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METHOD OF INFORMATION RECORDING
ONTO DISK-TYPE RECORDING MEDIUM

Field of the Invention

The present invention relat_es to .a method of recording
pfedetermined information signals onto a disk-type recording medium used

for recording/reproducing apparatus such as hard disk drives.
Background of the Invention -

Recording density of magnetic recording/reproducing devices has
been increasing to realize larger recoi:ding capacity in a smaller body . In the
field of the hard disk drive which is a represeﬁi:ative magnetic
recording/reproducing device, devices with a recording density per square inch
of more than 8 G bit/inch? (4.65M bit/mmz) have already been commercialized. |
The development lof the technology is so quick that, in several years from now,

devices with the recording density per square inch of 10 G bit / incl;2 (156 M

- bit/mm?) will have been put on the market.

The key factor behind thi's trend of increasing recording density is
tracking servo technology used in the recording/reproduciﬁg head. With the
current tracking sei'vo technology for the magnetic recording media, regions of
tracking servo signals, address information signals and reproduction clock
signals are provided on the magnetic recording media_ at intervals of

predetermined degrees (hereinafter, pre-format recording). A magnetic head
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reproduces these signals at -predetermined intervals to confirm and modify its

position and scan tracks accurately (Yarrraguchi : Highly precise servo
technology for magnetic disc devices , Journal of the Applied Magnetics
Society of Japan, Vol._ 20, No. 3, pp771, 1996).

The tracking servo signals, .the address information signals and
the reproduct1on clock signals work as reference signals so that the magnet1c
head can scan tracks accurately As such, during the recording of the signals,
precise positioning is required. ~ Thus, conventionally, a magnetic recording
medium is set in a servo recording device axrd the pre-format recording is
made by a magnetic head whose position is strictly controlled (IJematsu et al:

Mechanic-servo , Current situation of the HDI technology and its future, the

Applied Magnetics Society of Japan, 93rd Seminar, 93-5, pp35, 1996).

‘However, the conventional method for pre-fermat recording
conducted with the servo recordmg device spec1ally made for the purpose has
the followmg problems. |

| First, since the recording conddcted with the magnetie head is
basically a linear recordiné determined by the relative movement of the
magnetic head and the magnetic recording medium , it takes a long time to
make the pre-format recording with the _cdnventional method. Furthermore,
the ‘cost of the pre-format recerdirrg made 'vrith the.cenventional method is
very high since the expensiire servo recording device for pre-format recording
is needed.
Second,'dde to the spacing between the head and the med1tum ,

and expansion of the reeording magnetic field caused by the poling of the

magnetic head, transition of magnetization at the ends of the tracks lacks
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steepness. Inadequate steepness in thé transition of magnetization obstructs
the achievement of an accurate tracking servo technology.

To solve the problem .of the conventiona'lllmethod of the pre-format
recording using the magnetic head, the following methods have been
suggested. | |

The Japanese Patent Laid Open Pub]ication_ No. H07-78337
discloses a method in which a master medium and a slave medium (the
medium to be recorded upon) are brought into contéct .W-ith. each_ other , and
With a preés contact means made with an elastic body, are pressed and
thoroughly contacted. _

The Japanese Patent Laid Open Publication No. H10-40544
discloses é method for transferring magnetic patterns onto a magnetic
recording'mediﬁm in Which. a master information carrier is created by forming
a magnetic section composed of ferromagnetic materials on the surface of a
substrate in a pattern corresponding to the information signéis . The
llnagr.xetic'pattern formed on the master information carrier in a mahnef
corresponding to the information signals , is transferred and recorded on a
magnetic recording medium. The information transfer and recording is
conducted by bringing the surface of 1;he master information' carrier into

contact with the surface of a sheet or disk-type magnetic recording medium on

which ferromagnetic thin film or a layer coated with ferromagnetic particles is

formed , and applying a predetermined magnetic field.

In recent years, disk-type recording media such as magnetic disks,
photomagnetic disks and optical disks have been impl_'oved so as to have

larger storage capacities in a smaller and thinner body. Against this
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background, the demand for high density recording media as mentioned above,
has been increasing. To meet such deinand, highly precise, reliable disk-type
recording media are needed. Thus, it is urgent to prdduce very flat and
smooth disk-type recording media whose surface does not éttract any fine dust
during the recording of information. | -

With regard to the disk-typé recording media to which |
predetermined information signals are magnetically transferred and recorded
as mentioned above , the master information carﬁer and the disk-type
recording medium must be in tight contact with each other during the
information transferring process in the manufacturing of the magnetic .disks

in order to precisely transfer the information of the master information carrier.

| Japanese Patent Laid Open Publication No. H11-25455 discloses .an art

related to such magnetic information transfer with which the tightness of the
connection betweén the disk-type media is improved. With the method
disclosed in the Publication, _hov.v_ever., disks are not connected tightly enough
since the disk-type master information carrier is provided with a hole, and
during the process of niaking a hole, ﬁné dust is created and tightness of the
connection is hampered.

