
; e3e<`<  DpL6T`Ai~~~~~~~~ i~o~~ouru MAGNETIC RECORDING MEDIUM, METHOD OF
MANUFACTURE THEREFOR, AND MAGNETIC READ/WRITE APPARATUS CROSS-REFERENCE TO
RELATED APPLICATION This application claims the benefit pursuant to 35
U.S.C. 119(e) (1) of U.S. Provisional Application, No. 60/324,532 filed
September 26, 2001. BACKGROUND OF THE INVENTION Field of the invention The
present invention relates to a magnetic recording medium, a method of
manufacture therefor, and a magnetic read/write apparatus that uses the
magnetic recording medium. Description of the Related Art A magnetic
recording medium, that is now commercially available, is exclusively an
in-plane magnetic recording medium wherein the axis of easy magnetization
in a magnetic film is generally oriented parallel to the substrate. In the
in-plane magnetic recording medium, there is a possibility that the volume
of bits becomes too small when the recording density is increased and
magnetic read/write characteristicsare deteriorated by thethermalstability
effect. Also medium noise increases under the influence of diamagnetism in
the boundary of recording bits when the recording density is increased. In
a so-called perpendicular magnetic recording medium of which the axis of
easy magnetization in the magnetic film is generally oriented perpendicular
to a substrate, in contrast,   v 2 recording magnetic domains that have
clear boundaries can be formed due to less influence of diamagnetism in the
boundary of recording bits even when the recording density is increased,
and therefore noise can be reduced. Moreover, since the recording density
can be increased even if the volume of bits is comparatively large, strong
thermal stability effects are exerted, resulting in much attention to the
perpendicular magnetic recording medium. Consequently, a structure of a
medium suited for use in perpendicular magnetic recording has been
proposed. Recently, there hasbeenincreasing demandfor high-density
recording in the magnetic recording medium. For this reason, such a
magnetic recording medium has been proposed as a layer made of a soft
magnetic material, called a soft back layer, is provided between a
perpendicular magnetic film that serves as a recording layer and a
substrate so as to improve the efficiency of the flow or the magnetic flux
between a single pole type head and the magnetic recording medium, in order
to use the single pole type head that has high capability of writing in the
perpendicular magnetic film. However, even when the soft back layer is
provided, the magnetic recording medium does not have satisfactory
performance in the read/write characteristics, thermal stability and the
resolution of recording,andtherefore a magnetic recording medium that is
better in these characteristics has been required. 



Japanese Patent No. 2669529 proposes to enhance lattice matching properties
between a Ti undercoat film and a Co alloy magnetic film and to improve the
orientation of the c axis of the Co alloy magnetic film by introducing the
other element into the Ti undercoat film. However, when using a Ti alloy
undercoat film, the magnetic cluster size in the Co alloy magnetic film
increases and the medium noise increases, thereby making it difficult to
further increase the recording density.   3 Japanese Patent Application,
First Publication No. Hei 8-180360 proposes to improve the orientation of
the c axis of the Co alloy magnetic film by using an undercoat film
comprising Co and Ru. However, the mean crystal grain diameter of the
undercoat film comprising Co and Ru increases. As a result, the magnetic
grain diameter in the Co alloy magnetic film increases and the medium noise
increases, thereby making it difficult to further increase the recording
density. Japanese Patent Application, First Publication No. Sho 63-211117
proposes to use a carbon-containing undercoat film. However, when using the
carbon-containing undercoat film, since this film has an amorphous
structure, the orientation of the c axis of the perpendicular magnetic film
deteriorates and the thermal stability deteriorates, thereby making it
difficult to further increase the recording density. Under the
above-described circumstances, the present invention has been made, and an
object thereof is to provide a magnetic recording medium that is capable of
recording and read backing information at a higher densityby improving the
read/write characteristics and thermal stability, a method of manufacture
therefor, and a magnetic read/write apparatus. SUMMARY OF THE INVENTION To
achieve the obj ect described above, the present invention employed the
following constructions. The magnetic recording medium of the present
invention is characterized in that the orientation control film is made of
a non-magnetic material which contains 33 to 80 ato of Ni and one or more
kinds of elements selected from Sc, Y, Ti, Zr, Hf, Nb and Ta.   4 The
orientation control film preferably has an hcp structure. The orientation
control film can be made of at least one kind selected from the group
consisting of NiTa alloy, NiNb alloy, NiTi alloy and NiZr alloy. A
perpendicular magnetization anisotropy constant Ku of the perpendicular
magnetic film is preferably equal to or higher than 1 X l06 erg/cc.  In the
magnetic recording medium of the present invention, it is preferable that
the perpendicular magnetic film have a composition containing CoCrPt as the
major constituent and also have a Cr content equal to or higher than 16 and
lower than 24 ato and a Pt content equal to or higher than 14 and lower
than 24 at o, and a coercive force (Hc) is equal to or higher than 3000
(Oe) , negative nucleation field (-Hn) is equal to or higher than 0 (Oe)
and lower than 2500(0e), and a ratio of residual magnetization (Mr) to
saturation magnetization (Ms ) , Mr/Ms, is equal to or higher than 0.9. A
mean crystal grain diameter of the orientation control film is preferably
equal to or higher than 2 nm and lower than 20 nm. A thickness of the
orientation control film is preferably equal to or higher than 0.5 nm and
lower than 20 nm. 



It is preferable that the perpendicular magnetization have a B content
equal to or higher than 0 . 1 at o and lower than 5 at% and 0 850 is within
a range from 2 to 10.   5 A hard magnetic film made of a hard magnetic
material can be provided between the non-magnetic substrate and the soft
magnetic undercoat film. The method of manufacturing a magnetic recording
medium of the present invention comprises forming at least a soft magnetic
undercoat film made of a soft magnetic material, an orientation control
film that controls the orientation of a film provided right above, a
perpendicular magnetic film of which the axis of easy magnetization is
generally oriented perpendicular to a substrate, and a protective film, on
a non-magnetic substrate, while controlling so that the orientation control
film is made of a non-magnetic material which contains 33 to 80 at% of Ni
and one or more kinds of elements selected from Sc, Y, Ti, Zr, Hf, Nb and
Ta. The magnetic read/write apparatus of the present invention comprises a
magnetic recording medium and a magnetic head that records information on
the magnetic recording medium and plays the information, wherein the
magnetic recording medium comprises at least a soft magnetic undercoat film
made of a soft magnetic material, an orientation control film that controls
the orientation of a film provided directly thereabove, a
perpendicularmagnetic filmof which the axis of easy magnetization is
generally oriented perpendicular to a substrate, and a protective film,
that are provided on a non-magnetic substrate, while the orientation
control film is made of a non-magnetic material which contains 33 to 80 at
% of Ni and one or more kinds   s of elements selected from Sc, Y, Ti, Zr,
Hf, Nb and Ta. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a partially
sectional view showing the first embodiment of amagnetic recordingmediumof
the present invention. Fig. 2 is an electron diffraction image of an
orientation control film. Fig. 3 is a graph showing an example of a MH
curve. Fig. 4 is a graph showing another example of a MH curve. Fig. 5 is
an explanatory view for explaining a method of measuring 0 B 50. Fig. 6 is
an explanatory view for explaining a method of measuring 0 9 50. Fig. 7 is
a graph showing an example of a rocking curve. Fig. 8 is a partially
sectional view showing the second embodiment of amagnetic recording medium
of the present invention. 



