
;e3e ({ vvwTx:&yxz6zT({t}> 20a3    DESCRIPTION MASTER INFORMATION CARRIER
AND MAGNETIC RECORDING METHOD USING THE SAME 5 TECHNICAL FIELD This
invention relates to a master information carrier used for static and areal
lump-sum recording of digital information signals on a magnetic recording
medium, and a magnetic recording method using the same. 10 BACKGROUND ART A
magnetic reading and reproducing apparatus has seen increases in recording
density to achieve a small size and large capacity Especially, in the field
of a hard disk drive as a typical magnetic recording device, an areal 15
recording density of more than 3 Gbit/in2 is already available on the
market. Furthermore an areal recording density of 10 Gbit/in2 is expected
in a few years, when rapid technical advance is taken into consideration.
One of the primary technical factors that has enabled such high recording
density is the increasing linear recording density, due to 20 improvements
of medium properties, a head-disk interface performance, and new signal
processing methods such as partial response. Recently however, the rate of
increase in track density exceeds considerably that of linear recording
density, and thus becomes a primary factor of the increasing areal
recording density. Practical use of a magneto-resistive type head, which is
25 superior to a conventional inductive type head in reproduction output
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 at most
only a few microns with good S/N ratio by practical use of the
magneto-resistive type head. Further it is expected that the track pitch
will reach the sub-micron 30 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 SIN ratio by scanning
precisely such a narrow track. A conventional hard disk has areas that are
located at predetermined angular 35 intervals around the disk over 360
degrees and in which information such as a tracking servo signal, an
address signal and a read clock signal are recorded I~N~YVOV~h~YOV~I'Vn
~'4 APF~ 2~~,~ 2 (hereinafter, recording such signals is refer red to as
`preformat'}. A magnetic head can scan a track by reading such information
at predetermined periods, and monitoring and correcting the head position.
The above-mentioned tracking servo signal, an address and a read 



5 clock signal are to be reference signals for the head to scan a track
precisely Therefore, precise record positions are required for these
information signals. Current preformat recording into a hard disk is
performed precisely by magnetic heads that are precisely
position-controlled in a special servo-track recording apparatus after
installing the disk into the drive. 10 The above-mentioned preformat
recording of a servo signal, an address signal and a read clock signal
using the magnetic head in such a special servo-track recording apparatus
has some problems as follows. The first problem is due to the fact that the
relative movement between the head and the medium is necessary in general
for recording with 15 the magnetic head. This fact means that a
substantially long period is required for preformat recording in the
above-mentioned method while controlling precisely the position of the
head, using a special servo-track recording apparatus. In addition) the
special servo-track recording apparatus is expensive. Thus, the cost for
preformat recording is quite high. 20 The second problem is that due to a
space between the head and a medium or due to a diffusive recording
magnetic field caused by a pole shape of the recording head, the magnetic
transition at track edges of the recorded preformat signals lacks
steepness. In a current tracking servo technique, the head position is
detected by the amount of a change in a read signal amplitude 25 when the
head misses a track. Therefore, the system requires a steep off track
performance, 1I1 which reproduced read signal amplitude changes sharply as
the head misses the track. The diffusive recording magnetic field is
contrary to this requirement, and thus, makes it difficult to realize a
precise tracking servo technique that is required for a sub-micron track
recording. 30 In order to solve the above-mentioned problems in preformat
recording with a magnetic head, the inventors disclose a new preformat
recording technique In Unexamined Published Japanese Patent Application
(Tokkai Hei) 10-40544. The reference discloses a master information carrier
having a shape pattern corresponding to an information signal array; and
the 35 pattern is provided as an array of a ferromagnetic material
deposited on a nonmagnetic substrate surface. The master information car
Tier surface is   ~ ~ APR 2003 3 brought into secure contact with a
magmetic recording medium surface, so that a magnetic pattern corresponding
to the pattern array of the ferromagnetic material on the master
information carrier is recorded on the magnetic recording medium. 5
According to the disclosure of Tokkai-Hei 10-40544, the ferromagnetic
material composing the master information carrier surface is magnetized in
a direction. Due to the recording magnetic field generated by this
ferromagnetic material, a magnetization pattern corresponding to the
pattern array of the ferromagnetic material of the master information
carrier is 10 recorded on a magnetic recording medium. That is, the
preformat recording of a tracking servo signal, an address signal, a read
clock signal and other signals is achieved by using the corresponding
pattern array formed on the surface of the master information carrier.
