
DESCRIPTION PERPENDICULAR MAGNETIC RECORDING MEDIUM,
AND PERPENDICULAR MAGNETIC RECORDING AND REPRODUCING
APPARATUS CROSS REFERENCE TO RELATED APPLICATIONS
Priority is claimed on Japanese Patent Application No.
2005-100020, filed March 30, 2005. This application is
an application filed under 35 U.S. C. 111 (a) claiming
pursuant to 35 U.S.C. 119(e) of the filing date of
Provisional Application 60/669,893 on April 11, 2005,
pursuant to 35 U.S.C. lll(b). TECHNICAL FIELD This
invention relates to perpendicular magnetic recording
media used in a hard disk apparatus or the like, and a
magnetic recording and reproducing apparatus using the
perpendicular magnetic recording medium. BACKGROUND
ART In the perpendicular magnetic recording method,
the easy axis of magnetization of the magnetic
recording layer, which in conventional media is
directed in the plane of the media, is directed in the
direction perpendicular to the media; as a result, the
demagnetizing field in the vicinity of the
magnetization transition region, which is the boundary
between recorded bits, is decreased, so that the
higher the recording density, the more
magnetostatically stable the recorded state, with
improved resistance to thermal fluctuations; hence the
method is appropriate for increasing areal densities. 



When a soft magnetic underlayer, consisting of a soft
magnetic material, isprovided between the substrate
and the perpendicular magnetic recording layer, the
functions of so-called perpendicular double-layer
media are obtained, and excellent recording
performance can be obtained. At this time, the soft
magnetic underlayer serves to provide a return path
for the recording magnetic field from the magnetic
head, and can improve the recording and reproduction
efficiency. In general, perpendicular magnetic
recording media are configured with a soft magnetic
underlayer provided on a substrate, on which are
formed, in order, a non-magnetic underlayer which
directs the easy axis of magnetization of the magnetic
layer to be perpendicular to the plane of the
substrate, a perpendicular magnetic recording layer
consisting of a Co alloy, and a protective layer.
However, in recent years, the WATE(for Wide Area Track
Erasure, or Wide Adjacent Track Erasure) phenomenon
has come to be recognized as a problem in
perpendicular magnetic recording media. The
WATEphenomenon is a problem specific to perpendicular
magnetic recording media, and is a phenomenon in
which, when a signal is recorded in a particular
track, signals are demagnetized over a broad area
extending for several mm from the recorded track.
Methods for alleviating the problem, mainly through
the structure or magnetic anisotropy of the soft
magnetic underlayer, have been proposed (see for
example Patent Reference Document 1). It is also known
that aligning the direction of easy axis of
magnetization of the soft magnetic underlayer in the
substrate radial direction is effective for solving
the above 



problem. The following methods are proposed for
realizing this magnetic structure; 1) depositing the
soft magnetic underlayer under a magnetic field in the
radial direction 2) stacking a soft magnetic layer and
an antiferromagnetic film as a soft magnetic
underlayer (see for example Patent Reference Document
2 and Patent Reference Document 3).An example of a
magnetic recording medium using a similar alloy
constitution to this invention is proposed (see Patent
Reference Document 4). However, this example is a
longitudinal magnetic recording medium and the film
thickness of a CoIr layer is thin. The use of Ir in
the soft magnetic underlayer is known but a
perpendicular recording medium uses a porous material
which is filled with a functional material (see Patent
Reference Document 5). A perpendicular recording
medium which uses Ir as a dividing layer between soft
magnetic layers is known (see Patent Reference
Document 6). Patent Reference Document 1: Japanese
Unexamined Patent Application, First Publication No.
S58-166531 Patent Reference Document 2: Japanese
Unexamined Patent Application, First Publication No.
H06-103553 Patent Reference Document 3: US
2002/0028357 Patent Reference Document 4: Japanese
Unexamined Patent Application, First Publication
Number 2003-1325 15 Patent Reference Document 5:
Japanese Unexamined Patent Application, First 



