
Magnetic Recording Medium and Manufacturing Method Thereof Technical Field
of the Invention The present invention relates to a magnetic recording
medium and a manufacturing method thereof, and more specifically  to a
magnetic recording medium and a manufacturing method  thereof, according to
which an increase in coercivity and a  reduction in noise are
simultaneously realized, and moreover  the manufacturing cost is low. Prior
Art From hitherto various magnetic layer compositions and  structures,
nonmagnetic foundation layer materials and so on  have been studied and
proposed for magnetic recording media, for  which high recording density
and low noise are demanded. In  particular, in recent years, there have
many proposals for  `granular magnetic layers', which are magnetic layers
having a  structure in which magnetic crystal grains are surrounded by a
nonmagnetic nonmetallic substance such as an oxide or a  nitride. For
example, in Japanese Patent Application Laid-open No. 8-255342, it is
proposed to form a nonmagnetic film, a  ferromagnetic film and a
nonmagnetic film in this order and then  carry out heating treatment, thus
forming a granular magnetic  layer (recording layer) in which ferromagnetic
crystal grains are 1 



dispersed in a nonmagnetic film, whereby noise can be reduced.  An oxide or
nitride of silicon or the like is used for the  nonmagnetic films in this
case. Moreover, U.S. Patent No. 5,679,473, specification, describes
depositing a recording layer by RF sputtering using a CoNiPt  target to
which an oxide such as SiO2 has been added in advance,  whereby a granular
magnetic layer having a structure in which  magnetic crystal grains are
surrounded by a nonmagnetic oxide and  are separated from one another can
be formed, and hence high  coercivity (Hc) and low noise can be realized.
Moreover, in Japanese Patent Application Laid-open No.  2001-101651, there
is disclosed a granular magnetic layer that is  constituted from an alloy
having Co as a principal component  thereof and having an hcp structure and
3 to 50 mol% of an oxide  or nitride, and for which an axis of easy
magnetization is  oriented in a direction approximately parallel to the
substrate  surface, and it is stated that an increase in coercivity and a
reduction in noise are possible with this granular magnetic  layer.
Furthermore, in Japanese Patent Application Laid-open No.  2000-276729, an
example is reported in which a recording layer is  constituted from a
granular magnetic layer in which a plurality  of ferromagnetic crystal
grains comprising an alloy having a 2 



composition such as Co80Pt15Cr5 are arranged in an SiO2 matrix,  whereby a
magnetic recording medium having good overwrite  properties can be
realized. With such granular magnetic layers, it is thought that a
nonmagnetic nonmetallic grain boundary phase physically  (spatially)
separates the magnetic grains from one another, and  hence the magnetic
interaction between the magnetic grains is  reduced, and thus the formation
of zigzag magnetic domain walls  occurring at recording bit transitional
regions is suppressed,  whereby low noise can be obtained. With CoCr-type
metallic magnetic films that have been used  in the past, the deposition is
carried out at high temperature,  and hence the Cr precipitates out from
the Co-based magnetic  grains and becomes segregated at the grain
boundaries, which  reduces the magnetic interaction between the magnetic
grains;  however, in the case of a granular magnetic layer, a nonmagnetic
nonmetallic substance is used as a grain boundary phase, and  hence
segregation occurs more easily than with the Cr in a  conventional
CoCr-type metallic magnetic film, and thus  isolation of the magnetic
grains from one another can be promoted  relatively easily. Moreover, in a
conventional CoCr-type  metallic magnetic film, to secure sufficient Cr
segregation, it  is essential to set the substrate temperature to at least
200C  during the film deposition, whereas in the case of a granular 



