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RECORDING MEDIUM AND THE METHOD OF MANUFACTURING THE SAME Field of the
Invention 5 The present invention relates to a perpendicular magnetic
recording medium and the method of manufacturing the perpendicular magnetic
recording medium. Specifically, the present invention relates to a
perpendicular magnetic recording medium mounted on various magnetic
recording apparatuses and forming recording magnetization in 10
perpendicular to the recording plane thereof and to the method of
manufacturing the perpendicular magnetic recording medium described above.
Prior Art 15 As the capacities of the magnetic disk storages such as the
external stor ages of computer s become larger and larger, higher recording
densities have been proposed for magnetic recording media. The conventional
magnetic recording scheme mainly employs longitudinal magnetic recording
that orients the recording magnetization in parallel to the recording plane
of 20 the magnetic recording medium. Recently, perpendicular magnetic
recording that orients the recording magnetization in perpendicular to the
recording plane of the magnetic recording medium has been attracting much
attention clue to the hopefulness of realizing a higher recording density.
25 The recording medium according to the perpendicular magnetic recording
scheme (hereinafter referred to as the "perpendicular magnetic recording
medium") includes a magnetic recording layer of a hard magnetic    material
and a under layer of a soft magnetic material for converging the magnetic
flux generated from a magnetic head employed to record signals in the
magnetic recording layer. CoCr alloy crystal films are used mainly for the
material of the magnetic recording layer for the perpendicular magnetic 5
recording medium. The amorphous alloy film including a rare earth element
and a transition metal and used for the magneto optical recording material
is very hopeful for the material of the magnetic recording layer in the
perpendicular magnetic recording medium due to its lar ge perpendicular
magnetic 10 anisotropy constant Ku. Hereinafter, the amorphous alloy film
including a rare earth element and a transition metal will be referred to
as the "rare-earth-transition-metal amorphous film" or simply as "the
amorphous alloy film". The amorphous alloy film having a composition near
the compensation point is used for the magneto optical recording. However,
it is 15 difficult to use the amorphous alloy film in perpendicular
magnetic recording without modification, since the coercive force He of the
amorphous alloy film in the composition range around the compensation point
is much higher than the coercive force, which the pezpendicular magnetic
recording materials are required to exhibit. 20 Problems to be solved by
the Invention 



In these days, noise reduction in the perpendicular magnetic recording
media, which mainly use the CoCr alloy crystal for the magnetic recording
material thereof, has being explored to realize a higher recording density.
25 The noises of the magnetic recording media are reduced by thinning the
magnetic recording layer) by minimizing the diameter of the CoCr crystal
grains) or by promoting segregation of a nonmagnetic element to the grain
boundary. However, these methods cause the so-called then mal fluctuation
that impairs the thermal stability of the recorded signals and, sometimes,
30 erases the recorded signals. 2   Japanese Unexamined Laid Open Patent
Application (Koukai) No. H07 -296357 discloses that a perpendicular
magnetic recording medium exhibiting excellent magnetic characteristics is
obtained by providing the medium with an R-Fe-B layer exhibiting a high
coercive force, wherein R 5 represents Nd, Pr or Nd and Pr. However, there
exists a certain limitation in realizing a high recording density in the
magnetic recording media including a magnetic recording layer having a
grain boundary therein. In practice, the magnetic recording media including
a magnetic recording layer having a grain boundary therein has no way but
to perform readlw rite 10 operations at a low recording density. In
contrast to the CoCr crystal film that has a grain boundary) the
rare-earth-transition-metal amorphous film has no crystal grain boundary.