Publication Number 2004-237429 Patent Reference
Document 6: Japanese Unexamined Patent Application,
First Publication Number 2003-203326 DISCLOSURE OF
INVENTION When the SUL (soft magnetic underlayer) of
perpendicular magnetic recording media is deposited,
there exist the following problems. (1) It is
difficult to control the magnetic field uniformly in
the entire radial direction.(2) The magnetic field is
smaller in the inner diameter portion of the
substrate. As media sizes will continue to be smaller
in the future, (2) becomes a serious problem. As
described above, when a soft magnetic underlayer with
simple film structure is used, it is very difficult to
form easy axes of magnetization uniformly in the
radial direction. This problem needs to be solved to
invent a magnetic recording medium which is easy to
produce. In addition, even if the easy axis of
magnetization is controlled as above by various
methods, the WATE phenomenon occurs because of some
perpendicular magnetization component remains in the
SUL. This invention was devised in light of the above
circumstances, and has as an object the provision of
perpendicular magnetic recording media enabling
recording and reproduction of information at high
densities, and a method of manufacturing a magnetic 



recording and reproducing apparatus for such media, by
studying functions of magnetic anisotropy in the soft
magnetic underlayer in depth. In order to resolve the
above problems, the following inventions are provided:
(I) A first invention to resolve the above problems is
a perpendicular recording medium having at least a
soft magnetic underlayer and a perpendicular magnetic
recording layer on a non-magnetic substrate, wherein
when Ku- - (erg/cm3) is defined as a perpendicular
magnetic anisotropic energy, and Ms (emu/cm3) is
defined as a saturation magnetization of the soft
magnetic underlayer, K - of the soft magnetic
underlayer has a negative value and Ku-1-= - 2 pMs2 +
KugrainO . (2) A second invention to resolve the above
problems is a perpendicular recording medium described
in (1) above, wherein when Ku 11 s defined as a
uniaxial crystal magnetic anisotropy energy, the soft
magnetic underlayer comprises a material which
hasnegative Kugram , and a hard axis of magnetization
of the soft magnetic underlayer is perpendicular to a
substrate surface plane. (3) Athird invention to
resolve the above problems is a perpendicular
recording medium described in (1) or (2) above,
wherein the soft magnetic underlayer comprises CoIr
alloy as a main component. (4) A fourth invention to
resolve the above problems is a perpendicular
recording medium described in any one among (1) to (3)
above, wherein a content of Ir in the CoIr alloy of
the soft magnetic underlayer is from 5 at.% to 30
at.%. (5) A fifth invention to resolve the above
problems is a perpendicular recording medium 



described in any one among (1) to (4) above, further
comprising a crystalline underlayer whose hexagonal
close-packed plane or cubic plane of the crystal is
parallel to the substrate surface plane. (6) A sixth
invention to resolve the above problems is a
perpendicular magnetic recording media described in
any one among (1) to (5) above, wherein the
non-magnetic substrate is a disc-shaped substrate with
a diameter of 28 mm or less. (7) A seventh invention
to resolve the above problems is a magnetic recording
and reproducing apparatus, comprising the
perpendicular magnetic recording medium described in
any one among (1) to (6) above, and a magnetic head to
record information onto and reproduce information from
the perpendicular magnetic recording medium. BRIEF
DESCRIPTION OF THE DRAWINGS Fig. 1 is a
cross-sectional view of perpendicular magnetic
recording media of the invention; Fig. 2 shows an
example of the configuration of a magnetic recording
and reproducing apparatus of the invention;Fig. 3A
shows track profiles in an initial state in Example 1;
Fig. 3B shows track profiles in a state after 10000
times recording in Example 1; Fig. 4A shows track
profiles in an initial state in Comparison Example 1;
Fig. 4B shows track profiles in a state after 10000
times recording in Comparison Example 1; 



