LONGITUDINAL MAGNETIC RECORDING MEDIUM AND METHOD OF
MANUFACTURING THE SAME BACKGROUND OF THE INVENTION 1.
Field of the Invention The present invention relates to a longitudinal
magnetic recording medium used in a hard disk drive (HDD) or the like,
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medium has a structu&ﬁﬁﬂmggj?]%aﬁ;ngles apenmagnetic metal

underlayer, a metal magnetic recor yer, a protective layer, and a
lubricant layer are formed on a substrate for which an aluminum alloy,
glass, or the like is used. The nonmagnetic metal underlayer, the metal

magnetic recording layercang the, pratestivetayer arg,formed using, for
o O L o

example, a sputteri e lubricant layer is

1. formegh using, for-gxample.dip coating. Recording and playback of
signals are carried out using a magnetic head. Ordinarily, for a magnetic

recorging megdiug sHbstraie, UsiNgAN alwminugy matgrial, an glyninim na1

“alloy substrate is plated with Ni-P, and the surface thereof is subjected to

ma lREWING which Glgurferential EOVes KnewnAs; texture: are foumed. or

In the case of a glass substrate, the surface of the glass substrate is
thiextured dirgelly. Theoenmageeticndnufacturing the longitudinal

magnetic recording medium.

2. Description of the Related Art

A hard disk magnetic recording medium has a structure
in which, for example, a nonmagnetic metal underlayer, a
metal magnetic recording layer, a protective layer, and a
lubricant layer are formed on a substrate for which an
aluminum alloy, glass, or the like is used. The nonmagnetic
metal underlayer, the metal magnetic recording layer, and the
protective layer are formed using, for example, a sputtering
method in a high vacuum, and the lubricént layer is formed
using, for example, dip cocating. Recording and playback of
signals are carried out using a magnetic head.

Ordinarily, for a magnetic recording medium substrate
using an aluminum material, an aluminum alloy substrate is
plated with Ni-P, and the surface thereof is subjected to
texturing in which circumferential grooves known as texture
are formed. 1In the case of a glass substrate, the surface of

the glass substrate is textured directly. The nonmagnetic



metal underlayer, the metal magnetic recording layer, a carbon protective
layer, and so on are formed in order on the textured surface in a high
vacuum. As a nonmagnetic metal underlayer, a Cr or Cr alloy underlayer
(hereinafter referred to as a "Cr type underlayer”) is well known. When
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exposure, substrate heating and so on, the crystal orientation of the Cr

priyPeUnderlayeris. mads 1o,06,bce L100).andithen a Lo allayfagnefig .

recording layer is grown epitaxially thereon with hcp (110) orientation.

su ke bep {001 qﬁ@gf €asy,magnetization of the Co alloy magnetic
recording layer becomes parallel to the substrate surface, and hence the

remangntmagnetization (Mnyita dirgelipnparaliel to the suriaceof the oy,

substrate can be made to be greater than that perpendicular to the

unsiwface, of thesubsiate: Moreover.uhendhe Gr typewndenay s 1 grawn

with the bcc (100) orientation, due to the circumferential grooves on the

i sSwRstratersuiace pedHced Hronghdhe texuERg e rin-planespesiitah g
the bcc (011) planes in the circumferential direction of the substrate

prbecoiBesdeass thadh thedn-planeg spasingafthe, bee (i) planas i they and

radial direction of the substrate. Due to this difference in the in-plane
sospaging hibedigpsf01] direetionefianinierrneadiate: laygronheza aljey is

magnetic recording layer heteroepitaxially grown on the underlayer tends

maeb@o be bcc (100), and then a Co alloy magnetic recording
layer is grown epitaxially thereon with hcp (110)
orientation.. The hcp [001] axis of easy magnetization of the
Co alloy ﬁagnetic recording layer becomes parallel to the
substrate surface, and hence the remanent magnetization (Mr)
in a direction parallel to the surface of the substrate can
be made to be greater than that perpendicular to the surface
of the substrate.

