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MAGNETIC RECORDING MEDIUM AND THE 
METHOD OF MANUFACTURING THE SAME 

BACKGROUND 

[0001] Various compositions for the magnetic layer, vari 
ous structures for the magnetic layer, and various materials 
for the nonmagnetic underlayer have been proposed to 
obtain a magnetic recording medium exhibiting a high 
recording density. One of the magnetic layers used in 
practice employs a CoCr alloy and obtains isolated magnetic 
grains by segregating Cr to the crystal grain boundary. 
Another one of the magnetic layers used in practice is the 
so-called granular magnetic layer that includes a nonmag 
netic and nonmetallic material for the grain boundary 
thereof. For segregating sufficient amount of Cr into the 
grain boundary, it is necessary and indispensable to heat the 
substrate at 200° C. or higher during forming the conven 
tional CoCr alloy magnetic layer. In contrast, the speci?c 
feature of the granular magnetic layer is that the nonmag 
netic and nonmetallic material segregates even When the 
substrate is not heated during forming the granular magnetic 
layer. For realiZing a higher recording density, research and 
development have been explored vigorously on the perpen 
dicular magnetic recording that orients the recording mag 
netiZation perpendicular to the recording plane of the 
medium in place of the parallel magnetic recording that 
orients the recording magnetiZation parallel to the recording 
plane of the medium. The CoCr magnetic layer and the 
granular magnetic layer described above are employable for 
the perpendicular magnetic recording by controlling the 
crystal orientation therein by means of an underlayer. 

[0002] It is required for both the CoCr magnetic layer and 
the granular magnetic layer to be thermally stable and cause 
less media noises. For improving the thermal stability, it is 
necessary to improve the crystalline magnetic anisotropy 
Ku. For reducing the media noises, it is necessary to 
minimiZe the crystal grain diameter in the magnetic record 
ing layer and to reduce the magnetic interaction betWeen the 
crystal grains. The crystalline magnetic anisotropy Ku in the 
CoCr magnetic layer is improved by adding an appropriate 
amount of Pt thereto. The magnetic interaction betWeen the 
ferromagnetic crystal grains in the CoCr magnetic layer is 
reduced by promoting Cr segregation into the grain bound 
ary by means of heating the substrate before forming the 
CoCr magnetic layer or by means of adding Ta or B to the 
CoCr magnetic layer. The other technique for segregation 
promotion, as reported in Journal of Applied Physics, Vol. 
87, No. 9. pp. 6869-6871 (May 1, 2000), effectively isolates 
ferromagnetic crystal grains by depositing an Mn layer of 20 
nm in thickness on a CoCrPt magnetic layer and by anneal 
ing the laminate at 350° C. for several minutes to diffuse Mn 
into the grain boundary of the CoCrPt magnetic layer. 

[0003] For reducing the media noises and for realiZing a 
high magnetic recording density, it is necessary to minimiZe 
the grain diameter in the magnetic recording layer and to 
magnetically isolate the crystal grains in the magnetic 
recording layer Without impairing the thermal stability. 
HoWever, the productivity of the above described segrega 
tion promotion technique that deposits an Mn layer on a 
CoCrPt layer and anneals the laminate is not that good since 
it takes several minutes for Mn to sufficiently diffuse into the 
grain boundary of the CoCrPt layer. Moreover, it is difficult 
to obtain a large signal output for the segregation promotion 
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technique that deposits an Mn layer on a CoCrPt layer since 
the spacing betWeen the magnetic head and the magnetic 
recording layer is greater due to the Mn layer of 20 nm in 
thickness on the CoCrPt layer, causing a loW signal to noise 
ratio (SNR). In addition, the magnetic head ?oats less stably 
since the magnetic layer surface becomes more uneven With 
an increasing layer thickness. 

[0004] As described above, a higher recording density 
Would hardly be provided to magnetic recording media, if 
one Wanted to manufacture the magnetic recording media 
With excellent productivity by any of the conventional 
techniques. Thus, there is a need for a magnetic recording 
medium manufacturing technique that alloWs greater pro 
ductivity, While producing a product that exhibits a high 
recording density. The present invention addresses this need. 

