmn in Fig. 18, by
usi ng a permanent magnet 182, the hard di sk 202 is previously

magneti zed in the circunferential direction i ndi cated by arrow 181
Then, as shown in Fig. 20, the elastic plate 200b, t he hard di sk 202
and the master information carrier 201 are stacked in 10 turn on the | ower
flange 204. The elastic plate 200b has a through hole at the center,
whose dianeter is substantially the sane as a center hole of the har d

di sk 202. At this tine, the previously nentioned markers (194 in Fig.

19) should be aligned to the inner circunference of the hard di sk 202.

Then, another elastic plate 200a and upper flange 203 are stacked on the 15
master information carrier 201. The elastic plates 200a and 200b can be
made of a variety of materials such as a silicone rubber.

Qperating the three-way val ve 207, air betweengthe | owered area 193 of
the master information carrier 201 and the har i sk 202 is sucked out
by the air suction device 206. As a result, thesRard disk 202 and the 20
area of the nmaster information carrier where t &rPossed pattern is

formed contact securely with each otheg. The suc(lgyunuct 208 i s di sposed

at the center of the apparat =20, so an exhaust
conductance is large at the fenter portion of the master information
carrier 201. Therefore, Lt I I fflect is strong at the center

portion but 25 weak at the pgripherd portionef the master information
carrier 201.

h 12

11

FiG. 11
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Consequently, it is possible that a secure contact between the hard di sk
202 and the master information carrier 201 is not obtained at the

peri pher al portion. To solve this problem elastic plates
200a and 200b are disposed 30 between the upper flange 203 and the naster

I nformation carrier 201 as wel | as between the | ower flange 204 and
the hard disk 202, and in addition, t he peripheral portions of the
upper and | ower flanges 203, 204 are fastened to each other with bolts
209, as shown in Fig. 20. Adjusting the fastening force of each bolt
209, the hard disk 202 and the master information carrier 35 201 are
contact with each ot her securelymé d un!forn%g..Thus, the hard di sk

202 and the area of the nASPe Jier 20 4P8 t he
W?g to the
at-h{ Gl over a whol e

3 0 citingfield
\ 3 ‘g{ 12]
e Of the upper

44 enmbosse
informati on signal 3
surf ace. (a%

211 is applied by
circunferential direg

fl ange 203. By this operation, the ‘ ferromagnetic tiTmof the
protrudi ng portion of the enbossed pattern corresponding to.the
information signal is nagnetized and the information signal is witten

into the hard disk 202. The hard disk 202 is previously

121

121

122 122 122 122

(d) 121
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magneti zed along the circunferential direction by using the permanent 10
magnet. The polarity of this initial magnetization and the polarity of
magnetic field applied by the pernmanent magnet 205 are usually opposite.
However, in sonme cases, the same polarity between themis preferable
dependi ng on the enbossed pattern fornmed on the master information

carrier. Therefore, the suitable polarity should be selected for good S/N
15 ratio of the read signal according to each condition of application. In
one exanpl e, they were opposite. It is desirable that a
material of the upper flange 203 is a nonmagnetic material such as a
brass since the upper flange 203 is pl aced bet ween the pernmanent
magnet 205 and t he naster |nfornat|on carrier 20 201. As
nment i oned above, thg ¢O 3 A calohtajin a nor e
reliabl e prefqQrmt g i

di sk and t hel Boer d0N\arsa W % Nt N PRF R and by
pheng ‘ N 5. X 131 The
l"l.l v OIS 8 N kAN be

fasteni ng the peri
For exanple,

present invention,

utilized in a variety of enbodi nents.

the present invention are not limted to preformat witing of a magnetic
di sk, but include preformat witing of a magnetic card, nagnetic tape, or
ot her magnetic record medium 30 The present invention can be

et ptical record
Sgy of optical

apglled to rgltlng InI?}" aA_$83ny 133t o ..-Le

L 2 S Rl e TS
into a magnzrﬁ)-)opti o -Mﬁfn Dy MM’W od of the
present inv 2

N be heated to
the Curie tenperat

o perform
writing under the € 131
45

, 132 132 132
N o /4 N, /4 .
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magneti zation is vanished. This nmethod is called a "therno-magnetic

writing nmethod" and i s advant ageous. Furthernore, the
information signal to be witten into the nagnetic record nediumis not
limted to the preformat data such as a tracking servo 5 signal, address,
clock and other signals. It is possible to apply the present i nvention
to witing a variety of data, audio, video or other signals. In t hese
applications, nmass production of software can be perfornmed by utilizing

the present invention to provide software at | ow cost.