While relative movement between the head and the medium is 15 required for
conventional linear recording with a head, Tokkai-Hei 10-40544 is
characterized by a static and areal lump-sum recording that does not
require relative movement between a master information carrier and a
medium. As a result, the technique disclosed in Tokkai-Hei 10-40544 is
genes ally effective for the problems related to p reformat recording as
follows. 20 First, since areal recording is carried out in Tokkai-Hei
10-40544, the time needed for the preformat recording is substantially
shorter as compared to the prior art using a magnetic head. In addition, am
expensive servo-track recording apparatus for precise position control of
the magnetic head is not necessary Therefore, the technique disclosed in
the reference can improve 25 the productivity of the preformat recording
and reduce production costs. Secondly, a space gap between the master
information carrier and the magnetic recording medium can be minimized by
bringing the surface of the master information carrier into secure contact
with the surface of the magnetic recording medium, since relative movement
between them is not 30 required for the static recording. In addition,
unlike the prior art using a magnetic head, a diffusive recording magnetic
field caused by a pole shape of the magnetic head does not occur. Thus, the
magnetic transition at track edges of the recorded preformat signal is
steeper compared with the recording with a magnetic head. This further
ensures precise tracking. 35 The magnetic recording technique disclosed in
Tokkai-Hei 10-40544) however, cannot provide a structure which is maximized
in view of the   



~ ~+ AP ~ 2003 4 magnetic recording performance. For example, in the
magnefic recording technique disclosed in Tokkai Hei 10-40544, magnetic
properties of ferromagnetic materials on the master information carrier
surface greatly affect the magnetic recording performance. 5 Tokkai-Hei
10-40544 has some disclosure about the magnetic properties of the
ferromagnetic materials suitable for the magnetic recording technique in
the range clarified at the application. The application, however, has not
clarified particularly-preferred pr open ties that allow the best recording
performance in the magnetic recording technique. 10 The magnetic recording
technique disclosed in Tokkai-Hei I0-40544 is a new magnetic recording
technique having a magnetic recording mechanism that is completely
different from that of a conventional technique, and thus, it is difficult
to obtain the master information carrier structure with superior magnetic
recording performance and a prefer red magnetic recording method 15 by
analogy with the prior art. In the magnetic recording technique, therefore,
sufficient experiments are required to clarify the magnetic recording
mechanism, and early provision of a master information carrier with
superior magnetic recording performance and a method of magnetic recording
using the same based on the clarified 20 mechanism are required. DISCLOSURE
OF THE INVENTION In view of the above problems, this invention seeks to
provide a master information carrier with sufficiently good magnetic
recording 25 performance, and a preferable magnetic recording method using
the master information carrier. The inventors studied energetically the
magnetic recording technique focusing on the disclosure of Tokkai-Hei
10-40544 to develop the mechanism regarding the magnetic recording
performance, and reached a structure of a 30 master information carrier to
obtain superior recording performance and a magnetic recording method using
the same. For the above-mentioned purposes, a master information carrier of
this invention comprises a shape pattern corresponding to an information
signal array= to be recorded on a magnetic recording medium, which is 35
provided by an array of a ferromagnetic thin film deposited on a
nonmagnetic substrate. The ferromagnetic thin film is a soft magnetic film
or a semihard   ~r ERR ~0(~;~ 5 magnetic film in which the coercive force
in the track length direction of the information signal is not more than
40kA/m, and the residual magnetization of the ferromagnetic thin film in
the track length direction of the information signals is greater than the
coercive force of the magnetic recording medium. 5 Preferably the
ferromagnetic thin film has a saturation magnetization at least three times
the coercive force of the magnetic recording medium, and further
preferably, it has at least 100 relative permeability in the length
direction of the information track. In a magnetic recording method using
the above-mentioned master 10 information carrier, magnetization
information corresponding to an information signal array is recorded on a
magnetic recording medium by bringing the master information carrier into
secure contact with the magnetic recording me diem surface and by applying
a direct cur rent (dc) excitation magnetic field to excite the
ferromagnetic thin film, wherein the master 15 information carrier has a
shape pattern corresponding to the information signal array by arraying a
ferromagnetic thin film deposited on a nonmagnetic 



substrate. The do excitation magnetic field is not more than the coercive
force of the magnetic recording medium, and magnetization residing in the
ferromagnetic thin film after eliminating the do excitation magnetic field
is 20 greater than the coercive force of the magnetic recording medium. The
do excitation magnetic field is preferably smaller than the saturation
magnetic field of the ferromagnetic thin film. Accordingly, this invention
can provide, in a magnetic recording technique based on the disclosure of
Tokkai-Hei 10-40544, a master 25 information carrier having better magnetic
recording performance and a magnetic recording method using the master
information carrier. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a partial
exploded view to show a master information carrier 30 surface in an example
of this invention. FIG. 2 is partial exploded view to show a cross-section
in the substrate circumferential direction of a master information carrier
in an example of this invention. FIG. 3 is a partial exploded view to show
a cross-section in the 35 substrate circumferential direction of a master
information carrier in another example of this invention.   ~ ~+ A~~ 2a0 6
FIG. 4 is a graph to show a magnetization process for a master information
carrier of this invention, FIG. 5 is a graph to show another magnetization
process for a master information carrier of this invention. 5 FIG. G is a
graph to show a magnetization process for a master information career that
is not constituted according to this invention. BEST MODE FOR CARRYING OUT
THE INVENTION The following explanation concerns embodiments of master 10
information carriers of this invention and magnetic recording methods,
referring to magnetic disk media with a detailed explanation of the
function relating to the magnetic recording mechanism. FIG. 1 shows an
example of a surface of a master information carrier 



according to this invention. FIG. 1 shows an information signal array 15
pattern in a preformat area that is disposed at a given predetermined
angular distance in the circumferential direction 2 (i.e., the track length
direction) of a disc-shaped nonmagnetic substrate for three tracks In the
substrate radial direction 3 (i.e., track width direction). The hatched
rectangular portions are composed of a ferromagnetic thin film 1. The
information signal array 20 pattern shown in FIG. 1 is formed on an actual
master information carrier surface to correspond to a recording area of a
magnetic disk medium on which master information signals (preformat
signals) are recorded. The pattern is formed continuously or intermittently
at a predetermined angular distance in the substrate circumferential
direction 2 and is formed over the entire 25 recording track area in the
substrate radial direction 3. The abovernentioned information signal array
pattern provided by a ferromagnetic thin film is formed by using various
lithographic techniques. The planar shapes of the ferromagnetic thin films
1 in FIG. 1 are a11 rectangular, but the actual shapes are not limited
thereto. Various shapes 30 can be selected according to the intended use.