Fig. 9 is a partially sectional view showing the third embodiment of
amagnetic recording medium of the present invention. Fig. 10 is a schematic
structural view showing an example of a magnetic read/write apparatus of
the present invention; Fig. 10 (a) shows the entire structure, and Fig. 10
(b) shows a magnetic head. DETAILED DESCRIPTION OF THE INVENTION Fig. 1
shows the first embodiment of the present invention.   7 The magnetic
recording medium shown here has a structure in which a soft magnetic
undercoat film 2, an orientation control film 3, an intermediate film 4, a
perpendicular magnetic film 5, a protective film 6 and a lubrication film 7
are formed on a non-magnetic substrate 1. As the non-magnetic substrate 1,
a metallic substrate comprising a metallic material such as aluminum or
aluminum alloy may be used, and a non-metallic substrate comprising a
non-metallic material such as glass, ceramic, silicon, silicon carbide or
carbon may be used. Examples of the glass substrate include amorphous glass
substrate and crystallized glass substrate. As the amorphous glass,
general-purpose soda-lime glass, aluminate glass and aluminosilicate glass
can be used. As the crystallized glass, lithium-based crystallized glass
can be used. As the ceramic substrate, a sintered body containing
general-purpose aluminum oxide, aluminum nitride or silicon nitride as the
major constituent, or a fiber-reinforced article thereof can be used. As
the non-magnetic substrate 1, there can also be used substrates wherein the
NiP film is formed on these substrates by a plating method, a sputtering
method, or the like. The soft magnetic undercoat film 2 is provided in
order to increase the component perpendicular to the substrate of the
magnetic flux from the magnetic head and to establish more firmly the
magnetization of the perpendicular magnetic film 5, that records the
information, in a direction perpendicular to the   8 substrate 1. This
action becomes more remarkable when using a single pole type head for
perpendicular recording as a read/write magnetic head. The soft magnetic
undercoat film 2 is made of a soft magnetic material. As the material
thereof, a material containing Fe, Ni and Co can be used. Examples of the
material of the magnetizing stabilization film 9 include FeCo alloys (FeCo,
FeCoV and the like), FeNi alloys (FeNi, FeNiMo, FeNiCr, FeNiSi and the
like), FeAl alloys (FeAl, FeAlSi, FeAISiCr, FeAlSiTiRu, FeAlO and the
like), FeCr alloys (FeCr, FeCrTi, FeCrCu and the like), FeTa alloys (FeTa,
FeTaC, FeTaN and the like) , FeMg alloys (FeMgO and the like) , FeZr alloys
(FeZrN and the like), FeC alloys, FeN alloys, FeSi alloys, FeP alloys, FeNb
alloys, FeHf alloys, and FeB alloys. There can also be used a material
having an Fe content equal to or higher than 60 at% composed of
microcrystals comprising FeAlO, FeMgO, FeTaN, FeZrN or the like. In
addition, it can also have a granular structure in which the microcrystals
are dispersed in a matrix. 



As the material of the soft magnetic undercoat film 2, a Co alloy having an
amorphous structure, which contains 80 ate or higher of Co and also
contains at least one or more of Zr, Nb, Ta, Cr, Mo or the like, can be
used. For example, CoZr, CoZrNb, CoZrTa, CoZrCr, and CoZrMo alloys can be
used advantageously as the material.   9 The coercive force He of the soft
magnetic undercoat film 2 is preferably equal to or lower than 200 (Oe)
(preferably equal to or lower than 50(0e)). The coercive force He that
exceeds the above range is not preferable by the following reason. That is,
soft magnetic characteristics become insufficient and the read back wave is
not a so-called rectangular wave, but a distorted wave. The saturation
magnetic density Bs of the soft magnetic undercoat film 2 is preferably
equal to or higher than 0.6 T (preferably equal to or higher than 1 T) . Bs
that is lower than the above range is not preferable for the following
reason. That is, the read back wave is not a so-called rectangular wave,
but a distorted wave. Specifically, Bs~t, that is, the product of the
saturation magnetic density Bs of the material that forms the soft magnetic
undercoat film 2 and the film thickness t of the soft magnetic undercoat
film 2, is preferably equal to or higher than 40 T~nm (more preferably
equal to or higher than 60 T~nm). A Bs~t that is lower than the above range
is not preferable for the following reason. That is, the read back wave is
sometimes distorted and OW characteristics (over-write characteristics)
deteriorate. It is preferable that the surface of the soft magnetic
undercoat film 2 (the plane of the orientation control film 3 side) that
forms the soft magnetic undercoat film 2 be partially or completely
oxidized. Consequently, magnetic fluctuation of the surface of the   10
soft magnetic undercoat film 2 can be suppressed and, therefore, read/write
characteristics of the magnetic recording medium can be improved by
reducing noise caused by the magnetic fluctuation. Also read/write
characteristics can be improved by refining crystal grains of the
orientation control film 3 formed on the soft magnetic undercoat film 2.
The oxidized portion (oxidized layer) of the surface of the soft magnetic
undercoat film 2 can be formed by a method in which the soft magnetic
undercoat film 2 is exposed to a gas that includes oxygen after forming the
soft magnetic undercoat film 2, or a method that introduces oxygen into the
process gas when forming the portion of the film at the surface of the soft
magnetic undercoat film 2 can be used. Specifically, in the case in which
the surface of the soft magnetic undercoat film 2 is exposed to an
oxygen-containing atmosphere, it may be allowed to stand in oxygen alone,
or a gas atmosphere obtained by diluting oxygen with argon or nitrogen for
about 0.3 to 20 seconds. Also the method of exposing the soft magnetic
undercoat film 2 to atmospheric air can be employed. Particularly, when
using a gas obtained by diluting oxygen with argon or nitrogen, stable
manufacture can be conducted because it becomes easy to control the degree
of oxidization of the surface of the soft magnetic undercoat film 2. In the
case in which oxygen is introduced into a film-forming gas of the soft
magnetic undercoat film 2, for example, when using a sputtering method as
the film-forming method, sputtering may   11 be conducted using a process
gas containing oxygen introduced therein during only a portion of the
film-forming time. As the process gas, for example, a gas obtained by
mixing argon with about 0.05% to 50% (preferably 0.1 to 20%) of oxygen is
preferably used. The orientation control film 3 is a film provided for 



controlling the orientation and crystal grain diameter of the intermediate
film 4 and the perpendicularmagnetic film 5 provided directly thereabove,
and is made of a non-magnetic material which contains 33 to 80 at%
(preferably 50 to 80 at%) of Ni and one or more kinds of elements selected
from Sc, Y, Ti, Zr, Hf, Nb and Ta. The content of one or more kinds
selected from Sc, Y, Ti, Zr, Hf, Nb and Ta is preferably set to equal to or
higher than 20 at%. A Ni content that is lower than 33 at% is not
preferable because the effect of improving the error rate disappears. On
the other hand, the Ni content that exceeds 80 at% is not preferable
because the orientation control film 3 is magnetized and medium noise
increases. The orientation control film 3 is preferably made of at least
one selected from the group consisting of NiTa alloy, NiNb alloy, NiTi
alloy and NiZr alloy. As the NiTa alloy, an alloy (NiTa) comprising Ni and
Ta may be used, and also an alloy, which contains this alloy as the major
constituent and also contains the other element, can be   12 used. As the
NiNb alloy, an alloy (NiNb) comprising Ni and Nb may be used, and also an
alloy, which contains this alloy as the major constituent and also contains
the other element, can be used. As the NiTi alloy, an alloy (NiTi)
comprising Ni and Ti may be used, and also an alloy, which contains this
alloy as the major constituent and also contains the other element, can be
used. As the NiZr alloy, an alloy (NiZr) comprising Ni and Zr may be used,
and also an alloy, which contains this alloy as the major constituent and
also contains the other element, can be used. The orientation control film
3 preferably has an hcp structure. The use of the orientation control film
3 having an hcp structure makes it possible to improve the orientation of
the perpendicular magnetic film 5 and to improve read/write characteristics
and the thermal stability. 



