
;e3erLL 6Tr*~J~  2 ~ FEg ~~~  MAGNETIC RECORDING MEDIUM FIELD OF THE
INVENTION The present invention relates to a magnetic recording s medium,
and more specifically, the present invention relates to a magnetic
recording medium having excellent noise properties. Most commercially
available magnetic recording media are io an in-plane magnetic recording
media where the magnetic easy axis of the magnetic film is mainly oriented
parallel to the substrate. If such an in-plane magnetic recording medium is
fabricated to have a high recording density, the bit volume is excessively
reduced and the reproduction properties may ~s deteriorate due to a thermal
fluctuation effect or the like. Furthermore, it is also known that media
with high recording density suffer from an increase in the medium noise due
to expansion of the magnetization reversal transition region or the like.
zo On the other hand, a so-called vertical magnetic recording medium where
the magnetic easy axis in the magnetic film is oriented perpendicularly to
the substrate is advantageous in that low noise can be attained even with
high recording density. - 1      x ~ F~a ~no~ This is because a sharp
magnetization transition is formed and as the recording density increases,
the demagnetization field is decreased and stabilized. Moreover, high
recording density can be attained even when the bit volume is relatively
large. s As such, the vertical magnetic recording medium is drawing the
attention of investigators in this field. However, the vertical magnetic
recording medium has a reproduction waveform different from that of the
in-plane magnetic recording medium. More specifically, the isolated io
waveform is not a single peak type but contains a di-pulse waveform.
Accordingly, it is difficult to apply the signal processing system commonly
used for in-plane recording media without modification. To cope with this,
a vertical and in-plane composite type is magnetic recording medium has
been proposed, which comprises both an in-plain magnetic film and a
vertical magnetic film. Such structure enables the use of the same signal
processing system as used for in-plane magnetic recording media. In recent
years, the demand for magnetic recording media zo with higher recording
density has been increasing and in keeping with this tendency, there is a
demand for improved noise properties. - 2    1 2 4 FEg 2003 However,
conventional magnetic recording media are by no means entirely satisfactory
with respect to noise properties, and there is also a demand for magnetic
recording media having more excellent noise properties. The present
invention has s been achieved in consideration of the above problems of the
prior art. It is therefore an object of the present invention to provide a
magnetic recording medium adapted for use with the io signal processing
system commonly used for in-plane magnetic recording media without
modification and having excellent noise properties. The above object has
been achieved in a first embodiment of the invention by providing a
magnetic recording medium ~s comprising a substrate having thereon an
in-plane magnetic film having a magnetic easy axis oriented in the in-plane
direction with respect to the substrate and a vertical magnetic film having
a magnetic easy axis oriented perpendicularly to the substrate, the
in-plane magnetic film being disposed closer to the Zo substrate than the
vertical magnetic film and having a coercivity He of from 1,500 to 4,000 Oe
and a remnant magnetization film thickness product BrT of from 20 to 100
Gym, - 3     i 2 4 FEB 2003 and the vertical magnetic film having a
coercivity He of from 1,500 to 4,000 Oe and a thickness of from 100 to
1,000 A. In this first embodiment, the vertical magnetic film preferably
has a thickness of from 100 to 600 A and the in s plane magnetic film
preferably has a remnant magnetization film thickness product BrT of from
20 to 50 Gym. A separation film comprising a material capable of growing 



non-epitaxially to the in-plane magnetic film is preferably disposed
between the in-plane magnetic film and the vertical ~o magnetic film, and
the separation film preferably has a thickness of from 5 to 200 A. A
nonmagnetic intermediate layer having an hcp structure is preferably
disposed between the separation film and the vertical magnetic film. ~s
Furthermore, the clearance between the in-plane magnetic film and the
vertical magnetic film is preferably from 10 to 500 A. In a second
embodiment, the present invention provides a magnetic recording medium
comprising a substrate having thereon Zo an in-plane magnetic film having a
magnetic easy axis oriented in the in-plane direction with respect to the
substrate and a vertical magnetic film having a magnetic easy axis oriented
perpendicularly to the substrate, the in-plane magnetic film - 4      2 4
FEB ~ being disposed closer to the substrate than the vertical magnetic
film, a separation film being disposed between the in-plane magnetic film
and the vertical magnetic film, and the separation film containing one or
more of Ta, Re, CuTi, SiC, s W, NiP, Zr, Ti and C as a main component. In
this second embodiment, the separation film preferably has a thickness of
from 5 to 200 A. A nonmagnetic intermediate layer having an hcp structure
is preferably disposed between the separation film and the io vertical
magnetic film. Furthermore, an in-plane magnetic film underlayer is
preferably disposed at the substrate side of the in-plane magnetic film,
and the in-plane magnetic film underlayer preferably contains Cr or an
alloy consisting of Cr and one or is more of Ti, Mo, W and V, as a main
component. Furthermore, the in-plane magnetic film preferably contains a Co
alloy consisting of from 12 to 25 at% of Cr, from 0 to 15 at% of Pt, from 1
to 10 at% of Ta, from 0 to 10 at% of one or more of Zr, Re, Cu and V, and
the balance of Co, as a zo main component. In a third embodiment, the
present invention provides a magnetic recording medium a substrate having
thereon an in plane magnetic film having a magnetic easy axis oriented in
the - 5      2 4 FEB 20i)3 in-plane direction with respect to the
substrate, a separation film comprising a material capable of growing
non-epitaxially to the in-plane magnetic film, a nonmagnetic intermediate
layer having an hcp structure and a vertical magnetic film having a s
magnetic easy axis oriented perpendicularly to the substrate, the
nonmagnetic intermediate layer containing a Co alloy consisting of from 25
to 50 at% of Cr, from 0 to 15 at% of Pt, from 0 to 10 at% of one or more of
Ta, Zr, Cu and Re, and the balance of Co, as a main component, and the
vertical magnetic ~o film containing a Co alloy consisting of from 16 to 30
at% of Cr, from 0 to 15 at% of Pt, from 2 to 10 at% of Ta, from 0 to 5 at%
of Zr and the balance of Co, as a main component. The nonmagnetic
intermediate layer preferably has a thickness of from 20 to 400 A. is
Furthermore, the clearance between the in-plane magnetic film and the
vertical magnetic film is preferably from 10 to 500 A. Fig. 1 is a partial
cross section showing one example of zo the magnetic recording medium of
the present invention. Fig. 1 shows an example of the magnetic recording
medium of the present invention. The magnetic recording medium - 6     2 4
FEB 2pp3 comprises a substrate 1 having formed thereon an in-plane magnetic
film underlayer 2, an in-plane magnetic film 3, a separation film 4, a
nonmagnetic intermediate layer 5, a vertical magnetic film 6 and a
protective film 7 in this order. s For the substrate 1, an aluminum alloy
having an NiP plating film, glass or ceramic may be used. The surface of
the substrate 1 may be subjected to texturing such as mechanical texturing.
The in-plane magnetic film underlzyer 2 is disposed so as ~o to orient the
c-axis of crystals in the in-plane magnetic film 3 toward the in-plane
direction. In view of improvement of the crystallographic orientation in
the in-plane magnetic film 3, the underlzyer is preferably formed from Cr
or a Cr alloy containing Cr as a main component, more preferably from Cr, a
is Cr/Ti system alloy, a Cr/Mo system alloy, a Cr/W system alloy 



or a Cr/V system alloy. Specific examples of the in-plane magnetic film
under layer 2 include a Cr alloy consisting of from 1 to 40 ate of Ti, Mo,
W or V and the balance of Cr. zo The in-plane magnetic film underlayer 2
preferably has a thickness of from 10 to 1,000 A. The term "main component"
as used in the present invention means that the component is contained in
excess of 50 ate.      2 4 FEB zpp,3 In the in-plane magnetic film 3, the
magnetic easy axis is mainly directed toward the in-plane direction.
Specific examples of the material suitable for the in-plane magnetic film 3
include alloys of the Co/Cr system, Co/Cr/Ta system, s Co/Cr/Pt/Ta system,
Co/Cr/Ni/Pt/Ta system and Co/Cr/Pt/Ta/Zr system. In particular, a material
containing a Co alloy consisting of from 12 to 25 ate of Cr, from 0 to 15
ate of Pt, from 1 to 10 ate of Ta, from 0 to 10 ate of one or more of Zr,
Re, Cu and io V, and the balance of Co, as a main component is preferred as
a material for the in-plane magnetic film 3 in view of improvement of the
crystallographic orientation in this film. The in-plane magnetic film 3 has
a coercivity He of from 1,500 to 4,000 Oe (preferably from 2,000 to 3,500
Oe). is If the He is less than 1,500 Oe, similar to the vertical magnetic
recording medium having only a vertical magnetic film, the isolated
waveform obtained at the time of reproduction does not form a single peak.
It then becomes difficult to apply the signal processing system used for
reproduction of a zo general-purpose in-plane magnetic recording medium. On
the other hand, if the He exceeds 4, 000 Oe, the recording properties of
the in-plane magnetic film 3 readily deteriorate to cause a low
reproduction signal output. Furthermore, _ g _   r 2 4 FE8 ~ppg problems
are liable to occur, for example, because the reproduction waveform does
not form a satisfactory single peak or the noise increases. The in-plane
magnetic film 3 has a remnant magnetization s film thickness product BrT of
from 10 to 100 Gym (second and third embodiments of the invention) or a
remnant magnetization film thickness product BrT of from 20 to 100 Gym
(first embodiment of the invention). If the BrT is less than 20 Gum,
sufficiently high magnetic io flux cannot be obtained and similar to the
vertical magnetic recording medium having only a vertical magnetic film,
the isolated waveform obtained at the time of reproduction does not form a
single peak. As a result, it becomes difficult to apply the signal
processing system used for reproduction of a ~s general-purpose in-plane
magnetic recording medium. On the other hand, if the BrT exceeds 100 Gym,
similar to the in-plane magnetic recording medium having only an in-plane
magnetic film, the medium noise increases. Furthermore, the half value
width Pw50 of the reproduction pulse output becomes zo worse, and it is
difficult to obtain sufficiently high output. The BrT of the in-plane
magnetic film 3 is more preferably from 20 to 50 Gym. This is because when
the BrT is within this range, the medium noise can be further reduced. _ g
_    2 4 FE8 2~ The separation film 4 is disposed to attain good
orientation of the c-axis of crystals in the vertical magnetic film 6
toward the direction perpendicular to the substrate. A material capable of
growing non-epitaxially to the in-plane s magnetic film 3 is used for the
separation film 4. The separation material is preferably a material having
a surface free energy higher than the surface free energy of the
constituent material of the nonmagnetic intermediate layer 5, or an
amorphous material. This is because the io crystallographic orientation of
the nonmagnetic intermediate layer 5 and vertical magnetic film 6 formed on
the separation film 4 can be improved and the medium noise ascribable to
disorder in the magnetic anisotropy of the vertical magnetic film 6 can be
minimized. is The separation material preferably contains one or more of
Ta, Re, CuTi, SiC, W, NiP, Zr Ti and C as a main component. The "Cuti" as
used herein means an alloy consisting of Cu and Ti. SiC is a material
comprising Si and C and NiP is an alloy consisting of Ni and P. zo The
separation film 4 preferably has a thickness of from 5 to 200 A. If the
thickness is less than 5 A, the nonmagnetic intermediate layer 5 formed on
the separation film 4 is 



