DESCRI PTI ON MAGNETI C RECORDI NG MEDI UM PRODUCTI ON
PROCESS THEREOF, AND MAGNETI C RECORDI NG AND

WORPROBIIE NG APPARATUS Priority is clainmed to Beparesr019956
appl i cation No. 2005-050878, filed February 25, 2005,
and to Japanese application No. 2005-082053, filed
March 22, 2005, which are incorporated herein by
reference. This application also clains the benefit
pursuant to 35 U.S.C. 119 (e) (1) of U S. Provisiona
Applications, No. 60/ 65BEMRIPIIGN on March 4, 2005.
TECHNI CAL FI ELD The present invention relates to a
magneti ¢ recordi ng medi umused in hard disk drive and
the like, a production nmethod of the magnetic

MRS HICAECBRIING RM)@MPE@@HIFCTWPF&D% REOF
reproduci ng appar at us. BACKGROUND ART Har I sk drive

A Gl R R ARy R BRI Ly AR AR

recording density of 100 Gbits/in2, and it is said
that the inprovenent in recording density wll
continue in the future at an annual rate of 30%
ConSEHIBH1Y gaimed éo drppaessprelication NemgABI060% 78 GlediFishruary 25,
heads, and the devel opnment of magnetic recording

2008 0andrts JsprinesbdpplifaioniNg 20080820 3 dil aieviaidhy22i, 20dwe iwhich are
advanced. There is a need to increase the recording

inétepérateyl HefeinVBY Refbreficd. LIS SpIRafiBHh NI Blalsete boReMMurbuant to 35
di sk drive, together with a demand for an i nprovenent

UKTEARN5(¥71] &GS, pmé&aﬁ %ggré%msj o, MR S4M 3915 on FBlrch 4,

magneti ¢ ‘recordi ng medi uns
2005,

TECHNICAL FIELD
The present invention relates to a magnetic recording medium used in hard disk
driye and the like, a production method of the magnetic recording medium, and a

magnetic recording and reproducing apparatus.

BACKGROUND ART

Hard disk drive (HDD) which are one type of magnetic recording and
reproducing apparatus, have currently reached a recording density of 100 Gbits/in, and it
is said that the improvement in recording density will continue in the future at an annual
rate of 30%. Consequently, the development of magnetic recording heads, and the
development of magnetic recording mediums suitable for high recording density is being
advanced. There is a need to increase the recording density of magnetic recording

mediums used for hard disk drive, together with a demand for an improvement in

SUBSTITUTE SHEET (RULE26)
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layer (Co-Cr-Pt-Ta, Co-Cr-Pt-B type alloy or the like), and a protective layer (carbon or

the like) are sequentially deposited on a nonmagnetic substrate, whereupon a lubricating
layer comprising liquid lubricant is formed.

A Co-Cr-Pt-Ta alloy, Co-Cr-Pt-B alloy, and the like, used as the magnetic layer
are alloys, which comprises Co as the principal component. The Co alloy takes a
hexagonal close-packed structure (hep structure) which has an axis of easy magnetization
in its C-axis. For a recording method of the magnetic recording medium, there are in-
plane recording and perpendicular recording, and a Co alloy is generally used for the
magnetic film. In the case of in-plane recording, the C-axis of the Co alloy is oriented
parallel to the nonmagnetic substrate, and in the case of a perpendicular medium, the C-
axis of the Co alloy is oriented perpendicular to the nonmagnetic substrate. Accordingly,
in the case of in-plane recording, it is preferable that the Co alloy is oriented in the (10-0)

plane or the (11-0) plane.
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bel ow report that it is effective to construct an
properties. Patent Document 1 below describes that addition of Ti to Cr is effective.
Patent Document 2 below describes that addition of V to Cr is effective. Patent
Document 3 below reports that addition of Mo and W to Cr is effective. Patent
Document 4 and Patent Document 5 below report that it is effective to construct an
undercoat layer by two layers which have Cr as their principal component but a different
additional element. In Patent Document 6 below, it is described that addition of oxygen
and nitrogen to the nonmagnetic undercoat layer which has Cr as its principal component,
is effective.

[Patent Document 1] Japanese Unexamined Patent Application, First Publication

No. Sho 63-197018

[Patent Document 2] United States Patent No. 4652499
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DISCLOSURE OF THE INVENTION

As mentioned above, a Cr alloy is mainly used as the nonmagnetic undercoat
layer. As a method of decreasing the medium noise by improving the nonmagnetic
undercoat layer, micronization of the average crystalline particle diameter and
improvement of orientation of the Cr alloy, and lattice matching with the Co alloy have
been used. Since the Cr alloy used for the nonmagnetic undercoat layer has Cr as its
principal component, the characteristics thereof mainly originate from the inherent
characteristics of Cr. As a result, the scope for design of the nonmagnetic undercoat
layer of the magnetic recording medium becomes consequently narrowed.

A number of attempts using a Cr alloy in the nonmagnetic undercoat layer have

been proposed. In Patent Document 7, it has been proposed that the noise can be
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recording density exceeding 50 Goits/in2,
problems with an object of providing a magnetic recording medium which is able to cope

with a higher recording density, a magnetic recording medium which has a higher
coercive force and a lower noise, a production method thereof, and a magnetic recording
and reproduction apparatus.

In order to solve the above problems, the present inventor, as a result of earnest
investigation and effort, has completed the present invention by identifying that the
characteristics of the magnetic recording and reproducing apparatus can be improved by
utilizing a WV type alloy, or a MoV type alloy as the nonmagnetic undercoat layer. That
is to say, the present invention relates to the following.

(1) A magnetic recording medium characterized in that at least a nonmagnetic
undercoat layer, a nonmagnetic intermediate layer, a magnetic layer, and a protective
layer are laminated in this order on a nonmagnetic substrate, and at least one layer of the

nonmagnetic undercoat layer is configured by a WV type alloy or a MoV type alloy.
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(5) A magnetic recording medium according to any one of (1) to (4), wherein the
nonmagnetic intermediate layer comprises at least one element or alloy selected from the
group consisting of a CoCr alloy, a CoCrPt alloy, Ru, a Ru alloy, Re, and a Re alloy.

(6) A magnetic recording medium according to any one of (1) to (4), wherein the
non-magnetic coupling layer comprises at least one element or alloy selected from
among Ru, Rh, Ir, Cr, Re, Ru alloy, Rh alloy, Ir alloy, Cr alloy, and Re alloy, and the
non-magnetic coupling layer has a thickness of 0.5 to 1.5 nm.

(7) A magnetic recording medium according to any one of (1) to (4), wherein the
nonmagnetic intermediate layer comprises at least one alloy selected from the group
consisting of a CoCrZr alloy, a CoCrTa alloy, a CoRu alloy, a CoCrRu alloy, a CoCrPtZr
alloy, a CoCrPtTa alloy, a CoPtRu alloy, and a CoCrPtRu alloy.

(8) A magnetic recording medium according to any one of (1) to (7), wherein the

nonmagnetic undercoat layer is constituted by a multilayer structure including a layer
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(12) A method of producing a magnetic recording medium having at least a
nonmagnetic undercoat layer, a nonmagnetic intermediate layer, a magnetic layer, and a
protective layer laminated in this order on a nonmagnetic substrate, wherein at least one
layer of the nonmagnetic undercoat layer is provided by a WV type alloy or a MoV type
alloy.

(13) A method of producing a magnetic recording medium having at least a
nonmagnetic undercoat layer, a stabilizing layer, a non-magnetic coupling layer, a
magnetic layer, and a protective layer laminated in this order on a nonmagnetic substrate,
and where the stabilizing layer is antiferromagnetically bonded to the magnetic layer,
wherein at least one layer of the nonmagnetic undercoat layer is provided by a WV type

alloy or a MoV type alloy.
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[Brief Description of the Reference Symbols]

1 Nonmagnetic substrate, 2 Nonmagnetic undercoat layer, 3 Nonmagnetic intermediate
layer, 4 Magnetic layer, 5 Protective layer, 6 Lubricant layer, 7 Stabilizing layer, 8
Non-magnetic coupling layer, 10 Magnetic recording medium, 11 Magnetic recording
medium, 12 Magnetic recording and reproducing apparatus, 13 Medium drive unit, 14

Magnetic head, 15 Head drive unit, 16 Record reproduction signal processing system

BEST MODE FOR CARRYING OUT THE INVENTION

FIG. 1 shows a magnetic recording medium according to a first embodiment of
the present invention. The magnetic recording medium 10 shown in FIG.1 is one in
which a nonmagnetic undercoat layer 2, a nonmagnetic intermediate layer 3, a magnetic
layer 4, a protective layer 5, and a lubricant film 6 are sequentially laminated on a

nonmagnetic substrate 1.
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the whole recording layer becomes large.

A medium utilizing this technology is generally called an AFC medium
(Antiferromagnetically-Coupled Media), or an SFM (Synthetic Ferrimagnetic Media).
Here, these will be generically called AFC mediums.