Moreover, when the Cr type underlayer is grown with the
bcec (100) orientation, due to the circumferential grooves on
the substrate surface produced through the texturing, the
in-plane spacing of the bcc (011) planes 1in the
circumferential direction of the substrate becomes less than
the in-plane spacing of the bcc (Oil) plénes in the radial
direction of the substrate. Due to this difference in the
in-plane spacing, the hcp [001] direction of an intermediate

layer or the Co alloy magnetic recording layer

heteroepitaxially grown on the underlayer tends to be



2 oriented parallel to the circumferential direction. Because the hcp [007.]
direction of the Co alloy magnetic recording layer is the axis of easy
magnetization, a difference arises in the Mr of the magnetic recording
layer between the circumferential direction and the radial direction.

or]akingdhe praduct ofthe Miin theyireymigrential digetion anghtig i on .

thickness (t) to be Mrtcir, and the product of the Mr in the radial direction

e 849 12e thickness,tohe Mytrad, tBis: difference.is reprgseried by ORFetic
Mrt,ir / Mrtr&d. The higher the extent to which the hcp [001] direction of

reg@r@PW§rY§_%§f}§ §9@é'%¥<ﬂ§_ﬂ‘%@e§8 é?%é@fﬂgﬂ%ﬂ% stiented etheence
circumferential direction, the higher the OR. By increasing the OR of a

ar Magneticyecerdingvnedieim,n Mricii4s dncreaseds ang hencesthe playharken
output of a recorded signal is increased, and thus the signal-to-noise

theatie (SN feincrrased. Vanausways have thusbeeadatiempieddetion.
increase the OR. For example, for a magnetic recording medium using a

Ta@lasg substrate da stethod hasream prepaseddanhier e QR isirection
increased by depositing one or a plurality of seed layer(s) between the Cr

antypgnenderiayercand the texdurad substrate{saetios exampleJapanase Mr
Patent Application Laid-open No. 2003-30825, Japanese Patent

inApplicationi kaidedpencNoo2084-39906, th &c Batery Applisationt .4, this
Laid-open No. 2004/258925) . Moreover, it is publicly known that the OR

dicdr berinereaseddyrexpasingithe/soaserof the, / Mrt ... The higher
the extent to which the hcp [001] direction of the
polycrystalline Co alloy magnetic recording layer is
oriented in the circumferential direction, the higher the OR.

By increasing the OR of a magnetic recording medium,
Mrteir 1s increased, and hence the playback output of a
recorded signal 1is increased, and thus the signal-to-noise
ratio (8SNR) 1is increased. Various ways have thus been
attempted to increase the OR. For example, for a magnetic
recording medium using a glass substrate, a method has been
proposed in which the OR is increased by depositing one or
a plurality of seed layer(s) between the Cr type uﬁderlayer
and the textured substrate (see, for example, Japanese
Patent Application Laid-open No. 2003-30825, Japanese Patent
Application Laid-open No. 2004-39196, U.S. Patent Application
Laid-open No. 2004/258925). Moreover, it is publicly known

that the OR can be increased by exposing the surface of the

seed layer to an oxygen-containing gas atmosphere before



seed layer to an oxygen-containing gas atmosphere before 3 forming the
underlayer (see, for example, Japanese Patent Application Laid-open No.
2003-30825, Japanese Patent Application Laid-open No. 2004-39196).
With a longitudinal magnetic recording medium, to realize a high

foﬁ%%ingﬁgnémé%@{,%}hag%@ Ghitfingh2, ihe ORyMUsthe further, o

increased. Moreover, as the is increased, the magnetic film thickness

ApEtl\ﬁ\_’B%itBﬁ safne; QUIIILIS ORIAINed HBEreases \s t%?@ﬁ@@@(’ layet ent

ecomes thinner, from the viewpoint of thermal stability, the coercivity

apfiar: of thermedium st bgdncreasad.; yughermore, it is known that with
regard to increasing the track density (TPI) in the radial direction of the

medig atawritten o Agighboring;rack is lessJpnedg beiddi um, to
deleted for a medium having a high Her, and hence this is effective for

reliCieasiahthenl PLAYViR the akaveimethed ipwhich the seed tayet isinch?,

exposed to oxygen before forming the underlayer, the OR can be

thivctgased shutdbereus anpreblem that asdhe axygenpartjal pressige ok is
the exposure time is increased, the coercivity of the magnetic layer is

inreckiged duetnoOxygenrasisored onio tha suracsobthegepdrayele same

SUMMARY OF THE INVENTION The present invention has been devised
oultpriew afdhey ehore prableras;dtis an nbjectohthgmresent iyentibedome s
thinner, from the viewpoint of thermal stability, the
coercivity (Hcr) of the medium must be increased.
Furthermore, it is known that with regard to increasing the
track density (TPI) in the radial direction of the medium,
data written to a neighboring track is less prone to being
deleted for a medium having a high Hcr, and hence this is
effective for increasing the TPI.