SUMMARY OF THE INVENTION 

[0005] The present invention relates to a magnetic record 
ing medium, Which can be mounted on various magnetic 
recording apparatuses, and the method of manufacturing 
such a magnetic recording medium, and the magnetic 
recording medium formed thereby. 

[0006] One aspect of the present invention is the magnetic 
recording medium, Which can include a nonmagnetic sub 
strate, an underlayer above the nonmagnetic substrate, a 
magnetic recording layer on the underlayer, and an over 
coating layer on the magnetic recording layer. The magnetic 
recording layer can be a granular magnetic layer, including 
ferromagnetic crystal grains and an oxide nonmagnetic grain 
boundary, or a nitride nonmagnetic grain boundary sur 
rounding the ferromagnetic crystal grains. The overcoating 
layer can contain a nonmagnetic metal or a nonmagnetic 
alloy diffused into the nonmagnetic grain boundary. 

[0007] The magnetic recording medium according to the 
?rst aspect of the invention does not employ the conven 
tional CoCrPt layer for the magnetic layer thereof but rather 
a granular magnetic layer including ferromagnetic crystal 
grains and a nonmagnetic oxide grain boundary or a non 
magnetic nitride grain boundary surrounding the ferromag 
netic crystal grains. The magnetic recording medium also 
can include a nonmagnetic metal layer or a nonmagnetic 
alloy layer deposited on the granular magnetic layer. In 
contrast to the conventional CoCrPt magnetic recording 
layer, the coated atoms diffuse into the nonmagnetic crystal 
grain boundary of the granular magnetic layer Without 
annealing, and promote isolation of the ferromagnetic crys 
tal grains from each other. 

[0008] The nonmagnetic metal or the nonmagnetic alloy 
can be composed of an element selected from the group 
consisting of Sc, Ti, V, Cr, Mn, Cu, Zn, Al, Y, Zr, Nb, Mo, 
Tc, Ru, Rh, Pd, Ag, Cd, In, Sn, Sb, Hf, Ta, W, Re, Os, Ir, Pt, 
and Au. When the nonmagnetic metal or the nonmagnetic 
alloy is selected from this group, the atoms coated on the 
granular magnetic layer diffuse easily into the nonmagnetic 
grain boundary of the granular magnetic layer. 

[0009] Another aspect of the present invention is the 
method of manufacturing a magnetic recording medium, 
Which can include steps of forming the underlayer above the 
nonmagnetic substrate, forming the magnetic recording 
layer on the underlayer, and forming the overcoating layer 
on the magnetic recording layer. 
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[0010] The overcoating layer can be removed after diffus 
ing the nonmagnetic metal or the nonmagnetic alloy into the 
nonmagnetic grain boundary. By removing a part of or the 
entire of the overcoating layer, the magnetic spacing can be 
narroWed, the SNR can be improved, the magnetic layer 
surface can be ?attened, and therefore, the head ?oating can 
be stabiliZed. 

[0011] Another aspect of the present invention is a product 
formed by the above-described method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a schematic cross sectional vieW of a 
perpendicular magnetic recording medium according to an 
embodiment of the invention. 

[0013] FIG. 2 is a set of curves relating the coercivity Hc 
and the thickness for the magnetic recording media accord 
ing to the ?rst through third embodiments of the invention 
and the comparative magnetic recording medium. 

[0014] FIG. 3 is a set of curves relating the normaliZed 
media noises and the line recording densities for the mag 
netic recording media according to the ?rst through fourth 
embodiments of the invention and the comparative magnetic 
recording medium. 

DETAILED DESCRIPTION 

[0015] NoW the invention Will be described in detail 
hereinafter With reference to the accompanied draWing ?g 
ures. Throughout the draWing ?gures, the constituent ele 
ments exhibiting similar functions are designated by the 
same reference numerals. 