- 10    2 4 FEB 2pp,~ susceptible to influence of the in-plane magnetic
film 3 having a crystallographic orientation toward the in-plane direction
at the time of film formation. As a result, the crystallographic
orientation may become disordered. In that case, the s crystallographic
orientation of the vertical magnetic film 6 formed on the nonmagnetic
intermediate layer 5 is in turn disordered, and consequently the magnetic
recording medium thus obtained suffers from an increase in medium noise. On
the other hand, if the thickness exceeds 200 A, the io clearance between
the in-plane magnetic film 3 and the vertical magnetic film 6 increases and
the recording properties of the in-plane magnetic film 3 deteriorate at the
time of short wavelength recording. The nonmagnetic intermediate layer 5 is
disposed to attain is further improved crystallographic orientation of the
vertical magnetic film 6 . A nonmagnetic material having a hcp structure is
used as the nonmagnetic intermediate layer 5, and a Co/Cr system, Co/Cr/Ta
system or Co/Cr/Pt/X (X: one or more of Ta, Zr, Cu and Re) system alloy is
preferably used. zo In particular, a material containing a Co alloy
consisting of from 25 to 50 ate of Cr, from 0 to 15 ate of Pt, from 0 to 10
ate of X and the balance of Co, as a main component is preferred as the
nonmagnetic intermediate layer. - 11    2 4 FEg ~pp3 If the content of each
component of the nonmagnetic intermediate layer 5 is not within the
above-described range, the crystallographic orientation of the vertical
magnetic film 6 is readily disordered due to mismatching of the lattice of
s the nonmagnetic intermediate layer 5 with the vertical magnetic film 6.
In that case, the magnetic anisotropy of the vertical magnetic film 6 may
deteriorate to thereby increase the medium noise. The nonmagnetic
intermediate layer 5 may have a single io layer structure or may have a
multi-layer structure obtained by laminating a plurality of layers each
comprising the above-described material. The nonmagnetic intermediate layer
5 preferably has a thickness of from 20 to 400 A. is If the thickness is
less than 20 A, the crystallographic orientation of the vertical magnetic
film 6 is readily disordered at initial growth in the process of forming
the vertical magnetic film 6 on the nonmagnetic intermediate layer 5, and
the magnetic recording medium thus obtained may suffer zo from an increase
in medium noise. On the other hand, if the thickness exceeds 400 A, the
clearance between the in-plane magnetic film 3 and the vertical magnetic
film 6 increases and the recording properties of the - 12     2 4 FEg 2003
in-plane magnetic film 3 deteriorate for short wavelength recording. The
total thickness of the separation film 4 and the nonmagnetic intermediate
layer 5, namely, the clearance between s the in-plane magnetic film 3 and
the vertical magnetic film 6, is preferably from 10 to 500 A. If the total
thickness is less than 10 P., the crystallographic orientation of the
vertical magnetic film 6 is readily disordered and a sufficiently high
coercivity may io not be obtained, whereas if it exceeds 500 A, the
clearance between the in-plane magnetic film 3 and the vertical magnetic
film 6 increases and the recording properties of the in-plane magnetic film
3 deteriorate at the short wavelength recording. In the vertical magnetic
film 6, the magnetic easy axis ~s is directed mainly toward a direction
perpendicular to the substrate. The material which can be used for the
vertical magnetic film 6 includes Co/Cr system, Co/Cr/Ta system,
Co/Cr/Pt/Ta system, Co/Cr/Ni/Pt/Ta system and Co/Cr/Pt/Ta/Zr system alloys.
zo In particular, a material containing a Co alloy consisting of from 16 to
30 at% of Cr, from 0 to 15 at% of Pt, from 2 to 10 at% of Ta, from 0 to 5
at% of Zr and the balance of Co, as a main component is preferred as the
vertical magnetic film 6. - 13    v 2 4 FEB 2ppg If the content of each
component of the vertical magnetic film 6 is not within the above-described
range, the crystallographic orientation of the vertical magnetic film 6 is
readily disordered due to mismatching of the lattice of the s vertical
magnetic film 6 with the nonmagnetic intermediate layer 



5. In that case, the medium noise may increase. The vertical magnetic film
6 has a coercivity He of from 1,500 to 4,000 Oe (preferably from 2,000 to
3,500 Oe). If the He is less than 1,500 Oe the squareness S (=remnant ~o
magnetic flux density Br/saturation magnetic flux density Bs) is reduced,
the output decreases and the SNR becomes worse. On the other hand, if the
He exceeds 4,000 oe, the recording properties of the vertical magnetic film
6 disadvantageously deteriorate. is The vertical magnetic film 6 has a
thickness of from 100 to 1,000 A. If the thickness is less than 100 A, a
sufficiently high magnetic flux cannot be obtained and similar to the
in-plane magnetic recording medium having only an in-plane magnetic film,
2o the medium noise increases . Furthermore, the half value width Pw50 of
the reproduction pulse output becomes worse and sufficiently high output
can be difficult to obtain. - 14    2 4 FEB 2003 On the other hand, if the
thickness exceeds 1,000 A, the isolated waveform obtained at reproduction
does not form a single peak, and it becomes difficult to apply a signal
processing system used in reproduction of a general-purpose s in-plane
magnetic recording medium. The thickness of the vertical magnetic film 6 is
more preferably from 100 to 600 A. This is because when the thickness is
within this range, the formation of coarse magnetic particles in the
vertical magnetic film 6 can be prevented and the noise io properties can
be further improved. The protective film 7 is preferably formed from
carbon, and preferably has a thickness of from 20 to 100 A. A lubricating
film comprising a perfluoropolyether (PFPE) or the like may also be formed
on the protective film 7. is In the manufacture of a magnetic recording
medium having the above-described structure, the layers from the
nonmagnetic underlayer 2 to the vertical magnetic film 6 can be formed on
the substrate 1 by sputtering, vacuum evaporation, ion plating or metal
plating. Subsequently, the protective film 7 can be zo formed by
sputtering, a plasma CVD method, an ion beam method or the like. In the
case of forming a lubricating film on the protective film 7, a dipping
method or the like may be used. - 15    c 4 FEB 2003 In an example of a
magnetic recording medium of the first embodiment of the invention having
the above-described structure, an in-plane magnetic film 3 and a vertical
magnetic film 6 are provided. The in-plane magnetic film 3 has a s
coercivity He of from 1,500 to 4,000 Oe and a remnant magnetization film
thickness product BrT of from 20 to 100 Gym, and the vertical magnetic film
6 has a coercivity He of from 1,500 to 4,000 Oe and a thickness of from 100
to 1,000 A. By virtue of this constitution, the isolated wave form obtained
at io reproduction does not form a di-pulse, the signal processing system
used in the reproduction of general-purpose in-plane magnetic recording
media can be applied, and good noise properties can be obtained while
reducing the medium noise ascribable to the expansion of the reversal
magnetization is transition region or the grain noise resulting from
formation of magnetic coarse particles. Furthermore, by interposing a
separation film 4 comprising a material capable of growing non-epitaxially
to the in-plane magnetic film 3 between the in-plane magnetic film 3 and
the zo vertical magnetic film 6, the perpendicular orientation of the
nonmagnetic intermediate layer 5 and vertical magnetic film 6 formed on the
separation film 4 can be improved, the magnetic - 16    2 4 FEB 20p3
anisotropy of the vertical magnetic film 6 can be increased, and the medium
noise can be reduced. On the other hand, if a material which grows
epitaxially to the in-plane magnetic film 3 is used for the separation film
s 4, the orientation of the vertical magnetic film 6 may be disordered by
the effect of the in-plane magnetic film 3 having in-plane anisotropy.
Also, by interposing a nonmagnetic intermediate layer having an hcp
structure between the separation film and the io vertical magnetic film,
disorder in the orientation at initial growing of the vertical magnetic
film 6 can be prevented, the magnetic anisotropy can be increased and the
medium noise can be reduced. In an example of the magnetic recording medium
of the second is embodiment of the invention having the above-described
structure, a separation film 4 is interposed between the in-plane magnetic
film 3 and the vertical magnetic film 6. The separation film 4 contains one
or more of Ta, Re, CuTi, SiC, 