With the above method in which the seed layer is
exposed to oxygen before forming the underlayer, the OR can
be increased, but there is a problem that as the oxygen partial
pressure or the exposure time is increased, the coercivity
of the magnetic layer is reduced due to oxygen adsorbed onto

the surface of the seed layer.

SUMMARY OF THE INVENTION

The present invention has been devised in view of the
above problems; it is an object of the present invention to
provide a high-recording-density magnetic recording medium

for which a high OR is realized and yet there is little



provide a high-recording-density magnetic recording medium for which a
high OR is realized and yet there is little 4 reduction in the Her. A
longitudinal magnetic recording medium according to the present
invention comprises a nonmagnetic substrate, a seed layer, an

reHinderiayer.,and g magnetic recording layer in this order, wherein the

seed layer comprises a first seed layer and a second seed layer formed

in thisyonde gthe first, $eed Jayercompises & sINgIG Layener 0ddalibh gl « o

layers made of at least one material selected from the group consisting

tnef NizEisalloys; A alleys, npa plleys, Aneb Gifald 2eys, theseeend e, a

seed layer comprises a single layer or a plurality of layers made of at

seleast Qpe matgrial nseleatgd dromthe gronp sepsistingf NiWrlloysyer in

Ni-Ru-W alloys, and Co-W alloys, the underlayer comprises a first

t hdrderlayer angha se6end underlayenformed in dhigordei the firstest seed
underlayer comprises a single layer or a plurality of layers made of a

1aGERWaloY, avd dhrisesand ungerayer eamprises asipgledayet pearirst
plurality of layers made of a Cr alloy comprising Cr and at least one

seelementselediag frose ghe growgiconsisting oMo, Bl iaald Wof layers
Preferably, each of the first seed layer and the second seed layer has an
madi@orpbousasirutiye.ctMaeeeverapeeferably sa suHaeel ofthemormagngticup
substrate is subjected to texturing in which circumferential
consisting of Ni-Ti alloys, Cr-Al alloys, Cr-Ta alloys, and
Cr-Ti alloys, the second seed layer comprises a single layer
or a plurality of layers made of at least one material
selected from the group consisting of Ni-W alloys, Ni-Ru-W
alloys, and Co-W alloys, the underlayer comprises a first
underlayer and a second underlayer formed in this order, the
first underlayer comprises a single layer or a plurality of
layers made of a Cr-Ru alloy, and the second underlayer
comprises a single layer or a plurality of layers made of a
Cr alloy comprising Cr and at least one element selected from
the group consisting of Mo, B, Ti, and W.
Preferably, each of the first seed layer and the second
seed layer has an amorphous structure.
Moreover, preferably, a surface of the nonmagnetic

substrate is subjected to texturing in which circumferential

grooves are formed, the grooves having a density of not less
than 10 per pm, and a substrate roughness after the texturing

being in a range of 0.1 to 1 nm.



grooves are formed, the grooves having a density of not less than 10 per
m, and a substrate roughness after the texturing being in a range of 0.1 to
1 nm. 5 Moreover, preferably, the first seed layer has a thickness in a
range of 4 to 20 nm, and the second seed layer has a thickness in a

rangeQf, 2 19,12 nm,Morequar, prefegahly, the first seed layer cantaips,an
Ni-Ti alloy, the Ni-Ti alloy having a Ti content in a range of 20 to 80 at%.

£ hYIRIGQEL, prefe @Q'%\{/%@ &$eqond seed layer ganiains an NV alloy, 18y

Ni-W alloy having a W content in a range of 20 to 80 at%. Moreover,

hareferaly. fhe.first underlayer has &C qntent ipfhe Cr-Ru alloy in a

range of 60 to 95 at%. Moreover, preferably, the first underlayer has a

thickrr@é%%@é@vgc@ﬁéetpabmm- Mareqver spreferably -the,secidsins an
underlayer has a Cr content in a range of 60 to 95 at. Moreover,

NipF?Ier_QPhy@PPI?e Magneticy ?Cg'pi'@g/larY§‘!}i9f§n_Bri§%S asinglefayel o &ange

plurality of layers made of at least one material selected from the group

o feonsistingsef €e=Cr-Pt-B alloys and Co-Cr-Pt-B-Cu alloys. Moreover,
preferably, the longitudinal magnetic recording medium further has an

:nterm@t@dayer batweenatheundeflayee and dhe magneticsecerdingains
ayer.

an gi—w alloy, the Ni-W alloy having a W content in a range
of 20 to 80 ats.