The signals written in the amorphous alloy film are shifted or erased,
since 15 the amorphous alloy film does not have nuclei for holding the
signals wr itten then ein at the initial sites. Shift or er asur a of the
wr itten signals are liable to happen especially when the signals are
written at a high frequency. As far as the rare-earth-transition-metal
amorphous film is not improved nor modified, the amorphous alloy film is
unemployable for the 20 perpendicular magnetic recording aiming at a higher
recording density. Therefore, it would be desirable to provide a
perpendicular magnetic recording medium that causes neither shift nor
erasure of the written signals. It would be also desirable to provide the
method of manufacturing 25 the perpendicular magnetic recording medium with
excellent productivity. Means for solving the Problems As a result of the
extensive and intensive investigations, the present inventors have found
that the domain walls are fixed and excellent magnetic 3   characteristics
for a perpendicular magnetic recording medium are obtained by segr egating
Ag in the r ar e-ear th-tr ansition-metal amorphous film. According to a
first aspect of the invention, there is provided a 5 perpendicular magnetic
recording medium including: a nonmagnetic substrate, an intermediate layer
above the nonmagnetic substrate, a magnetic recording layer on the
intermediate layer, a protective layer on the magnetic recording layer, and
a liquid lubricant layer on the protective layer, wherein the magnetic
recording layer is an amorphous alloy layer including 10 a rare earth
element and a transition metal and Ag added to the amorphous alloy layer .
Advantageously, the concentration of the Ag added to the amorphous alloy
layer is between 1 at. % and 15 at. %. 



15 Advantageously, the perpendicular magnetic recording medium further
includes a soft magnetic under layer between the nonmagnetic substr ate and
the intermediate layer. 20 Advantageously, the perpendicular magnetic
recording medium further includes one or more undercoating layers between
the nonmagnetic substr ate and the soft magnetic under layer and a domain
controlling layer between the one or more undercoating layers and the soft
magnetic under layer , and the domain contr olling layer contr ols the
domains of the soft 25 magnetic under layer. According to a second aspect
of the invention, there is provided the 4   method of manufacturing a
perpendicular magnetic recording medium, including the steps of: forming an
intermediate layer above a nonmagnetic substrate, forming a magnetic
recording layer on the intermediate layer, the magnetic recording layer
being an amorphous alloy layer including a rare 5 earth element and a
transition metal and Ag added to the amorphous alloy layer, forming a
protective layer on the magnetic recording layer) and forming a liquid
lubricant layer on the protective layer. Advantageously, the magnetic
recording layer is formed under a gas 10 pressure between 10 mTorr and 100
mTorr. Brief Description of the Drawing Figure Fig. 1 is a schematic cross
sectional view of a perpendicular magnetic r ecor ding medium actor ding to
a first mode for car Tying out the invention. 15 Fig. 2 is a schematic
cross sectional view of a perpendicular magnetic recording medium according
to a second mode for carrying out the invention. Fig. 3 is a schematic
cross sectional view of a perpendicular magnetic recor ding medium
according to a thin d mode for carrying out the invention. Fig. 4 is a pair
of curves relating the magnetic characteristics with the 20 doping amount
of Ag for each perpendicular magnetic recording medium according to the
first embodiment of the invention. Fig. 5 is a curve relating the
perpendicular magnetic anisotropy constant with the doping amount of Ag for
each perpendicular magnetic recording medium according to the first
embodiment of the invention. 25 Fig. 6 is a pair of curves relating the
coercive force and the squareness r atio with the gas pressu r e, under
which the magnetic r ecor ding layer of each perpendicular magnetic
recording medium according to the first embodiment is formed. Fig. 7 is a
curve relating the perpendicular magnetic anisotropy 5   constant with the
gas pressure) under which the magnetic recording layer of each
perpendicular magnetic recording medium according to the first embodiment
is formed. Fig. 8 is a curve relating the SNR with the doping amount of Ag
in the 5 perpendicular magnetic recording medium according to the second
embodiment. Fig. 9 is a curve relating the SNR with the gas pressure, under
which 



the magnetic recording layer of each perpendicular magnetic recording
medium according to the second embodiment is formed. 10 Fig. 10 is a pair
of output waveforms obtained with a spin stand tester for one turn of the
perpendicular magnetic recording media. Modes for carrying out the
Invention Now the invention will be described in detail hereinafter with 15
reference to the accompanied drawing figures and in connection with the
modes for carrying out the invention. First mode Fig. 1 is a schematic
cross sectional view of a perpendicular magnetic 20 r ecor ding medium
according to a first mode for care ying out the invention. Referring now to
Fig. 1, the perpendicular magnetic recording medium according to the first
mode includes at least an intermediate layer 5 above a nonmagnetic substr
ate 1, a magnetic recor ding layer f on the intermediate layer 5, a
protective layer 7 on the magnetic recording layer G, and a liquid 25
lubricant layer 8 on the protective layer 7. The nonmagnetic substrate 1 is
a circular carrier plate, on which the magnetic films are deposited. A1
alloys, chemical strengthened glass, and crystallized glass provided with
NiP plating and used for the conventional 6   magnetic recording media are
used for the nonmagnetic substrate 1. The intermediate layer 5 is used to
control the characteristics of the magnetic recor ding layer 6. Nonmagnetic
elements and nonmagnetic alloys 5 are used appropriately for the
intermediate layer 5. Preferably, the intermediate layer 5 is between 5 nm
and 30 nm in thickness. The magnetic recording layer 6 is a
rare-earth-transition-metal amorphous film. TbCo, TbFeCo and such amorphous
alloys are used for the 10 magnetic recording layer 6. The specific feature
of the invention is that Ag is contained in the r ar
e-earth-transition-metal amorphous film. The Ag added facilitates fixing
the domain walls between the recorded bits at the locations, thereat the
domain walls were when signals were written into the pertinent bits.