Considering this situ_ation, the present invention aims to brovide a
method which achieves a quick , productive, _and stable recording of high
density information signals oﬁto magnetic recording media, especially disk-
type recording media such as build-in-type hard disk media, reinovable hard

disk media, and large capacity flexible media.
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Summary of the Invention

In the recording method of thé 'presént invention, a disk-type master
information carrier with predetermined information sighé_ls formed thereon is
placed on top 6f é disk-type recording medium , and the information signals
formed on the master information carrier are transferred and recorded onto
the recording medium. When the ﬁaster information carrier is placed upon
and brought into tight contﬁct with the fecording medium, the surface of the
master information carrier faci.ﬁg the recording medium bécomes slightly

concave in its center.
Brief Description of the Drawings
Fig. 1 shows a cross section of a device for carrying out the method
of recording information to a magnetic recording medium in accordance with a

preferred embodiment of the present invention.

Fig. 2 shows a plan view illustrating one form of a master

information carrier used in the recording method of the present invention.
' Fig. 3 shows a diagram of assistance in eXplaining one form of the
array pattern of the information signals formed on the master information

carrier.

Fig. 4 shows a cross section illustrating one form of the muster
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information carrier of the present invention.

Fig. 5 shows a cross section illustrating a main process

recording method of the present invention. |

~ Fig. 6 shows a cross section illustrating a main process

recording method of the present invention.

Fig. 7 shows a cross section illustrating a main process

recording method of the present invention.

- Fig. 8 shows a cross section illustrating a main process

recording method of the present invention.

Fig. 9 shows a cross section illustrating a main process

recording method of the present invention.

of the

of the

of the

of the

of the

Fig. 10 shows a perspective view illustrating a situation in which a

recording method of the present invention.

“magnetic field is applied to a hard disk in one direction in accordance with the

Fig. 11 shows a perspective view échematically illustrating the hard

disk magnetized in one direction in the process shown in Fig. 10. ~

Fig. 12 shows a perspective view i]lustrating a situation in which
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information signals are transferred and recorded onto ‘a hard disk in

accordance with the recording method of the present invention.

Fig. 13 shows a perspective view schematically illustrating the hard
disk with information signals recorded thereon in the process shown in Fig.

12.

Fig. 14 shows a diagram of assistance in explaining magnetic

pattern when the information signals are transferred and recorded on the

‘hard disk in the process shown in Fig. 12.

Fig. 15 shows a cross section i]llis_trating the transferring process

conducted without utilizing the method of the present invention.

Fig. 16 shows a cross section illustrating the transferring process

conducted without utilizing the method of the present invention.
Detailed Description of the Preferred Embodimeﬁts

The manufac{:uring method of the present invention can be widely
used for disk-type recording mé_dia with a hole such as magnetic disks,
photomagnetic disks and opticel disks. ' The present invention provides a
very flat and smooth recordiﬂg medium the_t is free of fine dust. o

| With the method of the present invention, the master information

carrier is preferably composed of a silicon wafer. Silicon wafer can be used
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for general purposss, and a.s a material, it is easily processed and is superior
in strength. Thus, very flat and smooth articles can easily. be produced.
Using the silicon wafer as the master information carrier and bringiﬁg it into
tight contéct with a disk-type recording medium such as a hard disk, a disk- -
tyﬁe recording medium With superior flatness and smoothness can be
manufactured. | B

As the contact of the two disks is very tight, the information signsls
can be transferred and recorded very accurafely. -

With the present invenﬁon , 'Whén the disk;typ'e master iﬁformstion
carrier and recording médium are sepaiated from each other by sfopping the
suction of the. master information carrier conducted for transferring the
information, compressed air is sent between the master ii;formation carrisr
and the recording medium while pressing the master information carrier
toward the llecording medium side. After the master information carrier and
the recording medium are separated, pressure applied on the master
information carrier is released. Therefore, when sepaiating the recording
medium from the master information carrier after transferring the
in_forniation signal , it will not remain stuck to the master information carrier
and can easily be separated.

| Further, ascording to the present invsntion, the - pre-format
recording is made on the disk-type magnetic recording medium, fhen a
magnetic recording/reproducing device is constructed using the medium.

