
;e3etq4<6RTLT4~i. j 7 ,~ ..  PERPENDICULAR MAGNETIC RECORDING MEDIUM Field
of the Invention The present invention relates to a perpendicular magnetic
recording 5 medium mountable on various kinds of magnetic storage such as
an external storage of a computer. Prior Art The conventional magnetic
recording media such as the magnetic disks, 10 which record and reproduce
digital data through a magnetic head, are initialized one by one in a servo
writer. For example, the servo writer writes positioning signals on a
magnetic disk through a magnetic head incorporated in the servo writer. The
magnetic disk is initialized to improve the servo tracking performance of
the magnetic head. 15 Very precise tracking facilitates accurately
recording a digital data signal on a predetermined track and reproducing
the digital data signal from the predetermined track even when the track
density of the magnetic disk used in a magnetic disk drive is high.
Therefore, the very precise 20 tracking facilitates improving the recording
capacity of the magnetic disk. The positioning signals are recorded on a
magnetic disk by a sector servo method or by an embedding servo method. In
the magnetic disk which employs the sector servo method) each track is
divided in the extending 25 direction thereof into a plurality of sectors)
and the positioning signals are written at the head positions of the
respective sectors. In the magnetic disk which employs the embedding servo
method, positioning servo signals are written in advance in the deep layer
of the magnetic film and data signals in the surface layer of the magnetic
film.      Japanese Unexamined Laid Open Patent Application
H03(1991)-228219 discloses a magnetic disk including a nonmagnetic
substrate having an uneven level pattern and a magnetic layer having 5
concave 'regions and convex regions copying the uneven level pattern of the
nonmagnetic substrate and magnetized in the different directions. This
magnetic disk, on which a magnetization inversion pattern for reading out
the signals is formed at the precision of the uneven level patterning,
facilitates improving the track density. For parallel magnetization of the
10 magnetic disk described above, the concave regions and the convex
regions of the soft magnetic layer are magnetized accurately in the
respective predetermined directions by applying magnetic fields in the
opposite directions using a magnetic head having a wide gap and a magnetic
head having a narrow gap. Therefore, this magnetic disk facilitates easy 



15 manufacture thereof and improvement of the positioning accuracy.
Protection and management of the recorded data are facilitated by recording
the copyright data in the medium in advance as well as by using the uneven
level pattern for the head positioning signals. 20 The perpendicular
magnetic recording method, which facilitates increasing the line recording
density) has been employed to realize high recording density on the
magnetic disk. The perpendicular magnetic recording method records data by
magnetizing the magnetic recording layer in perpendicular thereto. The
magnetic disk for perpendicular magnetic 26 recording includes a soft
magnetic layer with high magnetic permeability formed below the magnetic
recording layer so that the magnetic field generated from the magnetic head
at the time of recording may be applied effectively in perpendicular to the
magnetic recording layer. Since the magnetic flux generated from the
magnetic head localizes to the soft 30 magnetic layer) a strong magnetic
field is applied in perpendicular to the 2   v `a ,, magnetic recording
layer. For obtaining a magnetic field strong enough to facilitate recording
and for preventing signal distortion from causing at the time of
reproduction, it is necessary to orient the magnetization in the soft
magnetic layer in parallel thereto) especially toward the radial direction
of 5 the magnetic disk. The easy axis of magnetization of the soft magnetic
layer is oriented in parallel to the soft magnetic layer, especially to the
radial direction of the magnetic disk, by applying a magnetic field or by
such a method during the formation of the soft magnetic layer. 10 Japanese
Unexamined Laid Open Patent Application H07(1995)-228219 discloses a higher
recording density attained by combining the foregoing track density
increase by the uneven level pattern on the substrate and the recording
line density increase by the employment of the perpendicular magnetization
method. Prior to using the magnetic disk, 15 the concave regions and the
convex regions of the magnetic recording layer are magnetized in the same
direction (e.g. upward) by applying a relatively strong magnetic field in
perpendicular to the magnetic recording layer and) then, the convex regions
are magnetized in the opposite direction (downward) by applying a
relatively weak magnetic field in the opposite 20 direction. Problems to be
solved by the Invention For improving the resolutions at the time of