Fig. 5A shows a side view of placement of target and
substrate; Fig. 5B shows a top view of placement of
target and substrate; Fig. 6 shows the relationship of
Ir content and the Ku8ram in Example 7. BEST MODE FOR
CARRYING OUT THE INVENTION This invention uses a
material which has a negative Ku " (a crystal magnetic
anisotropic energy) in the axis perpendicular to the
substrate surface for the SUL. For example, CoL: alloy
is such a material. When a CoIr crystalline structure
is a hexagonal close-packed crystal (hep), its Ku 11
in the C axis has a negative value. When the C axis of
the material which has a negative Kugram in the C
axis, is perpendicular to the substrate surface plane,
the material is strongly magnetized in a direction
parallel to the substrate surface plane. Therefore,
when Ku-*- is a perpendicular magnetic anisotropic
energy of a soft magnetic underlayer, Ku- - (= - 2 p
Ms2 + Kurain) is smaller than that of a conventional
soft magnetic underlayer. The substrate surface is
magnetized more strongly in an axis parallel to the
substrate surface, so that the possibility of
occurrence of a WATE phenomenon decreases
significantly due to the magnetization component
perpendicular to the surface suppressed significantly.
The following is a detailed explanation. As stated
above, it is quite important in a perpendicular
recording medium to control magnetic anisotropy and
the direction of the easy axis of the SUL. Especially,
inorder to suppress the WATE (the Wide Area / Adjacent
Track Erasure) phenomenon and so-called the spike
noise which is related to the movement of the magnetic
domain of the 



soft magnetic layer, it is necessary not only to
orient the easy axis of magnetization in the substrate
surface plane, but also to provide a ferromagnetic
layer (called a pinning layer) under the SUL to impede
the movement of the domain walls of the soft magnetic
layer. This invention has an objective to solve the
problems which originate from the SUL of perpendicular
recording media, by selecting the soft magnetic
material appropriately. Fig. 1 shows an example of a
first aspect of perpendicular magnetic recording media
10 of this invention. The perpendicular magnetic
recording media 10 shown here is configured by
forming, in order on a non-magnetic substrate 1, a
pinning layer 2, a non-magnetic underlayer 3, a SUL 4,
as well as an crystalline orientation control layer 5,
perpendicular magnetic recording layer 6, protective
layer 7, and lubrication layer 8. As the non-magnetic
substrate, a metal substrate consisting of a metal
material such as aluminum or an aluminum alloy may be
used, or, a nonmetallic substrate, consisting of a
nonmetallic material such as glass, ceramic, silicon,
silicon carbide, carbon, or similar, may be used.
Glass substrates include amorphous glass or
crystallized glass; as amorphous glass, soda lime
glass or alumino-silicate glass can be used. As
crystallized glass, lithium-containing crystallized
glass can be used. As the non-magnetic substrate, a
glass substrate or silicon substrate are particularly
preferable. 



It is desirable that the non-magnetic substrate 1 have
an average surface roughness Ra of 0.8 nm or less, and
preferably 0.5 run or less, from the standpoint of
high-density recording using a low flying-height
recording head.It is desirable that surface waviness
Wa to be 0.3 nm or less, and preferably 0.25 nm or
less, from the standpoint of high-density recording
using a low flying-height recording head. It is
preferable that, after texturing treatment, the
average surface roughness Ra of the substrate be 0.1
nm or greater and 0.8 nm or less. If under 0.1 nm, the
effect of texturing treatment is insufficient and the
magnetic anisotropy of the SUL deviates. This
situation is undesirable. A roughness exceeding 0.8 nm
is undesirable since the low flying height of the
magnetic head cannot be achieved. And SNR is reduced
by the degradation of the magnetic orientation of the
perpendicular magnetic recording layer. In this
invention, a pinning layer and/or a non-magnetic
underlayer can be used, but, there is no influence on
the effect of the invention without these layers. In
this invention, it is necessary that Ku8 1" of the SUL
has a negative value. When CoIr is used as a soft
magnetic layer material, it is necessary to make the C
axis of hep CoIr crystal perpendicular to the
substrate surface plane. An underlayer is sometimes
provided to control crystal orientation, hi this case,
usually, the underlayer has also an hep crystal
structure, such as Ti and Ru. We found that it is
suitable for Kugram of SUL to have a negative value in
the axis perpendicular to the substrate surface plane.