(@)

(b)

(C)
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CLAI MS: 1. A master information carrier for witing an

i nformation signal into a magnetic record nmedium conprising an
enbossed pattern 5 corresponding to the information signal conprising at
| east one of a tracking servo signal, an address information and a

cl ock signal fornmed on a substrate, and a ferromagnetic material that
forms at |east a protruding portion of the enbossed pattern. 10

2. The master information carrier according to claiml1, wherein the
ferromagnetic material has a saturation magnetic flux density of at |east

0.8 T. 3. The master information carrier according to
claiml1, wherein the 15 ferromagnetic material is a soft nmagnetic

mat eri al . 4. The master information carrier according to claim
1, wherein the ferromagnetic material is a hard or sem hard nagnetic
material with either a coercive force in the inplane direction or a

coercive force perpendicular to 20 the substrate that is not nore than 40

KA/ m 5. The naster fornatlon carrier according to claiml1,
wher ei n at | east a part of thedlihstrale tié%aflem bility. 25
6. The naster infornation carrier -‘sn-uﬁig m 5, wherein the

substrate conprises a pol yner naterlall

/// 160

DN QDN NNNNININ I6la
: L 2 2 271 V//////?\_IGZ

HI\\H\H\\\\\H\II\JN 0

// IGIb

\‘165b

167b
168b
air

suction T™-166b
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7. The master information carrier according to claim®6, wherein the
substrate has a multi-layer construction including plural kinds of polyner

30 material. 8. The master information carrier according to
claim6, wherein the pol ymer material of the substrate has el ectrical
conductivity. 35 9. The master information carrier according to
claim®6, wherein particles mainly conposed_of copductive substance are
di spersed in the polynerlmggglal o X Y

47 ﬂge MBS TERNLR carrier according to
claim9, wherein the nce ai nl'y conposed of

car bon. 11. The Ul i

6, wherein a 5 conductive/t

a pol yner mat eri al ,

information signal is
the protrudi ng portion of

ferromagnetic ma(té:r)l al .

(b)
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10 12. The master information carrier according to claimb5,
wherein the substrate conprises a base made of netal, alloy or ceramc
material and a | ayer of a polyner material forned on the base.

13. The master information carrier according to claim 12, wherein 15 the
substrate conprises a polyner filmapplied to the surface of the base.

14. The master information carrier according to claim 12, wherein t he
substrate conprises a polynmer |ayer formed by polynerization after

coating or flow ng of nmononmer or precursor of polynmer on the surface of the

20 Dbase. 15. The master information carrier according to
claim12, wherein the polyner layer is fornmed by vacuum vapor
deposition on the surface of the base. 25 16. The master
information carrier according to claim112, wherein t he surface | ayer
formed on the surface of the base has a nulti-I|ayer structure nmade of
pl ural kinds of polynmer material. 30 17. The master information
carrier according to claim 12, wherein the pol yner nmaterial on the
surface of the base has electrical conductivity. 18. The
master information carrier according to claim112, wherein particles
whi ch are mainly conposed of a conductive substance are dispersed 35 in
the polynmer material on the surface of the substrate.|82 19. The
master information carrier ac?grding to claim18, erein

48 1

162(202)

FlG. 18
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t he conductive substance is mainly conposed of carbon. 20. The

master information carrier according to claim12, wherein a conducti ve
thin filmis formed on a substrate surface conposed of the 5 polyner
material, an enbossed pattern corresponding to the information si gnal

is formed on the conductive thin film and at |east the surface of the
protrudi ng portion of the enbossed pattern is conposed of a ferromagnetic

material. 10 21. A master information carrier for witing an

i nformation signal into a magnetic record nmedium conprising a
substrate that is conposed of a ferromagnetic material and an enbossed
pattern corresponding to the i nformation signal conprising at |east

one of a tracking servo signal, an address information and a cl ock
signal, which is forned on the subggﬁgte. 15 19122. The master

information carrier according to he ferromagnetic
material formng the substrate ha% C flux density
of at least 0.8 T. 20 ; {on carrier
according to claim 21, wher eri aljgor m ng the
substrate is a soft magnet) g _nagt er

1921



the ferromagnetic material formng the substrate is a hard or sem hard 25
magnetic material with either a coercive force in the inplane direction or
a coercive force perpendicular to the substrate that is not nore than
40 KA/ m 25. A master information carrier for witing an

i nformation signal into a magnetic record nedium wherein an enbossed
pattern corresponding 30 to the information signal is forned on a
substrate, the ferromagnetic material is formed at |east at a
protrudi ng portion of the enbossed pattern, and the ferromagnetic
material included in the protruding portion is not conti nuous between
adj acent protruding portions, but divided by recessed portions. 35
26. The master information carrier according to claim 25, wherein an
enbossed pattern corresponding to a digital information signal is forned
49 on a surface of the substrate, the ferromagnetic materia
is formed at the protrudi ng portion of the enbossed pattern, the cross
section of the protrudid@pportion along bit length direction of the
digital informat bﬁ&esi gnal Y has a substantially trapeZé)ngal shape with

an upper side at surfjace t'hat 201 /%003 203

206

FlGg. 20
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5 1is shorter than a | ower side on the substrate, and a |l ength difference