As for the oonstructioh of a hard disk dﬁve with a disk-type
magnetic recording medium , thé magnetic pattei'n used for pre-format -

recording is tiansf_erred and recorded onto the magnetic film of the .disk-type_
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magnetic recording medium, and then it is incorporated info a housing.

A preferred embodiment of the preseht invention is described
hereinéfter with reference to the accompéﬁied drawings.

| Fig. 1 shows a cross ;é,éction of a device for carrying out the methéd _

for recording information signal in accordance with the preferred embodiment
of the present invention. In Fig. 1, | a hard disk .1 which is a disk-type
nia_._gnetic recording medium functioning aé a slave disc, is a donut-shaped
aluminum .éubstrate with a hole 1a made in the center of the disk. A thin
ferromagnetic layer composed of cobalt and .other materials is deposited by
sputtering on the surface of the hard disk 1.

A disk-type master informafion carrier 2 with no hole proﬁded
thereon is placed on top of the hard disk 1. The master information carrier 2
has a larger diametér than the hard disk 1. On the surface of the master
information carrier 2 is a signal region composed of the ferromagnetic thin
film deposited in such a manner that it forms fine patterns corresponding to |
the information signals to be magnetically t;‘ansferred to the hard disk 1.

A chuck 3a which posit_ions and holds the hard disk 1 is disposed at
the top end of the spindle 3 functioning as a disk holder for the hard disk 1.
Inside the spindle 3 is a suction hole 3b connected to a hole 1a of the hard disk
1. One end 6f the suction hole 3b is coupled to an exhaust duct (not
ﬂlustrated). An exhaust device (nof illustrated) is mounted on the end of the
exhaust duct. When the exha_ust device is started, .negative pressure is
applied in the space between the hard disk 1 and the master information
carrier 2 through the exhaust duct and the suction hole 3b of the spindle 3.

As a result, the master information carrier 2 is sucked in the direction of the
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hard disk 1, and positiohed on top of it. At this moment, there is a inght gap
between the hard disk 1 and the master information carrier 2, and through
thlS gap, air is sucked from outside. \

A suction pad 4 which functions as a supporting body of the master
information carrier 2. , 18 coupled approximately to the center of the master
information carrier 2 and holds it in such a manner that its surface facing the
hard disk 1 becomes slightly concave. The suction pad 4 has a suction hole
4a for Sucking the master information carrier 2 and a i'ecess_4b coupled to the
suction hole 4a at the tip where the master information carrier 2 is attached.
The inner diameter of the recess 4b at the tip of the suction pad 4 is set at -
almost the same diameter as that of the hole ia of the hard'disk 1

The master information. carrier 2 which is not provided with a hole,
is sucked by fhe su¢tion pad- 4 and mounted on it. At this moment , a suction
pressﬁre P2 is set such that the internal pressure of the suction pad 4 is lower
than the afmospheric pressure so that a concave is created almost at the
center of the surfaﬁe of the master information carrier 2 facing the hard disk 1.
Thus, the master information carrier 2 becomes dished with the high point in
its center in contact with the suctlon pad 4.

When a silicon wafer of 0.5 mm in thlckness is used as the master
information carrier 2 and is sucked at the pressure of 0.3-1 kg / cm? the
maéter information carriér 2 becomes. dished with the high point in its center
in contact with the suction pad 4.

A magnetic head for magnetization 5 is for tramsferring an'd
recording information signais ft‘om.the masi:er information carrier 2 onto the

hard disk 1. Due to the fnagnetic field 'génerated by the magnétic head 5,
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information signals are recorded on the hard disk 1 forming a magnetic

pattern corresponding to the information signals formed on the master

informatibn carrier 2. The gap of the magnetic head 5 facing the master

information carrier 2 forms an arc whose radius is the same as a tracking
route of a recording/reproducing magnetic head. The surface of the magnetic
head facing the master information carrier 2 has a sector-shape whose radius

is the same as a tracking route of a recording/reproducing magnetic head.

‘Thus , the direction of the magnetic field generated on the gap always crosses

the tracking route at right angles, and all the tracks of the ferromagnetic thin

film of the master information carrier 2 are magnetized in the direction

crossing the tracking direction of thé recordihg/reproducing magnetic head at
right angle. In other words, the fenoﬁagﬁeﬁc thin film is magnetized in the
direction same as the head gap direction of the recording/reproducing
magnetic heéd. |

The following is a description of | one example of the master
information carrier 2 used m the present invention.