Moreover, preferably, the first underlayer has a Cr
content in the Cr-Ru alloy in a range of 60 to 95 at%.

Moreover, preferably, the first underlayer has a
thickness in a range of 1 to 7 nm.

Moreover, preferably, the second underlayer has a Cr
content in a range of 60 to 95 at%.

Moreover, preferably, the magnetic recording layer
comprises a single layer or a plurality of layers made of at
least one material selected from the group consisting of
Co-Cr-Pt-B alloys and Co-Cr-Pt-B-Cu alloys.

Moreover, preferably, the longitudinal magnetic
recording medium further has an intermediate layer between
the underlayer and the magnetic recording layer.

Moreover, a method of manufacturing the longitudinal
magnetic recording medium as described in any of the above
comprises forming the second seed layer using a sputtering

method in which a substrate bias voltage is applied.



Moreover, a method of manufacturing the longitudinal magnetic recording
medium as described in any of the above comprises forming the second
seed layer using a sputtering method in which a substrate bias voltage is
applied. 6 The substrate bias voltage is preferably in a range of -30 to
-500 Vi ]osegyer prieleraply the method;furthes step ohaflercs
the second seed layer has been formed, subjecting a surface of the

- ¥pcondsegd lgyer to plasma processing. Moreover, preferably, the
plasma processing is carried out in an Ar gas atmosphere. Moreover,

preferablye themethed funthen includes a stepq afuaiterdthe seaqnebsesd top
layer has been formed, exposing a surface of the second seed layer to an

o FOXYALAGONARIRG AIMPspREre. TENR-eXYgeN-certaifing aEmoSRR® ®ect ing
preferably has an oxygen partial pressure in a range of 1x10-4 to 1 Pa.

a Buesghdhe abevie cersiutionsdbereicanbe providedalopgiudinakng .
magnetic recording medium for which high OR and high Hcr are both

achieved; anddignes the-lenpitydinah anagaetic reeerdingsmnedium iSarried
suitable for high recording density. BRIEF DESCRIPTION OF THE
o RRAWING 3 FIGa i inarsshprnatie sectional view for explaining an
example of the structure of a longitudinal magnetic recording medium of
the presertdaeentipieferably, themethod further includes a step
of, after the second seed layer has been formed, exposing a

surface of the second seed layer to an oxygen-containing
atmosphere. The oxygen-containing atmosphere preferably has
an oxygen partial pressure in a range of 1x107% to 1 Pa.

Through the above constitution, there can be provided
a longitudinal magnetic recording medium for which high OR
and high Hcr are both achieved, and hence the longitudinal
magnetic recording medium is suitable for high recording
density.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic sectional view for explaining an
example of the structure of a longitudinal magnetic
recording medium of the present invention;

FIG. 2 consists of graphs for explaining the
relationship between the oxygen partial pressure when
exposing a seed layer 2 to oxygen and respectively the OR and
the Hcr for magnetic recording media according to Working

Example 1 and Comparative Example 1;



FIG. 2 consists of graphs for explaining the relationship between the
oxygen partial pressure when exposing a seed layer 2 to oxygen and
respectively the OR and the Hcr for magnetic recording media according
to Working Example 1 and Comparative Example 1; 7 FIG. 3 consists of
arapherfgr explaining.he; distyibufion of.cryslal Oral sizes i 2 MagRetic e
layer for the magnetic recording media of Working Example 1 and