bet ween the upper and | ower sides is not nore than twi ce the hei ght of
t he trapezoid. 27. The master information carrier according to
claim 26, wherein curvature radii at edges of the upper side of the

trapezoid are not nore than 10 a half of the upper side |ength.
28. The master information carrier according to claim26, wherein a
t hi ckness of the ferromagnetic material |ayer at the protruding portion is
not nore than a half of the upper side length, so that the naster
information 15 <carrier is suitable for witing information into an
i n-pl ane magnetic record medi um 29. The master
information carrier according to claim 26, wherein a t hi ckness of the
ferromagnetic material layer at the protruding portion is 20 nore than
twi ce of the upper side length, so that the master information carrier
is suitable for witing information into a perpendi cul ar nmagnetic
record medi um 30. The master information carrier according to
claim25, wherein 25 an enbossed pattern corresponding to a digital
information signal is forned on a surface of the substrate, the
ferromagnetic material is forned at the protrudi ng portion of the
enbossed pattern, the cross sectlon<209rma protruding portion al ong
bit Iength direction of the digital informatiqQp uE: has a
substantial l'y trape20|d3 & per shde at the surface that 30
is longer than a |ower sre on the b 31. The naster
i B 3 di t hi ckness of the
Jot nor e
§ter information 35
n- pl ane magnetic

carrier is suitable
record
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medi um ' 50—
32. Thewmasterinformation carrier according to clai njief

t hi ckness _of .ok nagagnetic material |ayer at the b POt —perirs| is
nor e tk‘. Eﬂm Mﬂ\gmg pper side length, so that thelnh i or v n
carrier ¢S U I'estor witing information into a pefpend €0rFHy Ve 1c 5

record nedi um 33. The master informati o asie orgi g to

claim1, wherein the surf aggHidrhées Shlst §9 PCIOTRr | ses areas wherd the
enbossed pamg_ correspondi ng to an information 3rgmat—rs—ferwed—idnd

areas where enbossed pattern is not forned, the ferromagnetic
material is provi ded Aamaster infopgiativn carricrcfor wiitigoan Uafdign Midon isdAtalof

bartially | it eh o masiile KA modiunll® G Bifind 4 Siptileopd” Ragtern,

34. The $ascerrespondingttodhe dafqrnmtimsi@naf compuisingatilenst nhe ofartrackingt he

surface of G8fodiBAAL AnaddehY (rT6rmatioAant ¥ tlock Al #0HEd oR Y hitfstrate,
and a ferromagnetic material that forms at least a protruding portion of the
embossed pattern.

10 2. The master information carrier according to claim 1, wherein the

ferromagnetic material has a saturation magnetic flux density of at least 0.8
T.

3. The master information carrier according to claim 1, wherein the
15 ferromagnetic material is a soft magnetic material.

4. The master information carrier according to claim 1, wherein the

ferromagnetic material is a hard or semihard magnetic material with either

_ a coercive force in the inplane direction or a coercive force perpendicular to
20 the substrate that is not more than 40 kA/m.

5. The master information carrier according to claim 1, wherein at
least a part of the substrate has flexibility.

25 6. The master information carrier according to claim 5, wherein the
substrate comprises a polymer material.

7. The master information carrier according to claim 6, wherein the
substrate has a multi-layer construction including plural kinds of polymer
30 material. |

8. The master information carrier according to claim 6, wherein the
polymer material of the substrate has electrical conductivity.

35 9. The master information carrier according to claim 6, wherein

particles mainly composed of conductive substance are dispersed in the
polymer material of the substrate. '
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S LAY W10 :..:.;,ng

correspondirng to an i nf or mat i on signal is fornmed andjareas where tf
enbossed pattern i's not formed, the ferromagnetic rraﬂerﬁlzﬂMABWﬁﬁ)v

d at
| east e protrud| ng portion of thg gnbossed patte n% and
t he 201'!“'ﬁ“"@“ﬁﬂl“d‘ “ f at Ieast a part of the arhel‘as where the enbgssed
pattern tsc¢ L OTITEdIS | ower than the area Vhg

pattern is forned.. - 35. A nethod for mak{ng a master
information carri it] 0o ant Qr ngtion si

nto a magnetip 1 oo e miftel Brmation @il athANAPK LIS W RErTn IAE
forming an ensbictive pthstance @dﬂﬁ@ﬁ@ﬁmmedofcmomforrmt i on signal on
a surface of a substrate by using a photoresist film formng a

ferromagnetic thip,fi on the.epbosse attern . .etching a
surface of the feﬁ'orrtg]ﬁé'?‘?%teﬂmm er acmrdlp@ﬁﬂ\ﬂ‘h‘é“@h@’ BMbResi st
film and t heordduativenghi ifilni i isnformedh@n the sisstrates comphiding by polirinelrof f ]
met hod. erein |n t he
step of maftenal aeéﬁ%?ﬁ;@ggas@t%a}f ter ngé\n&k‘ﬂgg &1@%}] ?gtattvg] dPoss
section of fermed mgtm gendrctiver thin film; amek atcleastthe pmtmémpqraionwfthe

trapezoi dal eﬁtbaa@edﬂpaﬁemlsmmpbuaaedféfeéﬁoﬁhgﬁ@ﬁcwtte that is shorter
than a | ower side on the substrate along the bit length of a digital .

i nformati on signal. 51
10 12. The master information carrier according to claim 5, wherein the

substrate comprises a base made of metal, alloy or ceramic material and a
layer of a polymer material formed on the base.