As the nonmagnetic substrate 1 in the present invention, a metallic substrate made
of a metallic material such as Al, and Al alloy is used, on which a film made of NiP or
NiP alloy formed is provided. As the nonmagnetic substrate 1, nonmetallic materials
such as glass, ceramics, silicon, silicon carbide, carbon, and resin may be used, or one in
which an NiP or NiP alloy film has been formed on a substrate made of nonmetallic
material may be used. As the nonmetallic material, from the point of surface smoothness,
one type selected from glass or silicon is desirable. In particular, from the point of cost
and durability, it is desirable to use glass. As glass, crystallized glass or amorphous glass
may be used. As amorphous glass, general purpose soda-lime glass, alumino-borosilicate

glass, or alumino-silicate glass may be used. As a crystallized glass, lithium crystallized
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glass wiag bt ugesl. | Aye cerSimnicasutisteatd, alsirterad bodyagea fiberaemforced material
sequentially lam nated on a nonmagnetic substrate 1.
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i nprove the thermal instability, because total vol une
preférablyyst gleage diand mfi. t he whol e recordi ng | ayer becones
large. A nmediumutilizing this technology is generally
cal lield pedferable 6Bk fufinbike 'b]fé@éﬁ@&@ Pkdeading ol R FELe of the
Media), or an SFM (Synthetic Ferri magneti c Medi a).
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Ni P or NiP alloy formed is provided. As the

(MAETRFERFARLY Botdeisdhandy. b nm anddioheteater han fet py andsstillueere as

gl ass, ceramcs, silicon, silicon carbide, carbon, and
prefergbly nedlespthap Heldpmend opigreatentharc® 3ammdi Praon thd figtlof oy

fil mhas been forned on a substrate nade of
strenggtinetizg the magnetic anisotropy in the circumferential direction of the magnetic
recording medium, it is preferable for the texture marks to be formed approximately in
the circumferential direction. It is preferable for the micro-waviness (Wa) of the surface
nonmagnetic substrate 1 to be not greater than 0.3 nm (more preferably not greater than
0.25 nm). Furthermore, for the flight stability of the magnetic head, it is preferable to
make the surface average roughness Ra of at least one of either the chamfered surface of
chamfer portion of the end face or the side face, to be not greater than 10 nm (more
preferably not greater than 9.5 nm). The micro-waviness (Wa) can, for example, be
measured as a surface average roughness at a measuring range of 80 pm, by utilizing a
surface roughness measuring apparatus P-12 (product of KLM-Tencor).

The nonmagnetic undercoat layer 2 is formed on the nonmagnetic substrate. A

WYV type alloy or a MoV type alloy is used in at least one layer of the nonmagnetic

undercoat layer 2. Inthe WV type alloy utilized in the nonmagnetic undercoat layer of



materi al may be used. As the nonnetallic material,

fromthe point of surface snoothness, one type
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particular, fromthe point of cost and durability, it
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circunferential direction of the magnetic recording
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formed approximately in the circunferential direction.
and W ansd Moefretoatligef @b résobverthisippeblent) ib 8ssffet iV toaldjustihe lattice

surface nonnmagnetic substrate 1 to be not greater than
coribtant Binadaeioe opVeb ey akd Wid)ahd @i pdRIbld P3Rhieve an optimal matching.
To the WV type alloy or MoV alloy, which are utilized in the nonmagnetic

undercoat layer 2 of the present invention, an element which has an auxiliary effect may
be added. Examples of the additional elements are B, C, Al, Si, Cr, Mn, Cu, Zr, Nb, Ru,
Hf, Ta, Re, and the like. It is desirable for the total content of the additional elements to
be not greater than 20 at%. If the total content exceeds 20 at%, the effect of the above-
mentioned orientation adjustment layer decreases. The lower limit of the total content is
0.1 at%. When the content is less than 0.1 at%, the effect of the additional element is lost.
The effect of adding B and Al is especially large, and the utilization of a WVB alloy, a

WVAl alloy, a WVAIB alloy, an MoVB alloy, an MoVAl alloy or an MoVAIB alloy

greatly contributes to noise reduction.



0.25 nm. Furthernore, for the flight stability of the

magnetic head, it is preferable to make the surface
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théMonMngnaichindetdalday&rasis dys BlahaotA ahe E’tﬁﬁﬁ‘xb %ﬁeﬁtaﬁon of the
lattice constant, and is conventi onal y widely
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content of 8 to 16 at% C and V are too small,
A t0 100 A, is desirable for improving the coercive force and rectangularity of the
magnetic layer 4. It is desirable for the crystalline orientation of the WV type alloy or
the MoV type alloy of the nonmagnetic undercoat layer 2 to have the (100) plane as the
preferred orientation plane. As aresult, the crystalline orientation of the Co alloy of the
magnetic layer 4 formed on the nonmagnetic undercoat layer 2 shows more strong (11-0)
direction, and therefore improvements in the magnetic properties, for example coercive
force (Hc), and improvements in record reproduction performance, for example SNR,
can be obtained.
For the nonmagnetic intermediate layer 3 of the present invention, it is desirable
to use a material to have a sufficiently good lattice matching hep structure with, for

example, the (100) plane of the nonmagnetic undercoat layer 2 therebeneath. For

example, one comprising at least one material selected from a CoCr alloy, a CoCrPt alloy,
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cohsistarg of ai Go-Cndaf 4 Coi@niet, a CovexrPtrlp, iat&a—@n@t-Bi—l?ae af@r-CePt-B-Cu
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alloy, or a Co-Cr-Pt-B-Ag alloy, is desirable. For example, in the case of a Co-Cr-Pt

alloy, from the point of SNR improvement, it is desirable to have a Cr content in the
range of 10 at% to 27 at%, and a Pt content in the range of 8 at% to 16 at%. For
example, in the case of a Co-Cr-Pt-B alloy, from the point of SNR improvement, it is
desirable to have a Cr content in the range of 10 at% to 27 at%, a Pt content in the range
of 8 at% to 16 at%, and a B content in the range of 1 at% to 20 at%. For example, in the
case of a Co-Cr-Pt-B-Ta alloy, from the point of SNR improvement, it is desirable to
have a Cr content in the range of 10 at% to 27 at%, a Pt content in the range of 8 at% to
16 at%, a B content in the range of 1 at% to 20 at%, and a Ta content in the range of 1
at% to 4 at%. For example, in the case of a Co-Cr-Pt-B-Cu type alloy, from the point of
SNR improvement, it is desirable to have a Cr content in the range of 10 at% to 27 ai%, a

Pt content in the range of 8 at% to 16 at%, a B content in the range of 2 at% to 20 at%,
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structure to the bcc structure, causing a decrease in
and SNR characteristic improvement, that the layer directly above the nonmagnetic
intermediate layer 3, is a layer comprising a Co-Cr-Pt-B-Ta alloy, or a Co-Cr-Pt-B-Cu
alloy, or a Co-Cr-Pt-B alloy. From the point of record reproduction performance and
SNR characteristic improvement, it is desirable for the top layer to comprise a Co-Cr-Pt-
B-Cu type alloy or a Co-Cr-Pt-B type alloy.

As the stabilizing layer 7 of the present invention, Co-Cr alloys, examples of
desirable alloys includes a CoCrZr alloy, a CoCrTa alloy, a CoRu alloy, a CoCrRu alloy,
a CoCrPtZr alloy, a CoCrPtTa alloy, a CoPtRu alloy, or a CoCrPtRu alloy. It is desirable
for the film thickness of the stabilizing layer 7 to be within the range of 10 A to 50 A.
When the stabilizing layer 7 film thickness is less than 10 A, the stabilizing layer 7 no

longer holds magnetization, and does not show antiferromagnetic binding with the

magnetic layer 4, which is above the stabilizing layer with the non-magnetic coupling
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between the read/write element of the magnetic head, and the magnetic layer 4. The

narrower the magnetic spacing becomes, the more the electromagnetic transfer
characteristics improve. Since the protective layer 5 exists between the read/write
element of the head, and the magnetic layer 4, this layer 5 becomes a factor in widening
the magnetic spacing. A fluorine-containing lubricating layer 6 comprising, for example,
a perfluoropolyether fluorine lubricant, may be provided on the protective film if
necessary.

It is desirable for the magnetic layer 4 of the magnetic recording medium of the
present invention to have a magnetization orientation layer (OR) of 1.05 or more (more
preferably, 1.1 or more). The magnetization orientation layer is expressed by (coercive
force in the circumferential direction/coercive force in the radial direction). If the

magnetization orientation layer is not less than 1.05, an improvement in the magnetic
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Mrt in the cdegnfeadnitiel direction/Mrt in the radial direction). If the magnetization
orientation layer of the residual magnetization amount is not less than 1.05, and more
preferably not less than 1.1, an improvement in the magnetic characteristics, for example
the coercive force, and an improvement in the electromagnetic transfer characteristics,
for example SNR, PW50, can be obtained. The upper limit of the value of OR and
MrtOR is ideally a situation where all of the magnetic domains of the magnetic film are
directed in the circumferential direction, and in this situation the denominator of the
magnetization orientation layer becomes zero, so that it becomes infinite. For the
measurement of the magnetization orientation layer and magnetization orientation layer
of the residual magnetization amount, a VSM (Vibrating Sample Magnetometer) is used.
FIG. 3 shows an example of a magnetic recording and reproducing apparatus
utilizing the above-mentioned magnetic recording medium.