The method for determining Kugram is shown below. A
perpendicular magnetic anisotropic energy, Ku-K is
estimated by extrapolation for 2Qcomponents of the
toque to the saturation field. The toque curve is
obtained by rotating the magnetic field in the plane
perpendicular to the substrate surface plane of the
coupon sample.K &ain is calculated using the
relationship Ku-1- = -2p Ms2 + Ku " (Ms: saturation
magnetization ), for a SUL in which the C axis of the
uniaxial crystal magnetic anisotropy is perpendicular
to the substrate surface plane. It is known that a
film sample has a strong demagnetizing field
perpendicular to the film plane, and at that time Ku-L
[s expressed as -2pMs2. This invention has an
objective to provide a SUL such that X has a negative
value if Ku-L [s expressed -2pMs2+X . In the case of a
conventional SUL, X usually has a small positive value
due to defects and impurities. In this invention,
large | Ku-L | force s the magnetization to be
directed to the surface by making X a negative number.
In addition, the fluctuation of the magnetization by
environmental field can be decreased because an energy
state becomes more stable when making the direction of
magnetization in the substrate surface plane. When
KuJ. has a negative value, the magnetization state of
the material in the substrate surface plane is the
most stable energy state. Therefore, such a kind of
soft magnetic layer will magnetize itself in the
substrate surface without a special effort. As stated
above, the inventors invented that a CoIr alloy is
quite suitable as a SUL material of a perpendicular
recording medium. 



When a CoIr alloy has the Ir content 5 at. % or
greater, its Ku-L 6 a n egative value in the C axial
direction of the CoIr alloy. However, it is necessary
to control the Ir content because the saturation
magnetization Ms decreases as the Ir content
increases. The substrate temperature range during
deposition of the CoIr layer is preferably from room
temperature to 400 C. It is preferable that the
coercive force Hc of the soft magnetic layers be 30
(Oe) or less, and a value of 10 (Oe) or less is still
more preferable. One Oersted is equal to approximately
79 A/m. It is preferable that the saturation magnetic
flux density Bs of the soft magneticlayers be 0.6 T or
higher, and a value of 1 T or higher is still more
preferable. It is preferable that the total layer
thickness of the soft magnetic layers be 20 nm or
greater but 120 nm or less, and still more preferable
that the thickness be 20 nm or greater but 100 nm or
less, and still more preferable that the thickness be
20 nm or greater but 60 nm or less. In addition, it
was found that a critical film thickness of SUL is
dependent upon the Ir content. The critical film
thickness is the film thickness in which the
magnetization domain wall structure changes from Neel
structure to Bloch structure. In other words, when a
Ir content is in a range from 5 to 20 at.%, the
magnetic domain wall changes from Neel to Bloch at the
critical thickness with increasing the thickness of
the CoIr alloy. It is known that Neel structure is
preferable to impede the WATE phenomenon, however,
Bloch structure is preferable for reducing the medium
noise. It is necessary to consider 



the above facts in designing the film thickness. As
the method of formation of the soft magnetic layers, a
sputtering method can be used. The SUL may be a
sandwich structure composed of soft magnetic layers,
and a Ru or Re interlayer. Both of the soft magnetic
layers can be coupled antiferromagnetically by
designing the thickness of soft magnetic layers and
the Ru or Re interlayer. In this case the film
thickness of the Ru or the Re is usually 0.3 nm to 1.5
nm, or preferably 0.5 nm to 1.2 nm. The above
constitution can impede the WATE phenomenon, which is
the problem peculiar to a perpendicular magnetic
medium. The crystalline orientation control layer is
for controlling the crystal structure and grain size
of the perpendicular recording layer. A preferable
structure of the material used in the crystalline
orientation control layer is an hep structure or a
face-centered cubic structure (fee structure), for
example, such as Pt, Pd, NiCr, NiFeCr and Mg or
thelike. When a structure other than hep and fee
structures, for example, a body center cubic structure
(bcc structure) or amorphous structure, is used, the
orientation of the perpendicular magnetic recording
layer becomes insufficient. As a result, it causes a
decrease of SNR and coercivity, which is not
desirable. The crystalline orientation control layer 5
is formed from a seed layer 5-1 and an intermediate
layer 5-2. Pd is preferable as the material of the
seed layer 5-1 for example. Ru is preferable as the
material of the intermediate layer 5-2. It is
preferable that the thickness of crystalline
orientation control layer 5 be 30 run or less. If the
thickness of the 