W, NiP, Zr, Ti and C as a main component. By virtue of this Zo
constitution, the orientation in the perpendicular direction of the
nonmagnetic intermediate layer 5 and vertical magnetic film 6 formed on the
separation film 4 can be improved, the - 17    2 4 FEB 2Q03 magnetic
anisotropy of the vertical magnetic film 6 can be increased, and the medium
noise can be reduced. The reason why the magnetic anisotropy can be
improved when the separation film 4 is formed from the above-described s
material is not clearly known, however, the following mechanism is
considered to participate in this effect. In the case where SiC, NiP or C
is used as the material for the separation film 4, a dangling bond, namely,
an unsaturated bond of an atomic group in the periphery of a lattice ~o
defect on the surface or inside of the separation film 4, intensifies the
bonding strength between the separation film 4 and the nonmagnetic
intermediate layer 5 formed thereon. As a result, the crystallographic
orientation at the initial growing of the nonmagnetic intermediate layer 5
is improved, is the nonmagnetic intermediate layer 5 can have excellent
crystallographic orientation in the perpendicular direction, and in turn,
the magnetic anisotropy of the vertical magnetic film 6 formed on the
nonmagnetic intermediate layer 5 is improved. zo Furthermore, the
above-described material can grow non-epitaxially to the in-plane magnetic
film 3. Accordingly, the orientation of the nonmagnetic intermediate layer
5 and the orientation of the vertical magnetic film 6 are hardly - 18    2
4 FEB 2003 disordered due to the effect of the in-plane magnetic film 3
having in-plane anisotropy. In the case where Ta, Re, W, CuTi Ti or Zr is
used as the material for the separation film 4, these materials have a s
surface free energy higher than the surface free energy of the constituent
material ( for example, Co alloy) of the nonmagnetic intermediate layer 5.
Accordingly, the nonmagnetic intermediate layer 5 can be easily (002)
oriented at the film formation. This is because when the nonmagnetic
intermediate ~o layer 5 in contact with the separation film 4 is ( 002 )
oriented, the total surface energy on the interface between the separation
film 4 and the nonmagnetic intermediate layer 5 is minimized. The
improvement in orientation of the nonmagnetic intermediate layer 5 effects
an improvement in orientation of the vertical is magnetic film 6 which
grows epitaxially to the intermediate layer. The magnetic anisotropy of the
vertical magnetic film 6 is considered to be elevated by the mechanism
described above. Still further, by virtue of a constitution where the zo
in-plane magnetic film underlayer 2 comprises Cr or an alloy consisting of
Cr and one or more of Ti, Mo, W and V and the in-plane magnetic film 3
contains a Co alloy consisting of from 1 to 25 ate of Cr, from 0 to 15 ate
of Pt, from 1 to 10 ate of Ta, from - 19    2 4 FEB 2pp~ 0 to 10 ate of one
or more of Zr Re, Cu and V, and the balance of Co, as a main component, the
in-plane magnetic film 3 can have good crystallographic orientation and the
magnetic recording medium thus obtained can have reduced medium noise. s
When a nonmagnetic intermediate layer 5 having an hcp structure is
interposed between the separation film 4 and the vertical magnetic film 6,
disorder in the orientation at initial growth of the vertical magnetic film
6 comprising a Co alloy or the like having the same hcp structure can be
prevented, the ~o magnetic anisotropy thereof can be elevated, and the
medium noise can be reduced. In an example of the magnetic recording medium
of the third embodiment of the invention having the above-described
structure, an in-plane magnetic film underlayer 2, an in-plane ~s magnetic
film 3, a separation film 4, a nonmagnetic intermediate layer 5 and a
vertical magnetic film 6 are formed. The nonmagnetic intermediate layer 5
comprises a Co alloy consisting of from 25 to 50 ate of Cr, from 0 to 15
ate of Pt, from 0 to 10 at% of one or more of Ta Zr, Cu and Re, and the
balance of zo Co. The vertical magnetic film 6 formed thereon comprises a
Co alloy consisting of from 16 to 30 ate of Cr, from 0 to 15 ate of Pt,
from 2 to 10 ate of Ta, from 0 to 5 ate of Zr and the balance of Co. By
virtue of this constitution, the - 20    2 4 FEB 2p~ crystallographic
orientation of the vertical magnetic film 6 formed on the nonmagnetic
intermediate layer 5 is improved. As a result, the isolated waveform
obtained at reproduction 



does not form a di-pulse, the signal processing system used in s
reproduction of a general-purpose in-plane magnetic recording medium can be
applied, and good noise properties can be obtained while reducing the
medium noise ascribable to expansion of the magnetization reversal
transition region. io Test Example The surface of an aluminum alloy
substrate (diameter: 84 mm, thickness: 0.8 mm) having formed on the surface
thereof an NiP plating film (thickness: 15 Vim) was subjected to mechanical
texturing to have a surface average roughness Ra of 15 A. The ~s resulting
substrate 1 was set in a chamber of a DC magnetron sputtering device (3010,
manufactured by ANELVA). The chamber was evacuated until the ultimate
vacuum reached 2x10-' Pa, the substrate 1 was heated to 200C, and then on
the substrate 1, an in-plane magnetic film underlayer 2 (thickness: Zo 500
A) comprising Cr-15 at%, Ti-3 at% and Mo (hereinafter referred to as
Cr15Ti3Mo), an in-plane magnetic film 3 comprising Co-13 at%, Cr-6 at%,
Pt-3 at% and Ta (Co13Cr6Pt3Ta), a separation film 4 comprising carbon, a
nonmagnetic - 21    2 4 FEB ZQQ3 intermediate layer 5 comprising Co-40 ate
and Cr (Co40Cr) and a vertical magnetic film 6 comprising Co-18 ate,
Cr-6ate, Pt-3 ate and Ta(Co18Cr6Pt3Ta) were sequentially formed by
sputtering. s Subsequently, a carbon protective film having a thickness of
100 A was formed on the vertical magnetic film 6, and then a lubricant was
coated on the carbon protective film to form a lubricating film (thickness:
20 A) comprising PFPE, to thereby obtain a magnetic recording medium. ~o
Test Examples 2 to 4: Magnetic recording media were manufactured by
changing the substrate heating temperature at film formation, to thereby
vary the coercivity He of the in-plane magnetic film 3. is Magnetic
recording media were manufactured by varying the BrT of the in-plane
magnetic film 3. Magnetic recording media were manufactured by varying the
coercivity He or thickness of the vertical magnetic film 6. Zo Test Example
20: A magnetic recording medium was manufactured in the same manner as in
Test Example 16, except that a separation film 4 was not formed. - 22    2
4 FEB 2003 A magnetic recording medium was manufactured in the same manner
as in Test Example 16, except that a nonmagnetic intermediate layer 5 was
not formed. s Test Example 22: A magnetic recording medium was manufactured
in the same manner as in Test Example 16, except that a separation film 4
and a nonmagnetic intermediate layer 5 were not formed. The magnetic
recording media of the respective Test ~o Examples were evaluated with
respect to magnetostatic properties using vibrating sample magnetometry
(VSM). Furthermore, these magnetic recording media were evaluated with
respect to recording and reproducing properties using a composite type thin
film magnetic head having a magnetoresistive ~s (MR) element in a
reproduction unit at a linear recording density of 240 kFCI. The results
obtained are shown in Table 1. In the measurement of SNR ( signal noise
ratio ) , the signal was determined with the isolated wave being the
measuring object. - 23    TABLE 1 N
In-planeNonmagneticRepro-MagneticIn-Plane Magnetic FilmSeparation
FilmIntermediateVertical Magnetic
FilmductionFilmLayerPropertiesUnderlayerThick-Thick-Composi-BrTHeComposi-Th
ick-Composi-CompositionnessCompositionnessHe (Oe)SNR
(dB)tion(G~)(Oe)tionness
(A)tionTestCr15Ti3MoCo13Cr6Pt3Ta50645C15Co40Cr200Co18Cr6Pt3Ta300180013.SExa
mple
1TestCr15Ti3MoCo13Cr6Pt3Ta502300C15Co40Cr200Co18Cr6Pt3Ta300230015.4Example
2TestCr15Ti3MoCo13Cr6Pt3Ta502830C15Co40Cr200Co18Cr6Pt3Ta300252015.7Example
3TestCr15Ti3MOCo13Cr10Pt3Ta504100C15Co40Cr200Co18Cr6Pt3Ta300225014.2Example
4TestCr15Ti3MoCo13Cr6Pt3Ta15540C15Co40Cr200Co18Cr6Pt3Ta300201013.2Example
5TestCrlSTiCo13Cr6Pt3Ta501800C15Co40Cr200Co18Cr6Pt3Ta300235015.8Example
6TestCrlSTiCo13Cr6Pt3Ta301595C15Co40Cr200Co18Cr6Pt3Ta300230016.3Example
7TestCr15Ti3MoCo13Cr6Pt3Ta1002309C15Co40Cr200Co18Cr6Pt3Ta300225013.3Example
8TestCr15Ti3MoCo13Cr6Pt3Ta1502462C15Co40Cr200Co18Cr6Pt3Ta300235012.5Example
9TestCr15Ti3MoCo13Cr6Pt3Ta2002385C15Co40Cr200Co18Cr6Pt3Ta300230011.3Example
10TestCr15Ti3MoCo13Cr6Pt3Ta501595C15Co40Cr200Co18Cr6Pt3Ta30072611.3Example
11 N m N 0 0 w   TABLE 1 ~( cont' d 1 N
In-planeMagneticNonmagneticRepro-FilmIn-Plane Magnetic FilmSeparation
FilmIntermediateVertical Magnetic FilmductionUnderlayerLayerProperties
Composi- BrT He Composi-Thick- Composi-Thick-Thick- tiComposition
inessnessCompositionnessHe (Oe)SNR (dB)on(GNm)(Oe)t
ontion(A)(A)(A)TestCr15Ti3MoCo13Cr6Pt3Ta501595C15Co40Cr200Co18Cr6Pt3Ta30017
2614 1Example
12.TestCr15Ti3MOCo13Cr6Pt3Ta501595C15Co40Cr200Co18Cr6Pt3Ta300236215
4Example
13.TestCr15Ti3MoCo13Cr6Pt3Ta501595C15Co40Cr200Co18Cr6Pt3Ta5072611.5Example
14TestCr15Ti3MoCo13Cr6Pt3Ta501595C15Co40Cr200Co18Cr6Pt3Ta100195015.0Example
15TestCr15Ti3MoCo13Cr6Pt3Ta501595C15Co40Cr200Co18Cr6PtTa300235015.4Example
16TestCr15Ti3MoCo13Cr6Pt3Ta501595C15Co40Cr200Co18Cr6Pt3Ta500253015.6Example
17TestCr15Ti3MoCo13Cr6Pt3Ta501595C15Co40Cr200Co18Cr6Pt3Ta1000240013
7Example
18.TestCr15Ti3MOCo13Cr6Pt3Ta501595C15Co40Cr200Co18Cr6Pt3Ta1S00246113
0Example 19.TestCr15Ti3MoCo13Cr6Pt3Ta501595--Co40Cr200Co18Cr6Pt3Ta30044012
5Example 20.TestCr15Ti3MoCo13Cr6Pt3Ta501595C15--Co18Cr6Pt3Ta300145013
5Example 21.TestCr15Ti3MoCo13Cr6Pt3Ta501595----Co18Cr6Pt3Ta30041012 