3 magnetic layer, there is an advantage that the nonmagnetic  nonmetallic
substance can be made to segregate at the grain  boundaries even in the
case that the magnetic layer is deposited without heating the substrate.
Problems to be Solved by the Invention However, with magnetic recording
media having a granular  magnetic layer, there is a problem in that to
realize the desired  magnetic properties (in particular high coercivity
Hc), it  becomes necessary to add a relatively large amount of Pt, which
is expensive, to the Co alloy. For example, with the magnetic  recording
medium described in U.S. Patent No. 5,679,473,  specification, to realize
an He of approximately 2400 Oe, a large  amount of Pt of 11 at% is
necessary, whereas to realize  approximately the same He with a
conventional CoCr-type  metallic magnetic film, adding at most 5 at% of Pt
is  sufficient. As the density of magnetic recording has  increased in
recent years, a very high He of 3000 Oe or more has  come to be demanded of
magnetic recording media, and in this  situation there is a problem that
with granular magnetic  layers, for which a large amount of expensive Pt is
required to  increase the Hc, the manufacturing cost rises. Moreover, as
the recording density is increased, further  reductions in medium noise are
demanded, and hence there is an  



increasing need to finely control the microstructure of 4 granular magnetic
layers, for example the magnetic crystal  grain size and the segregation
structure. For example, in  Japanese Patent Application Laid-open No.
2002-015417 it is  disclosed that by forming a nonmagnetic intermediate
layer of a  nonmagnetic metal or alloy having an hcp crystal structure
between a granular magnetic layer and a nonmagnetic foundation  layer, it
is possible to realize high He and low medium noise;  however, to further
reduce noise, crystal design on an atomic  level, i.e. control of the state
of orientation and the misfit  amount of the crystal lattice between the
respective layers, is  considered to be necessary. In view of the problems
described above, it is an object of  the present invention to provide a
magnetic recording medium and  a manufacturing method thereof, according to
which an increase  in coercivity and a reduction in noise are
simultaneously  realized, and moreover the manufacturing cost is low. Means
for Solving the Problems In the present invention, to attain the above
object,  according to claim 1, in the case of a magnetic recording medium
in which at least a nonmagnetic foundation layer, a granular  magnetic
layer, a protective layer and a liquid lubricant layer  are formed in this
order on a nonmagnetic substrate, the  



magnetic recording medium is characterized in that the  foundation layer
has a body-centered cubic crystal structure 5 with a preferred crystal
orientation plane being a bcc (110)  plane, and is characterized by having,
between the foundation  layer and the granular magnetic layer, a
nonmagnetic intermediate layer that has a hexagonal close-packed structure
with an hcp (100) plane or an hcp (200) plane being a preferred
orientation plane. Moreover, according to claim 2, in the case of the
magnetic  recording medium according to claim 1, the magnetic recording
medium is characterized in that the nonmagnetic intermediate  layer is made
of an alloy containing at least Ge and containing  at least one selected
from the group consisting of Fe and Mn. Moreover, according to claim 3, in
the case of the magnetic  recording medium according to claim 1, the
magnetic recording  medium is characterized in that the nonmagnetic
intermediate  layer is made of an alloy containing at least Co and
containing  at least one selected from the group consisting of W and Mo.
Moreover, according to claim 4, in the case of the magnetic  recording
medium according to claim 1, the magnetic recording  medium is
characterized in that the nonmagnetic intermediate  layer is made of an
alloy containing at least Ti and containing  at least one selected from the
group consisting of Pd, Ga and Al. 



Moreover, according to claim 5, in the case of the magnetic 6 recording
medium according to claim 1, the magnetic recording  medium is
characterized in that the nonmagnetic intermediate  layer is made of an
alloy containing at least Ni and containing  at least one selected from the
group consisting of Zr, Sn and In. Moreover, according to claim 6, in the
case of the magnetic  recording medium according to claim 1, the magnetic
recording  medium is characterized in that the nonmagnetic intermediate
layer is made of an alloy of Fe and Sn. Moreover, according to claim 7, in
the case of the magnetic  recording medium according to claim 1, the
magnetic recording  medium is characterized in that the nonmagnetic
intermediate  layer is made of a compound containing at least one selected
from  the group consisting of carbides and nitrides of Co, Ni and Fe.
Moreover, according to claim 8, in the case of the magnetic  recording
medium according to claim 1, the magnetic recording  medium is
characterized in that the nonmagnetic intermediate  layer is made of an
alloy having an Ni3Sn-type or AuCd-type  regular lattice structure.
Moreover, according to claim 9, in the case of the magnetic  recording
medium according to any of claims 1 through 8, the  magnetic recording
medium is characterized in that a crystal  lattice misfit amount between
the nonmagnetic intermediate 