[0016] Referring to FIG. 1, Which is a schematic cross 
sectional vieW of a perpendicular magnetic recording 
medium according to the invention, the perpendicular mag 
netic recording medium according to the invention includes 
at least a nonmagnetic substrate 1, an underlayer 2 above the 
nonmagnetic substrate 1, a magnetic recording layer 3 on the 
underlayer 2, and an overcoating layer 4 on the magnetic 
recording layer 3. The overcoating layer 4 can be removed 
by etching after the overcoating layer 4 is formed. A 
protective layer 5 can be formed on the overcoating layer 4 
and a liquid lubricant layer 6 can be formed on the protective 
layer 5. For forming a double-layered perpendicular mag 
netic recording medium, a soft magnetic underlayer 11 can 
be formed beloW the underlayer 2. The constituent layers 
Will be described beloW in detail. 

[0017] The nonmagnetic substrate can be composed of 
materials such as an Al alloy plate provided With NiP plating 
and a reinforced or crystalliZed glass plate used for the 
conventional magnetic recording. Since no heating step is 
employed in manufacturing the magnetic recording medium 
according to the present invention, the substrate 1 can be 
composed of plastic substrates, such as a polycarbonate 
plate and a polyole?n plate. 

[0018] The underlayer 2 can be composed of metals 
having a hexagonal close packed (hcp) lattice structure, 
alloys containing one of the metals having the hcp lattice 
structure, metals having a face-centered cubic (fcc) lattice 
structure or alloys containing one of the metals having the 
fcc lattice. The metals having the hcp lattice structure 
include, for example, Ti, Zr, Ru, Zn, Tc, and Re. The metals 
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having the fcc lattice structure include, for example, Cu, Rh, 
Pd, Ag, Ir, Pt, Au, Ni, and Co. Although the underlayer 2 is 
preferably thin, 3 nm or thicker in thickness is preferable for 
facilitating suf?cient crystal groWth therein. A seed layer 12 
can be formed beloW the underlayer 2 to improve the 
crystalline orientation in the underlayer 2. 

[0019] For obtaining a double-layered perpendicular mag 
netic recording medium, a soft magnetic underlayer 11 can 
be formed beloW the underlayer 2 to converge the magnetic 
?ux generated from a magnetic head. The underlayer 11 can 
be composed of NiFe alloy crystals, Sendust (FeSiAl) 
alloys, FeTaC microcrystals, CoTaZr microcrystals, and 
amorphous Co alloys such as CoZrNb. Although the opti 
mum thickness of the soft magnetic underlayer 11 changes 
depending on the structure and the characteristics of the 
magnetic recording head, the soft magnetic underlayer 11 is 
preferably from 10 nm to 500 nm in thickness taking the 
productivity thereof into consideration. 

[0020] The magnetic recording layer 3 is composed of a 
granular magnetic layer, including ferromagnetic crystal 
grains and a nonmagnetic oxide grain boundary or a non 
magnetic nitride grain boundary surrounding the ferromag 
netic crystal grains. For example, alloys such as CoPt and 
FePt, CoPt alloys, and FePt alloys, to Which Cr, Ni, Nb, Ta, 
B, and such an element are added, are preferable for the 
ferromagnetic crystal. For example, oxides and nitrides of 
Cr, Co, Si, Al, Ti, Ta, Hf, Zr, Y and Ce are preferable for the 
nonmagnetic grain boundary. As far as the materials 
described above exemplary are used for the ferromagnetic 
crystal grains and the nonmagnetic grain boundary, the 
atoms of the nonmagnetic metal or the nonmagnetic alloy 
coated on the granular magnetic layer are diffused easily into 
the nonmagnetic grain boundary Without any help of anneal 
ing, isolation of the ferromagnetic grains is promoted, and 
the media noises are reduced. The materials for the ferro 
magnetic crystal grain and the oxide and the nitride for the 
nonmagnetic grain boundary are not limited to those 
described above. For obtaining a perpendicular magnetic 
recording medium, it is necessary for the c-axis of the Co 
crystal having a hcp lattice structure to orient perpendicular 
to the recording plane of the medium. 