underlayer (crystalline orientation control layer)
exceeds 30 nm, the distance between the magnetic head
and the SUL 4 during recording and reproduction is
increased, so that the overwrite (OW) characteristic
and reproduced signal resolution are degraded, which
is undesirable. The easy axis of magnetization of the
perpendicular magnetic recording layer 6 is directed
in the direction perpendicular to the plane of the
non-magnetic substrate 1. As the constituent elements,
at least Co, Pt5 and an oxide are included; and Cr, B,
Cu, Ta, or Zr can be added in order to improve the SNR
characteristic or for other reasons. Examples of
oxides for use in the perpendicular magnetic recording
layer 6 include SiO2, SiO, Cr O , CoO3 Ta2O3, and
TiO2. It is preferable that the volume fraction of
oxides be from 15 to 40 volume percent. If the volume
fraction of oxides is less than 15 volume percent, the
SNR characteristic is inadequate, which is
undesirable. If the volume fraction exceeds 40 volume
percent, the coercive force necessary for high-density
recording cannot be obtained, which is undesirable. i
addition, other types of materials, such as Co / Pt
and Co /Pd multilayer, ordered alloy such as FePt and
FePd, and RE -TM alloy and the like, can be used as
the perpendicular recording medium material.It is
preferable that the nucleation field (-Hn) of the
perpendicular magnetic recording layer be 1.5 (kq e)
or greater. If the nucleation field (-Hn) is less than
1.5 (kq e), thermal fluctuations occur, which is
undesirable. It is preferable that the thickness of
the perpendicular magnetic recording layer be 



from 6 to 18 nm. If the thickness of the perpendicular
magnetic recording layer is in this range, sufficient
output and good overwrite (OW) characteristic are
achieved. The perpendicular magnetic recording layer
can have a single-layer structure, or can have a
structure of two or more layers consisting of
materials with different compositions. The protective
layer is provided to prevent corrosion of the
perpendicular magnetic recording layer and to prevent
damage to the media surface upon contact of the
magnetic head with the media; conventional materials,
such as for example materials containing C, SiO2 or
ZrO2, can be used. It is preferable that the thickness
of the protective layer be 1 nm or more and 5 nm or
less, from the standpoint of reducing the distance
between the magnetic head and media to enable
high-density recording. As the lubrication layer, it
is preferable that conventional materials, such as for
example perfluoro-polyether, an alcohol fluoride,
carboxylic acid fluoride, or similar, be used. Fig. 2
shows an example of a magnetic recording and
reproducing apparatus using the above perpendicular
magnetic recording medium 10. The magnetic recording
and reproducing apparatus shown here is provided with
the perpendicular magnetic recording medium 10, a
spindle motor 11 which drives rotation of the
perpendicular magnetic recording media 10, magnetic
heads 12 to record and reproduce information to and
from the perpendicular magnetic recording media 10, a
head actuator 13, and a recording and 