7 layer and the granular magnetic layer is not more than 10% for each of an
a-axis and a c-axis. Moreover, according to claim 10, in the case of the
magnetic  recording medium according to any of claims 1 through 9, the
magnetic recording medium is characterized in that nonmagnetic  grain
boundaries in the granular magnetic layer comprise at  least one oxide of
at least one element selected from the group  consisting of Cr, Co, Si, Al,
Ti, Ta, Hf and Zr. Moreover, according to claim 11, in the case of the
magnetic  recording medium according to any of claims 1 through 10, the
magnetic recording medium is characterized in that ferromagnetic crystals
in the granular magnetic layer are made  of a CoPt alloy and the CoPt alloy
has at least one element  selected from the group consisting of Cr, Ni and
Ta added  thereto. Moreover, according to claim 12, in the case of the
magnetic  recording medium according to any of claims 1 through 11, the
magnetic recording medium is characterized in that the foundation layer is
made of any material selected from the group  of metals consisting of Ta,
Cr, W, Mo and V, the group of Cr  alloys consisting of CrMo, CrTi, CrV and
CrW, and the group of Ti  alloys consisting of TiW, TiMo, TiCr and TiV each
containing 10  to 60 at% of Ti. 



8 Moreover, according to claim 13, in the case of the magnetic  recording
medium according to any of claims 1 through 12, the  magnetic recording
medium is characterized in that the nonmagnetic substrate comprises a
plastic resin. Furthermore, according to claim 14, in the case of a method
for manufacturing the magnetic recording medium according to any  of claims
1 through 13, the method is characterized by carrying  out a film
deposition process without heating the nonmagnetic  substrate in advance.
Brief Description of the Drawings  Fig. 1 A schematic sectional drawing of
a magnetic recording  medium of the present invention. Fig. 2 A diagram
showing the X-ray in-plane diffraction patterns  for a magnetic recording
medium of the present invention having  a W foundation layer and a 66Fe34C
nonmagnetic intermediate  layer. Embodiments of the Invention Following is
a description of a perpendicular magnetic  recording medium and a
manufacturing method thereof according  to the present invention, with
reference to the drawings. 9 



The present inventors carried out assiduous studies to  increase
coercivity, reduce noise and reduce cost for granular  magnetic layers, and
as a result discovered that by providing,  between a granular magnetic
layer and a nonmagnetic foundation  layer, a nonmagnetic intermediate layer
comprising an alloy  having a hexagonal close-packed (hcp) crystal
structure,  coercivity can be increased and noise can be reduced, without
increasing the amount added of Pt, which is expensive. A similar  idea is
also disclosed in Patent Document 5, but in the present  invention the
nonmagnetic intermediate layer is not constituted  from an alloy containing
an expensive precious metal such as Ru  or Ir, but rather the nonmagnetic
intermediate layer is  constituted from an alloy containing a relatively
inexpensive  metal such as Ge, Co, Ti or Ni, and moreover crystal design of
the  nonmagnetic intermediate layer has been carried out while  considering
the state of orientation and the misfit amount of  the crystal lattice
between the nonmagnetic intermediate layer  and the magnetic layer.
Specific alloy compositions for the nonmagnetic  intermediate layer will be
described later; however, the  nonmagnetic foundation layer in the magnetic
recording medium of  the present invention is preferentially orientated in
the bcc  (110) plane of a body-centered cubic (bcc) structure, and the
nonmagnetic intermediate layer provided thereon is easily  



oriented in the hcp (100) plane or the hcp (200) plane. Asa result, 10
epitaxial growth of the granular magnetic layer on the  nonmagnetic
intermediate layer is promoted, and hcp (100) plane  in-plane orientation
becomes easy. Fig. 1 is a schematic sectional drawing of the magnetic
recording medium of the present invention. This magnetic  recording medium
has a structure in which a nonmagnetic  foundation layer 2, a nonmagnetic
intermediate layer 3, a  granular magnetic layer 4, and a protective layer
5 are formed in  this order on a nonmagnetic substrate 1, and a liquid
lubricant  layer 6 is formed on the protective layer 5. As the nonmagnetic
substrate 1, a strengthened glass or an  Al alloy plated with NiP, or a
crystallized glass, or the like,  as used with ordinary magnetic recording
media can be used, or  alternatively, because heating of the substrate is
not necessary  for reasons described later, a substrate made by injection
molding a plastic resin such as a polycarbonate or a polyolefin  can also
be used. The nonmagnetic foundation layer 2 is constituted from a
nonmagnetic substance containing NiAl, Cr or the like that is
preferentially oriented in the bcc (110) plane; it is preferable  to use a
metal such as Ta, Cr, W, Mo or V, a Cr alloy such as CrMo,  CrTi, CrV or
CrW, or a Ti alloy such as TiW, TiMo, TiCr or TiV  