recording and at the time of reproduction corresponding to the improved
recording density, it is 25 necessary even for the perpendicular magnetic
recording method to set the spacing between the magnetic head and the
magnetic recording medium to be narrower than several tens nm. Especially
for improving the sharpness of the perpendicular magnetic field generated
from the magnetic head at the time of recording, it is effective to narrow
the spacing between the pole tip of 30 the magnetic head and the soft
magnetic layer not only by narrowing the 3    spacing between the magnetic
head and the magnetic recording medium but also by thinning the protection
layer and the magnetic recording layer as much as possible. Since the
magnetic flux generated from the magnetic head localizes to the soft
magnetic layer almost without being attenuated, it is 5 obviously very
difficult not to invert the magnetization in the concave regions of the
magnetic recording layer but to invert the magnetization in the convex
regions of the magnetic recording layer even when an uneven level pattern
is formed on the nonmagnetic substrate and the strength of the 



applied magnetic field applied is adjusted optimally. 10 In view of the
foregoing, it is an object of the invention to provide a perpendicular
magnetic recording medium, which obviates the problems described above. 15
Means for solving the Problems According to an aspect of the invention,
there is provided a perpendicular magnetic recording medium including: a
nonmagnetic substrate a soft magnetic layer on the nonmagnetic substrate a
magnetic recording layer above the soft magnetic layer, the magnetic
recording layer 20 having perpendicular magnetizations extending in
perpendicular thereto and indicating data signals a protection layer on the
magnetic recording layer and the nonmagnetic substrate having an uneven
level pattern formed thereon, the uneven level pattern including concave
portions to generate a magnetic flux for detecting a predetermined signal
based on 25 the magnetization in the region of the soft magnetic layer in
the concave portion of the nonmagnetic substrate. Hereinafter, the region
of the soft magnetic layer in the concave portion of the nonmagnetic
substrate will be referred to as the "concave region of the soft magnetic
layer". 30 Advantageously, the depth of the concave portion and the
thickness of 4   L ~ the soft magnetic layer are larger at least than the
length and the depth of the concave portion, and the easy axis of
magnetization in the concave region of the soft magnetic layer lies in
perpendicular to the major surface of the perpendicular magnetic recording
medium due to shape magnetic 5 anisotropy. Advantageously, the cross
sectional area of the concave portion along the major surface of the
perpendicular magnetic recording medium becomes narrower toward the bottom
thereof. 10 Advantageously) the predetermined signal is a head positioning
signal or a signal indicating the copyright data. The magnetic recording
medium according to the invention does not 15 utilize the magnetization in
the magnetic recording layer but utilizes the magnetization in the concave
regions of the soft magnetic layer, when the magnetic recording medium uses
the uneven level pattern on the nonmagnetic substrate for the predetermined
signal such as a head positioning signal and a signal indicating the
copyright data or the other 20 data. This specific feature of the magnetic
recording medium according to the invention facilitates using the magnetic
fluxes generated from the concave regions of the soft magnetic layer as the
predetermined signals. When the concave portion of the nonmagnetic
substrate has a predetermined shape, the magnetic flux generated from the
concave region 25 of the soft magnetic layer can be used as the
predetermined signal, since the easy axis of magnetization in the concave
regions of the soft magnetic layer lies in perpendicular to the soft
magnetic layer due to the shape magnetic anisotropy. 30 Since the
magnetization in the region of the soft magnetic layer 5 



outside the concave portions of the nonmagnetic substrate lies in parallel
to the soft magnetic layer, the magnetic head does not detect the magnetic
flux from the region of the soft magnetic layer outside the concave
portions. Therefore, only the magnetic flux from the concave region of the
soft 5 magnetic layer is detectable as a signal. Since the magnetic flux
from the concave region of the soft magnetic layer is larger than the
magnetic flux from the magnetic recording layer, the signals corresponding
to the uneven level pattern are detected not by the state of magnetization
in the magnetic recording layer but by the state of magnetization in the
soft magnetic layer. 10 The magnetic recording medium according to the
invention having the structure as described above exhibits large merits,
since the magnetization in the concave region of the soft magnetic layer
and the magnetization in the entire magnetic recording layer are oriented