Fig. 2 shows a plan view illustrating one form of a master
information carrier 2. As shown in Fig. 2, on a main surface of the master
information carrier 2, naﬁely on the surface which contacts Wifh the surface

of the ferromagnetic thin ﬁlni_ of the hard disk 1, the signal region 2a is

radially formed.

Fig. 3 shows an enlarged view of a section 100 encircled by a dotted
lin_e in F1g 2. As Tig. 3 shows, in the signal region 2a, a master information
pattern made of the ferromagnetic thin film is formed in a pattern

corresponding to digital information signals to be transferred and recorded (as
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pre-format recording, fbr example) onto a magnetic recot'ding medium, in the
position corresponding to the digital information signals. | In Fig. 3, the
hatched section is the magnetic sectioﬁ_formed with the ferromagnetic thin
film. The master information pattern shown in Fig. 3 comprises clock signals
101, servo signals for tracking 102, and address information 'signals 103.
aligned in sequence in the direction of a tracking direction 104. The master
information pattei’n shown in Fig. 3 is just an example, and according to the
digital information signals to bé recorded on the magnetic recording medium,
the composition and alignment of the master information patterns are
determined. |

The following is an example in which only reference signals are
recorded first on the magnetic film ofa hard disk as in the case with the hard
disk drive , then accordmg to the reference signals, pre-format recordmg of
information signals such as the servo signals for tr_acking is recorded.

First, only reference signals which are used for the pre-format

- recording, are transferred and recorded on the magnetic film of the hard disk

using the master information ca:tﬁer.Z. Then the hard disk. is built into a
housing of the hard disk drive, and the pre-format recording of information
signals such as the servo signals for tracking is recorded using the maghetic
head of the hard disk drive. |
Fig 4 shows a partial cross lsection_ of the regions illustrated in Figs.
2 and 3. |
| As Fig. 4 shows, The master information carrier 2 comprises a disk-

type substrate 10 w1thout a hole which is made of non- magnet1c materials

such as silicon wafer (silicon substrate). On one main face of the substrate
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10, namely on the surface in contact with the surface of the hard disk 1, are a
plurality of recesses 10a formed in fine patterns corresponding to the
information signals. The master information carriez_' 2 is constructed .in such
a manner that ferromagnetic thin film 11 which is to function as a magnetic
section, 1s imbedded in the recesses 10a.

As a material for the ferromagnetic thin .ﬁlm 1.1,'a wide range of
magnetic materials including hard, semi-hard and éoft magnetic materials
can be used. In other words, any 'matériai is acceptablé providing that the:
material allows the ferromagnetic thin film 11 to transfer and record digital
information signals on thé magnetic recording medium. For examplé, iroﬂ,
cébalt and iron-cobalt alloy can be used as a material. '

To generate magnetic field sufficient for any kihd of magnetic

recording media on which the information of the master information carrier is

. recorded, it is desirable to use the magnetic material with a saturation flux

density as large as pbs’sible. With the magnetic disks with coercive force over
2000‘ Oe and flexible disks'with a thick maghetic layer, when the saturation
flux density is lower than 0.8 tesla, -re(;ording may not be conducted
satisfactorily. Tlierefore, normally a magnetic material with a satur,atidn
flux density of 0.8 tesla or greater, and desir#bly, 1.0 teslﬁ or greater is used.
.The thickness of the ferromagnetic thin film changes depending on
the length of one bit, the saturation magnetization of the magnetic recording
medium and thickness of 1_;he magnetic layer. For example, when the bit
length is about 1um , the saturaﬁion magnetization of the magnétic recording |
medium is aboul:, 500 emw/cc, aﬁd the thickness of the magnetic layer of the

magnetic reéording ‘medium is about 20 nm, the thickness of the
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ferromagnetie thin film 11 can be ca 50 nm-500 nm.

The method of manufacturing the master information carrier is-
described hereinafter.

The master information eari'ier ueed in the recording method of the
present invention is produced in the fo]loWing processes. First, resist film is
formed on the surface of the Si sﬁbstrate, and patterns are made on the resist
film by a laser beam photolithegraphy or an electl_'on beam lithography.
Second, the Si substrate is etched by dry etching to form fine concave
structure corresponding to the information signals. Third, the ferromagnetic
thin film made of cobalt or other materials is formed by sj;atter_ing, vacuum
deposition method, ion plating,. CVD mefﬁhod or plating. Then the

ferromagnetic thin film formed on the resist film is removed in a lift-off

'process. With the above-mentioned proceSses, the master information
carrier 2 with the magnetic sections which has ferromagnetic thin film

.imbedded in the recesses thereof and correspondé to the information signals,

is obtained.