4Example 22. N m 0 0   .Z ~ FEB p,03 It is seen from Table 1 that the
magnetic recording media of Test Examples 2 and 3 in which the coercivity
He of the in-plane magnetic film was from 1,500 to 4,000 Oe exhibited
excellent noise properties as compared with the magnetic recording medium s
of Test Example 4 in which the coercivity He exceeded that range.
Furthermore, the recording media of Test Examples 2 and 3 provided a single
peak isolated waveform at reproduction, whereas the magnetic recording
medium of Test Example 1 in which the coercivity He was below the
above-described range provided io an isolated waveform containing a
di-pulse waveform at reproduction but did not form a single peak waveform.
It is also seen that the magnetic recording media of Test Examples 6 to 8
in which the remnant magnetization film thickness product BrT of the
in-plane magnetic film 3 was from 20 to 100 is Gun exhibited excellent
noise properties as compared with the magnetic recording media of Test
Examples 9 and 10 in which the BrT exceeded that range. In particular, the
magnetic recording media of Test Examples 6 and 7 in which the BrT was from
20 to 50 Gym exhibited more excellent noise properties. 2o Furthermore, the
recording media of Test Examples 6 to 8 provided a single peak solitary
waveform at reproduction, whereas the magnetic recording medium of Test
Example 5 in which the BrT was below the above-described range provided an
isolated - 26    2 4 FEB 2003 waveform containing a di-pulse waveform at
reproduction but did not form a single peak waveform. It is also seen that
the magnetic recording media of Test Examples 12 and 13 in which the
coercivity of the vertical s magnetic film 6 was 1,500 Oe or more exhibited
excellent noise properties as compared with the magnetic recording medium
of Test Example 11 in which the coercivity He was less than 1, 500 Oe. It
is also seen that the magnetic recording media of Test ~o Examples 15 to 18
in which the thickness of the vertical magnetic film 6 was from 100 to
1,000 A exhibited excellent noise properties as compared with the magnetic
recording media of Test Examples 14 and 19 in which the thickness of the
vertical magnetic film 6 was not within that range. In particular, the ~s
magnetic recording media of Test Examples 15 and 16 in which the thickness
was from 100 to 600 A exhibited more excellent noise properties. It is also
seen that the magnetic recording media having a separation film 4 exhibited
excellent noise properties as zo compared with the magnetic recording media
of Test Examples 20 and 22 in which a separation film 4 was not formed.
Furthermore, it is seen that the magnetic recording media having a
nonmagnetic intermediate layer 5 exhibited excellent - 27    2 4 FE8 2003
noise properties as compared with the magnetic recording media of Test
Examples 21 and 22 in which a nonmagnetic intermediate layer 5 was not
formed. s The surface of an aluminum alloy substrate (diameter: 84 mm,
thickness : 0 . 8 mm) having formed on the surface thereof an Nip plating
film (thickness: 15 Vim) was subjected to mechanical texturing to have a
surface average roughness Ra of 15 A. The resulting substrate 1 was set in
a chamber of a DC magnetron io sputtering device (3010, manufactured by
ANELVA). The chamber was evacuated until the ultimate vacuum reached 2x10''
Pa, the substrate 1 was heated to 200C, and then on the substrate 1, an
in-plane magnetic film underlayer 2 ( thickness 200 A), an in-plane
magnetic film 3, a separation film 4, a is nonmagnetic intermediate layer 5
comprising Co-40 at% and Cr (Co40Cr) and a vertical magnetic film 6
comprising Co-18 at%, Cr-6 at%, Pt-3 at% and Ta (Co18Cr6Pt3Ta) were
sequentially formed by sputtering. Subsequently, a carbon protective film
having a thickness zo of 100 A was formed on the vertical magnetic film 6,
and then a lubricant was coated on the carbon protective film to form a
lubricating film (thickness: 20 A) comprising PFPE, to thereby obtain a
magnetic recording medium. - 28    2 4 FEB Z003 Magnetic recording media
were manufactured in the same manner as in Test Example 23, except for the
changes indicated in Table 2 below. s Test Examples 40 and 41: Magnetic
recording media were manufactured in the same manner as in Test Example 23,
except that a separation film 4 