in perpendicular to the 15 major surface of the magnetic recording medium
(upward or downward) and the magnetization in the region of the soft
magnetic layer outside the concave portions of the nonmagnetic substrate is
oriented in parallel to the soft magnetic layer (along the easy axis of
magnetization) only by applying a magnetic field in perpendicular to the
magnetic recording medium (upward 20 or downward) and by removing the
magnetic field to magnetically write the signals corresponding to the
uneven level pattern on the magnetic recording medium. Brief Description of
the Drawing Fig. 1 is a schematic cross sectional view of a perpendicular
magnetic 25 recording medium according to a first embodiment of the
invention. Fig. 2 is a schematic drawing describing the dimensions of the
concave portion in the nonmagnetic substrate of Fig. 1. Fig. 3 is a
schematic drawing describing the concave portion in the nonmagnetic
substrate of a magnetic recording medium according to a 30 second
embodiment of the invention, the cross sectional area thereof 6   



becomes narrower toward the bottom thereof. Fig. 4 is a schematic drawing
describing the cross section of the magnetic recording medium according to
the first embodiment illustrating the magnetization directions in the
respective constituent layers after the 5 magnetic field applied in
perpendicular to the entire surface of the magnetic recording medium is
removed, and the change of the signal reproduced by the magnetic head
scanning the surface of the magnetic recording medium. Fig. 5A is a wave
form of the reproduced output signal obtained from the magnetic recording
medium according to the second embodiment, which 10 includes concave
portions, the bottom area thereof is narrowed. Fig. 5B is a wave form of
the reproduced output signal obtained from the magnetic recording medium
according to the first embodiment, which includes concave portions, the
bottom area thereof is not narrowed. 15 Modes for carrying out the
Invention Now the invention will be described in detail hereinafter with
reference to the accompanied drawing figures which illustrate the preferred
embodiments of the invention. 20 Fig. 1 is a schematic cross sectional view
of a perpendicular magnetic recording medium according to a first
embodiment of the invention. Referring now to Fig. 1, the perpendicular
magnetic recording medium according to the invention includes a nonmagnetic
substrate 1 including concave portions 11 formed in advance and working as
head positioning 25 signals or as the signals indicating the copyright data
and such data. The perpendicular magnetic recording medium according to the
invention includes, at least, a soft magnetic layer 2 on the nonmagnetic
substrate 1, a magnetic recording layer 3 on the soft magnetic layer 2, and
a protection layer 4 on the magnetic recording layer 3. 30 7   1 ~ _ 1 The
nonmagnetic substrate 1 carries the head positioning signals or the signals
indicating the copyright data and such data formed in advance in the form
of an uneven level pattern. The conventional aluminum alloy substrate
provided with NiP plating or the conventional reinforced glass 5 substrate
are used for the nonmagnetic substrate 1. The uneven level pattern is
formed by the photolithographic technique and such a technique. When a
glass material or a plastic resin such as polycarbonate and polyolefin is
used, it is preferable, from the view point of mass-productivity, to
manufacture the nonmagnetic substrate 1 by the injection molding using 10 a
die having the uneven level pattern formed therein in advance. Fig. 2 is a
schematic drawing for describing the dimensions of the concave portion 11
in the nonmagnetic substrate 1. The width W, the length L and the depth D
of the concave portion 11 in 15 the nonmagnetic substrate 1 are defined as
described in Fig. 2. According to the invention, the head positioning
signals or the signals indicating the copyright data and such data are
recorded by the concave portions 11, formed in the nonmagnetic substrate 1
and shown in Figs. 1 and 2, and by the region on the nonmagnetic substrate
1, which is not concave. For 



20 orienting the easy axis of magnetization in the concave regions of the
soft magnetic layer in perpendicular to the soft magnetic layer, it is
necessary, as described later, to form the concave portions of the
nonmagnetic substrate such that the dimensions thereof are related with
each other at least by the following two relational expressions: W < D and
L< D. 25 When the cross sectional area of the concave portion 11 parallel
to the nonmagnetic substrate becomes narrower toward the bottom thereof as
shown in Fig. 3, the easy axis of magnetization in the concave region of
the soft magnetic layer 2 is oriented more effectively in perpendicular to
the soft 30 magnetic layer 2. 8   . ! i Materials exhibiting a relatively
magnetic high permeability such as a NiFe alloy, a FeSiAI alloy and an
alloy containing cobalt (Co) as its main component are used for the soft