Typically a nonmagnetic substrate of a master information carrier is formed
to be a disc corresponding to the shape of a magnetic disk medium to be
signal-recorded. The diameter of a magnetic disk medium and that of the
disc-shaped nonmagnetic substrate do not necessarily coincide with each 35
other. In some embodiments, tile nonmagnetic substrate Call have a diameter
either larger or smaller than that of a magnetic disk medium. The   ~ ~ APB
2000  5 disc-shaped nonmagnetic substrate of the master information carrier
is not necessarily a perfect circle. An arc flat portion (referred to as an
orientation flat) or a wedge-shape notch {referred to as a notch) can be
formed on a part of the circumference. These portions can be used to
determine directions and positions of the master information carrier in the
above-mentioned lithography process or a recording process explained later.
FIGS. 2 and 3 show cross-sections of the master information carrier of 10
15 this invention taken along alternate long and short dash line I-I in
FIG. 1. The line I-I corresponds to the circumferential direction 2 of the
disc-shaped nonmagnetic substrate. The line corresponds to a bit length
direction of the digital information signal array and simidtaneously,
corresponds to the track length direction. A master information carrier of
this invention can be formed by arraying a protruded pattern shape of a
ferromagnetic thin film 1 on a surface of a nonmagnetic substrate 4 as
shown in FIG. 2, or by arraying an embedded pattern shape of the
ferromagnetic thin film 1 on the surface part of the nonmagnetic substrate
4 as shown in FIG. 3. From the viewpoint of durability and lifetime of the
masterinformation carrier, the structure shown III FIG. 3 is the better. A
master information carrier of this invention generates a magnetic 20 flux
flow corresponding to an array of a ferromagnetic thin film pattern by
applying a do excitation magnetic field Hex for exciting the ferromagnetic
thin film in the bit length direction (track length direction} of the
information signal array. The do excitation magnetic field can be applied
by moving either a permanent magnet or electromagnet adjacent to the master
25 information carrier. FIGS. 2 and 3 respectively show typical flows of
the 30 magnetic flux with arrows. When a do excitation magnetic field Hex
is applied while the magnetic disk medium surface is in secure contact with
the surface of the master information carrier, the magnetic flux leaking on
the surface of the master information carrier due to the change in magnetic
resistance corresponding t0 the ferromagnetic thin film pattern array acts
as a recording magnetic field, and thus, magnetization information
corresponding to the ferromagnetic thin film pattern array can be recorded
on the magnetic desk medium. FIG. 4 is a schematic view to show the
magnetization process of a 35 master information carrier due to application
of a do excitation magnetic field Hex in an example of a master information
carrier of this invention. FIG. 4 



~+ ~~Ipi~ ?003 g does not show the change in magnetization of the
ferromagnetic thin film I, but shows that Ha and Hb change according to the
change in the do excitation magnetic field Hex, where Ha denotes a
recording magnetic field right above a portion where the ferromagnetic thin
film 1 exists on the master information 5 carrier surface while Hb denotes
a recording magnetic field right above a portion without the ferromagnetic
thin film 1, as shown in FIGS. 2 and 3. In FIG. 4, the ferromagnetic thin
film on the master information carrier is previously degaussed to the
neutral point, and thus, the initial magnetization is determined to be 0.
The recording magnetic field Ha right 10 above the portion where the
ferromagnetic thin film 1 exists substantially maintains 0 to a certain
value of HS even if the do excitation magnetic field Hex is increased.