13. The master information carrier according to claim 12, wherein
15  the substrate comprises a polymer film applied to the surface of the base.

'14. The master information carrier according to claim 12, wherein
the substrate comprises a polymer layer formed by polymerization after

coating or flowing of monomer or precursor of polymer on the surface of the
20 base.

15. The master information carrier according to claim 12, wherein
the polymer layer is formed by vacuum vapor deposition on the surface of the

base.
25
16. The master information carrier according to claim 12, wherein
the surface layer formed on the surface of the base has a multi-layer
structure made of plural kinds of polymer material.
30 17. The master information carrier according to claim 12, wherein

the polymer material on the surface of the base has electrical conductivity.
18. The master information carrier according to claim 12, wherein
particles which are mainly composed of a conductive substance are dispersed

35 in the polymer material on the surface of the substrate.

19. The master information carrier according to claim 18, wherein
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the normal © @ sabstrate - Is at | east 20 degree§. | 10 =
The nmethod—according to claim35, wherein the step of dtdhi
sur face of ( ' | ' el ] hgm cal etching.

40. A net howgémngﬁ%@éggg%éeirﬁni opma. pé’ﬁqg(gé)?%}ebroﬁ” arTsused +or
witing an information signal into a magnetic record nmedium the nmethod 15

conprising the stgps The master informatiddf éﬂﬁﬁr%cﬁwigg% ¥R whirSing @

surface of a substrate: . ~ formn n enbo d pattern

cor r espondi PR tg'f‘biﬁ"é‘? is formed: gp. g Bﬁﬁ@?@n&”@ﬁ%%%@fitb@ thin
filmw th applyher esateridlj hm embossed patterh arotrerpondirg Itormgﬁttbﬁnhﬁbﬁ film
on the cond ' ' i oL1N . 0SS t n usi an

ol cct ropl at Fimen e foblod orfBHe"bdfdiivd thlf SHHE, 3R 5t Rilsh IhE sutdt3| gl

41. The net REfracing apridon of theiembmpsedipattsrn, isi conposed: ofpa dérromagnieticni ng
an enbossednftetln Wth a photoresist film a cross section of a 25
protruding portion is forned into a substantially trapezoidal shape with an

upper side at the surface that is shorter than a | ower side on the
substr al@ al 8hg Ahmastdr infoghatioh carsiegférrwritihg anbinferination dignal

into a magnetic record medium, comprising a substrate that is composed of a
ferromagnetic material and an embossed pattern corresponding to the
information signal comprising at least one of a tracking servo signal, an
address information and a clock signal, which is formed on the substrate.

i”‘nL!hzﬁmﬂﬂ,mmmu|||||||.|| ohs 1T radi ated onto the substrs ey it
1 J
-h-;-ng_.a______j

15 .
22. The master information carrier according to claim 21, wherein
the ferromagnetic material forming the substrate has a saturation magnetic
flux density of at least 0.8 T.
20 283. The master information carrier according to claim 21, wherein

the ferromagnetic material forming the substrate is a soft magnetic material.

24. The master information carrier according to claim 21, wherein

the ferromagnetic material forming the substrate is a hard or semihard

26 ~magnetic material with either a coercive force in the inplane direction or a
coercive force perpendicular to the substrate that is not more than 40 kA/m.

25. A master information carrier for writing an information signal
into a magnetic record medium, wherein an embossed pattern corresponding
30 to the information signal is formed on a substrate, the ferromagnetic
material is formed at least at a protruding portion of the embossed pattern,
and the ferromagnetic material included in the protruding portion is not
continuous between adjacent protrudiﬁg portions, but divided by recessed
~ portions. '

35 |
26. The master information carrier according to claim 25, wherein
an embossed pattern corresponding to a digital information signal is formed
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42: The nethod according to claim40, wherein a reflqg
surface of the conductive thin filmis not nore th&f

of < they 1 exposi ng the phot oresi st i - : T43.
The ne m il]lﬁm m; g cl a| m 42, wherein the condyct| VB2WRWHE fiffiimis
mai nly conposed ®of scarbon. 44. A od for makingjia

I nformation carrier that is used for witing an rnformation sigfial
into a magnet.i | . : ’
52 6h' & swga%rﬁg?%ng %}é é romagnetic nia kIhe. oq