It can be confirmed by examining an electron diffraction image whether or
not the orientation control film 3 has an hcp structure. Fig. 2 shows an
electron diffraction image of the orientation control film 3 made of
60Ni-40Ta (which means 60 ato Ni-90% Ta) . A diffraction image
corresponding to hcp-Ni was confirmed by Fig. 2 and it is found that the
orientation control film 3   13 has an hcp structure. The thickness of the
orientation control film 3 is preferably equal to or higher than 0 . 5 nm
and lower than 20 nm (more preferably from 1 to 10 nm). When the film
thickness of the orientation control film 3 is within a range from 0.5 to
20 nm (preferably from 1 to 10 nm), the perpendicular orientation of the
perpendicular magnetic film 5 becomes particularly higher and the distance
between the magnetic head and the soft magnetic undercoat film 2 becomes
large during read back, and therefore read/write characteristics can be
enhanced without deteriorating the resolution of the read back signal. When
the thickness falls below the above range, the perpendicular orientation of
the perpendicular magnetic film 5 is lowered, and therefore read/write
characteristics and the thermal stability deteriorate. Also when the
thickness exceeds the range described above, the perpendicular orientation
of the perpendicular magnetic film 5 is lowered, and therefore read/write
characteristics and the thermal stability deteriorate. Since the distance
between the magnetic head and the soft magnetic undercoat film 2 becomes
large during read back, the resolution of the read back signal decreases
and the noise characteristics deteriorate, which is not preferable. Since
the surface profile of the orientation control film 3 exerts an influence
on the surface profiles of the perpendicular   14 magnetic film S and
protective film 6, the mean surface roughness Ra of the orientation control
film 3 is preferably set to 2 nm or less in order to lower the floating
height of the magnetic head during recording and read back by reducing the
surface unevenness of the magnetic recording medium. Control of the mean
surface roughness Ra to 2 nm or less makes it possible to reduce the
surface unevenness of the magnetic recording medium, thereby to
sufficiently lower the floating height of the magnetic head during
recording and read back and to enhance the recording density. The
orientation control film 3 can contain at least one of oxygen and nitrogen.
A method that introduces oxygen or nitrogen into the film-forming gas
(process gas) when forming the orientation control film 3 can be used. For
example, when using a sputtering method as the film-forming method, a gas
obtained by mixing argon with about 0 . 05% to 50% (preferably 0 . 1 to 20
0 ) of oxygen or a gas obtained by mixing argon with about 0 . O1 o to 20%
(preferably 0 . 02 to 10% ) of nitrogen is preferably used as the
film-forming gas. Crystal grains of the orientation control film 3 can be
refined by introducing oxygen or nitrogen. When the crystal grain diameter
(mean grain diameter) of the orientation control film 3 is too small, the
orientation of the perpendicular magnetic film 5 is lowered. On the other
hand, when the crystal grain diameter is too large, crystal grains in the
perpendicular magnetic film 5 become coarse. Therefore, the 



15 crystal grain diameter is preferably equal to or larger than 2 nm and
smaller than 20 nm. The mean grain diameter can be determined, for example,
by observing crystal grains of the orientation control film 3 by a
transmission electron microscope (TEM) and image-processing the image
observed. It is preferable to use, in the intermediate layer 9, a material
having an hcp structure. It is preferable to usQ, in the intermediate layer
4, a CoCr alloy, a CoCrXl alloy or a CoXI alloy (X1: one or more kinds of
elements selected from Pt, Ta, Zr, Ru, Nb, Cu, Re, Ni, Mn, Ge, Si, 0, N and
B) . The Co content of the intermediate layer 4 is preferably within a
range from 30 to 70 at%. The thickness of the intermediate layer 4 is
preferably set to 20 nm or lower (preferably equal to or lower than 10 nm)
in order to prevent deterioration of read/write characteristics due to
coarsening of magnetic grains in the perpendicular magnetic film 5 and
lowering of the resolution of recording due to an increase in distance
between the magnetic head and the soft magnetic undercoat film 2. Formation
of the intermediate layer 4 makes it possible to enhance the perpendicular
orientation of the perpendicular magnetic film 5, to enhance the coercive
force of the perpendicular magnetic film 5, and to further improve the
read/write characteristics and the thermal stability. The perpendicular
magnetic film 5 is a magnetic film, of   



16 I I which axis of easy magnetization is generally oriented perpendicular
to the substrate, and preferably has a composition which contains CoCrPt as
the major constituent and has a Cr content equal to or higher than 16 at%
and lower than 24 at % (preferably equal to or higher than 18 at% and lower
than 22 at%) and the Pt content equal to or higher than 14 at% and lower
than 24 at% (preferably equal to or higher than 15 at% and lower than 20
at% ) . The Cr content of lower than 16 at% is not preferable for the
following reason. That is, since exchange coupling between magnetic grains
increases, the magnetic cluster size increases and the medium noise
increases. The Cr content of higher than 24 at % is not preferable for the
following reason. That is, the ratio of residual magnetization (Mr) to
saturation magnetization (Ms), Mr/Ms, and the coercive force He are
lowered. The Pt content of lower than 14 at% is not preferable for the
following reason. That is, the effect of improving read/write
characteristics becomes insufficient and the ratio of residual
magnetization (Mr) to saturation magnetization (Ms), Mr/Ms, is lowered and
the thermal stability deteriorates. The Pt content of higher than 29 at% is
not preferable because noise increases. As used herein, the major
constituent means the constituent included in the amount of higher than 50
at%. The perpendicular magnetic film 5 preferably has a B content equal or
higher than 0.1 at% and lower than 5 at%, in addition to Co, Cr and Pt. The
use of B makes it possible to reduce the magnetic cluster size and to
improve read/write characteristics.   17 When using a CoCrPt alloy in the
perpendicular magnetic film 5, elements can be freely added, in addition to
B. Examples of the elements include, but are not limited to, Ta, Mo, Nb,
Hf, I r, Cu and Ru . The perpendicular magnetic film 5 can have a single
layer structure made of the CoCrPt material described above, or it can have
a two or multiple layer structure including a layer comprising the CoCrPt
alloy material and a layer comprising a material different from the CoCrPt
alloy material. Also, a perpendicular magnetic film can have a multiple
layer structure in which a Co alloy (CoCr, CoB, Co-Si02 or the like) layer
and a Pd alloy (PdB, Pd-SiOZ or the like) layer are laminated, or can have
a multiple layer structure including an amorphous material layer comprising
TbFeCo and a CoCrPt alloy material layer. The thickness of the
perpendicular magnetic film 5 is 



preferably set within a range from 3 to 60 nm (preferably from 5 to 40 nm).
When the thickness of the perpendicular magnetic film 5 falls below the
above range, sufficient magnetic flux cannot be obtained and the read back
output is lowered. The thickness of higher than the above range of the
perpendicular magnetic film 5 is not preferable because magnetic grains in
the perpendicular magnetic film 5 become coarse and read/write
characteristics deteriorate. The coercive force He of the perpendicular
magnetic film 5 is set to 3000(0e) or higher. The magnetic recording medium
18 having the coercive force of lower than 3000 (Oe) is not preferable
because it is not suited to increase the recording density and is also
inferior in thermal stability. The ratio of residual magnetization (Mr) to
saturation magnetization (Ms), Mr/Ms, of the perpendicular magnetic film 5
is preferably equal to or higher than 0 . 9 . The magnetic recording medium
having Mr/Ms of less than 0.9 is not preferable because it is inferior in
thermal stability. The negative nucleation field (-Hn) of the perpendicular
magnetic film 5 is preferably equal to or higher than 0 (Oe) and lower than
2500(0e). The magnetic recording medium having the negative nucleation
field (-Hn) of lower than 0(Oe) is not preferable because of poor thermal
stability. The negative nucleation field (-Hn) will now be described. As
shown in Fig. 3, the negative nucleation field (-Hn) is the numerical value
represented by the distance (Oe) between the point "a" and the point "c" in
a MH curve, where the point "a" is a point at which the external magnetic
field becomes 0 in the process of decreasing the external magnetic field
from a saturated state of the magnetization, the point "b" is a point at
which the magnetization becomes 0, and the point "c" is a point of
intersection of a tangent which touches the MH curve at the point "a" and a
line which shows saturation magnetization. Moreover, the negative
nucleation field (-Hn) takes a positive value in the case in which the
point "c" is in a region in which the external magnetic field becomes
negative (see Fig.   19 3) , and conversely, takes a negative value in the
case in which the point "c" is in a region in which the external magnetic
field becomes positive (see Fig. 4). A perpendicular magnetization
anisotropy constant Ku of the perpendicular magnetic film 5 is preferably
equal to or higher than 1 X 106 erg/cc. The method of measuring the
perpendicular magnetization anisotropy constant Ku will now be described.
When a sufficiently large magnetic field is applied to the sample using a
magnetic torque device, thereby forming a single domain as a magnetic
domain of a magnetic film, a rotary power, which allows the axis of easy
magnetization to correspond to the 