reproducing signal processing system 14. The recording
and reproducing signalprocessing system 14 can process
input data and send recording signals to the magnetic
heads 12, and can process reproduced signals from the
magnetic heads 12 and output data. (Examples and
Comparison Examples) Below, the action and
advantageous results of this invention are clarified
through Examples. However, this invention is not
limited to the following Examples. (Example 1) After
washing the glass substrate (crystallized substrate
TSlO-SX, diameter 2.5 inches, manufactured by Ohara
Inc.), the glass substrate was placed in the film
deposition chamber of a DC magnetron sputtering system
(Anelva Corp. model C-3010), and the film deposition
chamber was evacuated to a background pressure of 1x1
0 5 Pa. On this glass substrate 7 run of a Ti layer
was deposited. Then 3 nm of Ru, and 20 nm of 88Co-12Ir
(Co content 88 at.%, Ir content 12 at.%) were
deposited, to form a SUL with a double-layers
structure. On this sample 6 nm of a seed layer, 20 nm
of a Ru intermediate layer, 10 nm of a CoCrPt-SiO
magnetic recording layer, and 5 nm of a C protective
layer were deposited by sputtering method. Then, a
dipping method was used to form a lubrication layer of
perfluoro-polyether, to obtain the perpendicular
magnetic recording media. (Comparison Example 1) A 60
nm 91Co-5Zr-4Nb (Co content 9 1 at.%, Zr content 5
at.%, Nb content 4 



at.%), a 0.8 nm Ru, and a 60 nm 91Co-5Zr-4Nb were
deposited to form the stacked soft magnetic underlayer
on the same substrate as that of Example 1. On the
soft magnetic underlayer 6 nm of a Pd seed layer, 20
nm of an Ru intermediate layer, 10 nm of a CoCrPt-SiO2
magnetic recording layer, and 5 nm of a C protective
layer were deposited.Then, a lubrication layer of
perfluoro-polyether was dip-coated, and then the
perpendicular magnetic recording media was obtained.
These samples were prepared as Comparison Example.
WATEmeasurements were performed for Examples and
Comparison Examples. The method of evaluation was as
follows. 1) Abasic pattern was recorded at 156 kfci
throughout the area of 6 mm. 2) The average output for
each track was measured over all tracks, and was taken
to be the track profile in the initial state. 3) A 937
kfci signal was recorded repeatedly 10,000 times on
one track in the center of the area. 4) The track
profile was once again measured, and the result was
compared with the initial state. The track profiles
obtained in this way are shown in Fig. 3 and Fig. 4.
In addition, the crystal magnetic anisotropic energy
Kugrain for the C axis, output reduction in tracking
profile, the vertical magnetic anisotropic Ku-*- and
value of- 2pMs2 are respectively shown in Table 1. 



As shown in Table 1, in the perpendicular recording
media of the invention, it is clear that there is an
effect of suppressing the WATE phenomenon. Table
1(Examples 2 to 6, Comparison Examples 2 to 6) Next, a
perpendicular recording medium similar to that for
Example 1 and Comparison Example 1 was prepared, using
a silicon substrate of radius 22 mm as a substrate. In
the depositing process, 5 pieces of substrate were
subjected to film deposition simultaneously. Five
pieces of sample were prepared by the same process as
in Example 1 and the other 5 pieces of sample by the
same process as in Comparison Example 1. The
arrangement of the substrates during the deposition
process is shown in Figure 5. Examples 2 to 6 were
similar to Example 1 and Comparison Examples 2 to 6
were similar to Comparison Example 1. WATE
measurements which are the same as those in Example 1
and Comparison Example 1 were performed for the above
samples. The dependence of the WATE phenomena on the
positions of the substrates was also estimated. The
results are shown in Table 2. Table 2As shown in Table
2, no WATE phenomenon was observed, regardless of the
position of the substrates in Examples 2 to 6 of this
invention. The result suggests that the easy axis of
magnetization can be strongly directed in the
substrate plane, regardless of strength, and the
direction of the external magnetic field from
sputtering guns. 



On the other hand, in Comparison Examples, not only
was the WATE phenomenon observed, but also its extent
depended on the substrate position. This is because
the soft magnetic properties of the SUL were dependent
upon the magnetic field from the magnetron gun and the
spattered particle incidence angle from the target and
the like. (Example 7) A special vacuum chamber of the
magnetron sputtering system (Anelva Corp. model
C-3010) which has two rotatable targets was used for
co-sputtering experiment of two different materials on
the crystallized glass substrates. The chamber was
evacuated to a background pressure 1 x 10 5 Pa. As two
target materials, a pure Co and a pure Irwere used.
First, the crystallized glass substrate was heated to
35O0C using a lamp heater. Next, a Ti film of 7 nm and
a Ru film of 3 nm were deposited in order, and then a
Co10O-XIrx film of 20 nm was deposited, by rotating
targets of Co and Ir in the same chamber. The x in
Co1O o-XIrx film was adjusted by changing the
discharge power to the targets Furthermore, the C
protective layer was deposited as the uppermost layer
of the sample. The crystal magnetic anisotropic energy
Kugram of the Co1O o-XIrx films with various 