or a nonmagnetic intermediate layer 5 was not formed. The magnetic
recording media of the respective Test io Examples were evaluated in the
same manner as Test Examples 1 to 22. The results are set forth in Table 2
below. - 29    TABLE 2 w 0 In-planeMagneticNonmagneticRepro-FilmIn-plane
Magnetic FilmSeparation FilmIntermediateVertical Magnetic
FilmductionUnderlayeLayerPropertiesrThick-Thick-Thick-Composi-BrTHeComposi-
Composi-HeCompositionnessnessCompositionnessSNR
(dB)tion(G~tm)(Oe)tiontionA(Oe)(A)(A)(
)TestCrCo17Cr5Ta501800C20Co40Cr200Co18Cr6Pt3Ta500255014.8Example
23TestCrCo17Cr5Ta501800C50Co40Cr200Co18Cr6Pt3Ta500267015.3Example
24TestCrCo17Cr5Ta501800Ta50Co40Cr200Co18Cr6Pt3Ta500215014.3Example
25TestCrCo17Cr5Ta501800Ta100Co40Cr200Co18Cr6Pt3Ta500224514.6Example
26TestCrCo17Cr5Ta501800NiP50Co40Cr200Co18Cr6Pt3Ta500195014.3Example
27TestCrCo17Cr5Ta501800W50Co40Cr200Co18Cr6Pt3Ta500231514.9Example
28TestCrCo17Cr5Ta501800Re50Co40Cr200Co18Cr6Pt3Ta500243515.4Example
29TestCrCo17Cr5Ta501800CuTi50Co40Cr200Co18Cr6Pt3Ta500205014.4Example
30TestCrCo17Cr5Ta501800SiC50Co40Cr200Co18Cr6Pt3Ta500225014.8Example
31TestCrCo17Cr5Ta501800Ti50Co40Cr200Co18Cr6Pt3Ta500245014.7Example 32 .N
TABLE 2 ~~cont' d ~ w In-planeMagneticNonmagneticRepro-FilmIn-plane
Magnetic FilmSeparation FilmIntermediateVertical Magnetic
FilmductionUnderlayeLayerPropertiesrThick-Thick-Thick-Composi-BrTHeComposi-
Composi-HeCompositionnessnessCompositionnessSNR
(dB)tion(GEun)(Oe)tiontion(Oe)(A)(A)(A)TestCrCo17Cr5Ta501800Zr50Co40Cr200Co
18Cr6Pt3Ta500235015.0Example 33TestExample
34CrCo17Cr5Ta501800C2Co40Cr200Co18Cr6Pt3Ta50078011.0TestCrCo17Cr5Ta501800W3
00Co40Cr400Co18Cr6Pt3Ta500235013 9Example
35.TestCr15Ti3MoCo18Cr5Pt2Ta2Zr502200C20Co40Cr200Co18Cr6Pt3Ta500272015.9Exa
mple
36TestCrlSWCo20Cr8Pt2Ta3Zr502000C20Co40Cr200Co18Cr6Pt3Ta500282016.1Example
37TestCrlSVCo27Cr8Pt3Ta501900C20Co40Cr200Co18Cr6Pt3Ta500265015.4Example
38TestCr4TiCo19Cr6Pt2Ta2Re502000C20Co40Cr200Co18Cr6Pt3Ta500252015 6Example
39.TestExample
40CrCo17Cr5Ta501800--Co40Cr200Co18Cr6Pt3Ta50043510.3TestExample
41CrCo17Cr5Ta501800C20--Co18Cr6Pt3TaS00185012.6 N m N O O   ~ 4 FEB 2003 It
is seen from Table 2 that the magnetic recording media in which a
separation film 4 comprising Ta, Re, CuTi, SiC, W, NiP, Zr Ti or C was
formed exhibited excellent noise properties . Furthermore, the recording
medium of Test Example 34 in s which the thickness of the separation film 4
was 2 A formed an isolated waveform slightly containing a di-pulse waveform
at reproduction, however, the magnetic recording media of the other Test
Examples provided a single peak isolated waveform. io The surface of an
aluminum alloy substrate (diameter: 84 mm, thickness: 0.8 mm) having formed
on the surface thereof an NiP plating film (thickness: 15 Vim) was
subjected to mechanical texturing to have a surface average roughness Ra of
15 A. The resulting substrate 1 was set in a chamber of a DC magnetron is
sputtering device (3010, manufactured by ANELVA). The chamber was evacuated
until the ultimate vacuum reached 2x10-' Pa, the substrate 1 was heated to
200C, and then on the substrate 1, an in-plane magnetic film underlayer 2
(thickness: 200 A) comprising Cr, an in-plane magnetic film 3 comprising zo
Co-17 ate, Cr-5 ate and Ta (Co17Cr5Ta), a separation film 4 comprising
carbon, a nonmagnetic intermediate layer 5 comprising Co-40 ate and Cr
(Co40Cr) and a vertical magnetic film 6 comprising Co-18 at%, Cr-6 ate,
Pt-3 at% and Ta - 32    2 4 FEB 2003 (Co18Cr6Pt3Ta) were sequentially
formed by sputtering. Subsequently, a carbon protective film having a
thickness of 100 A was formed on the vertical magnetic film 6 . A lubricant
was then coated on the carbon protective film to form a s lubricating film
(thickness: 20 A) comprising PFPE, to thereby obtain a magnetic recording
medium. Magnetic recording media were manufactured in the same manner as
Test Example 42, except for changing the constituent io material of the
nonmagnetic intermediate layer 5 as shown in Table 3. Magnetic recording
media were manufactured by varying the constituent material of the vertical
magnetic film 6 as shown is in Table 4. Magnetic recording media were
manufactured by varying the thickness of the nonmagnetic intermediate layer
5 as shown in Table 5. zo The magnetic recording media of the respective
Test Examples were evaluated in the same manner as Test Example 1 to 42.
The results are set forth in Tables 3 to 5 below. - 33    w
In-planeMagneticNonmagneticRepro-In-Plane Magnetic FilmSeparation
FilmVertical Magnetic FilmductionFilmIntermediate
LayerPropertiesUnderlayerThick-Thick-Thick-Composi-BrTHeComposi-HeCompositi
onnessCompositionnessCompositionnessSNR (dB)tion( GEtm )( Oe )tion) (
Oe(A)(A)(A)TestCrCo17Cr5Ta502015C25Co40Cr200Co18Cr6Pt3Ta300258013.5Example
42TestCrCo17Cr5Ta502015C25Co25Cr10Pt3Ta200Co18Cr6Pt3Ta300273014.3Example
43TestCrCo17Cr5Ta502015C25Co30Cr8Pt3Zr200Co18Cr6Pt3Ta300269014.0Example
44TestCrCo17Cr5Ta50201SC25Co35Cr5Pt3Ta2Cu200Co18Cr6Pt3Ta300281514.9Example
45TestCrCo17Cr5Ta50201SC25Co35Cr5Pt2Ta2Re200Co18Cr6Pt3Ta300273S15.6Example
46TestCrCo17Cr5Ta502015C25Co40Cr3Pt2Re200Co18Cr6Pt3Ta300264514.1Example
47TestCrCo17Cr5Ta502015C25Co65Cr5Ta200Co18Cr6Pt3Ta300150012.1Example
48TestCrCo17Cr5Ta502015C25ColOCr2Pt200Co18Cr6Pt3Ta300220010.SExample
49TestCrCo17Cr5Ta502015C25Co60Cr20Pt15Ta200Co18Cr6Pt3Ta300175011 8Example
50. N m    TABLE 4 w In-planeNonmagneticRepro-MagneticIn-plane Magnetic
FilmSeparation FilmIntermediateVertical Magnetic
FilmductionFilmLayerPropertiesUnderlayerThick-Thick-Thick-Composi-BrTHeComp
osi-Composi-HeCompositionnessnessCompositionnessSNR
(dB)tion(GN.m)(Oe)tiontion(Oe)(A)(A)(A)TestCrCo17Cr5Ta502015C15Co40Cr200Co2
0Cr8Pt4Ta300219515.2Example
51TestCrCo17Cr5Ta502015C15Co40Cr200Co25Cr10Pt2Ta400176015.3Example
52TestCrCo17Cr5Ta502015C15Co40Cr200Co22Cr9Pt3Zr400189515.1Example
53TestCrCo17Cr5Ta502015C15Co40Cr200Co18Cr5Pt4Ta2Zr300285015.6Example
54TestCrCo17Cr5Ta502015C15Co40Cr200Co22Cr10Pt2Ta2Zr500197516.1Example
55TestCrCo17Cr5Ta502015C15Co40Cr200Co38Cr6Pt3Ta30052510.1Example
56TestCrCo17Cr5Ta502015C15Co40Cr200Co35Cr16Pt5Ta3006109.5Example
57TestCrCo17Cr5Ta502015C15Co40Cr200Co30Cr10Pt15Zr30072510.3Example
58TestCrCo17Cr5Ta502015C15Co40Cr200Co30Cr5Pt15Ta3002538.1Example 59 N m oa
TABLE 5 w In-planeMagneticNonmagneticRepro-In-plane Magnetic FilmSeparation
FilmVertical Magnetic FilmductionFilmIntermediate
LayerUnderlayerPropertiesThick-Thick-Thick-Composi-Composi-BrTHeComposi-Het
itiGOtinessCompositionnessCompositionnessSNR (dB)onon( 



Eun)(
e)on(~e))TestCrCo17Cr5Ta502015C15Co35Cr8Pt3Ta15Co19Cr6Pt3Ta2Zr3008709.5Exam
ple
60TestCrCo17Cr5Ta502015C15Co35Cr8Pt3Ta100Co19Cr6Pt3Ta2Zr300198014.3Example
61TestCrCo17Cr5Ta50201SC15Co35Cr8Pt3Ta200Co19Cr6Pt3Ta2Zr300231015.2Example
62TestCrCo17Cr5Ta502015C15Co35Cr8Pt3Ta600Co19Cr6Pt3Ta2Zr300220013.1Example
63 N m N g   2 4 FEB 2003 It is seen from Tables 3 to 5 that the magnetic
recording media in which the nonmagnetic intermediate layer 5 was formed
from a Co alloy consisting of from 25 to 50 ate of Cr, from 0 to 15 ate of
Pt, from 0 to 10 ate of one or more of Ta, Zr, Cu s and Re and the balance
of Co and the vertical magnetic film 6 was formed from a Co alloy
consisting of from 16 to 30 ate of Cr, from 0 to 15 at% of Pt, from 2 to 10
ate of Ta, from 0 to 5 ate of Zr and the balance of Co exhibited excellent
noise properties as compared with the magnetic recording media in which io
the component ratio in the nonmagnetic intermediate layer 5 or the vertical
magnetic film was not within the above-described range. Also, the magnetic
recording media formed a satisfactory single peak signal waveform.
Furthermore, the recording media in which the thickness of ~s the
nonmagnetic intermediate layer 5 was from 20 to 200 A and the clearance
between the in-plane magnetic film 3 and the vertical magnetic film 6 was
from 10 to 500 A exhibited excellent noise properties and formed a complete
single peak isolated waveform at reproduction. On the other hand, the
magnetic 2o recording media in which the thickness of the nonmagnetic
intermediate layer 5 and the clearance between the in-plane magnetic film 3
and the vertical magnetic film 6 were not within the above-described range
had a slightly reduced coercivity or the single peak tendency of the signal
wave was slightly reduced. - 37    2 4 FE6 Zpp,3 As described in the
foregoing, the recording medium of the present invention enables
application of a signal processing system used in the reproduction of
general-purpose in-plane magnetic recording media and ensures excellent
noise properties. s While the invention has been described in detail and
with reference to specific embodiments thereof, it will be apparent to one
skilled in the art that various changes and modifications can be made
therein without departing from the spirit and scope thereof. - 38    ~ ~
FEB p03 WHAT IS CLAIMED IS: 1. A magnetic recording medium comprising a
substrate having 5 thereon an in-plane magnetic film underlayer, an
in-plane magnetic film having a magnetic easy axis oriented in the in-plane
direction with respect to the substrate, a vertical magnetic film having a
magnetic easy axis oriented perpendicularly to the substrate and a
separation film being disposed between said in-plane magnetic film and said
vertical magnetic film, 1o said in-plane magnetic film underlayer being
disposed at the substrate side of said in-plane magnetic film, said
in-plane magnetic film being disposed closer to the substrate than said
vertical magnetic film and having a coercivity He of from 1,500 to 4,000 Oe
and a remnant magnetization film thickness product BrT of from 20 to 100
Gym, 15 and said vertical magnetic film having a coercivity He of from
1,500 to 4,000 20 Oe and a thickness of from 100 to 1,000 [err] and
containing a Co alloy consisting of from 16 to 30 at% of Cr, from 0 to 15
at% of Pt, from 2 to 10 at% of Ta, from 0 to 5 at% of Zr and the balance of
Co, as a main component. 2. The magnetic recording medium as claimed in
claim 1, wherein 25 said vertical magnetic film has a thickness of from 100
to 600 [err] 3. The magnetic recording medium as claimed in claim 1,
wherein said in-plane magnetic film has a remnant magnetization film
thickness product BrT of from 20 to 50 Gym. -39   2 4 FEB 20p3 4. The
magnetic recording medium as claimed in claim 2, wherein said in-plane
magnetic film has a remnant magnetization film thickness product BrT of
from 20 to 50 Gpm. 5 5. The magnetic recording medium as claimed in claim 1
wherein the separation film comprising a material capable of growing
non-epitaxially to said in-plane magnetic film. 6. The magnetic recording
medium as claimed in claim 5, wherein said separation film has a thickness
of from 5 to 200 [err] 7. The magnetic recording medium as claimed in claim
5, further comprising a nonmagnetic intermediate layer having an hcp
structure disposed 15 between said separation film and said vertical
magnetic film. 8. The magnetic recording medium as claimed in claim 6,
further comprising a nonmagnetic intermediate layer having an hcp structure
disposed between said separation film and said vertical magnetic film. 