Here, HS denotes a value when the ferromagnetic thin film 1 reaches
magnetic saturation, and it is called a saturation magnetic field. This
behavior of Ha is seen, since the ferromagnetic thin film 1 having either
15 soft magnetic property or semihard magnetic property functions as a
shielding film. Namely, the surface magnetic flux of the master informotion
carrier due to the application of the do excitation magnetic field Hex a
caused by its selective passing inside the ferromagnetic thin film I having
a high magnetic permeability, without passing the portion right above the
surface of the 20 ferromagnetic thin film 1 since the portion has lower
magnetic permeabihty. On the other hand, when the do excitation magnetic
field Hex reaches HS, the ferromagnetic thin film I reaches its
magnetization saturation, and thus, no more magnetic flux can flow inside
the ferromagnetic thin film 1. As a result, in a range where the do
excitation magnetic field Hex is greater than Hs, Ha 25 will be increased
according only to the increase of the do excitation magnetic field Hex The
change of Ha in a case of decreasing do excitation magnetic field Hex is
reversible to the change where the do excitation magnetic field H is
increased. The recording magnetic field Hb right above the portion without
the 30 ferromagnetic thin film 1 is increased rapidly as the do excitation
magnetic field Hex is increased, since the ferroznagnetic thin film 1 is
magnetized by the application of the do excitation magnetic field Hex and
the magnetic flux leaking from the edges is increased rapidly. When the do
excitation magnetic field Hex reaches HS, Hb increase due to spontaneous
magnetization of the 35 ferromagnetic thin film I does not occur any more,
and thus, Hb will be increased according only to the increase of the do
excitation magnetic field Hex   ~ A T' R 2000  When the do excitation
magnetic field Hex is decreased, Hb's change is not reversible unlike Ha,
and the value does not become 0 even if the do excitation magnetic field
Hex is returned to 0. This phenomenon is caused by the fact that the
magnetization process with applying the do excitation magnetic field 5 Hex
has hysteresis. Hb's value when the do excitation magnetic field Hex is
returned to 0 vanes corresponding to the value of the residual
magnetization Mr of the ferromagnetic thin film. When the master
information carrier surface of this invention characterized in the
magnetization process is brought into secure contact with 10 the surface of
a magnetic disk medium surface and a do excitation magnetic field Hex of a
proper value (e.g., Hc value shown in FIG. 4) is applied, the recording
magnetic field Ha eight above the portion where the ferromagnetic thin film
exists is 0 or an extremely small value while only the recording magnetic
field Hb right above the portion without the ferromagnetic thin film 15 can
be increased selectively further greater than the coercive force Hc of the
magnetic disk medium. As a result, a saturation magnetization reversal can
be generated on the magnetic disk medium only right above the portion
without the ferromagnetic thin film by using the recording magnetic field
Hb, without providing a magnetization change right above the portion where
the 20 ferromagnetic thin film exists, and thus, signals corresponding to
the pattern array of the ferromagnetic thin film are recorded. In this
case, it is more preferable that the magnetic disk medium is uniformly
dc-erased in the circumferential direction by using a do magnetic field
with a reversed polarity to Hb before bringing the master information
carrier surface into secure 25 contact with the magnetic disk surface, so
that the portion right above the ferromagnetic thin film and the portion
without the ferromagnetic thin film can be saturation-recorded with a
polarity reversed to each other. The ferromagnetic thin film 1 should
function as a shielding film in order to provide the above-mentioned
recording mechanism with the master 30 information carrier of this
invention and to obtain sufficient recording 



performance. Therefore, hard magnetic materials for magnetic disk media or
the like are not used preferably for the ferromagnetic thin film 1. The
inventors have found that the above-mentioned magnetic recording mechanism
can be provided by using a ferromagnetic thin film having either 35 soft
magnetic property or semihard magnetic property with a coercive force of
about 40kA/m or less in the substrate circumfeerential direction.   APP
Q003 10 In the magnetic recording method of this invention, Hb is required
to be greater than the magnetic disk medium coercive force Hc at the
applied Hex value when recording is carried out. As mentioned above, the
recording magnetic field Hb is generated due to the spontaneous
magnetization of the 5 ferromagnetic thin film, so the ferromagnetic thin
film should have a saturation magnetization MS that is sufficiently greater
than the coercive force Hc of the magnetic disk medium. Also in the
magnetic recording method of this invention, Hb is required to be greater
than the coercive force Hc of the magnetic disk medium 10 to be
signal-recorded when Hex is returned to 0 so that good magnetic recording
properties can be obtained. As mentioned above, Hb value with Hex returned
to 0 varies according to the value of the residual magnetization Mr. For a
soft magnetic film or semihard magnetic film, in general, the residual
magnetization Mr is increased as the coercive force value is high. So the
15 above requirement indicates that at least a certain level of coercive
force is necessary for the ferromagnetic thin film 1 to provide a residual
magnetization Mr that is greater than the coercive force Hc of the magnetic
disk medium. A process for recording on a magnetic disk medium is completed