containing 10 to 60 at% of Ti. In particular, to increase the 11 effect of
using the nonmagnetic intermediate layer 3 as  described later, a TiW alloy
or a TiMo alloy is preferable.  Moreover, there are no particular
limitations on the thickness of  the foundation layer 2, but from the
viewpoint of obtaining good  recording/reproduction properties it is
preferable to set this  thickness to approximately 5 to 50 nm. The granular
magnetic layer 4 comprises ferromagnetic  crystal grains having an hcp
structure and nonmagnetic grain  boundaries surrounding these ferromagnetic
crystal grains; a  metal oxide or nitride is present at these nonmagnetic
grain  boundaries, thus spatially separating the ferromagnetic crystal
grains from one another. Such a granular structure can be  obtained, for
example, by carrying out film deposition by  sputtering using as a target a
ferromagnetic metal containing an  oxide for forming the nonmagnetic grain
boundaries, or carrying  out film deposition by reactive sputtering using a
ferromagnetic  metal as a target in Ar gas containing oxygen. There are no
particular limitations on the material  constituting the ferromagnetic
crystal grains, but preferably a  CoPt alloy is selected. In particular,
from the viewpoint of  reducing medium noise, it is preferable to add at
least one  element selected from the group consisting of Cr, Ni and Ta to
the  



CoPt alloy. 12 Moreover, to form a stable granular structure, as the
material constituting the nonmagnetic grain boundaries, at  least one oxide
of at least one element selected from the group  consisting of Cr, Co, Si,
Al, Ti, Ta, Hf and Zr is preferable.  Furthermore, there are no particular
limitations on the  thickness of the magnetic layer, which should be set
such that a  sufficient head reproduction output can be obtained during
recording/reproduction. For the protective layer 5, for example a thin film
comprising mainly carbon can be used. Moreover, for the liquid  lubricant
layer 6, for example a perfluoropolyether lubricant  can be used. The
nonmagnetic intermediate layer 3 in the magnetic  recording medium of the
present invention must be made of an  alloy (or metal) that has an hcp
crystal structure and is  preferentially oriented in the hcp (100) plane or
the hcp (200)  plane. Specifically, the nonmagnetic intermediate layer 3 is
preferably made of (1) an alloy containing at least Ge and  containing at
least one selected from the group consisting of Fe  and Mn, (2) an alloy
containing at least Co and containing at  least one selected from the group
consisting of W and Mo, (3) an  alloy containing at least Ti and containing
at least one selected  



from the group consisting of Pd, Ga and Al, (4) an alloy containing  at
least Ni and containing at least one selected from the group 13 consisting
of Zr, Sn and In, (5) an alloy of Fe and Sn, (6) at least  one compound
selected from the group consisting of carbides and  nitrides of Co, Ni and
Fe, or (7) an alloy having an Ni3Sn-type  (D019-type) or AuCd-type
(B19-type) regular lattice structure. It is thought that the reason that
the magnetic properties  are improved by providing such a nonmagnetic
intermediate layer  3 is that, because a nonmagnetic intermediate layer 3
having an  hcp structure is present in advance as a foundation for the
deposition of the granular magnetic layer 4, epitaxial growth  of
ferromagnetic crystals in the granular magnetic layer 4,  which has an hcp
structure, is promoted, and hence there is an  effect of the crystallinity
of the magnetic layer being  increased, and moreover the initial state of
growth of the  magnetic layer is favorably controlled. There are no
particular  limitations on the thickness of the nonmagnetic intermediate
layer 3, but approximately 1 to 50nm is suitable. Moreover, to further
increase the degree of epitaxial growth  and thus obtain yet better
magnetic properties, it is preferable  to set the crystal lattice misfit
amount between the nonmagnetic  intermediate layer 3 and the granular
magnetic layer 4 as  follows. Taking the a-axis and c-axis lattice
constants of the  