7 . = p
pattern cor Pteipuding jpertion mfgthelemgosaedamamwm, thesmgm secﬂzlansofﬂzh@e of

a conductivg réammﬁg p6rtin HRinEhie] h%fédcfdnéfduadl ital info rmatioh ¥
ferronagnethlpéthl&’ Il man the CcO ve bstrate 5 sur ace avi the
enbossed pa FrAn | t&_pe 2 uppgr side at thes

t he phot sr ess shoxftet than a lower side ontiﬂiz su&ﬁ&t@lﬂ@ﬁa&éﬁ@ﬂﬂdﬁﬁﬁb&b@#@eﬁ

wher ei n, E.Q %gi)%? %.H.a OIPWSI su{e% gn n%g n?@req;g%ns 3 ege %é ilg{éilt ofttﬁe %r&)preoztood esi st

film across S

27. The master information carrier according to claim 26, wherein
curvature radii at edges of the upper side of the trapezoid are not more than
10  a half of the upper side length.

28. The master information carrier according to claim 26, wherein a
thickness of the ferromagnetic material layer at the protruding portion is not
more than a half of the upper side length, so that the master information

- 156  carrier is suitable for writing information into an in-plane magnetic record
medium.

29. The master information carrier according to claim 26, wherein a

thickness of the ferromagnetic material layer at the protruding portion is

20 more than twice of the upper side length, so that the master information

carrier is suitable for writing information into a perpendicular magnetic
record medium.

30. The master information carrier according to claim 25, wherein
25 an embossed pattern corresponding to a digital information signal is formed
on a surface of the substrate, the ferromagnetic material is formed at the
protruding portion of the embossed pattern, the cross section of the
protruding portion along bit length direction of the digital information signal
has a substantially trapezoidal shape with an upper side at the surface that

30 is longer than a lower side on the substrate.

381. The master information carrier according to claim 30, wherein a
thickness of the ferromagnetic material layer at the protruding portion is not
more than a half of the upper side length, so that the master information

35 carrier is suitable for writing information into an m-plane magnetlc record
medium. '

50



REDL ACEMENT §HEET%

10: protruding portion is forned into a subst alEaryr—tre shape
with an upper sirde at the surface that is shoiter tha a 2r side on
t he su g the bit length of a d'g'rzﬂﬁiﬁm_l_ i gnal .
46. Thglmmgglluzulmhmg to claim44, wherein & feflectivity he 15

ucet|

surfacex*ofct ve substrate is not noré than 50 % at the{jwavel ength
of the light source for exposing the photoresiqt film ' 47. The

et hod according &g chgl m:fs%r #I6HR bfiohBriRP AUt - il 3

mai nly conposed or trng a

i nf or mat i orthitkgeess ofnthe fervomagnetic materiak layer rmfdthmpmgmg pertien is
i nfor mat i onmeas thah, twiee JTefhacdp ﬁéi‘TBIdeSle?&th so thhe thé %ﬁs@j: mformatmn
preparing a master info @ﬁh} on carrier whose sugqs]trate s%?@ has 2 an
embossed pafirala 18 PRKEBIN &t HTHIRE BRSO ARG a PePRARCiFRIaE mAgngte, o
pr ot rudishg yeeord ereditini.he enbossed pattern is nade of a ferromagnetic
mat eri al ; putting a surface of a sheet-shaped or di sk-shaped

magneti c record medi um having a ferromagnetic filmor a ferromagnetic
coating into cont3®t Ehe mastertinformation savrier pecording to jchaimm fatwherein

carrier; anghe surface of the %ﬁﬂégcdﬂﬁnﬁw '&Qéaé ¥He2B the éﬂ%omlﬁht@rﬁecor d
mediumwith a oé)A‘leakagefL d caused. eti (gtlo of thh
o r omgnet FETRRRAHEE Gy oy itormation, SiERAng JrecAid #5888 (Fhers ¢
nmagnet i mat | emmbpsdddepattenn is npdfoimegd) the ferrohiagmmbonamhaiaist provided (att he
magnetic r r | gnﬁmﬁ.ﬁ gto
cl aim 48, \i%t%rsgf’lﬁg fadds gfspx%ot nﬁgfn lloégr?% %b%%e%ﬁ pro 1r:{udl ng
portion of holes mgmpwded at least partially in the area where the embossed pattern

is not formed.

15 34. The master information carrier according to claim 1, wherein
the surface of the substrate comprises areas where the embossed pattern
corresponding to an information signal is formed and areas where the
embossed pattern is not formed, the ferromagnetic material is provided at
least at a surface of the protruding portion of the embossed pattern, and the

20 surface height of at least a part of the areas where the embossed pattern is
not formed is lower than the area where the embossed pattern is formed.