20 9. The magnetic recording medium as claimed in claim 1, wherein the
clearance between said in-plane magnetic film and said vertical magnetic
film is from 10 to 500 [err] -40   2 4 FEB Z003 10. A magnetic recording
medium comprising a substrate having thereon an in-plane magnetic film
underlayer, an in-plane magnetic film having a magnetic easy axis oriented
in the in-plane direction with respect to the substrate and a vertical
magnetic film having a magnetic easy axis oriented 5 perpendicularly to the
substrate, said in-plane magnetic film underlayer being disposed at the
substrate side of said in-plane magnetic film, said in-plane magnetic film
being disposed closer to the substrate than said vertical magnetic film, 1o
a separation film being disposed between said in-plane magnetic film and
said vertical magnetic film, said separation film containing one or more of
Ta, Re, CuTi, SiC, W, NiP, Zr, Ti and C as a main component, and said
vertical magnetic film containing a Co alloy consisting of from 16 to 15 30
at% of Cr, from 0 to 15 at% of Pt, from 2 to 10 at% of Ta, from 0 to 5 at%
of Zr and the balance of Co, as a main component. 11. The magnetic
recording medium as claimed in claim 10, wherein said separation film has a
thickness of from 5 to 200 [err] 20 12. The magnetic recording medium as
claimed in claim 10, further comprising a nonmagnetic intermediate layer
having an hcp structure disposed between said separation film and said
vertical magnetic film. -41    2 4 FEB 2003 13. The magnetic recording
medium as claimed in claim 11, further comprising a nonmagnetic
intermediate layer having an hcp structure disposed between said separation
film and said vertical magnetic film. 5 14. The magnetic recording medium
as claimed in claim 10, wherein the clearance between said in-plane
magnetic film and said vertical magnetic film is from 10 to 500 [err] 15.
The magnetic recording medium as claimed in claim 10, wherein the in-plane
magnetic film underlayer contains Cr or an alloy consisting of Cr and one
or more of Ti, Mo, W and V, as a main component. 16. The magnetic recording
medium as claimed in claim 15, wherein said in-plane magnetic film contains
a Co alloy consisting of from 12 to 25 at% ~5 of Cr, from 0 to 15 at% of
Pt, from 1 to 10 at% of Ta, from 0 to 10 at% of one or more of Zr Re, Cu
and V, and the balance of Co, as a main component. 17. A magnetic recording
medium comprising a substrate having thereon an in-plane magnetic film
underlayer, an in-plane magnetic film having 2o a magnetic easy axis
oriented in the in-plane direction with respect to the substrate, a
separation film comprising a material capable of growing non epitaxially to
the in-plane magnetic film, a nonmagnetic intermediate layer having an hcp
structure and a vertical magnetic film having a magnetic easy axis oriented
perpendicularly to the substrate, - 42     2 4 FEB 20~ said in-plane
magnetic film underlayer being disposed at the substrate side of said
in-plane magnetic film, said separation film being disposed between said
in-plane magnetic film and said vertical magnetic film, 5 said nonmagnetic
intermediate layer containing a Co alloy consisting of from 25 to 50 at% of
Cr, from 0 to 15 st% of Pt, from 0 to 10 at% of Ta, Zr, Cu and Re, and the
balance of Co, as a main component, and said vertical magnetic film
containing a Co alloy consisting of from 16 to 30 at% of Cr from 0 to 15
at% of Pt, from 2 to 10 at% of Ta, from 0 to 5 at% of 1o Zr and the balance
of Co as a main component. 18. The magnetic recording medium as claimed in
claim 17, wherein said nonmagnetic intermediate layer has a thickness of
from 20 to 400 [err] 15 19. The magnetic recording medium as claimed in
claim 17, wherein the clearance between said in-plane magnetic film and
said vertical magnetic film is from 10 to 500 [err] 20 20. The magnetic
recording medium as claimed in claim 18, wherein the clearance between said
in-plane magnetic film and said vertical magnetic film is from 10 to 500
[err] - 43
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?<YY510%9&'()-1Y510%9&'()-YY510%9&'()-Y ;
{"%m+c.15Y510%9&'()-BCDEFGHItX<YY510Y510%9&'()-0Y510%9&'()-0Y510%9&'()-Y510
%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-IJKLMRR2tX<YY510%9&'()-Y ;
{"%m+c.15Y510%9&'()-Y510%9&'()-Y510%9&'()-RSTUVWXYtX<YYY510%9&'()-Y510%9&'(
)-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-YZ[\]^ttX<YYY510%9
&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-^_`c
mpjJ*tX<YY510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y ;
{"%m+c.15puwz_?<YY510%Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'(
)-Y510%9&'()-E)?<Y510%9&'()-Y ;
{"%m+c.15Y510%9&'()-Y510%9&'()-Y510%9&'()-tX<Y510%9Y510%9&'()-mY510%9&'()-Y
510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-ttX<Y510%9Y510%9&'()-
mY510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-jN2tX<Y5
Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y ;
{"%m+c.15tX<Y5Y51Y510%9&'()-Y510%9&'()-Y510%9&'()-YY510%9&'()-Y510%9&'()-Y5
10%9&'()-Y510%9&'()-nR2tX<Y5Y510%9&'()-Y510%9&'()-Y ;
{"%m+c.15Y510%9&'()-Y510%9&'()-_?<Y5YY510%9&'()-Y510%9&'()-Y510%9&'()-Y510%
9&'()-Y510%9&'()-Y510%9&'()-_?<Y5YY510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'
()-Y510%9&'()-Y510%9&'()-%&'(nR6?<Y5Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9
&'()-Y ;
{"%m+c.15()*+,-./tX<Y5YY510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'
()-Y510%9&'()-Y510%9&'()-/01278nN2tX<Y5Y510%9&'()-Y510%9&'()-Y ;
{"%m+c.15Y510%9&'()-Y510%9&'()-89:;
<=>?tX<Y5Y51Y510%9&'()-YY510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&
'()-Y510%9&'()-?@ABCD6tX<Y5Y ;
{"%m+c.15Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-DEHRUZ\dD<Y5Y ;
{Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-\_os_?<Y
5Y
Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-iM1?<YY51
0%9&'()-1Y510%9&'()-YY510%9&'()-Y ;
{"%m+c.15Y510%9&'()-tX<YY510Y510%9&'()-0Y510%9&'()-0Y510%9&'()-Y510%9&'()-Y
510%9&'()-Y510%9&'()-Y510%9&'()-R2tX<YY510%9&'()-Y ;
{"%m+c.15Y510%9&'()-Y510%9&'()-Y510%9&'()-tX<YYY510%9&'()-Y510%9&'()-Y510%9
&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-ttX<YYY510%9&'()-Y510%9&'(
)-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-jJ*tX<Y510%9&'()-Y
510%9&'()-Y510%9&'()-Y510%9&'()-Y 



;
{"%m+c.15_?<Y510%Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y51
0%9&'()-E)?<Y510%9&'()-Y ;
{"%m+c.15Y510%9&'()-Y510%9&'()-Y510%9&'()-tX<Y510%9Y510%9&'()-mY510%9&'()-Y
510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-ttX<Y510%9Y510%9&'()-
mY510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-!"#$jN2t
X<Y5Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y ;
{"%m+c.15$%&'()*+tX<Y5Y51Y510%9&'()-Y510%9&'()-Y510%9&'()-YY510%9&'()-Y510%
9&'()-Y510%9&'()-Y510%9&'()-+,-./2nR2tX<Y5Y510%9&'()-Y510%9&'()-Y ;
{"%m+c.15Y510%9&'()-Y510%9&'()-2<?DFIV_?<Y5YY510%9&'()-Y510%9&'()-Y510%9&'(
)-Y510%9&'()-Y510%9&'()-Y510%9&'()-VZgkpu_?<Y5YY510%9&'()-Y510%9&'()-Y510%9
&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-uvnR6?<Y5Y510%9&'()-Y510%9&'()-Y510%9
&'()-Y510%9&'()-Y ;
{"%m+c.15tX<Y5YY510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%
9&'()-Y510%9&'()-nN2tX<Y5Y510%9&'()-Y510%9&'()-Y ;
{"%m+c.15Y510%9&'()-Y510%9&'()-tX<Y5Y51Y510%9&'()-YY510%9&'()-Y510%9&'()-Y5
10%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-6tX<Y5Y ;
{"%m+c.15Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-dD<Y5Y ;
{Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-_?<Y5Y
Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-iM1?<YY51
0%9&'()-1Y510%9&'()-YY510%9&'()-Y ;
{"%m+c.15Y510%9&'()-tX<YY510Y510%9&'()-0Y510%9&'()-0Y510%9&'()-Y510%9&'()-Y
510%9&'()-Y510%9&'()-Y510%9&'()-R2tX<YY510%9&'()-Y ;
{"%m+c.15Y510%9&'()-Y510%9&'()-Y510%9&'()-tX<YYY510%9&'()-Y510%9&'()-Y510%9
&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-
ttX<YYY510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y51
0%9&'()- jJ*tX<Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y ; {"%m+c.15
%'*48E_?<Y510%Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9
&'()-EINST_E)?<Y510%9&'()-Y ;
{"%m+c.15Y510%9&'()-Y510%9&'()-Y510%9&'()-_`abcdeftX<Y510%9Y510%9&'()-mY510
%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-fghijkttX<Y51
0%9Y510%9&'()-mY510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%
9&'()-klqrstjN2tX<Y5Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y ;
{"%m+c.15tuvwxyz{tX<Y5Y51Y510%9&'()-Y510%9&'()-Y510%9&'()-YY510%9&'()-Y510%
9&'()-Y510%9&'()-Y510%9&'()-{|}~nR2tX<Y5Y510%9&'()-Y510%9&'()-Y ;
{"%m+c.15Y510%9&'()-Y510%9&'()-_?<Y5YY510%9&'()-Y510%9&'()-Y510%9&'()-Y510%
9&'()-Y510%9&'()-Y510%9&'()-_?<Y5YY510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'
()-Y510%9&'()-Y510%9&'()-nR6?<Y5Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()
-Y ;
{"%m+c.15tX<Y5YY510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%9&'()-Y510%
9&'()-Y510%9&'()-jO.tX< >&10%9&'()-&Y510%9&'()-Y ;
{"%m+c.15Y510%9&'()-Y510%9&'()-vZ: > 510%9&'()-T 510%9&'()-T{ 10%9&'()- l
10%9&'()-1091091109 >d*10%9&'()-htX<: > 510%9&'()-T 510%9&'()-T-
510%9&'()-T 510%9&'()-T 510%9&'()-T1 510%9&'()-T 510%9&'()-T 6tX<: Y ]
K"x*-705 510%9&'()-T 510%9&'()-T1 510%9&'()-T 510%9&'()-T  tX<: Y
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T1 510%9&'()-T
510%9&'()-T !(oO<: Y 510%9 510%9&'()-T 510%9&'()-T( 510%9&'()-T(
510%9&'()-T( 510%9&'()-T( 510%9&'()-T()*345jN2O<:  510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-TY ] K"x*-70556789:;<tX<:  51 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T<=>?@AnR6tX<:
510%9&'()-T 510%9&'()-TY ] K"x*-705 510%9&'()-T 510%9&'()-TAXYZjkxykK/:
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 