nonmagnetic intermediate layer 3 to be a and c respectively, and  taking
the a-axis and c-axis lattice constants of the granular  magnetic layer 4
to be a' and c' respectively, in the case that the 14 a-axis lattice
constant a satisfies a < 3A, an A value is taken  as a (A = a) , whereas in
the case that a > 3A, the A value is taken  as a/2 (A = a/2) , and moreover
in the case that the c-axis lattice  constant c satisfies c < 5A, a C value
is taken as c (C = c) , whereas  in the case that c > 5A, the C value is
taken as c/2 (C = c/2);  based on these values, the misfit amount (%) in
the a-axis  direction is defined as |(A-a')/A| x 100, and the misfit amount
(%) in the c-axis direction is defined as |(C-c')/C| x 100.  Crystal design
of the nonmagnetic intermediate layer 3 is then  carried out such that each
of these misfit amounts is not more  than 10%. When manufacturing such a
magnetic recording medium as  shown in Fig. 1, even if a substrate heating
step, which is  essential in a conventional magnetic recording medium
manufacturing process, is omitted, an increase in He and a  reduction in
medium noise can be achieved, and hence accompanying  the simplification of
the manufacturing process, it becomes  possible to reduce the manufacturing
cost. The present invention will now be described in more detail through
examples. 



Examples  Using an injection molded polycarbonate substrate (3.5" disk
shape) as a nonmagnetic substrate 1, this was washed and then 15 put into a
sputtering apparatus, and then a foundation layer 2 of  composition
Cr-20at%Mo was formed to a thickness of 15nm under an  Ar gas pressure of 5
mTorr. On the foundation layer 2 was  deposited a nonmagnetic intermediate
layer 3 having any of  various compositions, in each case to a thickness of
30 nm under  an Ar gas pressure of 5 mTorr. Next, a granular magnetic layer
4 was deposited to a  thickness of 20 nm by RF sputtering under an Ar gas
pressure of  5 mTorr using a CoCr12Pt12 target to which 10 mol% of SiO2 had
been  added, and then a carbon protective layer 5 was formed to a
thickness of 10 nm, after which the magnetic recording medium was  removed
from the sputtering apparatus, and then a liquid  lubricant layer 6 was
applied on to a thickness of 1.5 nm, thus  producing a magnetic recording
medium having a structure as  shown in Fig. 1. Substrate heating was not
carried out before the  deposition of the various films described above.
Moreover, for comparison, a magnetic recording medium having  no
nonmagnetic intermediate layer 3 (Comparative Example 1), and  a magnetic
recording medium having 70Ir30Cr, which is nonmagnetic  and has an hcp
structure, of thickness 20nm as the nonmagnetic  



intermediate layer 3 (Comparative Example 2) were also produced. Table 1
shows the composition and crystal structure of the nonmagnetic intermediate
layer 3, and various magnetic 16 properties, for each of the magnetic
recording media. Table 1 Intermediate Reprodu Mediu  layer Crystal He Br6
ction m SNR compositionstructure(0e)(Gm)output noise (dB) (mVp-p)(V)
Example 175Fe25Gehcp (DO 19)334540.9820.727.48 Example 275Co25Whcp (DO
19)3411451.01821.3827.53 Example 375Ti25Pdhcp (B19)3446440.99220.8527.53 



Example 450Ni50Inhcp (DO 19)3346380.96518.8527.21 Example 575Fe25Snhcp (DO
19)3321461.02522.0527.33 Example 675N125Nhcp (DO 19)3102430.95221.3226.98
Example 766Fe34Chcp (DO 19)3122410.92320.4927.05 Example 875Ti25Alhcp (DO
19)3255420.94320.8927.13 Example 975In25Nihcp (DO 19)3255420.94320.8927.13
Comparative No  Example 1intermediate -1680400.91644.5220.25 layer
Comparative 70Ir30Crhcp2765420.93225.8124.13 Example 2 Here, He is the
coercivity, Br8 is the product of the film  thickness and the residual
magnetic flux density as measured  using a VSM, and SNR is the
signal-to-noise ratio. Moreover, the  reproduction output is the
reproduction output for an isolated  reproduced waveform as measured with a
spin stand tester using  a GMR head, and the medium noise is the value
measured at a linear  recording density of 200 kFCI. For the magnetic
recording medium not having a nonmagnetic  intermediate layer 3
(Comparative Example 1), He was 1680 Oe and  