magnetic layer 2. Preferably, a magnetic field is applied during forming
the soft magnetic layer 2 in the direction 5 which orients the easy axis of
magnetization of the soft magnetic layer 2 in parallel to the soft magnetic
layer 2, especially in the radial direction of the magnetic disk. It is
necessary to form the soft magnetic layer 2 such that the thickness d
thereof is related with the width W and the length L of the concave
portions of the nonmagnetic substrate at least by the following two l0
relational expression: W < d and L< d. It is necessary for the depth D of
the concave portions to be larger than the thickness d of the soft magnetic
layer 2. The easy axis of magnetization of the soft magnetic layer 2,
formed as 15 described above on the nonmagnetic substrate 1 having the
concave portions 11, lies in parallel to the soft magnetic layer 2 outside
the concave regions. In contrast, the easy axis of magnetization of the
soft magnetic layer 2 lies in perpendicular to the soft magnetic layer 2
inside the concave regions thereof due to the effect of shape magnetic
anisotropy. 20 It is necessary to record the signal indicating the position
data of the magnetic head and used in the conventional hard disk for the
recording length of 1 a m or longer. It is difficult to form the concave
portions deeper than the recording length described above and to form the
soft magnetic 25 layer thicker than the recording length described above.
However, the magnetic recording medium including the concave portions
having the dimensions as described above can be used, when the above
described signal is modulated with a higher frequency signal and
demodulated after the reproduction by the magnetic head. 30 9   



-, , The conventional perpendicular magnetization films, such as a Co alloy
film including a CoCr film and a CoCrPt film, an amorphous alloy film
containing a rear earth element and a transition metal, and an alloy film
formed of Co layers and Pd layers or Pt layers laminated alternately, are 5
used for the magnetic recording layer 3. The thickness of the magnetic
recording layer 3 is not influential to the performance of the magnetic
recording medium according to the invention. The magnetic recording layer 3
is from 5 nm to 50 nm in thickness to generate reproduced signals strong
enough and no to impair the sharpness of the magnetic field from the l0
magnetic head. If necessary, a nonmagnetic intermediate layer may be
inserted, between the soft magnetic layer 2 and the magnetic recording
layer 3 to control the structure of the magnetic recording layer 3. The
conventional protection layer such as a layer containing carbon as 15 its
main component and from 2 to 10 ~ m in thickness is used for the protection
layer 4. If necessary, a liquid lubricant layer may be formed on the
protection layer 4 to improve the resistance against friction and wear.
Fig. 4 is a schematic drawing describing the cross section of the 20
magnetic recording medium illustrating the magnetization directions in the
respective constituent layers after the magnetic field applied in
perpendicular to the entire surface of the magnetic recording medium
(indicated by the arrow pointing downward) is removed, and the change of
the signal reproduced by the magnetic head scanning the surface of the 25
magnetic recording medium. Referring now to Fig. 4, the magnetization in
the magnetic recording layer 3 points downward. The magnetization outside
the concave region of the soft magnetic layer 2 lies in parallel to the
soft magnetic layer 2, that is 30 parallel to the easy axis of
magnetization outside the concave regions of the l0   soft magnetic layer
2. The magnetization inside the concave region of the soft magnetic layer 2
points downward, that is along the direction, thereto the magnetic field is
applied, since the easy axis of magnetization inside the concave region
lies in perpendicular to the soft magnetic layer 2. Since the 



5 reproduced signal output changes corresponding to the arrangement of the
concave regions and the not concave region, the arrangement of the concave
regions and the not concave region can be utilized for the head position
data and such data. 10 Embodiments Now the invention will be described
hereinafter in connection with the preferred embodiments thereof. 15 First
embodiment A polycarbonate substrate, 3.5 in. in diameter and formed by
injection molding, is used for the nonmagnetic substrate 1. Concave
portions, the width and the length thereof are 100 nm and the depth thereof
is varied from 50 to 200 nm, are formed concentrically in the polycarbonate
substrate 20 in advance. The concave portions on the same circle are spaced
apart for 200 nm from each other. The nonmagnetic substrate 1 is loaded in
a sputtering apparatus) and a CoZrNb alloy soft magnetic layer 2 is formed
on the nonmagnetic substrate 1 by the magnetron DC sputtering method using
a CoasZr~Nbio alloy target. The resulting soft magnetic layer 2 is as thick
as 25 the depth of the concave portions in the nonmagnetic substrate 1.