by 20 detaching the master information carrier from the surface of the
magnetic disk medium after returning the do excitation magnetic field Hex
to 0. If the magnetization of the ferromagnetic thin film 1 fluctuates due
to any unexpectedly-disturbed magnetic fields other than Hex, signal
recording may not be completed properly since the magnetic disk medium is
re-recorded or 25 partially demagnetized. If the value of Hb is determined
to be greater than the coercive force Hc of the magnetic disk medium when
Hex is returned to 0, the master information carrier can provide a stable
magnetization to the magnetic disk medium until the master information
carrier itself is detached from the magnetic disk medium surface after the
do excitation magnetic field 30 is returned to 0. As a result) signal
recording can be completed properly without causing the above-identified
re-recording or partial demagnetization. To complete the recording process
properly as mentioned above, in a ferromagnetic thin film composing a
master information carrier of this invention, the residual magnetization Mr
is made to be at least as great as the 35 coercive force Hc of the magnetic
disk medium, by providing at least a certain level of coercive force. For
example, when the coercive force Hc of the   ~ ~ ~pP 20Q 11 magnetic disk
medium to be signal-recorded is 200kA/m, the ferromagnetic material is
prepared to have a certain level of coercive force to provide at least
200kA/m residual magnetization Mr In this case, it should be noted that the
coercive force is determined properly in the range not exceeding 40kA/m so
5 that the ferromagnetic thin film maintains its function as a shielding
film. The do excitation magnetic field Hex to be applied in the magnetic
recording method of this invention is determined to be not more than the
coercive force Hc of a magnetic disk medium. In the magnetic recording
method of this invention, the do excitation magnetic field Hex can be
applied 10 essentially only in the vicinity of the ferromagnetic thin film
1 composing the master information carrier. In a general application using
a permanent magnet or electromagnet, however, such a partial application of
do excitation magnetic field is difficult, and thus, such a do excitation
magnetic field is uniformly applied to a large ara comprising the
ferromagnetic thin film 1, the 



15 magnetic layer of the magnetic disk medium, and the substrates on which
the layer and film are deposited. Since some pattern shapes of the
ferromagnetic thin film cannot provide a sufficient shielding effect, a
certain recording magnetic field may be applied partially to the magnetic
layer of the magnetic disk medium even 20 right above the portion where the
ferromagnetic thin film exists. In such a case, when the do excitation
magmetic field Hex is made greater than the coercive force Hc of the
magnetic disk medium, the disk magnetic layer that is previously dc-erased
may be partially demagnetized or magnetizationreversed even right above the
portion where the ferromagnetic thin film 25 portion exists. For example,
when the shielding effect of the ferromagnetic thin film is insufficient
for the thickness of the disk magnetic layer, it is difficult to provide
the shielding effect to the depth (substrate side) of the disk magnetic
layer. In this case, the depth of the disk magnetic layer is treated
directly 30 with a do excitation magnetic field, and thus, partial
demagnetization or magnetization reversal occurs inevitably even right
above the portion where the ferromagnetic thin film exists. Generally a
magnetic disk medium has a substrate provided with magnetic layer s on both
surfaces to allow signal recording on the respective 35 sides. However,
when signals are recorded on a first side by using the magnetic recording
method of this invention, it is difficult to provide a   ~ ~+ ~ P R 2003 12
shielding effect of the ferromagnetic thin film to the magnetic layer of
the second side. In such a case, a sufficient shielding effect can be
provided to both the magnetic layers by bringing a second master
information carrier provided with a certain information signal pattern into
secure contact with 5 the second side when signals are recorded on the
first side. In some embodiments, however, recording by bringing master
information carriers into secure contact with both the surfaces of the
magnetic disk medium is difficult due to the structure of the
signal-recorrding apprarratus, and in some cases, a certain demagnetization
or magnetization reversal is inevitable for 10 the magnetic layer at the
second side with which the master information carrier is not brought into
secure contact. From the viewpoint of preventing partial demagnetization or
magnetization reversal caused by the insufficient shielding effect, the do
excitation magnetic field Hex should be in the range not exceeding the
coercive 15 force Hc of the magnetic disk medium. The master information
carrier preferably has properties to generate enough Hb with a do
excitation magnetic field of this range. For the ferromagnetic thin film
materials having preferable magnetic properties described above, for
example, a Co film, an Fe film, an Ni-Fe alloy 20 film or the like, can be
used. In an example, a Co film deposited by sputtering was used to record
on a magnetic disk medium having I80kA/m coercive force by applying 120kA/m
do excitation magnetic field, in which extremely good recording properties
were found. The saturation magnetization Ms of the Co film used as the
ferromagnetic thin film is 25 estimated to be about 1400kA/m, while the
residual magnetization Mr is estimated to be about 1100kA/m, which is
sufficient when compared to the coercive force of the magnetic disk medium.