The magnetic recording and reproducing apparatus 12 shown in FIG. 3 comprises

a magnetic recording medium 10 constituted as shown in FIG. 1, or a magnetic recording



for the filmthickness of the stabilizing layer 7 to
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Since the protective layer 5 exists between the
mayetsedisedi t e el enent of the head, and the nmagnetic |ayer
4, this layer 5 becones a factor in w dening
Furthermore, the magnetic recording and reproducing apparatus 12 of the present
invention uses a magnetic recording medium 10, 11, which has a small average
roughness and small micro-waviness. Therefore in addition to the improved
electromagnetic transfer characteristics, the magnetic recording and reproducing
apparatus is one with good error characteristics when the magnetic head is used at a low
floating state in order to decrease spacing loss. According to the above-mentioned
magnetic recording and reproducing apparatus 12, it becomes possible to manufacture a
magnetic recording medium suitable for high recording density.
Next, an explanation is described regarding an example of a manufacturing
method of the magnetic recording medium according to the present invention. For the

nonmagnetic substrate 1, either of the materials indicated in (10), (11) mentioned above

may be used. As one example, a situation where a substrate, in which a 12 pm NiP
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| ubricating |ayer 6 conprising, for exanple, a
w@esobusropol yet her fluorine |ubricant, may beP@r/ar20ei9956
on the protective filmif necessary. It is desirable
for the magnetic layer 4 of ;ghe magnetic recording
medi um of the present invention to have a
platiag hes betatapphedtol N 13ubaritd @igaltéFlledh NIP @hat&l A®ibetrate), is
(more preferably, 1.1 or nore). The magneti zati on
us@ientation |ayer is expressed by (coercive force in
the circunferential direction/coercive force in the
[ad'@stlg'téﬁ&e p?é‘ées 1‘% ta*i}&d{?t%r{ﬁé LAkl 8RR iﬁ%ck%‘substrate
ayer i I*e an |nprovenen
magn ticcharacte ics, for coerciyve
50 Bnih i i b ana o i GTecBr P OHiSgHtG e 15 than
characteristics, for exanple SNR PWs0, can be
7509 liesaun) ahibe sudarstol an rggsirm i Borrexemple, p &gxeyre fisapplied in the
defined as the ratio between the coercive force (Hc)
circmfehhential dicectibe be miachine processtingfalsarktotvhas Mmethmnidabtexture
radi al direction, however since the coercive force of

préd@@suﬁ@’@ 0sihk @ fixeg @Bxﬁblﬂg PRI T £EE& WD 36i RAS 2 INQ6 FoBStexture
high, there are cases where the magnetization

maﬁké &R0 td AURL dén%n%?@eﬁ@s@ thefh ';5%0 éﬂfﬂés/r}n%?] Bg ﬁxpeos.luﬁt;ace ofa

resent 1 nvention r to sup ment t

the i zat i orientation |aye esi dua
gla}.?g al’hbé ?r%tfatl:obﬁx ﬁtgqnglr{%stg%e 18 é)ééétseﬁielp 0 cﬂr]lgac{ w1thq}1e surface of
netization orientation |ayer (MtOR) 0
the %@?fa%}a angdSAWEPFRes BRe BstRTMSdbyRofating &ogsﬁﬂtﬂ Rebstrate agd the
between the residual magnetization ampunt (Mt) in the
feedingofithe gandingtapdi whits 4 grndingislug corfginingshe grinding abrasive
magneti zation anount (Mt) in the radial direction
griiviid DiRpHedbdtween tht eubstmite ant] elieegrirididg ©pe,@adi on/ Mt i n
the radial direction). If the magnetization

or i endratit 9 Poksiie to Mhkd he ré@tbbtthe FRBRAkIIE Bdl rafg AP0 pm to
is not less than 1. 05, and nore

1000 rpm. It is possible to make the feed rate of the grinding slurry in the range of 10

ml/min to 100 ml/min. It is possible to make the grinding tape feed speed in the range of
1.5 mm/min to 150 mm/min. It is possible to make the grain size of the abrasive grain
contained in the abrasive slurry 0.05 pm to 0.3 pm at D90 (the grain size value when the
cumulative mass% corresponds to 90 mass%). It is possible to make the pressing force
of the tape 1 kgf to 15 kgf (9.8 N to 147 N (relative pressure)). In order to form the
texture striations to a line density of not less than 7500 (lines/mm) (more preferably not
less than 20000 (lines/mm)), it is desirable to set these conditions. It is desirable for the
surface average roughness Ra of the NiP plated Al substrate with texture striations
formed on its surface, to be in the range of 0.1 nm to 1 nm (1 A to 10 A), or preferably

0.2nmto 0.8 nm (2 A to 8 A).



preferably not less than 1.1, an inprovenent in the
magneti c characteristics, for exanple the coercive
w0 o0068905881d an i nprovenent in the el ectromagnePCTJIP2005/019956

transfer characteristics, for exanple SNR, PW0, can

be obtained. The upper |imtgof the value of OR and
MtORis ideally a situation where all of the magnetic
domad i981s0fpotdilile ERLPPEE fektuld processimgdiitteadditbriahodcileation.
circunferential direction, and in this situation the

OsERRAGH N3hUperttioh %eﬁ% RRL dagRltindaOthE BIPE RS bé?f'i_g b@%R motion in
becones zero, so that it becones infinite o t he

thé@lac%lH{ t{ﬂ Il d?rectgol?xe anPe?&%Hr é‘tthé) {!18? lisjt ﬁiﬁfn%e ) | @%F&ire%ﬁgn of

on orile 1 on ayer

th%\%ﬁi% i So8ir PR e Sherilation Copa zﬂ%bee%rs%mm 10,1200

netic recor di ng and reproduci ng apparatus utilizing

tlmeﬁ iabe\set method @ﬁ@zﬂturm@rﬁe@smgﬂémmgg tewgl ymethpdevhere
magnetic recordi ng and reproduci ng apparatus 12 shown

textureRtr{AtioBs are fumicglds adinadeusityiof noelesy ttiam @5 0tedinasimbf). Other
constituted as shown in FIG 1, or a magnetic

thdrehi BB vRoEBEH BeM ek haR o tdtthiigtmathod HOmBthb ubih&a fiked abrasive
medi um drive unit 13 that rotates the magnetic

grdifi P! th ugﬁ? st O% gvhetycmh Bﬁﬂl‘sﬁig Ig% %éé%sgilﬂ%h%arr]l&ei uged. A

recor uces ein ornat

m%ﬁ%ﬁfiligd%eé&?"ﬁ%% O REM i cre%ols%?’tmm?%gts*é@igi&ab
WS feing MR, L s esng o

reproduction signal proceSS|ng system 16 is able to
texjpgsiigtionfe data i nput fromthe outside and send the

record signal to the nagnetic head 14, and process the

r epridguntasaemehigevatitionoof thh éinerdepsityiace dscfatiodd Bhslscarmddth is

the data to the outside. For the magnetic head 14 used

1 kfl, thBScAiBaRas I ¢z feifibeBofsathplAs 256)Ghd thedRGR 8 tappinkdmode.
of the present i nvention, not only an
An AFM scan image is obtained by scanning the probe in the radial direction of the glass
substrate which is the sample. A Flatten Order is set at the order of 2, and plane fit auto
processing, which is a type of flattening processing, is carried out with respect to the X
axis and Y axis of the scan image to perform the flattening correction on the image.
With respect to a flatten corrected image, a box of approximately 0.5 pmx0.5 pm 1s set,
and the line density within a region of the box is calculated. The line density is
calculated by converting the total number of zero crossover points along both the X axis
centerline and the Y axis centerline to a 1 mm scale. That is to say, the line density is the
number of peaks and troughs of the texture striations in the radial direction on a 1 mm
scale.