510%9&'()-T 510%9&'()-T( 510%9&'()-Ty-kK/:Y ] K"x*-705 510%9&'()-T
510%9&'()-T 510%9&'()-T( 510%9&'()-TpT8:Y ] 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-TtX8:Y ]
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-TnR6X8:Y  510%9&'()-T- 510%9&'()-T 510%9&'()-T 510%9&'()-TY ]
K"x*-705pT8:Y  510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-TjN.pT8:Y 510%9&'()-T 510%9&'()-TY ] K"x*-705
510%9&'()-T 510%9&'()-TtX<:Y 51 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T6tX<:YY ] K"x*-705
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-TtX8:YY 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-TlP8:YY 510%9 510%9&'()-T& 510%9&'()-T& 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-T nN.P8:Y 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-TY ] K"x*-705'()*gK/:Y 510%9&'()-T) 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T*-./0<iM-gK/: 510%9&'()-T
510%9&'()-TY ] K"x*-705 



510%9&'()-T 510%9&'()-T<=>?@EFKpT4: 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-TKW\]fg)pT4Y ] K"x*-705
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-TghinuzhH,Y 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-TkO,Y
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-TT 510%9&'()-T 510%9&'()-T(
510%9&'()-TnR6O,Y 51 510%9&'()-T 510%9&'()-T 510%9&'()-TT 510%9&'()-TY ]
K"x*-705lP0Y 510%9&'()-T 510%9&'()-T- 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-TnN2lP0Y 510%9&'()-T 510%9&'()-TY ] K"x*-705
510%9&'()-T 510%9&'()-TtX<Y 51 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T6tX<YY ] K"x*-705
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-TdD<YY ] K 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T_?<YY
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-TiM1?<Y 510%9&'()-T1 510%9&'()-T 510%9&'()-TY ] K"x*-705
510%9&'()-T  tX<Y 510 510%9&'()-T0 510%9&'()-T0 510%9&'()-T] 510%9&'()-T
510%9&'()-T 



510%9&'()-T 510%9&'()-TR2tX<Y 510%9&'()-TY ] K"x*-705 510%9&'()-T
510%9&'()-T 510%9&'()-TtX<Y 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-T !"#ttX<Y 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T#$%(25jJ*tX<Y
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-TY ] K"x*-7055:<?FJX_?<Y 510%
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-TX\afgrE)?< 510%9&'()-TY ] K"x*-705 510%9&'()-T 510%9&'()-T
510%9&'()-TrstuvwxytX< 510%9 510%9&'()-Tx 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-Tyz{|}~ttX< 510%9
510%9&'()-Tx 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-T~jN2tX< 5 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-TY ]
K"x*-705tX< 5 51 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-TnR2tX< 5 510%9&'()-T 510%9&'()-TY ]
K"x*-705 510%9&'()-T 510%9&'()-T_?< 5  510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-T_?< 5  510%9&'()-T 510%9&'()-T 



510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-TnR6?< 5 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-TY ] K"x*-705tX< 5 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-TnN2tX< 5 510%9&'()-T 510%9&'()-TY ] K"x*-705 510%9&'()-T
510%9&'()-TtX< 5 51 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-T6tX< 5Y ] K"x*-705 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-TdD< 5Y ] K 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T#37<_?< 5Y  510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T<ABMNOiM1?<
510%9&'()-T1 510%9&'()-T 510%9&'()-TY ] K"x*-705 510%9&'()-TOPQRSTUVtX<
510 510%9&'()-T0 510%9&'()-T0 510%9&'()-T] 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-TVWXYZ_R2tX<  510%9&'()-TY ] K"x*-705 510%9&'()-T
510%9&'()-T 510%9&'()-T_`abcdeftX<  510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-TfghijkttX<  510%9&'()-T 



510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-Tklmpz}jJ*tX< 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-TY ]
K"x*-705}_?< 510% 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-TE)?< 510%9&'()-TY ] K"x*-705 510%9&'()-T 510%9&'()-T
510%9&'()-TtX< 510%9 510%9&'()-Tx 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-TttX< 510%9 510%9&'()-Tx 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-TjN2tX< 5
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-TY ] K"x*-705tX< 5 51
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-TnR2tX< 5 510%9&'()-T 510%9&'()-TY ] K"x*-705 510%9&'()-T
510%9&'()-T_?< 5  510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-T_?< 5  510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-T()*+nR6?< 5 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-TY ] K"x*-705+,-./012tX< 5 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-T 



510%9&'()-T 510%9&'()-T 510%9&'()-T2345:;nN2tX< 5 510%9&'()-T 510%9&'()-TY
] K"x*-705 510%9&'()-T 510%9&'()-T;<=>?@ABtX< 5 51 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-TBCDEFG6tX< 5Y ]
K"x*-705 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-TGHKUX]_dD< 5Y ] K
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-T_bim{_?< 5Y  510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-TiM1?<  510%9&'()-T1 510%9&'()-T 510%9&'()-TY ]
K"x*-705 510%9&'()-TtX<  510 510%9&'()-T0 510%9&'()-T0 510%9&'()-T]
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-TR2tX<  510%9&'()-TY ]
K"x*-705 510%9&'()-T 510%9&'()-T 510%9&'()-T_?<   510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T_?<   510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-TnR6?<
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-TY ] K"x*-705tX<  510%9&'()-T
510%9&'()-T 



510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-TnN2tX<
510%9&'()-T 510%9&'()-TY ] K"x*-705 510%9&'()-T 510%9&'()-T tX<  51
510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-T 6tX< Y ] K"x*-705 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-T"')dD< Y ] K 510%9&'()-T 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-T),37EIM_?< Y  510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-T 510%9&'()-T 510%9&'()-TMQR]^_iM1?<  510%9&'()-T1 510%9&'()-T
510%9&'()-TY ] K"x*-705 510%9&'()-T_`abcdeftX<  510 510%9&'()-T0
510%9&'()-T0 510%9&'()-T] 510%9&'()-T 510%9&'()-T 510%9&'()-T
510%9&'()-TfghijkR7tX<  510%9&'()-TY ] K"x*-705 510%9&'()-T 510%9&'()-T
510%9&'()-Tkmrstuv~vU4  @10%&e9&&'()- 10%&e9&&'()-10?910?910?9
y>)10%?9&'()-r  y>,&10%?9&'()-( y>,&10%?9&'()-pT84
\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W?\2510%&e9&&'()-W>\2510%&e9
&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-WtX84
\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&
'()-W\2510%&e9&&'()-W\2510%&e9&&'()-WjN2X84
\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-WY 0
#*-F0/5pT84
\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&
'()-W\2510%&e9&&'()-W\2510%&e9&&'()-WjN2pT84
\2510%&e9&&'()-W\2510%&e9&&'()-WY 0
#*-F0/5\2510%&e9&&'()-W\2510%&e9&&'()-WkO34
\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&
'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W -kO34Y 0
#*-F0/5\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W
pT84Y
\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&
'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W+,-./0oS84Y
\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&
'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W012=>?jN2S84Y\2510%&e9&&'()-W\2510%&e9
&&'()-W(\2510%&e9&&'()-W\2510%&e9&&'()-WY 0
#*-F0/5?@ABCDEFtX<4Y\251\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\25
10%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-WFGRSTUjN2tX<4Y
\2510%&e9&&'()-W\2510%&e9&&'()-WY 0
#*-F0/5\2510%&e9&&'()-W\2510%&e9&&'()-WUVWXY`ahpT44Y\2510%&e9&&'()-W\2510%&
e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2
510%&e9&&'()-Whipqrs2pT44YY 0
#*-F0/5\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-Wst}d
D44YY 0
\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&
'()-W\2510%&e9&&'()-WtT84YY\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W
\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-WjJ*tT8\2510
%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-WY 0
#*-F0/5_?8\2510%&e\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9
&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-WI-?8\2510%&e9&&'()-WY 0
#*-F0/5\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W_?8\2510%&e9&\2510%&
e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2
510%&e9&&'()-WoS3\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&
&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-WnR6oS3\2510%&e9&&'()-
WW\2510%&e9&&'()-W\2510%&e9&&'()-WY 0 #*-F0/5\2510%&e9&&'()-W  