41 Somparative, Example 2; and FIG; 4 is a,qraphfog explaining the ayer for
relationship between the substrate bias voltage when forming a seed

t hiY&faghd the-ORdemagnsticireearding media.accosdingloyoEking  anqg
Example 2. DESCRIPTION OF THE PREFERRED EMBODIMENTS

cofiphwingJe amdessyption of gapodiments of the present invention with
reference to the drawings. FIG. 1 is a schematic sectional view for
explaning an exapple ofthgp Btryciure-afia longitudinakmagretict i onship
recording medium of the present invention. The magnetic recording

beMesiumdas austsuctatesinowhichy aiseagtlayge g, apmindegayesSe@nlayer
intermediate layer 4, a magnetic recording layer 5, a protective layer 6,

anandrelubricest layefneareformesia Digemn i a nonswagnetis Uit Ing
The seed layer 2 comprises a first seed layer 2a and a second seed layer

Ex3hpthe underlayer 3 comprises a first underlayer 3a and a second
underlayer 3b,

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Following is a description of embodiments of the present
invention with reference to the drawings. FIG. 1 is a
schematic sectional view for explaining an example of the
structure of a longitudinal magnetic recording medium of the
present invention. The magnetic recording medium has a
structure in which a seed layer 2, an underlayer 3, an
intermediate layer 4, a magnetic recording layer 5, a
protective layer 6, and a lubricant layer 7 are formed in order
on a nonmagnetic substrate 1. The seed layer 2 comprises a
first seed layer 2a and a second seed layer 2b, the underlayer
3 comprises a first underlayer 3a and a second underlayer 3b,
the intermediate layer 4 comprises a first intermediate layer
4a nd a second intermediate layer 4b, and the magnetic
recording layer 5 comprises a first magnetic recording layer
5a and a second magnetic recording layer 5b.

In the magnetic recording medium of the present

invention, for the nonmagnetic substrate 1, there can be used



the intermediate layer 4 comprises a first intermediate layer 4a nd a
second intermediate layer 4b, and the magnetic recording layer 5
comprises a first magnetic recording layer 5a and a second magnetic
recording layer 5b. In the magnetic recording medium of the present

aniYEPLRALIOL the ponmagnetic substrate. 1 Nere; canheused S 115 zeq

NiP-plated Al alloy, glass, tempered glass, crystallized glass, oOr the like

glés g,segrfo&@@ QWQs%tWP%d%M%J&?&&®t@%éﬂéing
subjected to texturing. Before the texturing, it is preferable to polish the
medybgtrate using an ordinary method so as to smooth a surface of the

substrate. The average surface roughness (Ra) after the polishing is

preferghly ing sange ef 0.2 10 Q.5 ner:dhe swiaessmoothed suhsyate ise

subjected to the texturing, so as to form substantially concentric circular

teQiQOVEsd) & circunferentiab girection pbhe axturad subsitate trreferally an
has not less than 10 concentric circular grooves per 1 m formed thereon

or e Gusarentiabdiectieon.shilotess thapudrpesel gm, WdesiredME rate .
anisotropy cannot be obtained, and hence the OR decreases. A large

Theumber aty greovesds preferapie.dus if tha nuates of greoves exseeds; is
60 per 1 m, then it becomes difficult to obtain a desired groove depth. Ra
prafterthie texiiting isprefecably in atangeofi@.l The surface-smoothed
substrate is subjected to the texturing, so as to form
substantially concentric circular grooves in a

circumferential direction. The textured substrate

preferably has not less than 10 concentric circular grooves
per 1 um formed thereon in the circumferential direction. At

less than 10 per 1 um, desired Mr anisotropy cannot be
obtained, and hence the OR decreases. A large number of

grooves is preferable, but if the number of grooves exceeds

60 per 1 pm, then it becomes difficult to obtain a desired
groove depth.

Ra after the texturing is preferably in a range of 0.1
to 1 nm. If Ra is less than 0.1 nm, then the appearance of
Mr anisotropy due to the texturing is suppressed, and hence
the OR decreases. If Ra exceeds 1 nm, then the magnetic head
flying height increases, and hence the read/write
performance worsens.