Therefore, the bits recorded at a high recording density by domain wall 15
motion are prevented from shifting and erasure. Ag is added to the
rare-earth-transition-metal amorphous film by depositing Ag from a target
containing Ag and an amorphous alloy including a rare earth element and a
transition metal or by depositing Ag fiom a Ag 20 chip positioned on an
amorphous alloy target. When the amorphous alloy film contains less than 1
at. % of Ag, the 



doping amount of Ag is too small to sufficiently fix the domain walls. The
amorphous alloy film containing more than 1 5 at. % of Ag does not work as
25 a perpendicular magnetic recor ding layer, since a sufficient
perpendicular magnetic anisotropy is not obtained. Therefore, the Ag
concentration is preferably between 1 at. % and 15 at. % to obtain
satisfactory characteristics for a perpendicular magnetic recording medium.
7   When the gas pressure, under which the magnetic recording layer G is
formed, is lower than 10 mTorr, it is difficult to write signals, since the
magnetic exchange interaction is too strong. When the gas pressure is
higher than 100 mTorr, the magnetic recording layer formed is not suitable
5 for perpendicular recording due to low perpendicular magnetic anisotropy.
Therefore, it is desirable to set the gas pressure for forming the magnetic
recording layer 6 between 10 mTorr and 100 mTorr. A film containing carbon
as its main component and such a 10 conventional protective film are used
for the protective layer 7. The protective layer 7 is formed under the
conditions for forming the protective films of the conventional magnetic
recording media. Conventional materials are used for the liquid lubricant
layer 8. For example) perfluoropolyether lubricants are used preferably.
The parameters such as the thickness of the 15 liquid lubricant layer 8 are
set at the parameters for the conventional magnetic recording media. Second
mode The perpendicular magnetic recording medium according to a second 20
mode for carrying out the invention further includes, between the
nonmagnetic substrate and the intermediate layer, a soft magnetic under
layer for convey grog the magnetic flux genes ated by a magnetic head used
for recording in a magnetic recording layer. Fig. 2 is a schematic cross
sectional view of a perpendicular magnetic 25 recording medium according to
the second mode for carrying out the invention. Referring now to Fig. 2,
the perpendicular magnetic recording medium according to the second mode
includes at least a soft magnetic under layer 4 above a nonmagnetic
substrate 1, an intermediate layer 5 on the soft magnetic under layer 4, a
magnetic recording layer G OIl the 8   inter mediate layer 5, a protective
layer 7 on the magnetic r ecor ding layer C, and a liquid lubricant layer 8
on the protective layer 7. The substrate 1, the intermediate layer 5, the
magnetic recording layer 6, the protective layer 7, and the liquid
lubricant layer 8 are configured in the same manner as those 5 in the
perpendicular magnetic recor ding medium actor ding to the fir st mode. The
soft magnetic under layer 4 is disposed to converge the magnetic flux
generated by the magnetic head used for recording in the magnetic 10
recording layer 0. NiFe alloys, Sendust (FeSiAI) alloys and such alloys are
used for the soft magnetic under layer 4. For example, excellent
electromagnetic conversion characteristics are obtained by using an
amorphous Co alloy such as CoNbZr and CoTaZr. Although it depends on the
str uctur a and the char acter istics of the recor ding magnetic head, the
soft 15 magnetic under layer 4 is preferably from 10 nm to 300 nzn in
thickness considering the productivity thereof. The intermediate layer 5
controls the characteristics of the magnetic 



recording layer 6 and magnetically isolates the soft magnetic under layer 4
20 and the magnetic recording layer 6 from each other. Third mode The
perpendicular magnetic recording medium according to a third mode for
carrying out the invention includes, between the nonmagnetic 25 substrate
and the soft magnetic under layer, one or more undercoating layers and an
antiferromagnetic layer (hereinafter referred to as a "domain controlling
layer") for controlling the domains in the soft magnetic under layer. Fig.