FIG. 5 is a schematic view to show the magnetization process of another
master information carrier according to application of a do excitation 30
magnetic field Hex as in FIG. 4. In the example shown in FIG. 5, unlike the
example in FIG. 4, Hc is smaller than Hc. In this case, recording with
excellent signal quality can be provided by setting the do excitation
magnetic field Hex to be in the range from HS to Hc, but because of the
increase of Ha as a result of magnetization 



35 saturation of the ferromagnetic thin film, demagnetization may occur on
the previously dc-erased disk magnetic layer right above the portion where
the   j~ APR 2003 13 ferromagnetic thin film exists. Even if the Ha is
sufficiently small not to cause demagnetization, the magnetization
saturation of the ferromagnetic thin film r educes gradient of the
recording magnetic field Hb at the border of the portion with the
ferromagnetic thin film and the portion without the 5 ferromagnetic thin
film, and thus, magnetic transition width is increased in the magnetization
pattern recorded on the magnetic disk medium. In conclusion, the quality of
the signals reproduced from the recorded magnetized pattern needs further
improvement. Therefore, when characteristics of the magnetization process
as 10 shown in FIG. 5 are observed, the do excitation magnetic field Hex is
preferably not more than the coercive force Hc of the magnetic disk medium,
and also smaller than saturation magnetic field HS so that saturation of
the ferromagnetic thin film can be prevented. FIG. 6 is a schematic view
similar to FIGS. 4 and 5 to show a ~5 comparative example of a
magnetization process of a master information carrier having a structure
different from that of the master information car Tier of this invention
shown in FIGS. 4 and 5. The inventors nave found that the master
information carrier having the magnetization process shown in FIG. 6 is not
preferable since it is considerably inferior to the master 20 information
carrier of this invention in the recording performance. In the embodiment
shown in FIG. 6, the saturation magnetization MS of the ferromagmetic thin
film is considerably small when compared to a master information carrier of
this invention. In FIG. 6, the recording magnefic field Hb is still smaller
than the coercive force Hc of the magnetic 25 disk medium even after a do
excitation magnetic field that corresponds to a saturation magnetic field
HS of a ferromagnetic thin film is applied. It will be difficult for such a
small recording magnetic field Hb to cause magnetization reversal to a disk
magnetic layer that is previously dc-erased. Also 1I1 the master
information carrier characterized with the 30 magnetization process shown
1i1 FIG. 6, a magnetization pattern corresponding to the shape pattern
provided to the surface of the master information carrier can be recorded
by applying a dC excitation magnetic field Hex substantially equal to the
coercive force Hc of the magnetic disc medium. For example, when a do
excitation magnetic field Hex that is equal to Hc is 35 applied, Hc becomes
greater than Hc while Ha is smaller than Hc, as shown in FIG. 6. Therefore,
when recording is car Tied out by using the Hex value on   ~ ~~ ~P~ 2003 14
the disk magnetic layer that is previously dc-erased, magnetization
patterns distinguishable in their polarities reside respectively above the
portion where the ferromagnetic thin film exists and the portion without
the same film. The recording mechanism, however, is completely different
from that of this 5 invention. More specifically, the recording magnetic
field Hb in the recording mechanism of this invention is generated by the
spontaneous magnetization of the ferromagnetic thin film, and a Hb value
that is sufficiently high compared to the coercive force Hc of the magnetic
disk medium can be 



10 obtained, and thus, it can cause saturation magnetization reversal to
the magnetic disk medium. On the contrary, the recording magnetic field Hb
in the embodiment shown in FIG. 6 is more contributed by the do excitation
magnetic field Hex rather than by the spontaneous magnetization of the
ferromagnetic thin film, and thus, Hb cannot be raised sufficiently high 15
compared to Hc. Moreover, in the recording mechanism of this invention,
saturation-recording can be carried out without providing magnetization
change to the magnetic layer right above the portion where the
ferromagnetic thin film exists) by determining Hc~ to be 0. On the other
hand, a certain level of Ha is generated inevitably in the embodiment of
FIG. 6, and thus, the 20 magnetic layer right above the portion where the
ferromagnetic thin film exists is demagnetized considerably. As a result,
the signals recorded in the embodiment shown in FIG. 6 will deteriorate
considerably in quality compared to the embodiment of this invention. Also
as mentioned above) for obtaining good magnetic recording 25 properties in
the magnetic recording method of this invention, Hb is required to be
greater than the coercive force Hc of the magnetic disk medium to be
signal-recorded when Hex is returned to 0. On the other hand, in the
embodiment shown in FIG. 6, Hb is significantly smaller than Hc when Hex is
returned to 0. In this case, even if the saturation magnetization MS of the
30 ferromagnetic thin film is greater sufficiently than Hc, the master
information carrier cannot provide a stable magnetization condition
continuously to the magnetic disk medium in the period that the dc
excitation magnetic field Hex is returned to 0 and the master information
carrier is detached from the magnetic disk medium surface. As a result,
problems including re-recording 35 or partial demagnetization will occur
easily, and stable signal recording is difficult to carry out.   2 4 APP
200N 15 As mentioned above, in the magnetic recording method of this
invention, a magnetic recording medium is provided with magnetization