direction of the magnetic field, is applied in the magnetic film. Torque T
can be represented by Kucos4cp, where cp is an angle between the direction
at which the magnetic field is applied and the direction of the axis of
easy magnetization. As described above, torque becomes a periodic function
of cp and the perpendicular magnetization anisotropy constant Ku can be
decided by Fourier analysis of the curve by which torque is represented. In
the magnetic recording medium, when the orientation control film 3 is made
of a non-magnetic material which contains 33 to 80 at% of Ni and also
contains one or more kinds of elements selected from Sc, Y, Ti, Zr, Hf, Nb
and Ta, excellent error rate and excellent thermal stability can be
obtained. Thiseffectisparticularly excellent whenthe perpendicular   20
magnetization anisotropy constant Ku of the perpendicular magnetic film 5
is equal to or higher than 1 X 106 erg/cc. Table 1 shows characteristics of
the case where NiTa, Ti or C is used in the orientation control film 3 and
the perpendicular magnetization anisotropy constant Ku is set within a
range from 0. 7 X 106 to 0 . 9 X 106 erg/cc (Examples 1 to 3) and
characteristics of the case where the perpendicular magnetization
anisotropy constant Ku is set within a range from 1 . 5 X 106 to 1. 8 X 106
erg/cc (Examples 9 to 6).   



[Table lJ ORIENTATION CONTROL UNDERCOAT FILMMAGNETIC FILM (at$)ERROR RATE
(10X)THERMAL STABILITY ($/DECADE)Ku (er /cc)EXAMPLE
1NiTa66Co-20Cr-l2Pt-2B-5.1-1.80.9 X 10sEXAMPLE
2Ti66Co-20Cr-l2Pt-2B-3.8-2.50.8 >C 10sEXAMPLE
3C66Co-20Cr-l2Pt-2B-4.2-2.90.7 X 10sEXAMPLE
4NiTa6lCo-20Cr-l7Pt-2B-5.6-0.51.7 X 10sEXAMPLE
5Ti6lCo-20Cr-l7Pt-2B-3.2-0.41.8 X 10sEXAMPLE 6C6lCo-20Cr-l7Pt-2B-3.5-1.81.5
X lOs   22 As is apparent from Table 1, as compared with the case of using
Ti or C in the orientation control film 3 (Examples 2, 3, 5 and 6), the
read/write characteristics (error rate) and the thermal stability were
improved when using NiTa in the orientation control film 3 (Examples 1 and
4). As is apparent from a comparison in this improving effect between the
medium having small Ku of the perpendicular magnetic film 5 (Examples 1 to
3) and the medium having large Ku (Examples 9 to 6) , a larger improving
effect could be obtained in the case where Ku is large (Example 4). As is
apparent from this fact, the effect of improving magnetic
characteristicsobtained by using NiTain the orientation control film 3
becomes more superior as Ku becomes larger. D 8 50 of the perpendicular
magnetic film 5 is preferably within a range from 2 to 10. 0 8 50 of lower
than 2  is not preferable because exchange coupling between magnetic grains
increases and read/write characteristics deteriorate. D 850 of higher than
10 is not preferable because the of residual magnetization (Mr) to
saturation magnetization (Ms), Mr/Ms, deteriorates and the thermal
stability deteriorates. As used herein, the term" 0 6 50" means inclined
distribution of the film and specifically refers to a half-value of a peak
of a rocking curve relating to the specific orientation plane on the
surface of the film. The smaller the numerical value of D 850, the higher
the crystal orientation of the film.   23 An example of the method of
measuring D B50 will now be described. (1) Determination of peak position
As shown in Fig . 5, a disk D, in which a perpendicular magnetic film 5 has
been formed in the surface side, is irradiated with an incident X-ray 21
and a diffraction X-ray 22 is detected by a diffraction X-ray detector 23.
The position of the detector 23 is set so that the angle of the diffraction
X-ray 22 detected by the detector 23 to the incident X-ray 21 (the angle of
the diffraction X-ray 22 to an extension line 24 of the incident X-ray 21)
becomes two times larger than an incident angle 8 of the incident X-ray 21
to the surface of the disk D, that is, 28. The intensity of the diffraction
X-ray 22 is measured by the detector 23 using a B-28 scanning method
wherein, during the irradiation with the incident X-ray 21, the incident
angle 8 of the incident X-ray 21 is changed by changing the direction 



of the disk D and, at the same time, the position of the detector 23 is
charged while maintaining the angle of the diffraction X-ray 22 to the
incident X-ray 21 at 28 (the angle that is two times larger than the
incident angle 8 of the incident X-ray 21). Consequently, a relationship
between 8 and the intensity of the diffraction X-ray 22 is examined,
thereby to determine the position of the detector 23, where the intensity
of the diffraction X-ray 22 becomes maximum. The angle 28 of the
diffraction X-ray 22 at this position of the detector to the   24 incident
X-ray 21 refers to 26p. The crystal plane, that is dominant in the film,
can be determined from the resulting angle 2Bp. (2) Determination of
rocking curve As shown in Fig. 6, the incident angle 6 of the incident
X-ray 21 is changed by changing the direction of the disk D in the state
that the detector 23 is fixed to the position where the angle 26 of the
diffraction X-ray 22 became 26p, thereby to make a rocking curve showing a
relationship between the incident angle B and the intensity of the
diffraction X-ray 22 detected by the detector 23. Since the position of the
detector 23 is fixed to the position where the angle 2 6 of the diffraction
X-ray 22 became 2 6 p, the rocking curve shows the distribution of gradient
of the crystal plane of the surface of the film to the plane of the disk D.
Fig. 7 is a graph showing an example of the rocking curve. The term "D 6
50" refers to a half-value width of a peak that shows the orientation plane
in this rocking curve. In the perpendicular magnetic film 5, the mean grain
diameter of crystal grains is preferably within a range from 5 to 15 nm.
The mean grain diameter can be determined, for example, by observing
crystal grains of, the perpendicular magnetic film 5 by a transmission
electron microscope (TEM) and image-processing the image observed. The
protective film 6 is for preventing corrosion of the perpendicular magnetic
film 5, and at the same time, prevents   



25 damage to the medium surface when the magnetic head comes into contact
with the medium. Conventionally well-known materials can be used and, for
example, a material containing C, Si02, or Zr02 can be used. The thickness
of the protective film 6 is preferably within a range from 1 to 10 nm. It
is preferable to use, as a lubricant 7, perfluoropolyether, fluorinated
alcohol, fluorinated carboxylic acid, or the like. In the magnetic
recording medium with the above construction, since the orientation control
film 3 is made of a non-magnetic material which contains 33 to 80 ate of Ni
and also contains one or more kinds of elements selected from Sc, Y, Ti,
Zr, Hf, Nb and Ta, the coercive force He is enhanced and Mr/Ms is improved,
thereby making it possible to increase the negative nucleation field (-Hn).
Therefore, excellent thermal stability can be obtained. Furthermore,
read/write characteristics can be improved. The thermal stability refers to
a phenomenon wherein recording bits become unstable and thermal missing of
recorded data occurs. In the magnetic recording medium apparatus, it
appears as damping over elapse of time of the read back output of recorded
data. In the present invention, when the perpendicular magnetic film has a
multiple layer structure composed of plural layers, at least one of these
layers may be provided with the construction of the perpendicular magnetic
film 5 in the first embodiment   26 described above. Fig. 8 shows the
second embodiment of the magnetic recording medium of the present
invention. In this magnetic recording medium, a hard magnetic film 8 made
of a hard magnetic material is provided between a non-magnetic substrate 1
and a soft magnetic undercoat film 2. It is preferable to use, in the hard
magnetic film 8, a CoSm alloy or a CoCrPtX2 alloy (X2: one or more kinds of
elements selected from Pt, Ta, Zr, Nb, Cu, Re, Ni, Mn, Ge, Si, 0, N and B)
. The coercive force He of the hard magnetic film 8 is preferably equal to
or higher than 500(0e) (preferably equal to or higher than 1000(0e)). The
thickness of the hard magnetic film 8 is preferably equal to or lower than
150 nm (preferably equal to or lower than 70 nm). A thickness of more than
150 nm of the hard magnetic film 8 is not preferable because the mean
surface roughness Ra of the orientation control film 3 becomes larger. The
hard magnetic film 8 is preferably provided with such a construction that
exchange coupling between the hard magnetic film and the soft magnetic
undercoat film 2 is formed and the magnetic film is magnetized in the
radial direction of the substrate. By providing the hard magnetic film 8,
formation of extremely large magnetic domains in the soft magnetic
undercoat film 2 can be suppressed more effectively, and therefore the
occurrence of   2? spike noise due to magnetic domains can be prevented and
the error rate during recording and read back can be sufficiently lowered.
To enhance the orientation of the hard magnetic film 8, an undercoat film
made of a Cr alloy or a B2 structural material may be formed between a
non-magnetic substrate 1 and a hard magnetic film 8. Fig. 9 shows the third
embodiment of the magnetic recording 