pT8\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e
9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W R2pT8\2510%&e9&&'()-WY 0
#*-F0/5\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-WtX<\2510%&e9&&'()-W\
2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'
()-W\2510%&e9&&'()-W
!"ttX<\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510
%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W"#$'14jJ*tX<\2510%&e9&&'()-W\251
0%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-WY 0 #*-F0/549;
>KN^_?<\2510%&e\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'
()-W\2510%&e9&&'()-W\2510%&e9&&'()-W^bfjkvE)?<\2510%&e9&&'()-WY 0
#*-F0/5\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-Wvwxyz{|}tX<\2510%&e9
&\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W2\2510%&e9
&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W}~ttX<\2510%&e9&\2510%&e9&&'()-W\251
0%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W2\2510%&e9&&'()-W\2510%&e9&&'()
-W\2510%&e9&&'()-WjN2tX<\25\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W
\2510%&e9&&'()-WY 0
#*-F0/5tX<\25\251\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&
&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-WnR2tX<\25\2510%&e9&&'
()-W\2510%&e9&&'()-WY 0
#*-F0/5\2510%&e9&&'()-W\2510%&e9&&'()-W_?<\25\2\2510%&e9&&'()-W\2510%&e9&&'
()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W_?<\25\
2\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&
&'()-W\2510%&e9&&'()-WnR6?<\25\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'(
)-W\2510%&e9&&'()-WY 0
#*-F0/5tX<\25\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()
-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-WnN2tX<\25\2510%&e9&&'()-W
\2510%&e9&&'()-WY 0
#*-F0/5\2510%&e9&&'()-W\2510%&e9&&'()-WtX<\25\251\2510%&e9&&'()-W\2510%&e9&
&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510
%&e9&&'()-W 6tX<\25Y 0
#*-F0/5\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W
"dD<\25Y
0\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&
&'()-W\2510%&e9&&'()-W"%26FJO_?<\25Y
\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&
'()-W\2510%&e9&&'()-WOTU`abiM1?<\\2510%&e9&&'()-W1\2510%&e9&&'()-W\2510%&e9
&&'()-WY 0
#*-F0/5\2510%&e9&&'()-WbcdefghitX<\\2510\2510%&e9&&'()-W0\2510%&e9&&'()-W0\
2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'
()-WijklmrR2tX<\\2510%&e9&&'()-WY 0
#*-F0/5\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-WrstuvwxytX<\\2510%&e
9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\25
10%&e9&&'()-W\2510%&e9&&'()-Wyz{|}~ttX<\\2510%&e9&&'()-W\2510%&e9&&'()-W\25
10%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()
-W~jJ*tX<\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-WY
0
#*-F0/5_?<\2510%&e\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9
&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-WE)?<\2510%&e9&&'()-WY 0
#*-F0/5\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-WtX<\2510%&e9&\2510%&
e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e9&&'()-W2\2510%&e9&&'()-W\
2510%&e9&&'()-W\2510%&e9&&'()-WttX<\2510%&e9&\2510%&e9&&'()-W\2510%&e9&&'()
-W\2510%&e9&&'()-W\2510%&e9&&'()-W2\2510%&e9&&'()-W\2510%&e9&&'()-W\2510%&e
9&&'()-WjI(tX< f>!*10%e9&'()- t>)10%e9&'()-V
f>,&10%e9&'()-(\2510%&e9&&'()-WY 0 #*-F0/55tvU4f>! F,"10%9&'()-
Fm"10%9&'()-, 3"10%9&'()- 3 10%9&'()- y&S10%9&'()-10e910e910e91o+m|[:vU4f>!
@$10%9&'()- F"10%9&'()- F"10%9&'()- F"10%9&'()- 3"10%9&'()- yY
:$10%9&'()-mC|[:vU4f>!  3$"10%9&'()- ,"$10%9&'()-     10%9&'()- F10%9&'()-
Flm"10%9&'()- F@"10%9&'()-=w1|[:vU4f>!  31"10%9&'()- F/m"10%9&'()-
-$10%9&'()- 3l+"10%9&'()- 3@)"10%9&'()- 3&"10%9&'()- 1pvU4f>! 10%M9M&'()-
&S10%M9M&'()- 109109109 y;&10%9&'()- 396Y"10%9&'()-
34"10%9&'()-B~:{|[:vU4f>!   "10%M9M&'()-  "10%M9M&'()- f :$10%M9M&'()-
fY"10%M9M&'()- 3L"10%M9M&'()-   "10%M9M&'()-{vU4f>! 10%?9&'()-
%10%?9&'()-10M9M10M9M10M9M ;910%M9M&'()-  F10%M9M&'()-
"10%M9M&'()-+|_|[:vU4f>!  '10%?9&'()-  g 10%?9&'()- 10%?9&'()- f:10%?9&'()-
99m"10%?9&'()-  10%?9&'()-S|[:vU4f>!  !10%?9&'()- !10%?9&'()- f 10%?9&'()-
L@10%?9&'()-  S10%?9&'()- 3"10%?9&'()-CF'g|[:vU4f>!   .10%?9&'()-
s*10%?9&'()- Y( 10%?9&'()- ,% 10%?9&'()-3 ,10%?9&'()-
$10%?9&'()-gj>X]^|[:-410?9 =10%?9&'()- ,9 10%?9&'()- ,l7 10%?9&'()-
S510%?9&'()- ,0T10%?9&'()-3 l410%?9&'()-^_`mbA410?9  `l`10%9&'()- ,
10%9&'()- , 10%9&'()-   10%9&'()- &l10%9&'()- 10?910?9[@|[:A410?9
!10%9&'()- ,10%9&'()-3  "10%9&'()- @L10%9&'()- , 10%9&'()-
`10%9&'()-N|[:A410?9 010%9&'()- @Y.10%9&'()- @,, 10%9&'()- *10%9&'()-
%&10%9&'()- @# 10%9&'()-i|obU410 %10%,9&'()-109109109 =10%9&'()-
@610%9&'()- @410%9&'()- 210%9&'()-(t+|[:bU410   910%,9&'()- L'10%,9&'()-
10%,9&'()- :10%,9&'()-  10%,9&'()-  10%,9&'()-+Ph|[:bU410   910%,9&'()-
,10%,9&'()- !10%,9&'()- 10%,9&'()- @,10%,9&'()- fS10%,9&'()-h-\|[:bU410
,-10%,9&'()-3 +g10%,9&'()- ,'10%,9&'()- %"10%,9&'()- f#10%,9&'()-
,9!410%,9&'()-l|[NA410108108108 =10%8&'()- @610%,9&'()- @4 10%,9&'()-
y210%,9&'()- s010%,9&'()-N|[:NA41010 3"10%:<:&'()- 10%:<:&'()-  10%:<:&'()-
l10%:<:&'()- %,10%:<:&'()-  yM10%:<:&'()-:|F|[:NA41010  @ y10%:<:&'()-
10%:<:&'()- !10%k<k&'()-  y10%:<:&'()-   10%:<:&'()- ,
10%:<:&'()-F0n|[:NA41010 @/ 10%:<:&'()- &- 10%:<:&'()-  *10%:<:&'()-
&10%:<:&'()- $#10%:<:&'()- l"f 10%:<:&'()- W&'()|[NA41010:<:10:<:10:<:
=10%:<:&'()- 710%:<:&'()- 510%:<:&'()-  310%:<:&'()-
l110%:<:&'()-)*6}|[:NA41010 , 10%'<'&'()- @10%'<'&'()- g10%'<'&'()-
l-10%'<'&'()- &l10%'<'&'()-4 10%'<'&'()-U(x|[:NA41010 310%'<'&'()- ,
10%'<'&'()- 10%'<'&'()- ,S:10%'<'&'()- &S 10%'<'&'()-
`3"10%'<'&'()-7:||[:NA41010 ,*10%'<'&'()- ,(10%'<'&'()- &z10%'<'&'()-
$10%'<'&'()- ,3":10%'<'&'()-3 @ z10%'<'&'()-+x||[:NA41010 ,*10%'<'&'()-
,(10%'<'&'()- =10%'<'&'()- @310%'<'&'()- @110%'<'&'()- y/"10%'<'&'()-
Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"
"Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph FontbA !&,066$;)@DJ<OTGY^di>mq`w}0/<Y4u_(  "$&(*>
E"$'S-37R<AsCH NR+W]bf]kn4r]wz1:yZM D  .k8) E"#$J%&'K))+k,-//R12346\78x9:;
A=%>>6@ABsCD8FDG HNIJ
LM=NOP<RaSTUWMXY[>\\S^_aaKcdfgAhsijlmNno?p.qrst!t't.tEtRtZtutttttttttuuuDuJ
u\uuuuuuuvv4vVvovwv|vvvvvvvvw<wNwVwhwwwwwwwxx#x.x4xMxoxxxxxxxxxyyyy9y[yty|y
yyyyyyz8zHzPzazzzzzzz{#{/{>{R{t{{{{{{{{{|*|I|X|_|r|||||||}(}/}A}b}}}}}}}}}~
1~P~_~f~x~~~~~~#29Ll:UgntAC|'BIX^k}0;Wgw18=Su4NUZp.Qkrw,38Nq#R`l|
&49IRY^w!&8[j{+JY`ipu#2CJSZkL*XRv~7FLYkv%7GXj/BIRY^p(/8?D\$+2Vu E_fkt{
(5<Ay*<Kg#5Xry~<OV_fk}+2;BG_)M_fk 0?FUhs "4^v} "Obiry~m1{g^+hF)
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~6Times
New RomanArialCourier New"h Root EntryWordDocumentr
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