[0021] The overcoating layer can be composed of any of 
the nonmagnetic metals Sc, Ti, V, Cr, Mn, Cu, Zn, Al, Y, Zr, 
Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd, In, Sn, Sb, Hf, Ta, W, Re, 
Os, Ir, Pt, and Au, or nonmagnetic alloys containing at least 
one of Sc, Ti, V, Cr, Mn, Cu, Zn, Al, Y, Zr, Nb, Mo, Tc, Ru, 
Rh, Pd, Ag, Cd, In, Sn, Sb, Hf, Ta, W, Re, Os, Ir, Pt, and Au. 
The atoms in the overcoating layer 4 diffuse into the grain 
boundary in the magnetic recording layer 3 and reduce the 
magnetic interaction betWeen the ferromagnetic crystal 
grains in the magnetic recording layer 3. The overcoating 
layer 4 is preferably 10 nm or less in thickness to reduce the 
magnetic spacing betWeen the magnetic head and the mag 
netic recording medium. 

[0022] Further for improving the SNR (signal to noise 
ratio) characteristics, a part of or the entire of the residual 
overcoating layer 4 remaining on magnetic recording layer 
3, can be removed by etching. The removal of a part of or 
the entire of the residual overcoating layer 4 facilitates to 
reduce the magnetic spacing and smooth the surface of the 
magnetic recording medium. The removal can be conducted 
by Ar plasma etching, ECR plasma etching, ion beam 
etching, and similar etching technique. 
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[0023] The protective layer 5 can be composed of a thin 
?lm containing carbon as its main component. The liquid 
lubricant layer 6 can be composed of a per?uoropolyether 
lubricant or a similar liquid lubricant. 

[0024] NoW the invention Will be described more in detail 
hereinafter With reference to the accompanied draWing ?g 
ures, Which illustrate the preferred embodiments of the 
invention. According to the ?rst embodiment (El), the non 
magnetic substrate 1 is composed of a ?at and smooth 
chemically reinforced glass substrate (N-S Glass Substrate 
supplied from Hoya Corp.). After cleaning, the glass sub 
strate is loaded in a vacuum chamber of a sputtering appa 
ratus, and a soft magnetic underlayer is formed by sputter 
ing, using a Co5Zr9Nb target, resulting in a CoZrNb soft 
magnetic underlayer 11 of 300 nm in thickness. Then, a seed 
layer 12 is formed using a Ni15Fe5Cr target, Which is a 
Ni-based soft magnetic alloy target, under the Ar gas pres 
sure of 5 mTorr, resulting in a NiFeCr seed layer of 10 nm 
in thickness. Then, an underlayer 2 is formed using a Ru 
target under the Ar gas pressure of 30 mTorr, resulting in a 
Ru underlayer of 20 nm in thickness. 

[0025] Then, a magnetic recording layer 3 is formed by 
sputtering using a 92(Co10Crl6Pt)-8SiO2 target, resulting in 
a CoCrPt—SiO2 magnetic recording layer of 20 nm in 
thickness. Then, an Mn overcoating layer is formed under 
the Ar gas pressure of 30 mTorr. The thickness of the Mn 
overcoating layer 4 ranges from 1 nm to 20 nm. Finally, a 
carbon protective layer 5 of 8 nm in thickness is formed on 
the overcoating layer 4. Then, the laminate formed is taken 
out from the vacuum chamber. Then, a per?uoropolyether 
layer is formed by dip-coating, resulting in a per?uoropoly 
ether liquid lubricant layer 6 of 2 nm in thickness. Thus, 
double-layered perpendicular magnetic recording media E1 
according to the ?rst embodiment are obtained. The mag 
netic recording layer is formed by RF magnetron sputtering. 
The other layers eXcept the liquid lubricant layer are formed 
by DC magnetron sputtering. 

[0026] In a second embodiment (E2) according to the 
present invention, double-layered perpendicular magnetic 
recording media are fabricated in the same manner as the 
double-layered perpendicular magnetic recording media 
according to the ?rst embodiment eXcept that the overcoat 
ing layer is composed of Ta in the second embodiment. 