the SNR was 20.25 dB, whereas for the magnetic recording medium  having 20
nm of 70Ir30Cr, which is nonmagnetic and has an hcp  structure (Comparative
Example 2), He was approximately 1000 Oe 17 higher than for Comparative
Example 1 at 2765 Oe, and the SNR value  was approximately 4 dB higher than
for Comparative Example 1 at  24.13 dB. Furthermore, for the magnetic
recording media of the  present invention having a nonmagnetic intermediate
layer 3  having an hcp structure with a D019-type or B19-type regular
lattice structure as the crystal structure (Examples 1 to 9), in  each case
a high He exceeding 3100 Oe and an SNR exceeding  approximately 27 dB were
obtained, i.e. an improvement in  properties of approximately 500 Oe for He
and approximately 3 dB  for the SNR compared with a conventionally used
Ir-Cr alloy  or the like was found. Table 2 shows, for each of the magnetic
recording media of  Examples 1 to 9, the composition of the nonmagnetic
intermediate  layer 3, and the results of calculating the misfit amount (%)
between the lattice of the nonmagnetic intermediate layer 3 and  the
lattice of the granular magnetic layer 4 based on the a-axis  and c-axis
lattice constants (a and c) of the nonmagnetic intermediate layer 3. 18 



Table 2 Intermediate  layer Intermediate layerMisfit (%) composition
a(A)c(A)A(A)C(A)C/Aa-axisc-axis Example 175Fe25Ge5.028.162.514.081.632.42.2
Example 275Co25W5.124.122.564.121.610.41.2 Example
375Ti25Pd5.498.962.744.481.646.27.0 Example
450Ni5OIn5.254.362.624.351.661.94.2 Example
575Fe25Sn5.464.362.734.361.605.94.4 Example
675N125N4.674.342.344.341.859.84.0 Example
766Fe34C2.754.352.754.351.586.64.2 Example
875Ti25Al5.714.622.864.621.6210.09.8 Example
975In25Ni5.474.192.744.191.536.10.6 Here, the original lattice constants of
the nonmagnetic  intermediate layer are larger than the lattice constants
of the  Co alloy granular magnetic layer; in the case that the a-axis
lattice constant a satisfies a <_ 3A, the A value is taken as a (A  = a) ,
whereas in the case that a > 3A, the A value is taken as a/2  (A = a/2) ;
in the case that the c-axis lattice constant c satisfies  c <_ 5A, the C
value is taken as c (C = c) , whereas in the case that  c > 5A, the C value
is taken as c/2 (C = c/2). 



Calculating C/A from the A value and C value determined in  this way, it
can be seen that for all of the magnetic recording  media, C/A exhibited a
value between 1. 5 and 1. 9, and moreover the  lattice misfit amount with
the granular magnetic layer was a very  small value at not more than 10%
for both of the a-axis and the  c-axis. Fig. 2 shows the X-ray in-plane
diffraction patterns as 19 measured using radiation for a magnetic
recording medium of the  present invention having a W foundation layer and
a 66Fe34C  nonmagnetic intermediate layer. From the diffraction patterns,
it can be seen that a W bcc (110) / 66Fe34C hcp (002) / magnetic  layer Co
alloy hcp (002) epitaxially grown layered structure has  been formed. Note
that the diffraction patterns were obtained by  X-ray in-plane diffraction,
and hence the hcp (002) plane  corresponds to the hcp (100) plane in the
conventional 0-20  measurement method. Advantageous Effects of the
Invention As described above, in the case of the magnetic recording  medium
of the present invention, the nonmagnetic foundation  layer is made to have
a body-centered cubic crystal structure  with the preferred crystal
orientation plane being the bcc (110)  plane, and between this foundation
layer and the granular  magnetic layer there is provided a nonmagnetic
intermediate  