Each section in the sample plane is measured, and the average values and

standard deviations of the measurement values thereof, are calculated. The average value



MR (nmagnetoresi stance) elenent utilizing a giant

magnet or esi st ance effect (GVR) as the reproduction
we@bk@aesps but a nagnetic head nore suitabl e foPCTIRP05/019956

recording density which has a GWR el enent using a

tunnel magnetoresistance (TMg) effect, and the IiKke,

may be used. Furthernore, the nmagnetic recordi ng and
is nssppned aciha dina dpavigtafshelrigifont b€ thergse stibstratee Mh ARMBSESE

a magnetic recording nedium 10, 11, which has a snal

mENSABA ot N@SSmANE 5N hulber RPor@MHidEBS avethed IR $id
in addition to the inproved el ectromagnetic transter

steﬁleardfe%t«ﬁﬁbm Gfoulddle m%%ﬁggwﬁlt@ %{%gir emglpber can be made to

reproduci ng apparatus 1S on ood érr

aracteristics when t.he magnetic head js used. at a

e ol G uey S g RYERER GobE e REaR R Pl dcutated
According to the above-nentioned magnetic_recording

frogp § of gﬁ%ﬂ%ﬁ%@%ﬂm the gaaxipum;vialug aad tesmindrgumpiatue; gbnormal
manuf acture a magnetic recordi ng nedi um suitable for

m¢asygiemericlutisiegn e asdluded, Melit is mssibled anpiove theirseasurement
descri bed regardi ng an exanple of a manufacturing

acomhadyod of the magnetic recording nedi um according to
the present invention. For the nonmagnetic substrate.
1, eifidieke QP 1hRd MBLEhdtAlSh BebEAhedd] iFis(if:QAHed(in&&é the
nmenti oned above may be used. As one exanple, a

i i S [ ich.a 12 o
oAt P M P Ra IR A w0 il pifa o 100 o d00°C
hereafter called.a NP pl ated substrate), is_used.

es gty TG pitnedes wissah By P, dhspangrrenaia hleraadibiadeyer 3,
of the NIP plated Al substrate, so as to forma

and dha mpgnetia lavsT Hresiopmed owihe napmagnstigsubstigtesbyl 4 spaitter method
density of not less than 7500 (lines/nmm on the

(fargrimple ad?C ohBFsudgietran eputtering eetinyd).eThesopiegatingroendisions for
applied in the

when the above-mentioned layers are formed by a sputter method, for example can be as

follows.

The sputtering conditions for forming each film on the NiP plated Al substrate,
for example, can be set as the following. The chamber interior used for deposition is
evacuated until the vacuum level is in the range of 10 Pa to 107 Pa. Sputtering is
performed by accommodating a glass substrate, on which surface a texture striations is
formed, in the chamber interior, and discharging electricity by introducing an Ar gas as a
sputter gas.

At this time, electric power is supplied within a range of 0.2 kW to 2.0 kW, and
by adjusting the discharge time and supplied power, the desired film thickness can be
obtained.

Hereunder, one example of a formation method of the magnetic recording

medium is shown. The nonmagnetic undercoat layer of a thickness of 3 to 15 nm is



circunferential direction by machi ne processing (also
known as "nechani cal texture processing") using a
wo 200e89@bs asi ve grain and/or a free abrasive grEl/oPA@s5/019956
formtexture marks of striations to a line density of
not | ess than 7500 (lines/mp on the surface of a
gl ass substrate. For exanple, a grinding tape is
foymesidyadings sputenitg@tgenicomptisieg 8 WV atley.@f MbNealloy, Cr, a Cr alloy,
substrate, and texture processing is perforned by
or e 1dtel B9 tHRGoAmb gt WaBitfatd. € and the feeding of the
grinding tape, while a grinding slurry containing the

gri r}@éx@,%@m@ﬁa i OlRdrtheliBteSHpR |3 4 HREMESBf § te@il% nm is formed

substrate and the grinding tape, and. Here, i1t

oG eGP AR S, SR B e o

he fee ate of the grinding slurry in the range o
a thstpgsp ﬁ? 10 fos e isformi by pping Ssb%fg%sﬁ@g%cmég&gwe&mﬁl
grinding tape feed speed in the range of 1.5 mmmn to
allogoa ﬁn@?ﬂt alloy,a G@Jrﬁélgmlbb/ea CoCritiRallone Go@iMiBEa akoyoh
the abrasive grain contained in the abrasive slurry
CeCPBOualiay, 8 CoRuTa atlo)I0 thd lile. Next,thsSpectiat lagemfefa thickness
the cumul ati ve mass% corresponds to 90 mass% . It is

of A0S S rith & fomdtBlkea Lo eRfiGRAl RdoWR kFtcRihg iithd P& dsnkedE VD
to 15 kgf (9.8 Nto 147 N {relative pressure)). In

mﬁﬁg‘ﬁélﬁi’?’eif?ﬁ%%e‘?%3%’*??@‘#2‘%?@* %eg%ggg%ogpgg@m%@m
20000 (14 it - _
PRGOS PToed THE Fove plsppbid Rt R Oufps el i

aver age ;roughness Ra of the NiP plated Al substrate

fuggighed math apenmagnetis wrsdeicopblarprsopmrising aslVralloy orpdVigy alloy.
in the range of 0.1 nmto 1 nm(1 Ato 10 A), or

Therefbrsy thiglngedium npise can be deamas¢ A to 8 A).It is al so
possible to apply texture processing with additiona
osciFliGaBishows &isexdnié obnmagnetio reqpediag andirepheiueingtappdretus
sane tinme as the tape is being put in notion in

using the above-mentioned magnetic recording medium. The magnetic recording and

reproducing apparatus 12 shown in FIG.3 is furnished with a magnetic recording medium
10 of the above-mentioned constitution, a medium drive unit 13 that rotates the magnetic
recording medium 10, a magnetic head 14 that records and reproduces the information in
the magnetic recording medium 1 0, a head drive unit 15 that relatively moves the
magnetic head 14 with respect to the magnetic recording medium 10, and a record
reproduction signal processing system 16. The record reproduction signal processing
system 16 is able to process the data input from the outside and send the record signal to
the magnetic head 14, and process the reproduction signal from the magnetic head 14
and send the data to the outside.

The magnetic head 14 used in the magnetic recording and reproducing apparatus

12 of the present invention possesses not only an MR (magnetoresistance) element



the circunferential direction of the substrate, the

tape is swng in the radial direction of the
wGevshyEde. It is desirable for the oscill ati oPCT/JP2005/019956

condition to be 60 tines/mn to 1200 tinmes/mn. As a

met hod of texture processimgp it is possible to use a

nmet hod where texture striations are forned to a |ine
utilitipsd gigntohagnetorésissance leffiact {GOMR ) dsi the sspreductia ¢lementhbw also a

t he above-descri bed nechani cal texturing nethod, a
ma%‘ﬂ%&ib BeadimbRGuRable ¥eithigbfeasidviey dpnsitywhithhat b GMR lengenausing

i xed whetstone, a nethod using |aser processing, can

a tiifielYnfifetofesifaRy '(Tg?(gd:?fébt? EnBHE MkaSmANbATMI( At omi ¢

orce Croscope, duct "of Digital ‘I nstrunments Co.

(U for example, ¢ u ri '
derPbsp i IR PR b PR er 6 SEBREHCAR BB Fecordif
conditions of the line density are as follows. The
dens%n width is 1 mm the scan rate is 1 Hz, the nunber
of sanples is 256, and the node s tapping node. An .
AFMSmicatheishayremestiotsdansagtipiecerdieandgepmaugpre arparatus 12 is
the radial direction of the glass substrate which is
provited sdthe magndticarlet erdin@rmuketiuri 4 0 sisingat WivhadlogrodeMo¥ allpy in
and plane fit auto processing, which is a type of

thefrloﬁhlga(@ﬂﬁti_ﬁgmﬁéﬁ&?@ﬁdﬂ @, meSiufididetsin G ldetveddRdr espect to

t he axis and Y axis of the scan inage to performthe
flattening correction on the inage. Wth respect to a
flatten corrected i nage, a box of approxinmately 0.5

nmxg. 5 is set, and the line density within a region
of fﬁf@"&g}gﬂis cal cul ated. The line density is

cal cul ated by converting the tot nunber of. zer
cr oSlsEpaderpEetiis XRRIRLFS BB FRopRdo Rasihy G Sprratpt hilecinaf the

the Y axis centerline to a 1lmmscale. That is to say,

praserg ibventiomlensity i s the nunber of peaks and troughs of
the texture striations in the radial direction on a
1nmm[Example 1]

A nonmagnetic substrate 1 was used which has an NiP film (thickness 12 pm)
formed by electroless deposition on the surface of a substrate made of Al (outside
diameter 95 mm, inside diameter 25 mm, thickness 1.270 mm), and the surface average
roughness Ra was made to be 0.5 nm by performing texture processing on the surface
thereof. The nonmagnetic substrate 1 was accommodated in the chamber of a DC
magnetron sputtering device (Anerva Corp., C3010), and after the chamber was
evacuated to attain a vacuum level of 2x107 Torr (2.7x1 07° Pa), the nonmagnetic
substrate 1 was heated to 250°C. A nonmagnetic undercoat layer 2 was provided on this
substrate. The nonmagnetic undercoat layer 2 was prepared to have a multilayer
structure, with a second undercoat layer (thickness 3 nm) comprising a WV alloy (W: 80

at%, V: 20 at%) on a first undercoat layer (thickness 2 nm) comprising Cr.



scal e. Each section in the sanple plane is neasured,

and the average val ues and standard devi ati ons of the
wore@sivsnent val ues thereof, are cal cul at ed. TPET/JP2005/019956

average val ueis assigned as the line density of the

striations of the glass subgjrate. The nunber of

nmeasurenent points is determ ned by the nunber from

whi Stibstduenty er mmenagattireingmoe@ptrraigr § (theskingss mm) eomprising an

cal cul ated. For exanple, the neasurenent nunber can be
RuCR&lifoyt @Rub80 306 A0 DO 5t%Fwid foghedr e, when the average

val ué and standard deV| ation is calculated from8 of

th e§§b£&ﬁéﬂ]ﬂz a ﬁxﬁ%ﬂ r 4 REn TR B ﬁla‘éﬁetﬁﬁlﬂyérﬁ‘ Qas provided.