The thus textured substrate is well washed so as to



to 1 nm. If Ra is less than 0.1 nm, then the appearance of Mr anisotropy
due to the texturing is suppressed, and hence the OR decreases. If Ra
exceeds 1 nm, then the magnetic head flying height increases, and hence
the read/write performance worsens. The thus textured substrate is well

ref3s0eA 50 25 o3 £erDoVe foreign matier rom the swiace theragland ; 1,

then film formation is carried out. The seed layer 2 comprises the first

fosged layer 2a and- the. secopd seed layer 2b formed in this order. The first
seed layer 2a is a layer that contains a reactive metal and is provided for

improving adbesionfathe subgiale, Jhe wecend seeddayen 2hds-adayanq
provided for controlling the crystal orientation, crystal grain size and so on

thofdbe dnderdavenfopaedibereencso as inqhtain desiredreharacteristics. 4
for the magnetic recording medium. The first seed layer 2a is made of at

lalgast one matgrialsedected from:-thecaroyp consisting of dinléallaysand is
Cr-Al alloys, Cr-Ta alloys, and Cr-Ti alloys. The second seed layer 2b is

proade=ef at feast onepiaieriakselenied from the araup eamsistingef Ni-Whe
alloys, Ni-Ru-W alloys, and Co-W alloys. Each of the first seed layer 2a

seabddhe segond gseed2iayes 2b may-forpeshariede anothena piurality @ft he
layers in which different materials from among the above materials or
crdifesanteoirposifionsrare ¢isgdtal grain size and so on of the
underlayer formed thereon, so as to obtain desired
characteristics for the magnetic recording medium.

The first seed layer 2a is made of at least one
material selected from the group consisting of Ni-Ti alloys,
Cr-Al alloys, Cr-Ta alloys, and Cr-Ti alloys. The second seed
layer 2b is made of at least one material selected from the
group consisting of Ni-W alloys, Ni-Ru-W alloys, and Co-W
alloys. Each of the first seed layer 2a and the second seed
layer 2b may formed on one another a plurality of layers in
which different materials from among the above materials or
different compositions are used.

The seed layer 2 1s preferably amorphous. Here,
“amorphous” means that other than a halo pattern, distinct
diffraction peaks are not seen in an X-ray diffraction
spectrum, or the mean grain size obtained from a lattice
image taken by using a high-resolution electron microscope

is not more than 5 nm. The amorphous film may contain

microcrystallite grains. By making the seed layer 2 be an

10



The seed layer 2 is preferably amorphous. Here, "amorphous" means
that other than a halo pattern, distinct diffraction peaks are not seen in an
X-ray diffraction spectrum, or the mean grain size obtained from a lattice
image taken by using a high-resolution electron microscope is not more

am@é‘ﬁbﬁ%ﬁ@‘ otherameNiphaus film may gentaine @MQ‘HM%@N&EE é'@_% Hbmes
making the seed layer 2 be an 10 amorphous or amorphous-like film, the

smeiface therenf hesomes ssmoath.and kenae the grains 8§ & Ceduballayi ng

layer comprising the first underlayer formed on the seed layer can be

thwade; Fainute,Idhe Magnetisreesarding tayer sande made te dravBeamade
high OR. It is undesirable for the seed layer to be a crystalline film, since

nithepdheda-Rualleypidhea firstameedayer 3a tbereemwilkbeprene to have
growing epitaxially, and hence an increase in grain size will arise due to
a tonjinuer .growth of the crystal grains, or the Cr-Ru alloy first underlayer
3a may become oriented with an orientation other than (100) due to the
orientationsof:thee=crystabgeains intthe seashldyeye Moreover exersindheine
case that the Cr-Ru alloy first underlayer 3a grows non-epitaxially on the
fideed layerdherenghhessofthe sead jayef stifaceidusttoithecgronite of 3a
crystal grains in the seed layer will cause relaxation of circumferential
t heorapressgivelstran prr theeC=R uoalloyifirgt enderkayea taysedhirny thence an
grooves of the substrate texture, bringing about a
increase in grain size will arise due to continued growth of
the crystal grains, or the Cr-Ru alloy first underlayer 3a
may become oriented with an orientation other than (100) due
to the orientation of the crystal grains in the seed layer.
Moreover, even in the case that theCr-Rualloy first underlayer
3a grows non-epitaxially on the seed layer, the roughness of
the seed layer surface due to the growth of crystal grains
in the seed layer will cause relaxation of circumferential
compressive strain in the Cr-Ru alloy first underlayer caused
by the grooves of the substrate texture, bringing about a
decrease in the OR. For the above reasons, an amorphous or
amorphous-1like seed layer is preferable for achieving a high
OR.
In the case that the first seed layer 2a is made of an
Ni-Ti alloy, the Ti content of the Ni-Ti alloy is preferably
in a range of 20 to 80 at%. If the Ti content is less than