3 is a schematic cross sectional view of a perpendicular magnetic 9   r
ecording medium actor ding to the third mode for car r ying out the
invention. Referring now to Fig. 3, the perpendicular magnetic recording
medium according to the third mode includes at least an undercoating layer
2 on a nonmagnetic substrate 1, a domain controlling layer 3 on the
undercoating 5 layer 2, a soft magnetic under layer 4 on the domain
controlling layer 3) an intermediate layer 5 on the soft magnetic under
layer 4, a magnetic recording layer 6 on the intermediate layer 5, a
protective layer 7 on the magnetic recording layer 6, and a liquid
lubricant layer 8 on the protective layer 7. The substr ate 1, the soft
magnetic under layer 4, the inter mediate 10 layer 5, the magnetic recor
ding layer f~, the protective layer 7, and the liquid lubricant layer 8 are
configured in the same manner as those in the perpendicular magnetic
recording medium according to the second mode. An antiferromagnetic film
formed of an alloy containing Mn or a hard 15 magnetic film, the
magnetization thereof is oriented in the radial direction of the circular
plate of the nonmagnetic substrate 1, is used for the domain controlling
layer 3. The domain controlling layer 3 is preferably from 5 nm to 300 nm
in thickness. 20 The undercoating layer 2 includes at least an orientation
controlling layer for controlling the orientation of the magnetization in
the domain controlling layer 3. When a Mn alloy antiferromagnetic fihn is
used for the domain controlling layer 3, it is preferable for the
undercoating layer 2 to be made of a nonmagnetic metal having a face center
cubic structure or a 25 nonmagnetic alloy. In this case, the undercoating
layer 2 may fur then include, on the side of the nonmagnetic substrate 1, a
lower layer for controlling the fine structure of the nonmagnetic metal
layer or the nonmagnetic alloy layer described above. When a hard magnetic
film is used for the domain controlling layer 3, Cr alloys are employable
for the l0   undercoating layer 2. In this case, the undercoating layer 2
may further include, on the side of the nonmagnetic substr ate 1, a plug
ality of lower layers for controlling the fine structure of the Cr alloy
layer. 5 Now the invention will be described in connection with the
preferred embodiments of the invention. Although the invention will be
described below in connection with the prefer red embodiments then eof,
changes and modifications are obvious to those skilled in the art without
departing from the true spirit of the invention. Therefore, the present
invention be 10 understood not by the specific disclosures herein but by
the appended claims thereof. Embodiments First embodiment 15 A smooth and
flat chemical strengthened glass substrate (Glass substrate N-5 supplied
from Hoya Corp.) is used for the nonmagnetic substrate. After being
cleaned, the glass substrate is loaded in a vacuum chamber of a sputtering
apparatus and a Ti layer is deposited on the glass substrate, resulting in
a Ti intermediate layer. The resulting Ti 20 intermediate layer is 15 nm in
thickness. Then, a magnetic recording layer is formed on the Ti inter
mediate layer using a composite tar get consisting of a TbCo target and a
Ag chip placed on the TbCo target. The doping amount of Ag is adjusted by
changing the number of the Ag chips on the TbCo tar get. The gas pressure
inside the vacuum chamber is controlled between 5 mTorr 25 and 150 mTorr by
adjusting the total flow rate of the gas used for film deposition and the
opening of the valve disposed between the vacuum chamber and the vacuum
pump. The thickness of the magnetic recording layer is set at 30 nm. 11  



Then, a carbon protective layer of 5 nm in thickness is formed on the
magnetic recording layer. Then, the laminate formed so far is taken out
from the vacuum chamber. The constituent layers except the magnetic
recording layer are formed by DC magnetron sputtering under the gas 5
pressure of 5 IllTOrr. Finally, a perfluoropolyether liquid lubricant layer
of 2 nm in thickness is formed on the carbon protective layer by
dip-coating. Thus, the perpendicular magnetic recording media according to
