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(57) ABSTRACT 

Amagnetic recording medium capable of alleviating thermal 
?uctuation and improving the recording density includes a 
functional layer containing a magnetic material, and a 
recording layer overlying the functional layer and containing 
a magnetic material. The recording layer contains a plurality 
of magnetic grains and a nonmagnetic material existing 
among the magnetic grains, and the functional layer and the 
recording layer exert exchange coupling interaction in a 
direction making a substantially orthogonal relation With 
each other at room temperature. 
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MAGNETIC RECORDING MEDIUM, MAGNETIC 
RECORDING APPARATUS AND MAGNETIC 

RECORDING METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present Divisional application claims the ben 
e?t of priority under 35 U.S.C. § 120 to application Ser. No. 
10/946,011, ?led on Sep. 22, 2004, Which is a Continuation 
of application Ser. No. 10/183,603, ?led on Jun. 28, 2002, 
and under 35 U.S.C. §119 from Japanese Patent Application 
No. 2001 -1 97771, ?led on Jun. 29, 2001; the entire contents 
of Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to a magnetic recording 
medium, magnetic recording apparatus and magnetic 
recording method, and more particularly, to a magnetic 
recording medium, magnetic recording apparatus and mag 
netic recording method capable of higher-density recording 
than conventional recording by suppressing thermal ?uctua 
tion. 

[0003] Along With recent progress of computers in pro 
cessing speed, there is a continuous demand on higher 
speeds and higher densities also of hard disk drives (HDDs). 
Increase of the density, hoWever, is physically limited, and 
this is an issue Whether the techniques can continuously 
meet such request or not. 

[0004] Magnetic recording mediums for substantially 
recording information have a magnetic layer comprising of 
minute magnetic grains. For high-density recording, mag 
netic domains recorded on the magnetic layer must be small 
enough. To enable clear distinction of small recording 
magnetic domains, the boundaries of the magnetic domains 
should be smooth enough, and this results in the reduction 
of the siZe of the magnetic grains. The propagation of 
magnetiZation reversal among the grains distorts the domain 
boundary. Therefore, individual magnetic grains need to be 
isolated magnetically by prevent exchange coupling inter 
action. Moreover, the magnetic layer must be thin enough 
for the high-density recording, from the vieWpoint of the 
magnetic interaction betWeen the magnetic head and the 
recording medium. 

[0005] To satisfy those requirements, the unit volume of 
the magnetiZation reversal (Whose siZe becomes almost 
equal to that of a magnetic grain as more and more of those 
requirements are met) must be decreased more and more as 
the density increases. HoWever, if the magnetiZation reversal 
unit is diminished, then the magnetic anisotropy energy of 
the unit (Ku (density of magnetically anisotropy energy)><V 
(volume of the magnetiZation reversal unit)) becomes 
smaller than the thermal ?uctuation energy, and it Will be no 
longer possible to maintain the domains. This is the “thermal 
?uctuation phenomenon”, and the physical limit of record 
ing density mainly governed by this phenomenon is called 
“thermal ?uctuation limit”. 

[0006] Magnetization reversal by thermal ?uctuation can 
be prevented if the magnetic anisotropy energy density Ku 
is increased. HoWever, since the recording coercivity HcW is 
approximately proportional to Ku, magnetic recording is 
impossible even by the state-of-art recording head, Which 
can generate the highest magnetic ?eld in the World. 
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[0007] Increasing the volume V of the magnetiZation 
reversal unit is another Way. HoWever, increase of the siZe of 
magnetic grain along the plane of the medium is against the 
requirement of the high-density recording. In addition, When 
V is increased by increasing the thickness of the medium; 
the recording ?eld from the head cannot reach a full-depth 
of the medium and fails to reverse the magnetiZation. Here 
again, high-density recording is not possible. 

[0008] As discussed above, conventional magnetic record 
ing mediums involve the problem that enhancement of the 
density encounters a limit caused by the thermal ?uctuation 
phenomenon. 

BRIEF SUMMARY OF THE INVENTION 

[0009] According to an embodiment of the invention, 
there is provided a magnetic recording medium including a 
functional layer containing a ?rst magnetic material; and a 
recording layer stacked on the functional layer and contain 
ing a second magnetic material, Wherein 

[0010] the functional layer and the recording layer exert 
ing exchange coupling interaction in a direction making a 
substantially orthogonal relation With each other at room 
temperature. 

[0011] In the recording medium having the above-sum 
mariZed con?guration, the recording layer and the functional 
layer magnetically reverse independently from each other, 
While the recording layer and the functional layer are mag 
netically continuous. This results in increasing the effective 
volume of the magnetiZation reversal unit of the recording 
layer and alleviation of thermal ?uctuation. At the same 
time, by recording information in both the recording layer 
and the functional layer, so-called dual-value recording is 
enabled, Which results in doubling the recording density. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The present invention Will be understood more 
fully from the detailed description given herebeloW and 
from the accompanying draWings of the embodiments of the 
invention. HoWever, the draWings are not intended to imply 
limitation of the invention to a speci?c embodiment, but are 
for explanation and understanding only. 

[0013] 
[0014] FIG. 1 is a schematic diagram that shoWs a cross 
sectional structure of a magnetic recording medium accord 
ing to an embodiment of the invention; 

In the draWings: 

[0015] FIG. 2 is a schematic diagram for explaining an 
orientation relationship of magnetic moments in a recording 
layer 11 and a functional layer 12; 

[0016] FIG. 3 is a schematic diagram that shoWs an 
orthogonal exchange coupling relationship betWeen the 
recording layer 11 and the functional layer 12, both of Which 
are magnetiZed along the ?lm plane; 

[0017] FIGS. 4A through 4H are schematic diagrams that 
shoW orientation relationships of spins betWeen the record 
ing layer 11 and the functional layer 12; 

[0018] FIG. 5A shoWs a disk-type recording medium; 

[0019] FIG. 5B shoWs both the recording layer 11 and the 
functional layer 12 both of Which have the in-plane magnetic 
anisotropy; 














