20 at%, or greater than 80 at$%, then the film will be prone

to crystallizing, and hence the OR will decrease.
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decrease in the OR. For the above reasons, an amorphous or
amorphous-like seed layer is preferable for achieving a high OR. In the
case that the first seed layer 2a is made of an Ni-Ti alloy, the Ti content of
the Ni-Ti alloy is preferably in a range of 20 to 80 at%. If the Ti content is

less than +2Q af4sar greaterthant80-at%sthen the fim will bePipngetdf o

crystallizing, and hence the OR will decrease. 11 In the case that the first
crsead layes 2a isnaagde ofen €Al Jioyshedd cantentiof $he Spakalioy-is1 v

preferably in a range of 25 to 60 at%. The reason for this is as in the
incase ohas NifTpalley Ipdhgtcase thatthe Hest seeddayeriza ismadei af ahe

Cr-Ti alloy, the Ti content of the Cr-Ti alloy is preferably in a range of 30
cato=80d at%nTRe radasanlfosthis is as in the case of an Ni-Ti alloy. In the
case that the first seed layer 2a is made of a Cr-Ta alloy, the Ta content
of theIGr-Taalloyde ptefetallhan & remngesefs?D ia§@ at%a The reasen & a
this is as in the case of an Ni-Ti alloy. By reducing the surface energy of
Crtheiseconshseadtayetr 2bnthercrystal ohientatich, cyStakgriain sizefanthsa y
on of the underlayer 3 formed on the seed layer 2 can be suitably
incantreled: Tife B€asan far thiskis thbhght tabemstiolfowss 1 Ehe urederlayethe
3 preferably has a bcc (100) orientation
case of an Ni-Ti alloy.

In the case that the first seed layer 2a is made of a
Cr-Ta alloy, the Ta content of the Cr-Ta alloy is preferably
in a range of 30 to 80 at%. The reason for this is as in the
case of an Ni-Ti alloy.

By reducing the surface energy of the second seed layer
2b, the crystal orientation, crystal grain size and so on of
the underlayer 3 formed on the seed layer 2 can be suitably
controlled. The reason for this is thought to be as follows.

The underlayer 3 preferably has a bcc (100) orientation
relative to the substrate surface, but in the case that a Cr
alloy is used for the first underlayer 3a, the surface energy
is lowest for the bcc (110) plane, and hence the orientation
1s prone to becoming bcc (110). However, by reducing the
surface energy of the second seed layer 2b, the wettability
of the first underlayer is changed, and furthermore by using
aCr~Rualloy forthe first underlayer, bcc (100) crystal nuclei

can be formed well, and hence the orientation can be suitably

controlled to be bcc (100).
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relative to the substrate surface, but in the case that a Cr alloy is used for
the first underlayer 3a, the surface energy is lowest for the bcc (110)
plane, and hence the orientation is prone to becoming bcc (110) .
However, by reducing the surface energy of the second seed layer 2b,

the weitability. o the firgt undarlayer js-changed, and furthermore-By, 4sing. 4

a Cr-Ru alloy for the first underlayer, bcc (100) crystal nuclei can be

1doeresvellyand hence the arigntation Gan ke %J'E%b%/trh&@ @tf@ﬂ%%t% ng sed
e second see

bce (100). 12 To further reduce the surface energy o

r Jayer 2b,thesyrfasg of the seedlayer=isdreferabiy expeged toAno kv gen
oxygen-containing atmosphere. Through the oxygen exposure, activateg

e RHisran the-suface-of hersecond sead dayer Zheaterbendedta-gxyganed

and thus stabilized. As the method of the oxygen exposure, it is preferable

1 dloexppBe doiamexpesureding inya rangeiofch 4 segpnds wth, the
oxygen partial pressure in a range of 1x10 4 to 1 Pa. If the oxygen partial

presspre isHesadkapdxd@.4 Ra osihgecexpegedineg isishadeptharck aple

second, then a sufficient effect of the exposure will not be obtained, and
tdhengedbe OR-wilhnekbe snpwvednt the oxygenparta pressure iseconds

higher than 1 Pa or the exposure time is longer than 4 seconds, then the

wilter ehibhe-magagtisyecarding mediyrpwill-decreasge When farming she pa .
second seed layer 2b, by applying a negative bias voltage to the

Ifs%gaé%ytggr?%%@ioglthgressure is less than 1x107* Pa or the

exposure time is shorter than 1 second, then a sufficient
effect of the exposure will not be obtained, and hence the
OR will not be improved. If the oxygen partial pressure is
higher than 1 Pa or the exposure time is longer than 4 seconds,
then the Hcr of the magnetic recording medium will decrease.