[0027] In a third embodiment (E3) according to the 
present invention, double-layered perpendicular magnetic 
recording media are fabricated in the same manner as the 
double-layered perpendicular magnetic recording media 
according to the ?rst embodiment eXcept that the overcoat 
ing layer is composed of Cu in the third embodiment. 

[0028] According to the fourth embodiment (E4) accord 
ing to the present invention, double-layered perpendicular 
magnetic recording media are fabricated in the same manner 
as the double-layered perpendicular magnetic recording 
media according to the ?rst embodiment eXcept that the 
overcoating layer is composed of an Mn layer 3 nm in 
thickness, and the Mn overcoating layer is removed by an Ar 
plasma etching. 

[0029] Comparative double-layered perpendicular mag 
netic recording medium C1 is fabricated in the same manner 
as the double-layered perpendicular magnetic recording 
media according to the ?rst embodiment eXcept that no 
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overcoating layer is formed in the comparative double 
layered perpendicular magnetic recording medium. 

[0030] First, the evaluation results on the magnetic char 
acteristics of the magnetic recording media E1 through E3 
according to the ?rst through third embodiments and the 
comparative magnetic recording medium C1 Will be 
described beloW. The magnetic characteristics are measured 
in terms of the Kerr effect. FIG. 2 is a set of curves relating 
the coercivities Hc and the thickness for the magnetic 
recording media E1 through E3 according to the ?rst 
through third embodiments and the comparative magnetic 
recording medium C1. The squareness ratio S of the mag 
netic recording media according to the ?rst through third 
embodiments and the comparative magnetic recording 
medium is 1.0. The coercivities Hc of the magnetic record 
ing media E1-E3 that include an overcoating layer according 
to the ?rst through third embodiments are improved as 
compared With the coercivity Hc of the comparative mag 
netic recording medium. The coercivities Hc increase With 
increasing thickness of the overcoating layer and reach the 
respective maXimum values When the thickness of the 
overcoating layer is betWeen 3 nm and 5 nm. Thus, provision 
of an overcoating layer improves the coercivity Hc. 

[0031] Table 1 beloW shoWs the comparative magnetic 
cluster siZe diameters d[nm] and the dispersions o[nm] of 
the magnetic recording media, each including an overcoat 
ing layer of 3 nm in thickness, according to the ?rst through 
third embodiments and the comparative magnetic recording 
medium. The magnetic cluster siZes are obtained from the 
magnetic force microscopic (MFM) measurements of the 
magnetic recording media demagnetiZed by AC demagne 
tiZation. The magnetic cluster siZe diameters d[nm] and the 
dispersions o[nm] of the magnetic recording media includ 
ing an overcoating layer according to the ?rst through third 
embodiments are much smaller than the magnetic cluster 
siZe diameter d[nm] and the dispersion o[nm] of the com 
parative magnetic recording medium. This indicates that the 
atoms in the overcoating layer diffuse into the grain bound 
ary of the CoCrPt—SiO2 magnetic layer and promotes 
magnetic isolation of the magnetic grains. 

TABLE 1 

Examples d [nm] 0 [nm] 

E1 17.6 7.4 
E2 20.5 9.2 
E3 26.3 11.7 
C1 31.4 12.6 

[0032] Next, the evaluation results on the magnetic para 
metric performances of the magnetic recording media E1 
through E4 according to the ?rst through fourth embodi 
ments and the comparative magnetic recording medium C1 
Will be described beloW. FIG. 3 is a set of curves relating the 
normaliZed media noises obtained from the evaluation 
results on the magnetic parametric performances and the 
linear recording densities for the magnetic recording media, 
each including an overcoating layer of 3 nm in thickness, 
according to the ?rst through fourth embodiments, and the 
comparative magnetic recording medium C1 (Without any 
overcoating layer). The magnetic parametric performances 
are measured by a spin stand tester using a giant magne 
toresistive (GMR) head. As FIG. 3 clearly indicates, much 