35. A method for making a master information carrier that is used
for writing an information signal into a magnetic record medium, the method
25 comprising the steps of:
forming an embossed pattern corresponding to the information signal
on a surface of a substrate by using a photoresist film;
forming a ferromagnetic thin film on the embossed pattern;
etching a surface of the ferromagnetic film; and
30 removing the photoresist film and the ferromagnetic film on the
photoresist film by a liftoff method.

36. The method according to claim 35, wherein, in the step of

forming an embossed pattern with a photoresist film, a cross section of a

35 protruding portion is formed into a substantially trapezoidal shape with an

upper side at the surface that is shorter than a lower side on the substrate
along the bit length of a digital information signal.
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I nformation .carrier has a saturation magnetic f ’dé‘w T mmﬁfft’—h&& 0.8 T.
50. The writing net hod accor di ng to claim48, e AL, .
ferronagm,!mml at forms the protruding{portion of th¢ faster 5

i nf or mat n"ms” hard magnetic material|l tjha® -4 MARAGMEt {zed in an

I n- pI ant dirdctisonror a direction perpendifcdlar to the supsjrate
before the master information carrier is bjought into contacf with the
magneti c record medium 10 51. The—w-trg—ret-hod-hccordi ng

to claimb50, wherein the step of putting theynagnetic recor di um
into contact with3fhe rh&sm@?hOd according; tewalaian 35, WHETeIn; the] 53&295 a%gat i on
of an alter gatfaes ¢ff fife TEEORIdgheticefiln is peff@nﬁé&"ﬁ‘ %pﬁttfe?v%ﬁﬁil%% o€
magnetlcflelﬁof the magnetic record medium 52. e witing

met hod acco €t0 claim51, wherein the step of putting the magnetic
record n@diuminto contact with the naster informati on carrier includes

wei ght ed appl i cat ig@n | f. onpte a
reversal of the 38 e,fi'fhg eﬁ#&f&%ﬁr@ﬁ%@cﬁnpy %ggeq%tﬁa l'hglggﬂh]gggge?
direct bias magma&v@ted entp the @drq‘szatsewré xespettivadhe normal of the substrate
f erromagnet h§aﬂ%a§tlm|dé§fee§.0 the alternating bias magnetic field.

10 39. The method according to claim 35, wherein the step of etching a
surface of the ferromagnetic film is performed with chemical etching.

40. A method for making a master information carrier that is used
for writing an information signal into a magnetic record medium, the method
15 comprising the steps of:
forming a conductive thin film on a surface of a substrate;
forming an embossed pattern corresponding to the digital
information signal on the conductive thin film with a photoresist film;
forming a ferromagnetic thin film on the conductive thin film forming
20 the embossed pattern by using an electroplating method; and
removing the photoresist film.

41. The method according to claim 40, wherein, in the step of

forming an embossed pattern with a photoresist film, a cross section of a

25 protruding portion is formed into a substantially trapezoidal shape with an

upper side at the surface that is shorter than a lower side on the substrate
along the bit length of a digital information signal.

42. The method according to claim 40, wherein a reflectivity of the
30 surface of the conductive thin film is not more than 50 % at the wavelength
~ of the light source for exposing the photoresist film.

43. The method according to claim 42, wherein the conductive thin
film is mainly composed of carbon.
35 .
44. A method for making a master information carrier that is used
for writing an information signal into a magnetic record medium, the method
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erromagnetlc materlal Brm ng the protrudi ng pam aster— 25

i nfor matj E\mm soft magnetic materiali|ll ®2 mﬁﬁf}i %4 The
witing to cl ai m 53, V"here'”t;gsigp_QL_____bp'*ttingthe
magneti c Fecbrd nedi umlnto contact with the bt er : I nf or matfj on

carrier includes application of a direct excitifg.fi.eldfem=a8=rrgneti zi ng

t he soft mﬂﬁ:ﬁ:&fs fgf mng the protrudirfig—portioen of the
|nforgma Ko) Hgttﬁé!sﬁ%})s‘ﬁ{

mast er arrie 55. The writing nethod according

to claimb54, wher &uninganemhgssed pat@rguqomjppndmg tppidigital informgdion zi ng

the soft nagiidlon@earfass of arcahaﬂcﬁb@saﬁstraféw USingda aabﬁdreéist)’ﬁlﬁnhe mast er
information carrier_is weaker t"lan oerC| efor f th %Eg{mtlc
bibeeendnete | §

record medi um and’tHEE & EHL ’?%"re&mcéhé%
soft mat &r i aurface haying the amhogsepbpaitem watlaanledectroplating method; and

54 four t'rgﬁﬁvﬁg%fﬁgﬁﬁ @%1 ﬁﬁncoercwe force of the magnetic
[ I'n

record nedi um g nmet hod according to clai m 54,
wherein the step of putting the nmagnetic record nmediuminto contact with

the master inf or rmusl OITKe mhéthod A6dordify t61 Al 48P WHexain, Oth Phe dstdp 6FL
exciting fi %l Gnf mg an embossed pattern with a photoresist film, a cross section of a
10 protruding portion is formed into a substantially trapezoidal shape with an.
upper side at the surface that is shorter than a lower side on the substrate
along the bit length of a digital information signal.