m nimum maasuremsnt val ues can

T;‘é%g%g}g laye e dgh]ﬁﬁeéf/ k6 R?T‘p %I%Pﬁgn%ggogfgt#e {IE),XI (Co: 60 at%, Cr: 25

substrat e _has been d [ nst al.l ed i nside
o930 & ADDSt HBHLc Rt P TP oAt BEE é‘ose%?nd Hiagnetic
substrate is heated to 100 to 400C as required
layao(ihieksress 1 @ nu) dempising b SpErPB, allondCachihailin&tri 10 at%, Bt 15 at%,
internedi ate layer 3, and the magnetic |ayer 4 are
B: fisat¥ewanfoihied.nonmagnet i ¢ substrate by a sputter
met hod (for exanple a DC or RF magnetron sputtering

et Rpghh: forkhigg @RET GXth SbFRRRkHtioass]al g%, AeAs 6424 as the sputter gas,
above-nentioned | ayers are forned by a sputter nethod,

ané e d)?%%@l%'tﬁ?g&"?ﬁqnﬁﬁs tB %g Ig?}ﬂ\?orr @;‘@ P§P L§Jb§édpu@9tly, a rotg\lctlve

con I ons ormn on the Ni

S te, for, exa an be S f 0
loy$ha (el B TPy Bt Pordapie r ST o e iffusine
until the vacuumlevel js in the nge of 1Q Pa to 10
laypr pAthickpessizarmhyas ormed by sireaiinga L\@E‘Bﬁ‘ﬁ?ﬁﬁ%‘?f‘ﬂﬁg a gl ass
substrate, on which surface a texture striations is
perﬂuoropolyether on the surface of the protective layer 5, and the magnetic recording

medium 10 was obtained.

Thereafter, a glide test was performed using a glide tester and a test condition is
determined to be a glide height of 0.4 pinch. Samples, which have passed the glide test,
were used for examining the record reproduction performance by means of a read/write
analyzer RWA 1632 (product of GUZIK Co. (US)). For the record reproduction
performance, electromagnetic transfer characteristics such as the reproduction signal
output (TAA), the half-width (PW50) of the solitary wave reproduction output, the SNR,
and the overwrite (OW) were measured. For evaluation of the record reproduction
performance, a complex thin-film magnetic recording head, which had a giant magnetic
resistance (GMR) element in its reproduction section, was used. The noise was
measured as the integral noise from 1 MHz to 375 kFCI equivalent frequency when a
500 KFCI pattern signal was written. The reproduction output was measured at 250 kFCI,

and was calculated as SNR = 20 x log (reproduction output/integral noise from 1 MHz to



formed, in the chanber interior, and discharging

electricity by introducing an Ar gas as a sputter gas.
WQ@R00bk9Es08 | me, el ectric power is supplied w thP@T/&P2005/019956

range of 0.2 kWto 2.0 kW and by adjusting the

di scharge tinme and suppliedypower, the desired film

t hi ckness can be obtained. Hereunder, one exanple of a
375 IF Qledqubraldite fb@eknoy). tHoe thvagetetnehe 60thd cogcive dorue(le and the

shown. The nonmagneti c undercoat |ayer of a thickness
recRhgdatif) o (8%)! &f QEARAoftiCa IR ER QB IPIY TS ell® prbetp!

conprising a W alloy, a MoV alloy, Cr, a C alloy, or
mel et By 20 010 B AR 1o SH RO AR Rlttring CF  rgpan)

to 10 ran is formed by using a sputtering.tar
wa Bt For i RersGremRcat G MagHetRaon of sttt FER) aprbihe

4 of a thickness of 10 to 40 nmis fornmed by using a
magpRiizeen ericniatiogdeyes ehfheiresidepl magpctizaton pmeyit (Mr@}%ﬁ ptVSM

alloy, a CoCrPtTa alloy, a CoCrPtB all oy, a CoCrPtBTa
(BIAVIYy praaluCodiftk&(HleatricalyCo.dJdpaR) Teasakédy, or the |ike.

Next, the protective layer 5 of a thickness of 1 to 5

nmis fornmed by a conventionally known sputtering

met hod or plasma CVD nethod. Next, if required, the

| ubghk 10D { r 6 is forned by a conventionally
kno&ﬁﬁéﬁéﬂg%é& d or dip nmethod. The above-nenti oned

magnet i.¢. recordi ng, medi um i s _furni dwith a .
non ARt diet it af uStE et A sttt And Y clidghsdes shpopyin Zable
.MV alloy. Therefore,.  the di um nQj.se.can he .
1 il econmagiop asrl 6 thiskesenApite SV UokmyhER jithe second
recordi ng and reproduci ng apparatus using the )
norrbagnsticundéreend dryengribe magnatsaeeirdige madiumway made in the same

magneti c recordi ng and
way as for Example 1.

In the table, 10e is approximately 79 A/m.
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rotates the magnetic recordi ng nmedi um 10,
magnetic head 14 that recorsks and reproduces the
14 with respect to the magnetic recordi ng nedi um 10,

information in the magnetic recording nmedi um 10,
[Tabtd Me unit 15 that relatively noves the magnetic head

reproduci ng apparatus 12 shown in FIG 3 is furnished
Wi th a magnetic recordi ng nedium 10 of the
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present invention. [Exanple 1] A nonmagnetic substrate
1 was used which has an NP film (thickness 12 nmm
wo eooamehss el ectrol ess deposition on the surf aPer/af20e5/019956
substrate nade of Al (outside dianmeter 95 mm i nside
dianeter 25 nm thickness 1,270 nm), and the surface
aver age roughness Ra was nade to be 0.5 nm by
per [Canipafgive Exampiesdrglcessi ng on the surface thereof.
The nonmagnetic substrate 1 was acconmodated in the

chagpat 18 RiddlanRBHbAPOsiBONY dnaMthidBndds ¥ SRWANGRYR 2
Corp.. C3010), and after the chanber was evacuated to

ins@hd Qf the %&n?ﬁ?&sfﬁ S%rr%\é@gn qx\ﬁl\%lgslé%%f Il‘ry’w gl%é'loghﬁzﬁ)is tl{el'%@cond

nonnmagne eated to

nonmagnetj ¢ undercgat |ayer 2 s pravided on, t.hi
OB opHE o PR PR (O BoRP i s BAdgf e same way
jgrepared to have a nmultilayer structure, with a second
as jgnHsawpigt!l- | ayer (thickness 3 nn) conprising aw all oy
(W 80 at% V: 20 at% on a first undercoat | ayer
(thickness 2 nm conprising Cr.Subsequently, a
nonmagnetic internmedi ate |layer 3 (thickness 4 nm
CONToEpRSR Exdglesd-1@y (Ru: 80 at% C: 20 at% was
formed. Subsequently, a magnetic |ayer 4 consisting of
v o g et :
Aﬁgﬁl?t il ﬁSllll élﬁ)yvé%“% o?g‘%\gblﬁgﬁi as ﬁxof\&lrc{) 1% T&%MB a'ﬁ%ﬂg;a;d of the

| aye I ckness 10°n rrsing a
Co... 60 at@ ;25 % w14 at9% B 6 0 S .-
corppil- et Slskndsg A Wby wto s B sl hyfiriona
magneti c | ayer. (thickness 10, n C i Si F o
laygy Wdhe pesgnagggtipageresat layer, apdg @pﬁiﬂ%[oa{t(@ﬁg@?at% %ﬁf at’%,
was fornmed. Wen form ng each of the above-nentioned )
Tai 2198p)sinstead efen Risadllay as the nopmegesaticgaisrmediate layer, the magnetic

recbrding medium was made in the same way as for Example 1.



and the pressure thereof was made to be 6 mrlorr (0.8
Pa). Subsequently, a protective layer 5 (thickness 3
w0008 | Si ng carbon was formed by CVD. ThenPCHJIP2005/019956
| ubricating layer 6 (thickness 2 nm was forned by
spreading a lubricant conprpging perfnoropol yether on
the surface of the protective layer 5, and the
[TamgpEet i ¢ recording nmedi um 10 was obtained. Thereafter,
a glide test was perforned using a glide tester and a
TestCoNQi LITon, S, 4ak ned [T8 6, § QI dg] hei ght of
0.3 & nch.2Jagp| €3, iﬁﬂlrgw A eSphss ¢dStihe glide test,
Wege_USeq far_exam %QI?CJ ne_recoy d fepriogugti on
pesfor manes by MEanssof op adw B2 ¢ dnafyrer RWA 1632
tproduct %f: 2K Cuﬁ_ (gs Tt o cot
r egraduct ion ge @rr@nlcgg %ec@'ro@gﬁrﬁtig ransfer
characteiSti Sy as
afd
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(TAA:, thésh W dtR |(R_NG |oE [ e [sBlfi &afy wave
repEoduClT o oul gyt e BNR T anp tfesgveriwite (OWN
werg neasyRdde Fée eﬁmlcm i“on Gf | the Bect ¢
reproductiT on RE[TITMENCE, | & o0pf eX [Taimd 1! m magnetic
recor di ng Hdat; | @hi|ck ha| &di ant dhdet £ | resi st ance