US 2003/0235718 A1 

less normalized media noises are generated in the magnetic 
recording media E1-E4 that include or used an overcoating 
layer according to the ?rst through fourth embodiments than 
in the comparative magnetic recording medium. Comparing 
the magnetic recording media according to the ?rst through 
third embodiments With each other, there exists a certain 
correlation betWeen the diameter d and dispersion cF of the 
magnetic cluster siZe and the normaliZed media noise. In 
detail, the normaliZed media noise becomes loWer from the 
magnetic recording medium according to the third embodi 
ment exhibiting larger d and cy to the magnetic recording 
medium according to the ?rst embodiment exhibiting 
smaller d and u. In other Words, the promoted magnetic grain 
isolation facilitates to reduce the media noises. The normal 
iZed media noise in the magnetic recording medium accord 
ing to the fourth embodiment, Where the overcoating layer 
thereof has been etched off after its formation, is further 
reduced as compared With the normaliZed media noise in the 
magnetic recording medium according to the ?rst embodi 
ment. The further reduced normaliZed media noise in the 
magnetic recording medium according to the fourth embodi 
ment is attributable to the large increment of the output 
signals due to the smaller magnetic gap betWeen the record 
ing layer and the magnetic head. [0033] Table 2 beloW 
shoWs the comparison of the SNRs at the linear recording 
densities of 400 kilo ?ux changes per inch (kFCI) and 600 
kFCI of the magnetic recording media according to the ?rst 
through fourth embodiments and the comparative magnetic 
recording medium. The SNRs are obtained by evaluating the 
magnetic parametric performances in the similar manner as 
the normaliZed media noises. By virtue of the higher Hc and 
loWer media noises, the SNRs in the magnetic recording 
media according to the ?rst through third embodiments, 
each including an overcoating layer, are much higher than 
the SNRs in the comparative magnetic recording medium 
that does not include or use any overcoating layer. The SNRs 
in the magnetic recording medium according to the fourth 
embodiment, Where the overcoating layer thereof has been 
etched off after its formation, are even higher than the SNRs 
in the magnetic recording medium according to the ?rst 
embodiment. Thus, it has been con?rmed that the removal of 
the overcoating layer is very effective means to obtaining a 
higher SNR. 

TABLE 2 

SNR dB 

Examples @ 400 [kFCI @ 600 [kFCI] 

E1 16.4 4.56 
E2 15.1 3.38 
E3 14.7 2.79 
E4 17.6 5.23 
C1 11.3 0.14 

[0033] By using a granular magnetic layer for the mag 
netic recording layer and by depositing an overcoating layer 
on the granular magnetic recording layer as described above, 
the atoms in the overcoating layer diffuse into the grain 
boundary of the granular magnetic layer and promote iso 
lation of the ferromagnetic grain crystals in the magnetic 
recording layer from each other. Since this scheme does not 
need any annealing treatment, the magnetic recording 
medium according to the invention is manufactured With 
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excellent productivity. The magnetic recording medium 
according to the invention facilitates to reduce the magnetic 
interaction therein, reducing the media noises and realiZing 
a higher recording density. Since it is suf?cient for the 
overcoating layer to be 10 nm or less in thickness, the 
magnetic gap betWeen the magnetic recording head and the 
recording layer is not Widened by much. A narroWer mag 
netic spacing obtained by etching off the overcoating layer 
after its formation facilitates to further improve the SNR and 
obtain a higher recording density. 

[0034] As described above, the magnetic recording 
medium according to the invention includes a nonmagnetic 
substrate, an underlayer above the nonmagnetic substrate, a 
magnetic recording layer on the underlayer, and an over 
coating layer on the magnetic recording layer. The magnetic 
recording layer is a granular magnetic layer including fer 
romagnetic crystal grains and an oxide nonmagnetic grain 
boundary or a nitride nonmagnetic grain boundary surround 
ing the ferromagnetic crystal grains, and the overcoating 
layer contains a nonmagnetic metal or a nonmagnetic alloy 
to be diffused into the nonmagnetic grain boundary. The 
atoms coated on the granular magnetic recording layer 
diffuse into the grain boundary and promote isolation of the 
ferromagnetic crystal grains from each other. 