reversal by a recording magnetic field Hb generated by the spontaneous
magnetization of the ferromagnetic thin film. Since Hb level depends on the
5 spontaneous magnetization of the ferromagnetic thrIl film, the saturation
magnetization MS of the ferromagnetic thin film is preferably greater
compared to the coercive force H~ of the magnetic recording medium in order
to r ealize sufficient recording per for mance for the magnetic r ecor ding
medium. As a result of a study by the inventors, the saturation
magnetization MS of the 10 ferromagnetic thin film is preferably at least
three times the coercive force H of the magnetic recor ding medium in or
der to obtain sufficient recor ding performance to allow a saturation
recording in the magnetic recording method of this invention. For example,
when the coercive force H~ of the magnetic disk medium to be
signal-recorded is 200kA/m, sufficient recording 15 performance to allow a
reliable saturation recording can be obtained by determining the saturation
magnetization MS of the ferromagnetic material to be at lease ~OOkA/m. The
ferromagnetic thin film should be not only high in the saturation
magnetization IVIS) but also should be magnetized r apidly over H~ with the
20 increase of H~~. As more rapidly magnetized by HeX application,
saturation recording can be carried out at a lower He,~. As a resWt,
phenomena such as above-mentioned partial demagnetization due to an
insufficient shielding effect can be pr evented more completely. From this
point of view, pr efer ably in a ferromagnetic thin film, relative
permeability in the substrate 25 circumferential direction of a master
information carrier is decided to be at least 100. The substrate
circumferential dir ection of a master information carrier is the direction
of the bit length direction of digital information signals to be recorded
on the magnetic disk medium, and the circumferential direction agrees also
with the track length direction. 30 Magnetic anisotropy control of the
ferromagnetic thin film is also important and effective to improve
recording performance of a master information carrier. As mentioned above,
higher magnetic permeability in the substrate circumferential direction of
the master information carrier (i.e., track length direction of the
magnetic disk medium) is preferred for a 35 ferromagnetic thin film since
magnetization is sped up by Hek application. Preferably the ferromagnetic
thin film has an axis of easy magnetization in   2 ~ ~R R ~0~~ 1G the film
surface {film plane) rather than having the easy axis in the fihnthickness
direction {i.e., direction perpendicular to the film surface). It is 



further preferred that there is the axis of easy magnetization in the
substrate cil~cumferential direction in the film surface {track length
direction of the  5 magnetic disk medium) while there is an axis of bar d
magnetization in the substrate radial direction (track width direction of
the magnetic disk). For reference, magnetic anisotropy control is carried
out oppositely in a typical ferromagnetic thin film used for an inductive
magnetic head as an element to recor d signals similarly on a magnetic
recor ding medium, that is, 10 magnetic anisotropy control is carried out
so that the tr ack length direction of the magnetic recor ding medium
becomes the axis of bar d magnetization and the track width direction
becomes the axis of easy magnetization. The reason is that a magnetic
permeability in a very low magnetic field range such as the initial
magnetic permeability is greater in the direction of the axis of 15 hard
magnetization than in the direction of the axis of easy magnetization. In a
process to reproduce signals recorded on a magnetic recording medium, a
leaking magnetic field fiorn tho magnetic recording medium surface detected
by a magnetic head is as small as A/m order or less, so higher magnetic per
meability and higher head sensitivity can be obtained by operation in the
20 direction of the axis of hard magnetization. In most cases, do
excitation magnetic fields He~ applied in the magnetic recording method of
this invention have relatively high values r anging from several lOkt'1/m
to 100kA1m orders. In this magnetic field range, higher magnetic
permeability is obtained by an operation in the 25 direction of the axis of
easy magnetization than in the direction of the axis of hard magnetization,
and thus, recording sensitivity of the master information carrier is also
improved. This is a significant example to indicate that magnetic
properties preferred for a ferromagnetic thin film in the magnetic
recording method of this invention cannot be explained by using analogy 30
based OTl ally well-known prior art. Materials for ferromagnetic thin films
used to obtain preferred recor ding properties by COTItrOlhllg magnetic
anisotropy in the substr ate surface include Fe-based polycrystalline alloy
films, such as Fe-f11-Si, Fe-Ta-C, Fe-Hf-Al-N or the like. In the
embodiment, a polycrystalline film based on 35 Fe-Ta-N was used. Soft
magnetic films that have isotropic magnetic properties in   ~ ~+ APR 2003
17 substrate surfaces of master information carriers also can be used as
ferromagnetic thin films. For example, Co-based amorphous films mainly
comprising Co-Ta-Zr, Co-Nb-Zr or the like can provide high magnetic
permeability with superior isotropism in substrate surfaces, so they are 5
suitable for ferromagnetic thin film materials used for master information
carriers of this invention. In one example, an amozphous film based on
CoTa-Zr was used. The present invention, though explained with several
embodiments, can be utilized in a variety of embodiments. While the above
description is 10 focused on applications of magnetic disk media installed
in hard disk drives, this invention is not limited thereto but can be
applied to flexible magnetic disks to attain similar effects. This
invention is not limited to magnetic disks but can be applied to recorded