medium of the present invention. In this magnetic recording medium, a
magnetizing stabilization film 9 made of a soft magnetic material is
provided between a perpendicular magnetic film 5 and a protective film 6.
Examples of the material of the magnetizing stabilization film 9 include
FeCo alloys (FeCo, FeCoV and the like) , FeNi alloys (FeNi, FeNiMo, FeNiCr,
FeNiSi and the like), FeAl alloys (FeAl, FeAlSi, FeAISiCr, FeAISiTiRu,
FeAlO and the like), FeCr alloys (FeCr, FeCrTi, FeCrCu and the like), FeTa
alloys (FeTa, FeTaC, FeTaN and the like) , FeMg alloys (FeMgO and the like)
, FeZr alloys (FeZrN and the like), FeC alloys, FeN alloys, FeSi alloys,
FeP alloys, FeNb alloys, FeHf alloys, and FeB alloys. There can also be
used a material having an Fe content equal to or higher than 60 ato
composed of microcrystals comprising FeAlO, FeMgO, FeTaN, FeZrN or the
like. In addition, it can also have a granular structure in which the
microcrystals are dispersed in a matrix. As the material of the magnetizing
stabilization film 9,   28 a Co alloy having an amorphous structure, which
contains 80 at o or higher of Co and also contains at least one or more of
Zr, Nb, Ta, Cr, Mo or the like, can be used. For example, CoZr, CoZrNb,
CoZrTa, CoZrCr, and CoZrMo alloys can be used advantageously as the
material. The coercive force He of the magnetizing stabilization film 9 is
preferably equal to or lower than 200 (Oe) (preferably equal to or lower
than 50(0e)). The_saturation magnetic density Bs of the magnetizing
stabilization film 9 is preferably equal to or higher than 0.4 T
(preferably equal to or higher than 1 T). Bs~t, that is the product of the
saturation magnetic density Bs of the material and the film thickness t of
the magnetizing stabilization film 9, is preferably equal to or higher than
7.2 T~nm. Bs~t that exceeds the above range is not preferable because the
read back output is lowered. By providing a magnetizing stabilization film
9 made of a soft magnetic film between a perpendicular magnetic film 5 and
a protective film 6, an improvement in thermal stability and an increase in
read back output can be achieved. This reason is believed to be as follows.
That is, the fluctuation of the magnetization in the surface of the
perpendicular magnetic film 5 is stabilized by the magnetizing 



stabilization film 9, so that leakage flux is not influenced by this
fluctuation and the read back output increases . In addition, by providing
the magnetizing stabilization film 9, the   29 magnetization of the
perpendicular magnetic film 5 in the perpendicular direction and the
magnetization ofthesoftmagnetic undercoat film 2 and the magnetizing
stabilization film 9 in the in-plane direction form a closed circuit. Due
to this action, excellentthermalstabilityisobtained because the
magnetization of the perpendicular magnetic film 4 is established more
strongly in the perpendicular direction. In the manufacture of the magnetic
recording medium having the construction described above, a soft magnetic
undercoat film 2, an orientation control film 3, an intermediate film 4 and
a perpendicular magnetic film 5 are formed in sequence on a substrate 1 by
a sputtering method, vacuum deposition, ion plating or the like. An
oxidizing treatment can be carried out on the surface of the soft magnetic
undercoat film 2, if necessary. In the formation of the orientation control
film 3, a non-magnetic material, which contains 33 to 80 at% of Ni and also
contains one or more kinds of elements selected from Sc, Y, Ti, Zr, Hf, Nb
and Ta, is used. The orientation control film 3 can contain at least one of
oxygen and nitrogen. A method that introduces oxygen or nitrogen into the
film-forming gas (process gas) when forming the orientation control film 3
can be used. In the formation of the perpendicular magnetic film 5, the
material and film-forming conditions are preferably selected so that the
perpendicular magnetization anisotropy constant Ku   30 becomes 1 X 106
erg/cc or higher. In the formation of the perpendicular magnetic film 5,
the material and film-forming conditions are preferably selected so that 0
B50" is set within range from 2 to 10. Next, the protective film 6 is
preferably formed by a plasma CVD method, an ion beam method, a sputtering
method or the like. To form a lubricant 7, conventionally well-known
methods such as dip coating method and spin coating method can be employed.
In the manufacture of the magnetic recording medium shown in Fig. 8, a hard
magnetic film 8 is formed between a substrate 1 and a soft magnetic
undercoat film 2 by a sputtering method. In the manufacture of the magnetic
recording medium shown in Fig. 9, a magnetizing stabilization film 9 is
formed between a perpendicular magnetic film 5 and a protective film 6 by a
sputtering method. Fig. 10 is a sectional structural view showing an
example of the magnetic read/write apparatus according to the present
invention. The magnetic read/write apparatus shown in this drawing
comprises a magnetic recording medium 10 having the construction described
above, a medium drive unit 11 that rotates this magnetic recording medium
10, a magnetic head 12 that carries out recording and read back of, the
information on the magnetic recording medium 10, a head drive unit 13 that
drives the magnetic head 12, and a read/write signal processing system 19.
The read back signal processing system 19 sends a recorded signal to the
magnetic head 12 after processing the input data, and outputs   31 the data
after processing the read back signal from the magnetic 



head 12. Examples of the magnetic head 12 include a single pole type head
for perpendicular recording. As shown in Fig. 10(b), as the single pole
type head, a single pole type head with a construction comprising a main
magnetic pole 12a, an auxiliary magnetic pole 12b and a coil 12d provided
at a connection unit 12c that connects these magnetic poles can be
preferably used. According to the magnetic read/write apparatus described
above, since the magnetic recording medium 10 is used, the thermal
stability and read/write characteristics can be enhanced. Therefore, it is
made possible to prevent problems such as data missing and to increase high
recording density. [Examples] The operational effect of the present
invention will now be clarified by way of examples. However, the present
invention is not limited to the following examples. Example 1 A washed
glass substrate 1 (Ohara Co. ; diameter: 2.5 inches) was accommodated in
the film formation chamber of a DC magnetron sputtering apparatus (ANELVA,
C-3010), and after expelling air in the film formation chamber up to an
ultimate vacuum of 1X 10-5 Pa, a soft magnetic undercoat film 2 (thickness:
100 nm) was formed on the glass substrate 1 using a target comprising   32
8 9Co-9 Zr-7Nb ( Co content : 8 9 at o , Zr content : 4 at o , Nb content 7
at%) at a substrate temperature of 100C or lower. Using a vibrating sample
magnetometer (VSM) , it was confirmed that Bs~t (T~nm), that is the product
of the saturation magnetic density Bs (T) of this film and the film
thickness t (nm) , is 110 (T~nm) . After heating the substrate to 200C, an
orientation control film 3 having a thickness of 8 nm was formed on the
soft magnetic undercoat film 2 using a 50Ni-40Ta target and an intermediate
layer 4 having a thickness of 5 nm was formed thereon using a 65Co-30Cr-5B
target, and then a perpendicular magnetic film 5 having a thickness of 25
nm was formed thereon using a 6lCo-20Cr-l7Pt-2B target. In the sputtering
step, a film was formed under a pressure of 0.5 Pa using argon as a process
gas for forming a film. Next, a protective film 6 having a thickness of 5
nm was formed by a CVD method. 