[0035] The magnetic recording medium manufactured 
according to the present invention provides excellent pro 
ductivity, While producing products that have excellent 
magnetic recording properties, such as reduced media noise 
and a higher recording density. 

[0036] Given the disclosure of the present invention, one 
versed in the art Would appreciate that there may be other 
embodiments and modi?cations Within the scope and spirit 
of the present invention. Accordingly, all modi?cations and 
equivalents attainable by one versed in the art from the 
present disclosure Within the scope and spirit of the present 
invention are to be included as further embodiments of the 
present invention. The scope of the present invention 
accordingly is to be de?ned as set forth in the appended 
claims. 

[0037] The disclosure of the priority application, JP PA 
2002-106928, in its entirety, including the draWings, claims, 
and the speci?cation thereof, is incorporated herein by 
reference. 

What is claimed is: 
1. A magnetic recording medium comprising: 

a nonmagnetic substrate; 

an underlayer above the nonmagnetic substrate; 

a magnetic recording layer on the underlayer; and 

an overcoating layer on the magnetic recording layer, 

Wherein the magnetic recording layer comprises a granu 
lar magnetic layer comprising ferromagnetic crystal 
grains and a nonmagnetic grain boundary comprising 
an oxide or a nitride surrounding the ferromagnetic 
crystal grains, and 

Wherein the overcoating layer comprises a nonmagnetic 
metal or a nonmagnetic alloy adapted to be diffused 
into the nonmagnetic grain boundary. 

2. The magnetic recording medium according to claim 1, 
Wherein the nonmagnetic metal or nonmagnetic alloy is 
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composed of an element selected from the group consisting 
of Sc, Ti, V, Cr, Mn, Cu, Zn, Al, Y, Zr, Nb, Mo, Tc, Ru, Rh, 
Pd, Ag, Cd, In, Si, Sb, Hf, Ta, W, Re, Os, Ir, Pt, and Au. 

3. A method of manufacturing a magnetic recording 
medium, comprising the steps of: 

forming an underlayer above a nonmagnetic substrate; 

forming a magnetic recording layer on the underlayer; and 

forming an overcoating layer on the magnetic recording 
layer, 

Wherein the magnetic recording layer comprises a granu 
lar magnetic layer comprising ferromagnetic crystal 
grains and a nonmagnetic grain boundary comprising 
an oXide or a nitride surrounding the ferromagnetic 
crystal grains, and 

Wherein the overcoating layer comprises a nonmagnetic 
metal or a nonmagnetic alloy adapted to be diffused 
into the nonmagnetic grain boundary. 

4. The method according to claim 3, further comprising 
the step of removing the overcoating layer after diffusing the 
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nonmagnetic metal or the nonmagnetic alloy into the non 
magnetic grain boundary. 

5. The magnetic recording medium according to claim 3, 
Wherein the nonmagnetic metal or the nonmagnetic alloy is 
composed of an element selected from the group consisting 
of Sc, Ti, V, Cr, Mn, Cu, Zn, Al, Y, Zr, Nb, Mo, Tc, Ru, Rh, 
Pd, Ag, Cd, In, Sn, Sb, Hf, Ta, W, Re, Os, Ir, Pt, and Au. 

6. The magnetic recording medium according to claim 4, 
Wherein the nonmagnetic metal or the nonmagnetic alloy is 
composed of an element selected from the group consisting 
of Sc, Ti, V, Cr, Mn, Cu, Zn, Al, Y, Zr, Nb, Mo, Tc, Ru, Rh, 
Pd, Ag, Cd, In, Sn, Sb, Hf, Ta, W, Re, Os, Ir, Pt, and Au. 

7. A magnetic recording medium formed by the method 
according to claim 3. 

8. A magnetic recording medium formed by the method 
according to claim 4. 

9. A magnetic recording medium formed by the method 
according to claim 5. 

10. A magnetic recording medium formed by the method 
according to claim 6. 

* * * * * 