Subsequently, a Ti intermediate layer of 10 nm in thickness) a Co~oCr2oPtio
magnetic recording layer of 30 nm in thickness and a carbon protection
layer are formed one by one by sputtering. Finally, a perfluoropolyether
liquid lubricant layer of 2 nm in thickness is formed on the carbon 30
protection layer. Thus, a magnetic recording medium according to the first
11   embodiment of the invention is fabricated. The quality of the signals
reproduced from the magnetic recording medium fabricated as described above
is evaluated in the following way. 5 Signals are recorded in a spin stand
tester on the track, in which the concave portions are formed, by applying
a DC magnetic field downward in perpendicular to the major surface of the
medium from a magnetic head including a writing element of single pole type
and a reading out element of giant magnetoresistance (GMR) type. Then, the
recorded signals are read l0 out ' using the magnetic head described above.
The qualities of the reproduced signals are listed in Table 1 with the
depth D of the concave portions as a parameter. Table 1 De the D (nm)Re
roduced si nal am litudes *Si nal ualities500.1x800.2x1001O1501.22001.3Qo
15 The symbol * in Table 1 indicates that the ratios between the reproduced
signal amplitudes for the depths D's and the reproduced signal amplitude
for the depth D of 100 nm are listed. 20 As Table 1 clearly indicates,
signals with excellent quality are reproduced when the depth D of the
concave portions is larger than the width and the length thereof. 



25 Second embodiment Fig. 3 is a schematic drawing describing the concave
portion in the 12   nonmagnetic substrate of a magnetic recording medium
according to a second embodiment of the invention. The magnetic recording
medium according to the second embodiment is fabricated in the same way as
the magnetic recording medium according 5 to the first embodiment except
the shape of the concave portions in the nonmagnetic substrate 1. As shown
in Fig. 3, the concave portion according to the second embodiment is a
truncated pyramid inverted. In other words, the cross sectional area of the
concave portion according to the second embodiment parallel to the
nonmagnetic substrate 1 becomes narrower 10 toward the bottom thereof. In
detail, the depth D of the concave portion is 150 nm. The width W and the
length L of the concave portion are 100 nm. The bottom of the concave
portion is 50 nm in width and in length. The magnetic recording medium
according to the second embodiment is evaluated in the same way as the
magnetic recording medium according 15 to the first embodiment. Fig. 5A is
a wave form of the reproduced output signal obtained from the magnetic
recording medium according to the second embodiment, which includes concave
portions, the bottom area thereof is narrowed. Fig. 5B is a wave form of
the reproduced output signal obtained from the magnetic recording medium
according to the first 20 embodiment, which includes concave portions, the
bottom area thereof is not narrowed. As Figs. 5A and 5B indicate, the
quality of the output signal reproduced from the medium including the
concave portions, the bottom 25 area thereof is narrowed, is higher than
that of the output signal reproduced from the medium including the concave
portions, the bottom area thereof is not narrowed. Thus, the change in the
shape of the concave portion is very effective to improve the performance
of the magnetic recording medium. This effect is attributable to the
orientation of the magnetization in the soft 30 magnetic layer oriented due
to the magnetic anisotropy enhanced by the 13   specific shape of the soft
magnetic layer. Advantageous Effects of the Invention As described above,
the magnetic recording medium according to the 5 invention does not utilize
the magnetization in the magnetic recording layer but utilizes the
magnetization in the concave regions of the soft magnetic layer, when the
magnetic recording medium uses the uneven level pattern on the nonmagnetic
substrate for the predetermined signal such as a head positioning signal
and a signal indicating the copyright data or the other 10 data. This
specific feature of the magnetic recording medium according to the
invention facilitates using the magnetic fluxes generated from the concave
regions as the signals. When the concave portion of the 



nonmagnetic substrate has a predetermined shape, the magnetic flux
generated from the concave region can be used as the signal. More in