Next, a lubrication film 7 made of perfluoropolyether was formed by a dip
coating method to obtain a magnetic recording medium (see Table 2). To
confirm the crystal structure of the orientation control film 3, a soft
magnetic undercoat film 2 (89Co-4Zr-7Nb) was formed on the substrate 1 and
an orientation control film 3 (thickness: 8 nm) made of 60Ni-40Ta was
formed thereon, and then the electron diffraction image of the orientation
control film 3 was examined. As a result, it has been found that the
crystal of the orientation control film 3 has an hcp structure.   33
Examples 2 to 13 In the same manner as in Example 1, except that the
composition or thickness of the orientation control film 3 was changed,
magnetic recording media were manufactured (see Table 2) Comparative
Examples 1 to 3 In the same manner as in Example 1, except that the
orientation control film 3 was formed using a target made of Ti, 60Ru-40Co
or C, magnetic recording media were manufactured (see Table 2) .
Comparative Examples 4 and 5 In the same manner as in Example 1, except
that the orientation control film 3 was formed using a target made of
85Ni-lSTa or 25Ni-75Ta, magnetic recording media were manufactured (see
Table 2) . With respect to magnetic recording media of these Examples and
Comparative Example, read/write characteristics and magnetostatic
characteristics were evaluated. The evaluation was conducted using a read
write analyzer RWA1632 manufactured by GUZIK Co. and a spin stand S1701MP.
In the evaluation of magnetic characteristics, the measurement was
conducted at a recording frequency of 520 kFCI using a magnetic head
wherein a single magnetic pole head is used at the writing portion and a
GMR element is used at the read back portion.   34 



The evaluation of the thermal stability was made by calculating the
decrease rate (o/decade) of the output of the read back output after
writing at a track recording density of 50 kFCI under the conditions of 70C
one second after writing based on (So - S) X 100/ (So X 3) . In this
equation, So denotes the read back output when one second has passed after
the signal recording onto the magnetic recording medium, and S denotes the
read back output after 1000 seconds. The_dispersion degree of the c axis of
the perpendicular magnetic film 5 was calculated from the rocking curve. It
is expressed by a half-value width ( D 8 50) of a maximum intensity. These
test results are shown in Table 2.   [Table 2] SOFT MAGNETIC UNDERCOAT FILM
I Bs~T COMPOSITIONI (T~nm)ORIENTATION CONTROL FILM  COMPOSITION THICKNESS
(at$) (nm) INTERMEDIATE FILM PERPENDICULAR MAGNETIC FILMEXAMPLE 1CoZrNb ~
11060Ni-40Ta8*1*2EXAMPLE 2CoZrNb ~ 11060Ni-40Hf8*1*2EXAMPLE 3CoZrNb 110
'55Ni-45Nb8*1*2EXAMPLE 4CoZrNb 110 ~50Ni-50Y8*1*2EXAMPLE 5CoZrNb
1l075Ni-25Zr8*1*2EXAMPLE 6CoZrNb [ 11065Ni-35Ti8*1*2EXAMPLE 7CoZrNb (
11060Ni-30Nb-lOTa8*1*2EXAMPLE 8CoZrNb 11035Ni-33Y-32Zr8*1*2EXAMPLE 9CoZrNb
11060Ni-30Hf-lOCr8*1*2EXAMPLE 10CoZrNb 11065Ni-30Ta-5Zr8*1*2EXAMPLE
11CoZrNb 11060Ni-40Ta0.5*1*2EXAMPLE 12CoZrNb 11060Ni-40Ta18*1*2EXAMPLE
13CoZrNb 11060Ni-40Ta40*1*2COMPARATIVE EXAMPLE 1CoZrNb
110Ti20*1*2COMPARATIVE EXAMPLE 2CoZrNb 11060Ru-40Co30*1*2COMPARATIVE
EXAMPLE 3CoZrNb 110C10*1*2COMPARATIVE EXAMPLE 4CoZrNb
11085Ni-lSTa8*1*2COMPARATIVE EXAMPLE 5CoZrNb ~ 11025Ni-75Ta8*1*2 co Cn *1)
INTERMEDIATE FILM: 65Co-30Cr-5B (thickness: 5 nm) *2) PERPENDICULAR
MAGNETIC FILM: 6lCo-20Cr-l7Pt-2B (thickness: 25 nm)   [Table 2] (continued)
READ/WRITE 



CHARACTERISTICS ERROR RATE (10 )THERMAL STABILITY ($/DECADE)MAGNETOSTAT  He
(Oe) Mr/MsIC CHARACT  ~-Hn (Oe)ERISTICS  Ku (erg/cc)PERPENDICULA R MAGNETIC
FILM  d 950 ()EXAMPLE 1-5.6-0.540640.967361.7X1066.1EXAMPLE
2-5.3-0.738280.935261.7X1065.8EXAMPLE 3-5.4-0.536070.934301.8X1066.1EXAMPLE
4-5.1-0.639340.965561.6 X1066.8EXAMPLE
5-5.7-0.5379l0.95-7081.7X1065.7EXAMPLE
6-5.2-0.735030.946441.7X1066.0EXAMPLE 7-5.9-0.442410.937211.9X1065.2EXAMPLE
8-5.5-0.640470.935321.7X1066.7EXAMPLE 9
--6.0-0.636460.956241.8X1066.1EXAMPLE
10-5.9-0.441870.977971.6X1065,3EXAMPLE
11-5.5-0.635900.975791.7X1066.8EXAMPLE 12-5.5-0.935760.912301.6
X1066.6EXAMPLE 13-5.3-1.235520.90140l.8Xlp68.1COMPARATIVE EXAMPLE
1-3.2-0.431800.9910201.8X1064.8COMPARATIVE EXAMPLE
2-4.2-0.639500.922601.7X1066.9COMPARATIVE EXAMPLE 3-3.5-1.833000.86-1.5
X10612.8COMPARATIVE EXAMPLE 4-3.8-0.439900.949161.7X1066.2COMPARATIVE
EXAMPLE 5-3.5-1.235520.913311.7X1068,9 cu 1) INTERMEDIATE FILM:
65Co-30Cr-5B (thickness: 5 nm) *2) PERPENDICULAR MAGNETIC FILM:
6lCo-20Cr-l7Pt-2B (thickness: 25 nm)   37 As is apparent from Table 2,
Examples using a non-magnetic material, which contains 33 to 80 at% of Ni
and also contains 20 at o or higher of one or more kinds of elements
selected from Sc, Y, Ti, Zr, Hf, Nb and Ta in the orientation control film
3 exhibit excellent read/write characteristics as compared with Comparative
Examples. Examples 19 to 22 



In the same manner as in Example 1, except for selecting the conditions the
perpendicular magnetic film 5 as shown in Table 3, magnetic recording media
were manufactured (see Table 3). With respect to magnetic recording media
of these Examples and Comparative Examples, the evaluation test was
conducted. The results are shown in Table 3.   Table 3 SOFT MAGNETIC
UNDERCOAT FILM  COMPOSITIONi Bs-t (at%) I (T'nm) ORIENTATION  CONTROL FILM
INTERMEDIATE  FILM PERPENDICULAR MAGNETIC FILM  ~ COMPOSITION THICS NES
(ate) (nm)EXAMPLE 1CoZrNb 110*1*26lCo-20Cr-l7Pt-2B25EXAMPLE 14CoZrNb
110*1*264Co-l7Cr-l7Pt25EXAMPLE 15CoZrNb i 110*1*258Co-24Cr-l7Pt25EXAMPLE
16CoZrNb ~ 110*1*265Co-20Cr-l4Pt25EXAMPLE 17CoZrNb I
110*1*257Co-20Cr-23Pt25EXAMPLE 18CoZrNb '
110*1*26lCo-20Cr-l7Pt-lIr25EXAMPLE 19CoZrNb i
110*1*26lCo-20Cr-l7Pt-2Cu25EXAMPLE 20CoZrNb !
110*1*26lCo-20Cr-l3Pt25EXAMPLE 21- CoZrNb ~ 110*1*255Co-20Cr-25Pt25EXAMPLE
22CoZrNb I l10*1*256Co-25Cr-l7Pt25 cu *1) ORIENTATION CONTROL FILM:
60Ni-40Ta (thickness: 8 nm) *2) INTERMEDIATE FILM: 65Co-30Cr-5B (thickness:
5 nm)   