The method of forming a concave structure on the surface of the

" master inforination carrier is not limited to the foregoing method. It can be

formed directly and finely using a laser, an electron beam or an ion beam, or
by machining.

' r-I‘he following is a description of the recording proceeses of the
information signals conesponding to the patterns formed onto the master
information carrier 2 on a hard disk.which is a disk-type magnetic recording
medium.

First, as Fig. 5 shows, the disk-type master information carrier is
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sucked by the recess 4b disposetl at the tip of the suction pad 4 at the suction
pressure P2. At this moment, the_ master information carrier 2 is held such -
that it is made concave in its center in contact with the suction-ped 4,

Subsequently, the master information carrier 2 fixed to the suction
pad 1 is brought to the V101n1ty of the hard disk 1 (a slave disk) which is
attached to a spindle 3. When a magn_etic disk with an inner diameter (Dm)
of 25 mm, and outer diameter of 95 mm, is used as the hard disk 1, the
appropriate outer diameter of the master infofmation carrier 2 is around 100
mm. The inner d1ameter of the t1p of the suct1on pad 4, namely the inner
diameter of the recess 4b (Dp) is desirably almost the same as the diameter of
the central hole of the hard disk 1. The present invention can be used for
disks of a variety of sizes, however, the outer diameter of the master
information carrier 2 is desirably slightly larger than that ef the hard disk 1 (a
slave disk). | |

As Fig. 6 shows, after bringing the two disks close to each other ,

compressed air is blown through a suction hole 3a of the spindle 3 to remove

fine dust attached to the surfaces of both disks facing each other and to clean

them. The pressure of the air ( P3 ) blown through the suction hole 3a is
preferably within 0.3-1 kg / cm?.

In this process, ﬁne dust can be removed, however extremely fine
dust under lpm may remain. Among such extremely ﬁne dust, the dust
which is attached to the hard disk 1, is completely removed from the hard

disk 1 in the following process wheh the master information carrier 2 and the

" hard disk 1 are separated from each other after brought into contact tightly.

- When fine dust is removed, 'blowing of the air is stopped, then the
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master information carrier 2 ana the hard disk 1 are brought into firm contact.
Subsequently, as Fig. 1 shdws, .t'he spiﬁdle 3 sucks the master information
carrier 2 at the pressure by which the curvature of the master information
carrier 2 returns flat. At this moment, by equalizing a suction pressure P1 of
the spindle 3 and a suction pressure P2 of ‘thé suction pad 1, the curvature of

the master information carrier 2 disappears making it a flat disk-type-carrier.

~ Thus the hard disk 1 which is a slave disk and the master information carrier

2 are tightly contacted.

Subsequently, while maintaining the ' tight contact between the
master information carrier 2 and the hard disk 1, the transferring magnetic
field is applied by a magnetic head 5 to transfer the infdrmation signals of the
master information carrier 2 to the hard disk 1. The spindle 3 stops sucking.

Conversely, then air at the pressure P4 is applied through the spindle 3 as

. shown in Fig. 8, and the two disks are separated from each other as shown in

Fig. 9. Appropriate air pressure P4 of the air being sent into the spindle 3 is
preferably within the rarige of 0.3~1 kg / cm®.

The following is a description of the method for transferring and

recording the information signals of the master information carrier 2 onto the

hard disk 1 by applying a trénsferring magnetic field using the magnetic head
5. | | |

First ,'as Fig. 10 shows, tﬂe magnetic head 5 is kept close 1;0 the
hard disk 1 and is turned parallel to the hard disk 1 with its central axis |
functioning as a rotation axis in order to magnetize the hard disk 1 in one
direction as pointed out by arrows in Fig. .11 (initial magnetization).