detail, 15 when the depth of the concave portion of the nonmagnetic
substrate and the thickness of the soft magnetic layer are larger, at
least, than the length and the width of the concave portion, the magnetic
fluxes generated from the concave regions can be used as the signals, since
the easy axis of magnetization in the concave regions the soft magnetic
layer lies in 20 perpendicular to the soft magnetic layer due to the shape
magnetic anisotropy. By narrowing the cross sectional area of the concave
portion parallel to the soft magnetic layer toward the bottom thereof, the
shape magnetic anisotropy is enhanced. 25 The magnetic recording medium
formed as described above facilitates realizing a higher recording density
due to a higher track density obtained by the improvement of the accuracy
of the head positioning signal and due to a higher line recording density
obtained by employing the perpendicular magnetic recording method. By not
only employing the uneven level pattern 30 for the head positioning signal
but also by recording the other data such as 14   the copyright data in the
medium, the protection and the management of the recorded data are
facilitated. The magnetic recording medium according to the invention
having the 5 structure as described above exhibits large merits, since the
magnetization in the concave regions of the soft magnetic layer and the
magnetization in the entire magnetic recording layer are oriented in
perpendicular to the majpr surface of the magnetic recording medium (upward
or downward) and since the magnetization in the region of the soft magnetic
layer outside the l0 concave regions is oriented in parallel to the soft
magnetic layer (that is along the easy axis of magnetization of the soft
magnetic layer) by applying a magnetic field in perpendicular to the major
surface of the magnetic recording medium (upward or downward) and by
removing the magnetic field to magnetically write the signals corresponding
to the uneven level 15 pattern on the magnetic recording medium. 20 25 15
Claims 1. A perpendicular magnetic recording medium comprising: a
nonmagnetic substrate a soft magnetic layer on the nonmagnetic substrate. 5
a magnetic recording layer above the soft magnetic layer, the magnetic
recording layer comprising perpendicular magnetizations extending in
perpendicular thereto and indicating data signals 



a protection layer on the magnetic recording layer and the nonmagnetic
substrate having an uneven level pattern formed l0 thereon) the uneven
level pattern comprising concave portions, whereby to generate a magnetic
flux for detecting a predetermined signal based on the magnetization in the
region of the soft magnetic layer in the concave portion of the nonmagnetic
substrate. 2. The perpendicular magnetic recording medium according to
Claim 1, 15 wherein the depth of the concave portion and the thickness of
the soft magnetic layer are larger at least than the length and the depth
of the concave portion, and the easy axis of magnetization in the region of
the soft magnetic layer in the concave portion of the nonmagnetic substrate
lies in perpendicular to the major surface of the perpendicular magnetic
recording 20 medium due to shape magnetic anisotropy. 3. The perpendicular
magnetic recording medium according to Claim 2, wherein, the cross
sectional area of the concave portion along the major surface of the
perpendicular magnetic recording medium becomes narrower toward the bottom
thereof. 25 4. The perpendicular magnetic recording medium according to
Claim 1, wherein the predetermined signal comprises a head positioning
signal. 16   5. The perpendicular magnetic recording medium according to
Claim 2, wherein the predetermined signal comprises a head positioning
signal. 6. The perpendicular magnetic recording medium according to Claim
3, wherein the predetermined signal comprises a head positioning signal. 5
7. The perpendicular magnetic recording medium according to Claim l,
wherein the predetermined signal comprises a signal indicating copyright
data. 8. The perpendicular magnetic recording medium according to Claim 2,
wherein the predetermined signal comprises a signal indicating copyright l0
data. 9. The perpendicular magnetic recording medium according to Claim 3,
wherein the predetermined signal comprises a signal indicating copyright
data. 15 20 17 .Asa3,.As.A.A.A.AY.A.AS.A.A`.A.Asu.Al.As.A.A.A`l7NiBCFGHO
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