Table 3 (continued) READ/WRITE CHARACTERISTICS ERROR RATE (10 )THERMAL
STABILITY ( /DECADE)~GN  He (Oe)ETOSTATIC CHARACTERISTICS  Mr/Ms -Hn (Cle)
Ku (erg/cc)EXAMPLE 1-5.6-0.54064 I0.967361.7X106EXAMPLE
14-5.0-0.340490.9814882.7X106EXAMPLE 15-5.4-1.133690.911081.2 X106EXAMPLE
16-5.1-0.936100.912331.1X106EXAMPLE 17-5.0-0.835110.923301.5 X106EXAMPLE
18-5.5-0.435570.965372.1X106EXAMPLE 19-5.4-0.344210.9910402.1X106EXAMPLE
20-4.9-1.836990.83-0.9 X106EXAMPLE 21-4.1-0.829610.87-0.9X106EXAMPLE
22-5.4-2.928800.76-0.8X106 *1) ORIENTATION CONTROL FILM: 60Ni-40Ta
(thickness: 8 nm) cu ca *2) INTERMEDIATE FILM: 65Co-30Cr-5B (thickness: 5
nm)   40 As is apparent from Table 3, magnetic recording media wherein the
Cr content is equal to or higher than 16 at% and lower than 24 at o and the
Pt content is equal to or higher than 14 at o and lower than 24 at a
exhibit excellent magnetic characteristics as compared with Examples
wherein the Cr content and the Pt content deviate from the above range. It
is also apparent that Examples wherein the coercive force ( He ) is equal
to or higher than 3000 (Oe ) and the negative nucleation field (-Hn) is
equal to or higher than 0 (Oe) and lower than 2500 (Oe) and, moreover,
Mr/Ms is equal to or higher than 0.9 exhibit excellent magnetic
characteristics as compared with Comparative Examples 4 and 5. Examples 23
to 29 In the same manner as in Example 1, except for selecting the
composition of the soft magnetic undercoat film 2 as shown 



in Table 4, magnetic recording media were manufactured (see Table 9) . With
respect to magnetic recording media of these Examples, the evaluation test
was conducted. The results are shown in Table 4.   [Table 4 ] SOFT MAGNETIC
UNDERCOAT FILM COMPOSITION Bs~t (at%) i (T~nm)ORIENTATION CONTROL FILM
COMPOSITIONI THICKNESS (ats) (nm)INTERMEDIATE FILM  COMPOSITION THICKNESS
(a ~)~ (nm)EXAMPLE 1CoZrNb I 11060Ni-40Ta i865Co-30Cr-5B5EXAMPLE 23CoTaZr '
11060Ni-40Ta865Co-30Cr-5B5EXAMPLE 24FeAlSi i
11060Ni-40Ta865Co-30Cr-5B5EXAMPLE 25FeTaC i
11060Ni-40Ta865Co-30Cr-5B5EXAMPLE 26FeAlO ~
11060Ni-40Ta865Co-30Cr-5B5EXAMPLE 27CoZrNb i
560Ni-40Ta865Co-30Cr-5B5EXAMPLE 28CoZrNb ~ 2060Ni-40Ta865Co-30Cr-5B5EXAMPLE
29CoZrNb j 40060Ni-40Ta I865Co-30Cr-5B5 *1) PERPENDICULAR MAGNETIC FILM:
6lCo-20Cr-l7Pt-2B (thickness: 25 nm) [Table 4] (continued)  PERPENDICULAR
MAGNETIC FILMREAD/WRITE CHARACTERISTICS ERROR RATE ( lUX)THERMAL  STABILITY



( $ /DECADE )~GNETOSTATIC CHARACTERISTICS  He (Oe) Mr/Ms -Hn (Oe)EXAMPLE
1*1-5.6-0.540640.96736EXAMPLE 23*1-5.5-0.639890.98669EXAMPLE
24*1-5.3-0.640110.95609EXAMPLE 25*1-5.7-0.538S90.95790EXAMPLE
26*1-5.8-0.739920.95660EXAMPLE 27*1-5.3-0.640090.97590EXAMPLE
28*1-5.5-0.539550.97692EXAMPLE 29*1-5.6-0.691020.96701 *1) PERPENDICULAR
MAGNETIC FILM: 6lCo-20Cr-l7Pt-2B (thickness: 25 nm)   42 As is apparent
from Table 4, in a11 Examples, excellent read/write characteristics could
be obtained. Examples 30 to 32 In the same manner as in Example 1, except
that the soft magnetic undercoat film 2 was oxidized by exposing the
surface thereof to an oxygen-containing gas (pure oxygen (l00% 02), 50% OZ
- 50% Ar, or air), magnetic recording media was manufactured (see Table 5).
With respect to magnetic recording media of these Examples, the evaluation
test was conducted. The results are shown in Table 5.   Table 5
SOFTMAGNETICUNDERCOAT FILMINTERMEDIATE FILM COMPOSITIONi Bs~t EXPOSURE
OXIDIZED COMPOSITION THICKNESSINTERMEDIATEFILM(at%) ~(T~nm)GASLAYER
(nm)(at%)(~)EXAMPLE1CoZrNb ~110--60Ni-4~OTa8*1EXAMPLE30CoZrNb ~110100o02!
260Ni-40Ta8*1EXAMPLE31CoZrNb '11050$O2-50%Ar160Ni-40Ta8*1EXAMPLE32CoZrNb
~110Air260Ni-40Ta8*1 *1) INTERMEDIATE FILM: 65Co-30Cr-5B (thickness: 5 nm)
*2) PERPENDICULAR MAGNETIC FILM: 6lCo-20Cr-l7Pt-2B (thickness: 25 nm) Table
5 (continued) 



READ/WRITEORIENTATION
CONTROLFILMPERPENDICULARCHARACTERISTICSTHERMALSTABILITYMAGNETIC FILMERROR
RATE l%IDECADE)He (Oe)Mr/Ms -Hn
(Oe)(10x)EXAMPLE1*2-5.6-0.540640.96736EXAMPLE30*2-5.9-0.641030.98689EXAMPLE
31*2-5.8-0.639080.96801EXAMPLE32*2-5.8-0.538990.99778 cu *1) INTERMEDIATE
FILM: 65Co-30Cr-5B (thickness: 5 nm) *2) PERPENDICULAR MAGNETIC FILM:
6lCo-20Cr-l7Pt-2B (thickness: 25 nm)   44 As is apparent from Table 5,
excellent read/write characteristics could be obtained by oxidizing the
soft magnetic undercoat film 2. Examples 33 to 39 In the same manner as in
Example 1, except for electing the material and the thickness of the
intermediate film 4 as shown in Table 6, magnetic recording media were
manufactured (see Table 6) . _ With respect to magnetic recording media of
these Examples, the evaluation test was conducted. The results are shown in
Table 6.   Table 6 SOFT MAGNETICORIENTATION CONTROL UNDERCOAT FILM
FILMINTERMEDIATE FILM COMPOSITIONS Bs-TTHICKNES COMPOSITIONTHICKNES
COMPQSITION(at$) ; (T-nm)(ato) S(atg) S(nm)(nm)EXAMPLE 1CoZrNb i
1l060Ni-40Ta865Co-30Cr-5B5EXAMPLE 33CoZrNb ~
11060Ni-40Ta865Co-30Cr-5Pt5EXAMPLE 34CoZrNb i
11060Ni-40Ta854Co-28Cr-IOPt-8B5EXAMPLE 35CoZrNb ~
11060Ni-40Ta860Co-40Ru5EXAMPLE 36CoZrNb ( 11060Ni-40Ta855Co-45B5EXAMPLE
37CoZrtVb , 11060Ni-40Ta8--EXAMPLE 38CoZrNb ~
11060Ni-40Ta865Co-30Cr-5B15EXAMPLE 39CoZrNb ; 11060Ni-40Ta865Co-30Cr-5B40 