constitutions were measured. The aforementioned type
of torque magnetometer was used for the measurement.
In addition, the film composition obtained by
adjustment of discharge output of the two targets was
measured by fluorescent X-ray analysis. The results
are shown in Table 3. Furthermore, two Ar partial
pressures of 3.0 Pa and 0.6 Pa were used during
deposition of Co10o-ch x film. Table 3The relationship
between Ir content and Ku " is shown in Figure 6 on
the basis of the results in Table 3. In this
invention, it is necessary for Kugrain to have a
negative value. The value of Kugram shows different
behavior according to the Ar partial pressure of
deposition, but a content of Ir in the range of 5at. %
to 30at. % is the most suitable on the basis of the
above-mentioned results. (Examples 8 to 12, Comparison
Examples 8 to12) On five types of substrates with
different diameters, perpendicular recording media
were formed by the same methods as those in Example 1
and Comparison Example 1. Then their WATE
characteristics were measured. Five types of
substrates with diameters of 95 mm (Example 8), 65 mm
(Example 9), 48 mm (Example 10), 28 mm (Example 11)
and 22 mm (Example 12) were used, and four samples per
type were made. As the material of the SUL, CoIr was
used in Examples 8 to 12, and Co-Zr-Nb was used in
Comparison Examples 8 to 12. The measurement results
are shown in Table 4. 



Table 4When Co-Zr-Nb is used as the material of the
SUL, the WATE phenomenon of the medium with a smaller
diameter became more noticeable. Therefore, the effect
of this invention is significant for a substrate with
a size below the diameter of 28 mm. INDUSTRIAL
APPLICABILITY In accordance with this invention, it is
possible to provide a perpendicular recording medium
in which the easy axis of a magnetization of a soft
magnetic underlayer is oriented in the substrate
surface plane, which is effective to suppress the WATE
phenomena and spike noise and the like.CLAIMS 1. A
perpendicular recording medium having at least a soft
magnetic underlayer and a perpendicular magnetic
recording layer on a non-magnetic substrate, wherein
when Ku-L (erg/cm3) is defined as a perpendicular
magnetic anisotropic energy and Ms (emu/cm3) is
defined as a saturation magnetization of the soft
magnetic underlayer, Ku- o f the soft magnetic
underlayer has a negative value and Ku-L < _2pMs2. 2.
A perpendicular recording medium according to Claim 1,
wherein when Kugrain is defined as a crystal magnetic
anisotropy energy, the soft magnetic underlayer
comprises a material which has a negative Kusrain ,
and a hard axis of magnetization of the soft magnetic
underlayer is perpendicular to a substrate surface
plane. 3. A perpendicular recording medium according
to Claim 2, wherein the soft magnetic underlayer
comprises CoIr alloy as a main component. 



4. A perpendicular recording medium according to Claim
3, wherein a content of Ir in the CoIr alloy of the
soft magnetic underlayer is from 5 at.% to 30 at.%. 5.
A perpendicular recording medium according to Claim 2,
further comprising a crystalline underlayer in which a
hexagonal close-packed plane or a cubic plane is
parallel to a substrate surface plane. 6. A
perpendicular magnetic recording media according to
Claim 2, wherein the non-magnetic substrate is a
disc-shaped substrate with a diameter of 28 mm or
less. 7.A magnetic recording and reproducing
apparatus, comprising the perpendicular magnetic
recording media according to any one of Claims 1 to 6,
and a magnetic head to record information onto and
reproduce information from theperpendicular magnetic
recording media. 