46. The method according to claim 44, wherein a reflectivity of the
15  surface of the conductive substrate is not more than 50 % at the wavelength
~of the light source for exposing the photoresist film.

47. The method according to claim 46, wherein the conductive

substrate is mainly composed of carbon.
20 _

48. A method for writing an information signal into a magnetic
record medium using' a master information carrier, the method comprising
the steps of:

preparing a master information carrier whose substrate surface has

25 an embossed pattern corresponding to the information signal and at least the
protruding portion of the embossed pattern is made of a ferromagnetic
material; |

putting a surface of a sheet—shaped or disk—shaped magnetic record
medium having a ferromagnetic film or a ferromagnetic coating into contact

30 with the surface of the master information carrier; and .

reversing the magnetization in the magnetic record medium with a
leakage field caused by magnetization of the ferromagnetic material at the
protruding portion, so as to write a magnetization pattern corresponding to
the embossed pattern into the magnetic record medium.

35

49. The writing method according to claim 48, wherein the

ferromagnetic material that forms the protruding portion of the master

53



magneti zing the soft magnetic material form ncREPEAﬁﬁMENTdSHEE’IFOH ion of
the master information carrier and an alternati g field to

pr onot he magnetic field of tf?wm Q medi um
57 ?Hm“mm mlluﬂlmlng met hod according toicllai efn]the
errorrag*netwcwra!erqa form ng the protrudi ng |po+t+en—ef—the~huft er

Information carrier is a hard or sem'hard nagnetic materlal with either a-

ot he. SubsyreraArRAfarRk 438 o el BFHOR il ALK GEhsity Sibrer bR 1B i

witing nmethod according to claim57, V\/nerein the hard or sem hard magnetic
material that forpg. t Ehor Rl Nieflitd | RRofling" %o TBRLA 487" G

t I ct t B I
o the subsitEVBABBRGF opRTiHh ke q?mrtia bi%%rﬁém gortien (5 u&?{nﬁﬁé‘aeéc” 3
cont agt 5ni t infoimatipgroariier iea diagdd mdgnebic matenal tE& 1ﬁ'|ihﬁgﬂéﬂ1ﬁédlﬂa ﬂﬁtlhﬂd
according t reim. t tt| t e ec
nedi um i nt oﬁl cogr?t gmegﬁb?v%fhe d%aesﬁgn #’%f% Sﬁ t(?aF %ﬁ'@l% b’ the
appl i cat i onm@ster nformationarriey is bmwghtdmttmgntaatmhcthe ahagmetithreadrdr
sem hard nagiedinm, material form ng the protruding portion of the master

I nformation carrier. 60. The witing nethod according to claimb59,
wherein the direct exciting field applied for magnetization of the hard or

se][n hart magnet i c5hat The abnfmgrmaﬂn{mhammaiﬂg% BlaiRo50,! \]?h?ﬂi‘mtt'h@ sfthtdfr .
i nformatio e r e goerclve force .o gnetic

record nedpﬁﬁ&ma%dh?% n*%fﬁ rF&i @’éﬂ’a & @?@?‘f‘tz ‘F’rtgn tgg tlﬂgsq?ﬁr d or
sem hard nauéonalatlan camsep incindes agphmﬁamnf an altterhating biss magnebic fisldonger
than the cogygiotRoled &verbal &ﬁmggﬁéﬁ fieldo tl{?ﬁ&a%ﬁbﬁc ];ecord m8diunine

witing nmethod accordlngtoc alrm ereln

15 52. The writing method according to claim 51, wherein the step of
putting the magnetic record medium into contact with the master
information carrier includes weighted application of an alternating bias
magnetic field to promote a reversal of the magnetic field of the magnetic
record medium and a direct bias magnetic field to compensate

20 demagnetization of the ferromagnetic material due to the alternating bias
magnetic field.

53. The writing method according to claim 48, wherein the
ferromagnetic material forming the protruding portion of the master
25 information carrier is a soft magnetic material.

54. The writing method according to claim 53, wherein the step of
putting the magnetic record medium into contact with the master
information carrier includes application of a direct exciting field for

30 magnetizing the soft magnetic material formmg the protruding portion of the
master information carrier.

55. The writing method according to claim 54, wherein the direct

exciting field applied for magnetizing the soft magnetic material forming the

35 protruding portion of the master information carrier is weaker than the
coercive force of the magnetic record medium, and the leakage field caused

by magnetization of the soft material at the protruding portion is at least
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master information carrier and an alternating bias magnetic field to promote
a reversal of the magnetic field of the magnetic record medium.

57. The master information carrier according to claim 48, wherein
the ferromagnetic material forming the protruding portion of the master
information carrier is a hard or semihard magnetic material with either a
coercive force in the inplane direction or a coercive force perpendicular to the
substrate that is not more than 40 kA/m.