the first embodiment are fabricated. 10 The magnetic characteristics of the
perpendicular magnetic recording media fabricated are calculated from the
magnetization curves measured with a vibrating sample magnetometer. The
perpendicular magnetic anisotr opy constants Ku ar a calculated from the
magnetic for que cur ves measured in a plane containing the normal to the
substrate surface. is Fig. 4 is a pair of curves relating the coercive
force He and the squareness ratio S with the doping amount of Ag for each
perpendicular magnetic recording medium according to the first embodiment
of the invention. The coercive force He rises sharply by adding 1 at. % or
more of 20 Ag to the rare-earth-transition-metal amorphous film and reaches
a high value of more than 5000 Oe at the Ag doping amount of around 5 at.
%. The coercive force He lowers monotonically with further addition of Ag
and reaches a low value of less than 3000 Oe at the Ag doping amount of 20
at. % or more. The squareness ratio S is at an excellent value of almost 1
up 25 to the Ag doping amount of 15 %. However, the squareness ratio S
lowers sharply with further increase of the Ag doping amount. Fig. 5 is a
curve relating the perpendicular magnetic anisotropy constant Ku with the
doping amount of Ag for each perpendicular magnetic 12   recording medium
according to the first embodiment. The perpendicular magnetic anisotropy
constant Ku is around 2 x 10 ~ erg/cc when no Ag is added. The
perpendicular magnetic anisotropy constant Ku rises sharply with increasing
Ag doping amount and takes a relatively large value of 5 x 5 10 ~ erg/cc at
the Ag doping amount of 5 at. %, at which the coercive force He takes the
maximum value. The perpendicular magnetic anisotropy constant Ku lower s
monotonically with fur then increase of the Ag doping amount and is, at the
Ag doping amount of 20 at. %, 1.5 x 10 ~ erg/cc or lower, too low to be the
perpendicular magnetic anisotropy constant for the 10 perpendicular
magnetic recording medium. Obviously, the change of the coercive force He
with the Ag doping amount described in Fig. 4 is affected by the change of
the perpendicular magnetic anisotropy constant Ku. As described above,
excellent magnetic characteristics are obtained by 15 adding less than 15
at. % of Ag to the rare-earth-transition-metal amorphous film. Fig. 6 is a
pair of curves relating the coercive force He and the squareness ratio S
with the gas pressure for each perpendicular magnetic 20 recording medium
according to the first embodiment. A high coercive force of 3000 Oe or
higher is obtained in the gas pressure range of 100 mTorr or lower. The
squareness ratio S is at an excellent value of almost 1 also in the gas
pressure range of 100 mTorr or lower. 25 Fig. 7 is a curve relating the
perpendicular magnetic anisotropy constant Ku with the gas pressure, under
which the magnetic recording layer of each perpendicular magnetic recording
medium according to the first embodiment is formed. Although the
perpendicular magnetic 13 



anisotropy constant Ku takes a high value of 5.7 x 10 ~ erg/cc at the gas
pressure of 5 mTorr) the perpendicular magnetic anisotropy constant Ku
lowers monotonically with increasing gas pressure and is 2,7 x 10 ~ erg/cc
at the gas pressure of 100 mTorr. The perpendicular magnetic anisotropy 5
constant Ku takes a low value of 1 x 10 ~ erg/cc at the gas pressure of 150
mTor r. Second embodiment A nonmagnetic substrate same with the nonmagnetic
substrate used in 10 the perpendicular magnetic recording media according
the first embodiment is used according to the second embodiment of the
invention. The nonmagnetic substrate is cleaned and loaded in the vacuum
chamber of the sputtering apparatus. First, a soft magnetic under layer is
formed using a CoZrNb target. The formed soft magnetic under layer is 200
nm in thickness. 15 Then, an intermediate layer, a magnetic recording
layer, a protective layer, and a liquid lubricant layer are formed in the
same manner as those in the perpendicular magnetic recording media
according the first embodiment. Thus, perpendicular magnetic recording