*1) PERPENDICULAR MAGNETIC FILM: 6lCo-20Cr-l7Pt-2B (thickness: 25 nm) Table
6 (continued) PERPENDICULA R MAGNETIC FILMREAD/WRITE CHARACTERISTICS ERROR
RATE (10 )THERMAL STABILITY (g/DECADE)MAGNETOSTATIC CHARACTERISTICS He (Oe)
Mr/Ms -Hn (Oe)EXAMPLE 1*1-5.6-0.540640.96736EXAMPLE
33*1-5.4-0.640300.971020EXAMPLE 34*1-5.9-0.640210.951100EXAMPLE
35*1-5.6-0.539910.961210EXAMPLE 36*1-5.8-0.642880.931260EXAMPLE
37*1-5.2-0.9A0100.94660EXAMPLE 38*1-5.2-0.445150.971350EXAMPLE
39*1-4.6-0.443770.981300 Gn *1) PERPENDICULAR MAGNETIC FILM:
6lCo-20Cr-l7Pt-2B (thickness: 25 nm)   46 As is apparent from Table 6, in
a11 Examples, excellent read/write characteristics could be obtained.
Examples 40 to 42 In the same manner as in Example l, except that an
undercoat film (thickness: 20 nm) made of 94Cr-6Mo was provided between the
non-magnetic substrate 1 and the soft magnetic undercoat film 2 and a hard
magnetic film 8 shown in Table 7 was provided thereon, magnetic recording
media were manufactured (see Table 7). With respect to magnetic recording
media of these Examples, the evaluation test was conducted. The results are
shown in Table 7.   [Table 7] HARD MAGNETICFILMSOFT MAGNETICORIENTATION
CONTROLUNDERCOATFILMFILMTHICKNES!INTERMEDIATCOMPOSITIONCOMPOSITION
~Bs~TCOME~OSITIONTHICKNESSE FILM(at$)S(at$)(T~nm)(at$)(nm)~(~)~ 



'EXAMPLE 1- ~-CoZrNb !l1060Ni-40Ta8*1EXAMPLE
4064Co-20Cr-l4Pt-2B150CoZrNb11060Ni-40Ta8*1EXAMPLE
4164Co-20Cr-l4Pt-2B150CoZrNb ~l1060Ni-40Ta8*1EXAMPLE 4284Co-l6Sm50CoZrNb
I11060Ni-40Ta8*1 *1) INTERMEDIATE FILM: 65Co-30Cr-5B (thickness: 5 nm) *2)
PERPENDICULAR MAGNETIC FILM: 6lCo-20Cr-l7Pt-2B (thickness: 25 nm) *3)
SLIGHT SPIKE NOISE GENERATED AT OUTER PERIPHERY [Table 7] (continued)
READ/WRITEMAGNETOSTATICPERPENDICULATHERMALCHARACTERISTICSC~~CTERISTICSSPIKE
R MAGNETICSTABILITYFILMERROR RATE($/DECADE)He (Oe) Mr/Ms -Hn (Oe)NOISE(10
)EXAMPLE 1*2-5.6-0.540640.96736*3EXAMPLE 40*2-5.5-0.640090.97810NONEEXAMPLE
41*2-5.5-0.541030.95699NONEEXAMPLE 42*2-5.3-0.639900.96703NONE *1)
INTERMEDIATE FILM: 65Co-30Cr-5B (thickness: 5 nm) *2) PERPENDICULAR
MAGNETIC FILM: 6lCo-20Cr-l7Pt-2B (thickness: 25 nm) *3) SLIGHT SPIKE NOISE
GENERATED AT OUTER PERIPHERY   48 As is apparent from Table 7, spike-like
noise caused by a magnetic wall in the soft magnetic undercoat film 2 could
be suppressed withoutdeterioratingthe read/write characteristics. As
described above, the magnetic recording medium of the present invention
comprises at least a soft magnetic undercoat film made of a soft magnetic
material, an orientation control film that controls the orientation of a
film provided right above, a perpendicular magnetic film, of which axis of
easy magnetization is generally oriented perpendicular to a substrate, and
a protective film, that are provided on a non-magnetic substrate, wherein
the orientation control film is made of a non-magnetic material which
contains 33 to 80 at% of Ni and one or more kinds of elements selected from
Sc, Y, Ti, Zr, Hf, Nb and Ta. Therefore, read/write characteristicsand
thermalstability can beimproved.   49 CLAIMS: 1. A magnetic recording
medium comprising at least a soft magnetic undercoat film made of a soft
magnetic material, an 



orientation control film that controls the orientation of a film provided
directly thereabove, a perpendicular magnetic film, of which the axis of
easy magnetization is generally oriented perpendicular to a substrate, and
a protective film, that are provided on a non-magnetic substrate, wherein
the orientation control film is made of a non-magnetic material which
contains 33 to 80 ate of Ni and one or more kinds of elements selected from
Sc, Y, Ti, Zr, Hf, Nb and Ta. 2. The magnetic recording medium according to
claim 1, wherein the orientation control film has an hcp structure. 3 . The
magnetic recording medium according to claim 1 or 2, wherein the
orientation control film is made of at least one kind selected from the
group consisting of NiTa alloy, NiNb alloy, NiTi alloy and NiZr alloy. 4.
The magnetic recording medium according to any one of claims 1 to 3,
wherein a perpendicular magnetization anisotropy constant Ku of the
perpendicular magnetic film is equal to or higher than 1 X 106 erg/cc. 5.
The magnetic recording medium according to any one of claims   50 1 to 4,
wherein the perpendicular magnetic film has a composition containing CoCrPt
as the maj or constituent and also has a Cr content equal to or higher than
16 and lower than 24 at o and a Pt content equal to or higher than 14 and
lower than 24 at%, and a coercive force (Hc) is equal to or higher than
3000 (Oe) , negative nucleation field (-Hn) is equal to or higher than 0
(Oe) 



and lower than 2500(0e), and a ratio of residual magnetization (Mr) to
saturation magnetization (Ms) , Mr/Ms, is equal to or higher than 0.9. 6.
The magnetic recording medium according to any one of claims 1 to 5,
wherein a mean crystal grain diameter of the orientation control film is
equal to or higher than 2 nm and lower than 20 nm. 7. The magnetic
recording medium according to any one of claims 1 to 6, wherein a thickness
of the orientation control film is equal to or higher than 0.5 nm and lower
than 20 nm. 8. The magnetic recording medium according to any one of claims
1 to 7, wherein the perpendicular magnetization has a B content equal to or
higher than 0.1 at% and lower than 5 at% and 50 is within a range from 2 to
10. 9. The magnetic recording medium according to any one of claims 1 to 8,
wherein a hard magnetic film made of a hard magnetic material   51 is
provided between the non-magnetic substrate and the soft magnetic undercoat
film. 10. A method of manufacturing a magnetic recording medium, which
comprises forming at least a soft magnetic undercoat film made of a soft
magnetic material, an orientation control film that controls the
orientation of a film provided right above, a perpendicular magnetic film
of which axis of easy magnetization is generally oriented perpendicular to
a substrate, and a protective film, on a non-magnetic substrate, while
controlling so that the orientation control film is made of a non-magnetic
material which contains 33 to 80 at o of Ni and one or more kinds of
elements selected from Sc, Y, Ti, Zr, Hf, Nb and Ta. 11. A magnetic
read/write apparatus comprising a magnetic recording medium and a magnetic
head that records information on the magnetic recording medium and plays
the information, wherein the magnetic recording medium comprises at least a
soft magnetic undercoat film made of a soft magnetic material, an
orientation control film that controls the orientation of a film provided
directly thereabove, a perpendicular magnetic film of which the axis of
easy magnetization is generally oriented perpendicular to a substrate, and
a protective film, that are provided on a non-magnetic substrate, while the
orientation control film is made of a non-magnetic material which contains
33 to 80 at% of Ni and one or more kinds of elements selected   52 from Sc,
Y, Ti, Zr, Hf, Nb and Ta. .AL.A,.AA .AUY.AFYE.A{Y.A
F.AA3E.AF.AU3E.A.l.AU.A33E.A{Y.A3l.AFl.A3Y.AhY.A3.A3Al,)A.a.A
32.A3F.Al.AFl.AUl.A3.Ahl.Ah.AY.A{l.Ah.AFl.AUlR#A.y, A.R 
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