(GWR) et nNC i/ 1S Tepreodudtiop sgctijon, |was used.
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Zﬁgﬂ;og (RepduRt|i gn| 8l pRt)/ ont egnal ned $e from 1VHz
N o | ~ ~— ~—
t B3P5> k FOISSdqli Y& dn¥ [ Regder|cy) ¢r=t|h& freasur enent
o the—coerdi-velforcefHel—andtheHectlangll arity
. o .
raf Lofi( 1), |an el eqtropoplicgl Kerr jefflecttype
o g&ggig proper { y+ easureent| deyrce ¢ROXOP0, product
I Hi Eachi Hl ect{ridal [Enginedring C¢. (Papqn)) was
ouged—EFor FaSOrenert [ of [thep magr@tfz=l i on
. 4o [ — [ [ ] |
=dZilentBtiiql | eS(B) | @ SheS [ S 2| 2
SE| g |V DXDLIK
ZE jg)_ =} = = =} =] = = =] 33 3
Z| <= [ 5]|S5|IS5|S|5(515([Ss]8
I~ M~
w
0
il ==
— —
xl=x
=18 = o) o
o o o o w>
&5 -2 |zlzlz|3 SAEIEE
(o] 1= s B ' ' v S ; = \ pasct N =%
SHHEENEIEIENE ol ST Ul I
HE <2 |8|28|2|2 Sls18ls
o S = Dl D | ®| B
= i~ M~
oD
o )
Blg|< -
=HI =
S EIE
2l 29 S S|S|S|S|ISIS|S
sl T =
~ Q
(8]
L Lt [1N] LU L LLt (18] 18] [A1] LL
E_|E B B <B wlE B 1B B 2 e
| | P ] i i ) i R
E(_D_ED_ED_ED_ED_EQ_&D_ED_ED_ED_
= = = = = = = = = =
SEERCEcEcScEc BB RS 88 S
O (] O O (] O (] O O O




magneti zation orientation |ayer of the residual

magneti zati on anount (MtOR), a VSM (BHV-35, product
w@booRiodsms El ectrical Co. (Japan)) was used. [ ERErp2065/(#9956

to 29] Apart fromusing an alloy of a conposition and

filmthickness as shown in Jable 1 instead of the

conposition and filmthickness of the W all oy, which
[Exasnplé@0lsecond nonmagneti c undercoat |ayer 2, the

magneti ¢ recordi ng medi um was nmade in the sane way as

f or ABxGMRleRetic subBirdtd ¢ R kk&, whiRid sh REPHRX (tARKELY 139m) was
Alm [ Table 1] [ Conparative Exanples 1-8] Apart from

oS R SO AT RS RS B

a8 b PRt oSS ARG e averse
made in the sane way as _for Exanple 1. [Conparative

roughuess Resvay-masle tabg 0t5 mm Snpaefprmeing texaure pyocessing on the surface
conposition as shown in Table 2 instead of the

thegenfp dbe homwmnagnetic fulistrateHi wisresemmbdathé in/tte ahdmbyer offailbh
is the second configurational |ayer in the nonnmagnetic

maghetesCpatter RYRE (Aadtlva CoRfr d3010), 28N afté0the éRardbHowaSevacuated
28 at% Ta: 2 at(% i nstead of abn RuCr alloy as the

h
to BORRANG L Fnd R IS EIRDa0he ﬁoﬁy@gyx 124; @Fgﬁ%ﬁgg@q&%gme 1

medi um was made in the sane
Wa\%kgaﬁgé??l 22593 ? é’/'}}oﬁ%%%??@cle%{gﬁgs ét %)tégr%t,.)yea ¥ \é\@i%ieéj o8 ﬂ'ﬁs substrate.
The nonmagnetic undercoat layer 2 was made to have a multilayer structure, with a
second configuration layer (thickness 3 nm) comprising a WV alloy (W: 80 at%, V: 20
at%) on a first configuration layer (thickness 2 nm) comprising Cr. Next, a stabilizing
layer 7 (thickness 3 nm) comprising a CoCrPtTa alloy (Co: 67 at%, Cr: 20 at%, Pt: 10
at%, Ta: 3 at%,) was formed. Next, a non-magnetic coupling layer 8 (thickness 0.8 nm)
comprising Ru was formed. Next, a magnetic layer 4 was provided. A first
configuration layer (thickness 10 nm) comprising a CoCrPtB alloy (Co: 60 at%, Cr: 25
at%, Pt: 14 at%, B: 6 at%) was formed. Then, on top of this, a second configuration
layer (thickness 10 nm) comprising a CoCrPtB alloy (Co: 60 at%, Cr: 10 at%, Pt: 15 at%,
B: 15 at%) was formed. When forming each of the above-mentioned layers, Ar was used
as the sputter gas, and the pressure thereof was made to be 6 mTorr (0.8 Pa). Next, a
protective layer 5 (thickness 3 nm) comprising carbon was formed by CVD. Next, a
lubricating layer 6 (thickness 2 nm) was formed by spreading a Iubricant comprising

perfluoropolyether on the surface of the protective layer 5, and the magnetic recording

medium 11 was obtained.



formed by el ectrol ess deposition on the surface of a

substrate nmade of Al (outside dianmeter 95 mm i nside
waolz@ao9sns 25 nm  t hi ckness 1.270 nm), and the BUI/iR2065/019956

aver age roughness Ra was nade to be 0.5 nm by

perform ng texture processipg on the surface thereof.

The nonmagneti c substrate lwas acconmodated in the

chaiBemmés 31-#%] nmagnetron sputter device (Aneruva

Corp., C3010), and after the chanber was evacuated to

a Vapdttfromh LethgaRBlloy eMedonRfoshioh a8 sKowR I Tdble T ¥rkiddd Bf the

Pa), the nonnagnetic substrate 1 was heated to 250C.

coRPHIBNSId St AKLEQYr thePWS a1 1@[19}’1161%2?0@%0%%%& C}lc

substrate. The nonnagnetlc undér coat

er structu a Seco

und e R e ok R il B s i o el -
alloy (W 80 at% V: 20 at% on a first configuration
| ayer (thickness 2 nm conprising Cr. Next, a
stabilizing layer 7 (thickness 3 nn) conprising a
CoCrPtTa alloy (Co: 67 at% Cr: 20 at% Pt: 10 at%
Ta: 3 at%) was forned. Next, a non-nagnetic coupling
| ayer 8 (thickness 0.8 nm) conprising Ru was forned.
Next, a magnetic layer 4 was provided. A first
configuration |layer (thickness 10 nn) conprising a
CoCrPtB alloy (Co: 60 at% Cr: 25 at% Pt: 14 at% B:
6 at%9 was forned. Then, on top of this, a second
configuration |ayer (thickness 10 nm conprising a
CoCrPtB alloy (Co: 60 at% Cr: 10 at% Pt: 15 at% B:
15 at% was formed. When form ng each of the
above-nentioned | ayers, Ar was used as the sputter
gas, and the pressure thereof was nmade to be 6 niorr
(0.8 Pa). Next, a protective layer 5 (thickness 3 nn
conprising carbon was forned by CVD. Next, a
| ubricating layer 6 (thickness 2 nm was forned by
spreadi ng a |ubricant conprising



whi ch

t he

2!

| ayer

and the magnetic recording nedium 11 was
W bioaiossos [ Exanpl es 31-43] Apart from usi ng anPGil/iregosni19956

5!
30.U) U) ( Conparative Exanples 11-12] Apart from

perfl uoropol yether on the surface of the protective
conposition and filmthicknggs of the W all oy,

is the second nonmagneti ¢ under coat

| ayer
a conposition as shown in Table 3 instead of the

[Tatelgéti c recordi ng nedium 11 was nmade as for Exanple
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the surface average roughness Ra 0.3 run, was used.
The nonmagnetic substrate 1 was accomodated in the
wae b@iogrsoof a DC nmagnetron sputter device (AnePC/aP2005/019956
Corp., C3010), and after the chanber was evacuated to
a vacuum attai nnment |evel 04;2x1 O 7 Torr (2.7x1 0 5
Pa), the nonnagnetic substra%e 1 was heated to 250C

Af t pComparstiveBXagiplesrt 1agjjust ment | ayer (thickness 5 nm
conprising a Cowall oy (]Co 50at% W 50at% was

f or mBgt §nt tiss ﬁijﬁ@r : hzzog&gblﬁof{‘@;ssﬂb Jﬁdfai)ﬂ: %thad of the

Next, the surface i entation ad] ustnent ayer
e e of the ox
o3 PR BB 8By B8 PERRTG o °°§‘d1“f’ﬂ%‘a
5 secqnds. The ngnmagneti ¢ under coat
un@mé agf?roﬁ}ed%gneﬂc P IRE ER Y WS TR B PRt W %v as f%r
under coat |ayer 2 was nade to have a multil ayer
ExamplgdOure, with a second configuration |ayer
(thickness 3 nm conprising a W alloy (W 80 at% V:

20 at% on a first configuration |ayer (thickness 2
nm conprising Cr. Next a nonnagnetic intermediate

Iayggorﬁpe(rgﬁumesq;;nm conprising an RuCr alloy (Ru:

80 at % 20 at% was for med. Next, a magnetic |ayer

4 d
%ﬂﬁ%ﬁp‘?ﬁ?@% o SHUMAPHER P B
0/ fornmed. The
comsﬁl%crn i o ke o oK aéﬁ’?’a‘fvp‘&ﬁ i %93?0009 ﬁ%ﬁ%g%onal
10. nm conprising a CoCrPtB all o&f
laygt i thioponmagngtiogmdsreopt layengndg Cob s qq@tpy (W?eW P‘o/?,rﬁrnéo at%,
each of the above-nentioned layers, Ar was used as the
Taspatb)anstepisof afPelCiiPhiba gloyss thesstathlering fayoia themaignetio rdvording
mrorr (0.8 Pa). Next, a protective layer 5 (thickness
mediunn} 1 agpials impe canbony eaforfBxampte 3y CVD. Next, a
| ubricating |ayer 6

[Example 44]

A nonmagnetic substrate 1, where texture processing was performed on a glass
substrate (outside diameter 65 mm, inside diameter 20 mm, thickness 0.635 mm) to make
the surface average roughness Ra 0.3 nm, was used. The nonmagnetic substrate 1 was
accommodated in the chamber of a DC magnetron sputter device (Aneruva Corp.,
C3010), and after the chamber was evacuated to a vacuum attainment level of 2x107
Torr (2.7x107 Pa), the nonmagnetic substrate 1 was heated to 250°C. After an
orientation adjustment layer (thickness 5 nm) comprising a CoW alloy (Co: 50at%, W:
50at%) was formed on this substrate, this was heated to 250°C.

Next, the surface of the orientation adjustment layer was exposed to oxygen gas.

The pressure of the oxygen gas was made to be 0.05 Pa, and the process time was made

to be 5 seconds. The nonmagnetic undercoat layer 2 was provided on this substrate. The



(thickness 2 nm was fornmed by spreading a | ubricant

conprising perfluoropol yether on the surface of the
w@e@beetsis/e | ayer 5, and the magnetic recordi NBCTERNOIN19956

10 was obtai ned. [Exanples 45-57] Apart from using an

al l oy of a conposition and fbl mthickness as shown in

Table 4 instead of the conposition and fil mthickness

nofinagiegic \BidakdnYayend el nmale th Raveecanlilaenithguiral witlnakecond
| ayer in the nonmagnetic undercoat |ayer 2, the

f %
SIS O T A 0B o

ﬁr%t cgfé{%@fé% BOe et 2 7 EOAR CF ROH adcpHagneti
. d fil i ckness of | oy, I.C o
inifGRREe LrBon IR DI R G Reco AT alley ?ﬁw%o achi G50 e
rragnetl c_recordi ng nmedi um was nade as for Exanple 44.
was Commprd e rEsneps Byend wagproxjrded: /4 fisheandigntation laer oy
of a conposition as shown in Table 4 instead of the
(theakmpsssiOt nroncoamutisfrigl anC o GiPtR nBep (©d: 60ho)Wr: &5l ath, Pistiét atto, B: 6
is the second configurational |ayer in the nonnmagnetic

at‘?ggdzgf gl/ééﬂtfoﬂr@)de The@ W t8p 60Mis] @ sadon@Xohfi@iratidh 18§ 30(tHidkness 10
nm) comprising a CoCrPtB alloy (Co: 60 ai%, Cr: 10 at%, Pt: 15 at%, B: 15 at%) was
formed.

When forming each of the above-mentioned layers, Ar was used as the sputter gas,
and the pressure thereof was made to be 6 mTorr (0.8 Pa). Next, a protective layer 5
(thickness 3 nm) comprising carbon was formed by CVD. Next, a lubricating layer 6

(thickness 2 nm) was formed by spreading a lubricant comprising perfluoropolyether on

the surface of the protective layer 5, and the magnetic recording medium 10 was obtained.

[Examples 45-57]

Apart from using an alloy of a composition and film thickness as shown in Table
4 instead of the composition and film thickness of the WV alloy, which is the second
configurational layer in the nonmagnetic undercoat layer 2, the magnetic recording

medium 10 was made as for Example 44.
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and the
Enbodi nents 1 to 57 and Conparative Exanples 1 to 18,

magneti zation orientation
[Tebledd r omagneti c transfer characteristics,

the magnetic recordi ng nmedi um was
magneti zation omkentation |ayer (MtOR) of

Exanpl e 29. The results of coer ciPET/IRCH19956

instead of an RuCr alloy as the nonmagnetic
magneti zati on anount,

rectangularity ratio,

(R,
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t he residual
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hence the RuCr all oy does not sufficiently epitaxially
grow in the ( 110) direction. Therefore, as a result,

W b@eodEnact eri stics are consi derably det eri orBCE#R20031019956
a case where a M alloy and CMoB alloy is used, as
shown in Conparative Exanpleg 9 and 10, a CoCrTa all oy
is generally used. However, even in this case, it can
be $€empihdte Exipslectb-16€] t he exanples, the SNRis
inferior. Exanples 30 to 43 are cases where W all oys,

WAIA sl RS usiMy Bn &l dyootS coliifidsiBion|ah@ ¥itm tiieMhedd AOHDwn in Tabl
l\/bVAlpat\tl I oyg?1 VB al | oycso, andol\/bVAI B al | oys havewtglelgna ©

4 iRARLd 6 %90&%%&[5%%8 Fin thiblaRR0 oPfhe S\ﬁ%ﬂ%? ik ésﬁt%{e second

cases, ey are superior to the conparative ex

Co ati Ex I 11 d 12 wh Cr
noR G LC TesA ek s pasen AP E M A NG yP o o Fxample

magneti ¢ recordi ng nmedi uns, have been used. However
44the lattice constants of CrM alloys and CrMoB al | oys
are small conpared to the W alloy and MV all oy, and
hence the CoCrPtTa all oy does not sufficiently
epitaxially growin the (110) direction. Therefore, as

a r ¢SbmparatiReELdiaglaciBI8]sti cs are consi derably
deteriorated. In a case where a CrM alloy and CrMoB

al | gg,ah%fﬁ ﬁgn% 3% afib)P¥r &oﬁlnp%g B8 shokfn i PIBRL £ $nsfedd 3P the

14, CoCrTa afloy iI's generally used. However, even in

cob BafFLaR il e GRenOUTEN S, KRKIP B8 ssfpritiSusenpyonl

Iy TP RONEERSE QYT UAFT P4 B0 PCT B PP I% I8 Ak 28 a%e,
MoVAI B al | oys havebeen applied to nmedi uns which use a

Tag? ats) instsad plandRyGralloias srmeamesnstic istepnediate dayer.ithe magnetic
be seen that in all cases, they are superior to the

recvodipg netivne wex anapid asfor Ernappled@9i ithe results of coercive force (Hc),

rectangularity ratio, magnetization orientation layer (OR), magnetization orientation

layer (MrtOR) of the residual magnetization amount, and the electromagnetic transfer

characteristics, of Embodiments 1 to 57 and Comparative Examples 1 to 18, are shown in

Table 1 to Table 4.

It can be seen from Examples 1 to 29 and the comparisons with the comparative
examples, that the WV alloys, the WV Al alloys, the WVB alloys, the WV AIB alloys, the
MoV alloys, the MoV Al alloys, the MoVB alloys, and the MoV AIB alloys show superior
characteristics. In areas where the WV alloy film thickness is thin, a sufficient coercive
force is not obtained, and the characteristics deteriorate as in Comparative Example 1. It
can be seen that in areas where the WV alloy film thickness is thick, a coercive force
greater than the examples is obtained, but the grain size is increased, decreasing the SNR

as in Comparative Example 2. It can be seen that in areas where the V content exceeds

50%, a coercive force equal to the examples is obtained, but the grain size is increased,



Exanpl es 15 and 16 are cases where CrM alloys and
CrMoB al | oys, which are generally used in magnetic
wo ewonglisng) nedi uns, have been used. However t heCT/aR200569956
constants of CrM alloys and CrMB alloys are snal
conpared to the W/ all oy andsMV all oy, and hence the
RuCr alloy does not sufficiently epitaxially grow in
detreasifg the GNRlay waldmyparatMedixafnpies,3 ad 4a It eflbd seeit Rt in a case
characteristics are considerably deteriorated. In a

wHeAS8n¥Ib eletalfofOMMEndalib @ve wed, LEdvbdByefok @Yands %Oﬁ@ shape is not
shown in Conparative Exanples 17 and 18,

ob?alnlleg}’aﬂ gg SR @ét% HorHS88s in dedtive TGt J% St . tive

It can seen t hat conpare o t he ex nmpl'es, the

E’ﬁ’f‘mé?!; T ¥y SRS Ml @k@?ﬁ@lﬂyg&‘aﬁ%ﬁ g gengrally

ast a nonnmagpetic undercoat Iayer a nonmagnetic
HS? NIPRERGHE Fesof eipnms, havg Bren ysed g Hoxipuer the frgticg constants of
magnetic | ayer, and a protective |ayer, which are