media having the configuration as illustrated in Fig. 2 are fabricated. The
electromagnetic conversion 20 characteristics of the perpendicular magnetic
recording media according the second embodiment are measured with a spin
stand tester using a GMR head. Fig. 8 is a curve relating the SNR (the
ratio of the noises to the signals 25 in the electromagnetic conversion) at
the linear recording density of 350 kFCI with the doping amount of Ag. When
Ag is not added, the SNR takes a low value of around 12 dB. The low SNR is
caused, since there is no nucleus for making the written signals stay in
the sites, wherein the signals have been written initially and, therefore,
the written signals shift the positions 14   positions thereof. Nuclei are
formed by adding 1 at. % or more Ag and a high SNR of 15 dB or higher is
obtained. However, the SNR lowers sharply as the Ag doping amount exceeds
15 at. % to the higher side. This is because the perpendicular magnetic
anisotropy lowers when the Ag doping amount is too 5 high. Ther efor e, it
is pr efer able to confine the Ag doping amount in the range between 1 at.
% and 15 at. %. Fig. 9 is a curve relating the SNR at the linear recording
density of 350 kFCI with the gas pressure, under which the magnetic
recording layer of 10 each perpendicular magnetic recording medium
according to the second embodiment is formed. A high SNR of 15 dB or higher
is obtained in the gas pressure range between 10 mTorr and 100 mTorr. When
the gas pressure is lower than 10 mTorr, write signals can not be written
in especially at a high recording density due to too strong exchange
interaction inside the magnetic 15 recording layer or the SNR is impaired
due to the shifts of the written signals. When the gas pressure is higher
than 100 mTorr, the perpendicular magnetic anisotropy is lowered and,
therefore, the SNR is impaired. Summarizing the results described above, it
is preferable to set the 20 doping amount of Ag to the r ar e-earth-tr
ansition metal amor phous alloy film between 1 at. % and 15 at. % and the
gas pressure, under which the amorphous alloy film is formed, between 10
mTorr and 100 mTorr. Third embodiment 25 A nonmagnetic substrate same with
the nonmagnetic substrate used in the perpendicular magnetic recording
media according the second embodiment is used according to the thin d
embodiment of the invention. The nonmagnetic substr ate is cleaned and
loaded in the vacuum chamber of the sputtering apparatus. First, a Ta layer
is formed on the nonmagnetic 15   substrate, resulting in a first
undercoating layer. The resulting first undercoating layer is 5 nm in
thickness. Then, a NiFeCr layer is formed on the first undercoating layer,
resulting in a second undercoating layer. The resulting second undercoating
layer is 5 nm in thickness. Then, an IrMn 5 layer is formed on the second
undercoating layer, resulting in a domain controlling layer. The resulting
domain controlling layer is 10 nm in thickness. Then, a soft magnetic under
layer, an intermediate layer, a magnetic recording layer) a protective
layer, and a liquid lubricant layer are formed in the same manner as those
in the perpendicular magnetic 10 recording media according the second
embodiment. Thus, perpendicular magnetic recor ding media having the
configuration as illustr ated in Fig. 3 are fabricated. Fig. 10 is a pair
of output waveforms obtained with a spin stand tester 15 for one turn of
the perpendicular magnetic recording medium according to the third
embodiment and a comparative perpendicular magnetic recording medium. Among
the waveforms in Fig. 10, the waveform 1002 is an output waveform for one
turn of the perpendicular magnetic recording medium according to the third
embodiment. The waveform 1004 is an output 20 waveform for one turn of a
comparative perpendicular magnetic recording medium having a configuration
similar to that in the perpendicular magnetic recor ding medium according
to the second embodiment provided with neither undercoating layer nor
domain controlling layer. When the 



perpendicular magnetic recording medium includes neither undercoating 25
layer nor domain controlling layer, spike noises are caused over the full