information signals on magnetic recording media having various 15 shapes
such as magnetic tapes and magnetic cards. In such a case, a nonmagnetic
substrate composing a master information carrier is not like a disc but
formed as) for example, a tape and a sh~~t, to agree with the shape of
magnetic recording medium. At the same time, the `c>I~cmnferential
direction' in the above description is inteyreted as a track length
direction of 



20 information signals to be recorded while the `radial direction' is
interpreted as a track width direction) before applying the above-mentioned
embodiment. As a result, these magnetic recording media, like a magnetic
disk, can provide the effects of this invention. With regard to information
signals to be recorded, the description of 25 this invention is focused on
preformat signals such as a tracking servo signal, an address signal, and a
read clock signal. This invention, however, is not limited thereto but can
be used in principle to record various data signals and audio and video
signals. In such a case, soft disk media can be copied and produced on a
large scale at a low cost by using the master information 30 carrier s of
this invention and the technique to record on magnetic recor ding media by
using the master information carriers. The invention may be embodied in
other specific forms without departing from the spirit or essential
characteristics thereof. The embodiments disclosed in this application are
to be considered in all respects 35 as illustrative and not restrictive,
the scope of the invention being indicated by the appended claims rather
than by the foregoing description, a11 changes that   ~ ~+ APR 20(~~ 18
come within the meaning and range of equivalency of the claims are intended
to be embraced therein.   ~ APP 2003 19 CLAIMS 1. A master information
carrier having a shape pattern corresponding to an information signal array
to be recorded on a magnetic recording medium, and the shape pattern being
provided by arraying a ferromagnetic thin film deposited on a nonmagnetic
substrate surface; wherein a residual magnetization of the ferromagnetic
thin film in the track length direction of the information signals is
greater than a coercive force of the magnetic recording medium. 2. The
master information carrier according to claim 1, wherein saturation
magnetization of the ferromagnetic thin film is at least three times the
coercive force of the magnetic recording medium. 3. The master information
carrier accor ding to claim I, wherein relative permeability in the track
length direction of the information signals of the ferromagnetic thin film
is at least 100. 4. The master information carrier according to claim 1,
wherein the ferromagnetic thin film has an axis of easy magnetization in
the track length direction of the infor oration signals and an axis of hard
magnetization in the track width direction. ~. The master information
carrier according to claim 4, wherein the ferromagnetic thin film is an
Fe-based polycrystalline film. 6. The master information carrier according
to claim 1, wherein the ferromagnetic thin film is easily magnetised in the
film surface and magnetically isotropic in the film surface. 



7. The master information carrier according to claim G, ~,vherein the
ferromagnetic tlun film is a Co-based amoyhous film.   ~ ~ APf~ 200e 20 8.
The master information carrier according to any one of claims 1 to 7, which
is used to record the information signal array on a disc-shaped magnetic
disk medium; wherein the nonmagnetic substrate is a disc-shaped substrate
and the track length direction of a information signals is the
circumferential direction of the disc-shaped substrate. 9. A magnetic
recording method to record magnetization information on a magnetic
recording medico, the magnetization information corresponding to an
information signal array, and the recording being carried out by bW gilig a
master information carrier into secure contact with the magnetic recording
medium surface and by applying a direct current excitation magnetic field
to excite a ferromagnetic t1W film in the master W formation career, where
the master information carrier is provided with a shape pattern
corresponding to the information signal array by arraying the ferromagnetic
thin film deposited on a nonmagnetic substrate; wherein magnetization
residing in the ferromagnetic thin film after removal of the direct current
excitation magnetic field is greater than the coercive force of the
magnetic recording medium. 10. The magnetic recording method according to
claim 9, wherein the applied direct current excitation magnetic field is
smaller than a saturation magnetic field of the ferromagnetic thin film.
11. The magnetic recording method according to claim 9, ~,i~herein the
magnetic recording medium is direct-current-erased uniformly in the track
length dir ection of the infor oration signals before bringing the master
lIlfOl'nlatlon Carl'le~' into secure contact with the magnetic recording
medium sur face. 12. The magnetic recording method according to claim 11,
wherein the magnetic recording medium is a disc-shaped magnetic disk
medium, and the track length direction of the information signals is the
circumferential direction of the magnetic disk medium.   2 ~ APR 200 21 13.
The master information carrier according to claim 1, wherein tt~e
ferromagnetic thin film is either a soft magnetic film or a senuhard
magnetic f~Im having a coercive force not more than 40kA/m in the track
length direction of the information signals 14. The magnetic recording
method according to claim 9, wherein the direct current excitation magnetic
field is not greater than a coercive force of the magnetic recording
medium. 15 A hard disk drive device comprising a magnetic recording medium
recorded with magnetization information by the magnetic recording method
according to claim 9. .AA Y.A@F9.AF.A
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