CrManalleas el CrMipRiadlops atesmeli campammmtw adlolpand Mda/ alloy, and
Provision of at |east one of the |ayers of the

henenti@ et altoydsts mooaiffitiambyr egitixallyWrdw Rethal(1 10y daectidn.
MoV type alloy makes it possible to reduce noise,

TheRife8, 4sesiebidls tﬁerblﬁpic@n@h&%ré BéhsTREVE dGeristal i h{‘:g casg where a
medi um suitable for high recordi ng density. CLA
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Examples 30 to 43 are cases where WV alloys, WV Al alloys, WVB alloys,
WVAIB alloys, MoV alloys, MoV Al alloys, MoVB alloys, and MoVAIB alloys have
been applied to ACF mediums. It can be seen that in all cases, they are superior to the
comparative examples. Comparative Examples 11 and 12 are cases where CrMo alloys
and CrMoB alloys, which are generally used in magnetic recording mediums, have been
used. However the lattice constants of CrMo alloys and CrMoB alloys are small
compared to the WV alloy and MoV alloy, and hence the CoCrPtTa alloy does not
sufficiently epitaxially grow in the (110) direction. Therefore, as a result, the
characteristics are considerably deteriorated. In a case where a CrMo alloy and CrMoB
alloy is used, as shown in Comparative Examples 13 and 14, a CoCrTa alloy is generally
used. However, even in this case, it can be seen that compared to the examples, the SNR
is inferior.

Examples 44 to 57 are cases where WV alloys, WV Al alloys, WVB alloys,

WVAIB alloys, MoV alloys, MoVAl alloys, MoVB alloys, and MoVAIB alloys have



W/ alloy or a MoV alloy. 2. A magnetic recording
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| ayer, a nmagnetic |ayer, and a protective |ayer
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to 99 at% and a V content of 1 to 50 at%5
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claim1 through claim4, wherein said nonmagnetic
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0.5to 1.5 nm 7. A magnetic recording nedium

according to any one of claim1 through claim4,
INDUSTRIAL APPLICABILITY

The magnetic recording medium of the present invention comprises at least a
nonmagnetic undercoat layer, a nonmagnetic intermediate layer or a stabilizing layer, and
a magnetic layer, and a protective layer, which are laminated in this order on a
nonmagnetic substrate. Provision of at least one of the layers of the nonmagnetic
undercoat layer by a WV type alloy or a MoV type alloy makes it possible to reduce
noise, which results in obtaining the magnetic recording medium suitable for high

recording density.



wherei n said nonmagnetic internedi ate |ayer is forned
by at | east one alloy selected fromthe group
weovsigtsisig of a CoCrZr all oy, a CoCrTa all oy, PET/O0RS/019956
alloy, a CoCrRu alloy, a CoCrPtZr alloy, a CoCrPtTa
alloy, a CoPtRu alloy, and & CoCrPtRu alloy. 8. A
magneti ¢ recordi ng nedi um according to any one of
ClcABM#& 1t hrough claim 7, wherein said nonmagneti c
undercoat |ayer has a nultilayer structure containing
a layer made of C or a O alloy containing & and at
| east one type selected fromthe group consisting of
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recordiqg.g§%4§n1 ccording to any one of claim1l1
2 QMR pE Onigmegat < Madnstig laweh rad aprotgsiste layerubigh are

of at |east one alloy selected fromthe group

larpateddn jpprgnding frds Cp Taoamagyeticsubm@iRt Ta al | oy, a
CoCrPtB all oy, and a CoCrPtBM (where Mis one or nore
el enerrsinsieleasttond 1dyeoof shid norGagnaticluiigicoat lagst. id Gormdd by a
magneti ¢ recordi ng medi um according to any one of

WHl dloyot atMiswullby.cl ai m 9, wherein said nonmagnetic
substrate is a glass substrate or a silicon substrate.

11. A magnetic recordi ng nedi um according to any one
of claim1l through claim9, wherein said nonnmagnetic

substrate is one.wherg a film.co ising NP or a NP

2.3 7 o ik e in it comaruie pbicetamdumagadioadireoat layer,
m:})dle .of one type selected fromthe group consisting of

a sigbilizipg laver, ¢ nogmagnetic pgrmgdiate lpyer, amagneticlapierd awst a protective
produci ng a magnetic recordi ng medi um having at | east

layer #?éwnﬁfggen pssening pwlonon h agemagnetio owbrstrgieet i C
internmedi ate | ayer, a magnetic |ayer, and a protective
| ay evherainmisaidtsedilizing lays ioasterromagnerioslivagnded & said magnetic
substrate, wherein at |east one

layer, and at least one layer of said nonmagnetic undercoat layer is formed by a WV alloy

or a MoV alloy.

3. A magnetic recording medium according to either one of claim 1 and claim 2,
wherein the WV alloy utilized in said nonmagnetic undercoat layer has a W content of 50

to 99 at%, and a V content of 1 to 50 at%.

4. A magnetic recording medium according to either one of claim 1 and claim 2,
wherein the MoV alloy utilized in said nonmagnetic undercoat layer has a Mo content of

50 to 99 at%, and a V content of 1 to 50 at%.



| ayer of said nonmagnetic undercoat |ayer is formed by
a W alloy or a MoV alloy. 13. A nethod of producing a
wora@a®?ises r ecor di ng nedi um havi ng at | east a PCT/JP2005/019956
nonmagneti ¢ undercoat |ayer, a stabilizing |layer, a
non-magneti c coupling |ayer zgga magnetic layer, and a
protective layer lamnated in this order on a
5. nonppgagietic récbdihg alediunvhieoalis@tchlickiof chifg th@ygh clasin 4,
antiferromagnetically bonded to the magnetic |ayer,

wheRgs §lid nsimbBREE ifGehdipYEhy s cbﬁ?ﬂrgeyﬁqgﬁlg&?ettiyge Séeleﬁée{(/i from

undercoat |ayer is configured by a W/ alloy 0
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recordi ng nmedi um according to any one of claiml
through claim 13, and a nagnetic head which records

and reproduces information on said magnetic recordi nlg.
6. mediAumpagnetic recording medium according to any one of claim 1 through claim 4,

wherein said non-magnetic coupling layer comprises at least one type elected from the
group consisting of Ru, Rh, Ir, Cr, Re, Ru alloy, Rh alloy, Ir alloy, Cr alloy, and Re alloy,

and said non-magnetic coupling layer has a thickness of 0.5 to 1.5 nm.

7. A magnetic recording medium according to any one of claim 1 through claim 4,
wherein said nonmagnetic intermediate layer is formed by at least one alloy selected
from the group consisting of a CoCrZr alloy, a CoCrTa alloy, a CoRu alloy, a CoCrRu

alloy, a CoCrPtZr alloy, a CoCrPtTa alloy, a CoPtRu alloy, and a CoCrPtRu alloy.

8. A magnetic recording medium according to any one of claim 1 through claim 7,
wherein said nonmagnetic undercoat layer has a multilayer structure containing a layer
made of Cr or a Cr alloy containing Cr and at least one type selected from the group
consisting of Ti, Mo, Al, Ta, W, Ni, B, Si, Mn and V, and a layer made of a WV alloy or

a MoV alloy.

9. A magnetic recording medium according to any one of claim 1 through claim 8,
wherein said magnetic layer is made of at least one alloy selected from the group
consisting of a CoCrTa alloy, a CoCrPtTa alloy, a CoCrPtB alloy, and a CoCrPtBM

(where M is one or more elements selected from Ta , Cu, and Ag) alloy.
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10. A magnetic recording medium according to any one of claim 1 through claim 9,

wherein said nonmagnetic substrate is a glass substrate or a silicon substrate.

11. A magnetic recording medium according to any one of claim 1 through claim 9,
wherein said nonmagnetic substrate is one where a film comprising NiP or a NiP alloy
has been formed on the surface of a substrate made of one type selected from the group

consisting of Al, Al alloy, glass, and silicon.

12. A method of producing a magnetic recording medium having at least a
nonmagnetic undercoat layer, a nonmagnetic intermediate layer, a magnetic layer, and a
protective layer laminated in this order on a nonmagnetic substrate, wherein at least one

layer of said nonmagnetic undercoat layer is formed by a WV alloy or a MoV alloy.

13. A method of producing a magnetic recording medium having at least a nonmagnetic
undercoat layer, a stabilizing layer, a non-magnetic coupling layer, a magnetic layer, and
a protective layer laminated in this order on a nonmagnetic substrate, where said
stabilizing layer is antiferromagnetically bonded to the magnetic layer, wherein at least
one layer of said nonmagnetic undercoat layer is configured by a WV alloy or a MoV

alloy.

14. A magnetic recording and reproducing apparatus characterized in comprising a
magnetic recording medium according to any one of claim 1 through claim 13, and a
magnetic head which records and reproduces information on said magnetic recording

medium.