turn thereof. In contr ast, provision of one or more undercoating layer s
and a domain controlling layer prevents spike noises from causing, since no
domain wall is formed in the soft magnetic under layer due to the provision
of the one or more undercoating layers and the domain controlling layer. 30
16   Advantageous Effects of the Invention As described above, the
perpendicular magnetic recording medium according to the invention includes
at least a nonmagnetic substrate, an intermediate layer above the
nonmagnetic substrate, a magnetic recording 5 layer on the inter mediate
layer, a pr otective layer on the magnetic r ecor ding layer, and a liquid
lubricant layer on the protective layer, wherein the magnetic recor ding
Layer is a r are-ear th-tr ansition-metal amorphous alloy layer, to which
Ag is added. By adding from 1 at. % to 15 at. % of Ag, a perpendicular
magnetic recording medium exhibiting excellent 10 char acter istics is
obtained. The soft magnetic under layer disposed between the nonmagnetic
substr ate and the intermediate layer facilitates convey grog the magnetic
flux generated from a magnetic head and forming a sharp magnetic field 15
gr adient across the magnetic r ecor ding layer . The provision of the soft
magnetic under layer further improves the characteristics of the
perpendicular magnetic recording medium. One or more undercoating layers
and a domain controlling layer 20 disposed between the nonmagnetic
substrate and the soft magnetic under layer completely prevent spike noises
caused by domain walls formed in the soft magnetic under layer from
occurring and facilitate providing a practical perpendicular magnetic
recording medium. 25 By forming the magnetic recording layer under a gas
pressure between 10 mTorr and 100 mTorr, a practical perpendicular magnetic
recording medium exhibiting excellent characteristics is obtained. 17
Since the magnetic recording medium according to the invention may be
manufactured using the conventional manufacturing facilities, the method of
manufacturing the magnetic recor ding medium actor ding to the invention is
suitable for mass production. 5 10 15 20 25 



30 18   Claim ~'Vhat is claimed is: 1. A perpendicular magnetic recording
medium comprising: a nonmagnetic substrate, 5 an intermediate layer above
the nonmagnetic substrate, a magnetic recording layer on the intermediate
layer, a protective layer on the magnetic recording layer, and a liquid
lubricant layer on the protective layer, wherein the magnetic recording
layer comprises an amorphous alloy 10 layer comprising a r ar a ear th
element and a tr ansition metal and Ag added to the amorphous alloy layer.
2. The perpendicular magnetic recording medium according to Claim 1,
wherein the concentration of the Ag added to the amorphous alloy layer is
between 1 at. % and 15 at. %. 15 3. The perpendicular magnetic recording
medium according to Claim 1 or 2, further comprising a soft magnetic under
layer between the nonmagnetic substrate and the intermediate layer. 4. The
perpendicular magnetic recording medium according to Claim 3, further
comprising one or more undercoating layers between the 20 nonmagnetic
substrate and the soft magnetic under layer and a domain controlling layer
between the one or more undercoating layers and the soft magnetic under
layer, the domain controlling layer controlling the domains of the soft
magnetic under layer. 5. A method of manufacturing a perpendicular magnetic
recording 25 medium, comprising the steps of: forming an intermediate layer
above a nonmagnetic substrate, forming a magnetic recording layer on the
intermediate layer, the 19   magnetic recording layer comprising an
amorphous alloy layer comprising a rare earth element and a transition
metal and Ag added to the amorphous alloy layer, forming a protective layer
on the magnetic recording layer, and 5 forming a liquid lubricant layer on
the protective layer. 6 The method actor ding to Claim 5, wherein the step
of forming the magnetic recording layer is conducted under a gas pressure
between 10 



mTorr and 100 mTorr. 10 15 20 25 30 20
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