58. The master information carrier according to claim 57, wherein
the hard or semihard magnetic material that forms the protruding portion of
the master information carrier is magnetized in an in—plane direction or a
direction perpendicular to the substrate before the master information
carrier is brought into contact with the magnetic record medium.

59. The writing method according to claim 57, wherein the step of
putting the magnetic record medium into contact with the master
information carrier includes application of a direct exciting field for
magnetization of the hard or semihard magnetic material forming the
protruding portion of the master information carrier.

60. The writing method according to claim 59, wherein the direct
exciting field applied for magnetizing the hard or semihard magnetic
material forniing the protruding portion of the master information carrier is
weaker than the coercive force of the magnetic record medium, and the
leakage field caused by magnetization of the hard or semihard material at
the protruding portion is at least four times stronger than the coercive force
of the magnetlc record med.mm

61. The writing method accoi'ding to claim 59, wherein the step of

putting the magnetic record medium into contact with the master
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embossed pattern on a substrate surface correspondi REPELACER
si gnal and a ferromagnetic material that forns at ke st'-'ﬂ"'p'ro‘r'r'crd'l"

portion 2 E pattern, the apparatusfcg
means for(”“m”nlgnmmmm tic record mediuminto
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63. The writing method according to claim 48, wherein the step of
putting the magnetic record medium into. contact with the master
information carrier includes heating of the magnetic record medium.

15 .

64. An apparatus for writing an information signal into a magnetic
record medium using a master information carrier that comprises an
embossed pattern on a substrate surface corresponding to the information
signal and a ferromagnetic material that forms at least a protruding portion

20 of the embossed pattern, the apparatus comprising:

means for putting the magnetic record medium into contact with the
master information carrier;

means for positioning the magnetic record medium and the master
information carrier; and _

25 means for applying an exciting field to magnetize the ferromagnetic
material that forms the protruding portion of the master information carrier.

65. The apparatus according to claim 64, wherein the means for
applying an exciting field to magnetize the ferromagnetic material that
30 forms the protruding portion of the master information carrier is based on a
permanent magnet or electromagnet arranged near the master information
carrier and the apparatus further comprises a means for moving the
permanent magnet or electromagnet 'relatively to the master information
carrier.
35 .
66. The apparatus according to claim 64, using a master
information carrier whose surface has an area with an embossed pattern
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comprising #fe means for putting the magnetic record medium into contact with the
master information carrier sucking out air between the magnetic record
medium and the area without the embossed pattern of the master
information carrier when the master information carrier is in contact with
20 the magnetic recording medium, so as to ensure secure contact between the
magnetic record medium and the embossed pattern of the master

information carrier.

68. The apparatus according to claim 64, wherein the means for
26 putting the magnetic record medium into contact with the master
information carrier comprises a pair of flanges between which the magnetic
record medium and the master information carrier are disposed, and means

for fastening peripheral portions of the flanges to each other.

30 - ~ 69. The apparatus according to claim 68, further comprising an
“elastic material disposed either between one flange and the magnetic record
medium or between the other flange and the master information carrier or
between both flanges and the magnetic record medium and the master
information carrier respectively.

35 |
70. The apparatus according to claim 64, wherein the means for
positioning the magnetic record medium and the master information carrier
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four times stronger than the coercive force of the magnetic record medium.

56. The writing method according to claim 54, wherein the step of
putting the magnetic record medium into contact with the master
information carrier includes weighted application of a direct exciting field for
magnetizing the soft magnetic material forming the protruding portion of the
master information carrier and an alternating bias magnetic field to promote
a reversal of the magnetic field of the magnetic record medium. |

57. (amended) The writing method according to claim 48, wherein the
ferromagnetic material forming the protruding portion of the master
information carrier is a hard or semihard magnetic material with either a
coercive force in the inplane direction or a coercive force perpendicular to the
substrate that is not more than 40 kA/m.

58. (amended) The writing method according to claim 57, wherein the
hard or semihard magnetic material that forms the protruding portion of the
master information carrier is magnetized in an in—plane direction or a
direction perpendicular to the substrate before the master information
carrier is brought into contact with the magnetic record medium.

59. The writing method according to claim 57, wherein the step of
putting the magnetic record medium into contact with the master
information carrier includes application of a direct exciting field for
magnetization of the hard or semihard magnetic material forming the
protruding portion of the master information carrier.

60. The writing method according to claim 59, wherein the direct
exciting field applied for magnetization of the hard or semihard magnetic
material forming the protruding portion of the master information carrier is
weaker than the coercive force of the magnetic record medium, and the
leakage field caused by magnetization of the hard or semihard material at
the protruding portion is at least four tlmes stronger than the coercive force
of the magnetic record medium.

61. The writing method according to claim 59, wherein the step of
puttmg the magnetic record medium into contact-with the master
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