" .Next, as Fig. 1 shows , the master information carrier 2 is brought
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to thé predetermined position over the hard disk 1, the surface of the master -
information carrier 2 where the thin ferromagnetic layer 11 is formed and the
hafd disk 1 are brought into close contact. As Fig. 12 shows, the direction of
the current applied to the magnetic head 5 is revér_sed so that the magnetic
field generated by the magnetic head 5 occurs in the opposite direction to the
initial magnetization. The magnetic head 5 is rotating in a plane parallel to
the master information carrier 2 and a cénter of rotation lining up with the
center of hérd disk 1, and DC magnetic field is applied on the master
information carrier 2.. This magnetize the ferromaénetic thin film of fhe
master information carrier 2. Then as shown in Fig. 13, the information

signals corresponding to the pattei'ns in the magnetic section made of the N

- ferromagnetic thin film 11 are recorded on a predetermined region 1b of the

hard disk 1 placed on top of the master information carrier 2. Arrows in Fig.
18 show the direction of the magnetic field of the magnetic pattern to bé
transferred and recorded on the hard disk 1. |

Fig. 14 shows the qondition during the magnetizétion. As Fig. 14
shows, while maintaining the master information carrier 2 in tight contact
with the hard disk 1, magnetic field is applied onto the master information
carrier 2 to magnetize the ferromagnetic thin film 11. As ha'.s.been described,
the information signéls can bé recordéd .on a magnetic recording layer 1c |
made of the ferromagnetic thin film of the hard disk 1. In other words, by
using the master information carrier 2 which is constructed in such a manner
that the ferromagnetic thin film is formed in the predetermined array .pattern
on the non-magnetic substrate 10 , digital information signals can be

magnetically transferred and recorded onto the hard disk 1.
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Applying the external magnetic field while maintaining the close
contact between the master informatjon carrier 2 and the hard disk 1 is not
the only method to transfer and record the pattern of the master information
carrier 2 onto the hard disk 1.. As another method, thé ferromégnetic thin
film 11 of the master information carrier 2 can be magﬁetized in advance and
brought into tight contact with the hard disk 1. The digital information
signals can be reéorded onto the hard disk 1 by this method as well. |

In the methods of transferring and recording the information from
the master informatipn carrier to the magnetic recording medium such as the
one disclosed in the presént invention , the master information carrier is

provided beforehand with a magnetic section made of ferromagnetic thin film

formed in a pattern corresponding to the digital information signals to be

i'ecorded onto the Ihagnetic recording medium. The master information

~carrier is brought into contact with the magnetic recording medium to

transfer the array pattern fom_;éd on the master information carrier as

magnetic patterns. Thus, it is important to transfer the information as the

‘magnetic patterns corresponding to the array patterns in the magnetic section

~ formed on the master information carrier as reliably and precisely as possible.

The master information carrier 2 used in the present invention does

- not have a hole. Since the master information carrier 2 without a hole is

used, the process of making a hole on the master information carrier 2is
omitted. Therefore, when it is used to transfer the information, productivity
of the disk-fype magnetic recordiﬁg medium is improved.

If the master information carrier 2 is not flat , then if it is sucked by

the spindle 3 when bringing the master disk into tight contact with the disk-
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type magnetic recording medium to trari_sfer information, a gap can be created
between the hai'd disk 1 (a slave disk) and the master information carrier 2 at
its periphery as shoWn in Fig. 15 or at any other point on its surface. When
such gap is created, the information of the master information carrier 2 may
fail to be transferred precisely and evenly onto the hard disk 1.

In the method of the present invention, the suction pad 4 sucks
apﬁroximately the center of | the master information carrier 2 making it
slightly concave in its center. Due to thie , when the two disks are 'brought
into contact, as Fig. 7 shows , a space is created between the disks in such a
manner that the widest gap is formed at the center of the disks Wl_xile their
peripheries are in contact.. Then when the spindle 3 sucks and flattens the
mastei' information cerrier 2, the two disks come into tight contact without
leaving any space between tHem. By this construction, the information
signals of the master information carrier 2 can be transferred premsely and
evenly on the whole surface of the hard dlSk 1 which is a slave disk.

~According to the method of the present 1nvent10n contact between
the hard d.lSk 1(a slave dlsk) and the master inforniation carrier 2 i improves.
Thus, a slave disk W1th superior flatness and smoothness and free from dust
can be produced.

With the following preferred embodiment, one example of the
manufacturing condition is described.