layer that has a hexagonal close-packed structure with the hcp  (100) plane
or the hcp (200) being the preferred orientation  plane, and furthermore
the crystal lattice misfit amount between  the nonmagnetic intermediate
layer and the granular magnetic  layer is made to be not more than 10% for
each of the a-axis and  the c-axis. As a result, it becomes possible to
form a  nonmagnetic intermediate layer from a relatively inexpensive
material and reduce the amount of Pt in the magnetic layer  composition
when simultaneously realizing an increase in 20 coercivity and a reduction
in noise, and hence a large reduction  in cost is possible. Moreover,
substrate heating is no longer  necessary when manufacturing the magnetic
recording medium of  the present invention, and hence it also becomes
possible to use  an inexpensive plastic for the substrate. In this way,
according to the present invention, it becomes  possible to provide a
magnetic recording medium and a  manufacturing method thereof, according to
which an increase in  coercivity and a reduction in noise are
simultaneously realized,  and moreover the manufacturing cost is low. 21
Claims 1. A magnetic recording medium in which at least a  nonmagnetic
foundation layer, a granular magnetic layer, a  



protective layer and a liquid lubricant layer are formed in this order on a
nonmagnetic substrate; the magnetic recording medium characterized in that
said  foundation layer has a body-centered cubic crystal structure with  a
preferred crystal orientation plane being a bcc (110) plane; and
characterized by having, between said foundation layer  and said granular
magnetic layer, a nonmagnetic intermediate  layer that has a hexagonal
close-packed structure with an hcp (100)  plane or an hcp (200) plane being
a preferred orientation plane. 2. The magnetic recording medium according
to claim 1,  characterized in that said nonmagnetic intermediate layer is
made of an alloy containing at least Ge and containing at least  one
selected from the group consisting of Fe and Mn. 3. The magnetic recording
medium according to claim 1,  characterized in that said nonmagnetic
intermediate layer is  made of an alloy containing at least Co and
containing at least  one selected from the group consisting of W and Mo. 4.
The magnetic recording medium according to claim 1, characterized in that
said nonmagnetic intermediate layer is 22 made of an alloy containing at
least Ti and containing at least one selected from the group consisting of
Pd, Ga and Al. 5. The magnetic recording medium according to claim 1,
characterized in that said nonmagnetic intermediate layer is  



made of an alloy containing at least Ni and containing at least  one
selected from the group consisting of Zr, Sn and In. 6. The magnetic
recording medium according to claim 1,  characterized in that said
nonmagnetic intermediate layer is  made of an alloy of Fe and Sn. 7. The
magnetic recording medium according to claim 1,  characterized in that said
nonmagnetic intermediate layer is  made of a compound containing at least
one selected from the  group consisting of carbides and nitrides of Co, Ni
and Fe. 8. The magnetic recording medium according to claim 1,
characterized in that said nonmagnetic intermediate layer is  made of an
alloy having an Ni3Sn-type or AuCd-type regular lattice  structure. 9. The
magnetic recording medium according to claim 1,  characterized in that a
crystal lattice misfit amount between  said nonmagnetic intermediate layer
and said granular magnetic  layer is not more than 10% for each of an
a-axis and a c-axis. 23 10. The magnetic recording medium according to
claim 1,  characterized in that nonmagnetic grain boundaries in said
granular magnetic layer comprise at least one oxide of at least  one
element selected from the group consisting of Cr, Co, Si, Al,  Ti, Ta, Hf
and Zr. 11. The magnetic recording medium according to claim 1,  



characterized in that ferromagnetic crystals in said granular  magnetic
layer are made of a CoPt alloy, and the CoPt alloy has at least one element
selected from the  group consisting of Cr, Ni and Ta added thereto. 12. The
magnetic recording medium according to claim 1,  characterized in that said
foundation layer is made of any  material selected from the group of metals
consisting of Ta, Cr,  W, Mo and V, the group of Cr alloys consisting of
CrMo, CrTi, CrV  and CrW, and the group of Ti alloys consisting of TiW,
TiMo, TiCr  and TiV each containing 10 to 60 at% of Ti. 13. The magnetic
recording medium according to claim 1,  characterized in that said
nonmagnetic substrate comprises a  plastic resin. 14. A method for
manufacturing the magnetic recording  medium according to any of claims 1
through 13, characterized by  carrying out a film deposition process
without heating said 24 nonmagnetic substrate in advance. 25 