Example 1

A silicon wafer of 100 mm in outer diameter and 0.525 mm in

thickness , having information signals recorded thereon is used as the master

_information carrier, and a magnetic hard disk medium (3.5 inch hard disk) of
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95 mm in outer diameter;, 25 mm in inner diaineter, and 0.8 mm in thickness
is used as a slave disk, and information signéls are transferred ﬁ'om. the
master information carrier to the magnetic disk. The inner diameter Dp of
the suction pad is the same as the inner diameter of the slave disk at 25 mm,
and suction pressure P2 is set at 0.8 kg / cm?. |

Air pressure P3 to be sent to the spindle is set at 0.6 kg / cm®as
shown in Fig. 6. The pressure P1 shown in Fig. 4 is set at the same suction
pressure as the pressure P2. in Fig. 5, the air pressure P4 to be sent to the
spindle is set at 0.6 kg / cm?. | |

WitH the above-mentioned condition, the magnetic hard disk
medium does not have aﬁy dropout of the information. Furthermore, the
surface of the magnetic disk is free from any scratches caused by dust 1eft in
between the surfaces. |

In the present embodiment, air was used to clean or to press the.
master information carrier and the slav_e disks, but. it is obvious another gas
such as nitrogen, argon and the liké can be used.

According to the investigation on the surface of the slave disk
conducted after the transfer of the informaj:ion signals with a laser-Doppler.
type disk test equipment which can precisely measure at the level of 10 nm,

there is no presence of dust or damage caused by dust.

Industrial Applicability
As previously mentioned, according to the present invention, a disk
with a very flat, smooth and clean surface can be produced. According

further to the present invention , the information of the méster information
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carrier can be précisely tfansferred to the slave disk 'dufing the transfer
process of the information signals from the master information carrier to the
disk-type recoi'ding medium (ai slave disk). Especially éccording to the
present invention, in the transferring process 6f the information signals to the -
magnetic disk which are used in hard disk devices and floppy disk devices ,
the master informai_:ion carrier and the slave disks are brought into. contact
very tightly .Without leaving any - 'space gap. Thus the high-density
information _signals can be recorded evenl.y'and firmly onto the whole .surface
of the magnetic recording medium. Thus a -hjghly precise and reliable disk

caﬁ be obtained. -
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CLAIMS

1.A method of transferring and recording information signals onto a
magnetic recording medium comprising steps 6f: |

producing a master information carrier b& forming a magnetic °
section made of ferromagnetic thin film on a disk-type substrate in a pattern
corresponding to a information signal; o

sfa_cking said master inforniaﬁon carrier on a disk-type magnetic
recording medium; and

transferring and recording a pattern corresponding to said
information signal as a magnetic pattern by magnetizing said magnetic
section; | |

wherein 'during the process of stacking said master information on
said magnetic recording medium, said master information carrier is stacked
on said magnetic recording medium such that a surface facing said inagnetic
recording medium of said master information carrier is cohcave, and then is

brought into tight contact with said magnetic recording medium.

2. A method of transferring arid recording information signals onto a
magnetic récording medium comprising steps of:

producing a master information .carrie'r by forming a magnetic
section made of ferromagnetic thin film on a disk-type substrate in a pattern
corresponding to information signal; |

stacking said master information carrier on a disk-type magnetic

recording medium; and
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~ transferring and recordiﬁg ‘a pattern corresponding to - said
information signal as a magnetic pattern by magnetizing said magnetic |
section;
wherein during the pfocess of stacking said master information on
said magnetic recording mediﬁm, surfaces of said master infomaﬁon carrier

and said magnetic recording medium are cleaned by gas compressed and

blown in between said master information carrier and said magnetic

recording medium.

3. The method of transferring and recording information signals

onto a magnetic recording medium as defined in claim 1, wherein during the

~ process of stacking said master information carrier on said magnetic

recording medium , said master information carrier is brought into tight
contact with said magrietic recording medium while being sucked at a level of

pressure at which said concave becomes flat.

4. The method of transferring and recording information signals
onto a disk-tjpe recording medium as deﬁﬁed in claim 3 , wherein during the |
process of stacking said master information carrier on said mégnetic | '
recoi'ding Ih_edi_um Jfurther includes a process of éleaning the surfaces of said

master information carrier and said_' magnetic recording medium by gas

compressed and blown in between said master information carrier and said

magnetic recordi_ng medium while the surface of said master information

carrier is concave.
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5. The method of transferring and recording information signals
onto a disk-type recording medium as defined in claim 3, wherein after

transferring and recording information signals, said sucking is stopped in

- order to separate said master information carrier and said magnetic recording

medium.

6. The method of transferring and recording information signals
onto a disk-type recording medium as defined in claim 4, wherein after
transferring and recording informa_tion, said sucking is stopped to separate

said master information carrier and said magnetic recording medium.

7. The method of transferring and recording information signals
onto a disk-type recoi'ding medium as defined in claim 5 of6, ﬁherein updn
separating said master information carrier and said magnetic recording
medium , gas is compressed and blown in bet§veen_ said master information

carrier and said magnetic recording medium.

8. The method of transferring and recording information signals |
onto a disk-type recording médium as defined in claim 5 or 6, wherein on ..
separating said master information carrier and said magnetic recofding '
medium ', gas is compressed and blown in betweén said master information
carrier and _said magnetic recording .medium while pressing said master
informatidn"carrier toward sa_id magneti(_: recording medium, and after the |

separation, said pressing is released.
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9. The method of transferring and recording information signals )
onto a disk-type recording.medium as defined in one of claims 1-6, wherein
said niaste_r information carrier is sucked and held by a master information
carrier’holder having a suction hole and a recess, wherein the inner diameter
of said recess is almost the same as the diaineter of a central holé of said

disk-type magnetic recording medium.

10. A signal recording meth(.)d'onto a disk-type recording medium
comprising steps of: |
| formiﬁg a predetermined information 'signal on a disk-type master
information carrier;
stacking séid'master information carrier on a diék;type recording
medium; and |
transferring and recording the information signal fdrmed on said
master information carrier onto said recording medium;
- wherein during the process of stacking said master inforination
carrier on said magnetic 'reéording medium, said master information carrier is

stacked on said magnetic recording medium such that a surface of said master

‘information carrier facing said magnetic recording medium is concave, and

then is brought into tight contact with said magnetic recording medium.

11. A signal recording method onto a disk-type recording medium
comprising steps of: -
~ forming a predetermined information signal on a disk-type master

information carrier;
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stacking said master inforrﬁation carrier on a disk-type recording
medium; and |
o transferring and recording the information signél' formed on said
master infofmation carrier onto said recording mediufn;

wherein during the process of stacking said master information on

' said magnetic recording medium, surfaces of said master information carrier

and said magnetic recording medium are cleaned by gas compreésed and
blown in between said master information carrier and said magnetic

recording medium.

12. The signal recording method onto a disk-type magnetic

recording medium as defined in claim 10 , wherein during the process of

- stacking said master information carrier on said magnetic recording medium,

said master information carrier is brought into tight contact with said
magnetic recording medium while being sucked at a levell of pressure at which

said concave becomes flat.

13. The signal fecording metho_d onto a disk-type recording medium

" as defined in claim 12, wherein during the process of stacking said master

information carrier on said niagnetic recording mediﬁm , surfaces of said
master information qarrier and said magnetic recording medium are cleaned
by gas compressed and blown in betwe.en said master information carrier and
said magnetic recording medium while the surface of said inaster informatioﬁ

carrier is concave.
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14. The signél recording method of onto a disk-type recording
medium as defined in claim 12, wherein after i:ra_nsfen_'ing and recording
information signals, said sucking is stopped to separate said master

information carrier and said magnetic recording medium,

15. The signal recording method onto a disk-type recording medium
as defined in claim 13, wherein after transferring and recording information
signals, said sucking is stopped in order to separate said master information

carrier and said magnetic recording medium.

~ 16. The signal recording method onto a disk-type recording medium
as defined in one of claims 1-12, wherein said master information carrier is a

disk with no hole made thereon.

17. The signal recording method onto a disk-type recording medium
as defined in one of claims 1-12, wherein said master information carrier is

made of a silicon wafer.

18 The signal recording method onto a disk-type recording medium

as defined in claims 14 or 15, _'Wherein upon separating said master

.information carrier and said magnetic recording medium , gas is compressed

and blown in between said master information carrier and said magnetic

recording medium.

19. The signal recording method onto a disk-type recording medium
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as defined in claim 14 or 15, wherein upon separating said master information

carrier and said magnetic recording medium , gas is compressed and blown in
between said master information carrier and said magnetic recording medium
while pressing said master information carrier toward said magnetic

recording medium, and after the éeparation, said pressing is released.

20. The signal recording method onto a disk-type recording medium

as defined in one of claims 10-15, wherein said master information carrier is

- sucked and held by a master information carﬁer holder having a suction hole

and a recess, wherein the inner diameter of said recess is almost the same as

the diameter of a central hole of said disk-type magnetic recording medium.

21. A magnetic recording/reproducing device comprising a magnetic |
recording medium with pre-format recording signals made thereon by
utilizing the method of transferring and recording information signals onto a

disk-type recording medium as claimed in one of claims 1-6.

22. A hard disk drive comprising a disk-type magnetic recording

“medium on which magnetic pattern used for pre-format recording is

transferred and recorded on a magnetic film by the method of transferring
and recording information signals onto a disk-type recording medium as

claimed in one of claims 1-6.