When forming the second seed layer 2b, by applying a
negative bias voltage to the substrate, the surface of the
seed layer is collided by Ar' ions, and hence impurity gas
molecules and the like become less prone to being adsorbed,
and thus activated bonds are more readily formed on the
surface. As a result, after being subjected to the oxygen
exposure, the surface of the seed layer has a lower surface
energy.

The substrate bias voltage applied is preferably in a
range of -30 to -500V. TIf the substrate bias voltage is higher

than -30 V, then a sufficient effect of the bias voltage will
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seed layer is collided by Ar+ ions, and hence impurity gas molecules and
the like become less prone to being adsorbed, and thus activated bonds
are more readily formed on the surface. As a result, after being subjected
to the oxygen exposure, the surface of the seed layer has a lower surface
energy. The substrate bias voltage applied is preferably in a range of -30
nofy -550 VO the ReBstrdieBias Yoltags R niJHeF thahe36 VA thdivatage is
sufficient effect of the bias voltage will 13 not be obtained, whereas if the
Logggstr A bias VoItaye R fowE thaR S 50D P ThER Hrodeds prodleme saem L
as an abnormal electrical discharge will become prone to occur. For
e 1&iilitat Fdsons S GERFE BxBoding e STRald SPthe” 2085 et to the
oxygen, plasma_processing may, be carried out so as to remove impurities
from fhetsitAbe Sn&/eny 1R S HAAGS Brieray Sa be- el redised: the
SeMé)ri%ver af%%r fgm_:]in theesneed I%%r 2, the ggbstratrg:\ ma b% heated to q
750 16 §§5 C,soasto Urther pr&moten%ﬁepﬁcc Fﬁﬁf} ofientation of the first
ou nderlage%Ba.rln tggeczilse thatltcheese%onéjms%%% It%xler abcig made of .an h
iW ﬁloy, the W'edhtent of the NEW aﬁoy is preferably in‘a ranegreec]ﬁyzdt ©
SUIto a%gto/g. If%he V\ég%”&%@t\%}%%%teh]?”r%%uaé%’d then the OR will
5ecrease.nlﬁoﬁe§6ver, If the W content i1s greater than 80 at%, then

g;y;ﬂézéag r{]}ee"@v\'/' (%)e%%%ﬁ‘%é%f%%%%d Denge e QRWI pgaln ot rate
may be heated to 150 to 250 °C, so as to further promote the
bce (100) orientation of the first underlayer 3a.

In the case that the second seed layer 2b is made of
an Ni-W alloy, the W content of the Ni-W alloy is preferably
in a range of 20 to 80 at%. If the W content is less than 20
at%, then the OR will decrease. Moreover, if the W content
is greater than 80 at%, then crystallization will be prone
to occur, and hence the OR will again decrease. The W content
is more preferably in a range of 30 to 80 at%. If the W content
is less than 30 at%, then the second seed layer 2b will become
magnetic, and hence the characteristics will worsen.

In the case that the second seed layer 2b is made of
an Ni-Ru-W alloy, the W content of the Ni-Ru-W alloy 1is
preferably in a range of 20 to 80 at%, and the Ru content is
preferably not more than 50 at%. The total content of Ru and
W is preferably not less than 30 at%. The reason therefor is
as in the case of an Ni-W alloy. Moreover, it is further

preferable to make the Ru content be in a range of 5 to 50
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is more preferably in a range of 30 to 80 at%. If the W content is less than
30 at%, then the second seed layer 2b will become magnetic, and hence
the characteristics will worsen. In the case that the second seed layer 2b
is made of an Ni-Ru-W alloy, the W content of the Ni-Ru-W alloy is

preferably in a range of 20 _to 80 at%, and the Ru content is preferably not
2 Fhore tHATCo0 4. TRE 16131 Gotte ko R AR W is Brferthy Rok fege Y

than at%. The reason therefor is as in.the case.of an Nj-W alloy.
Morei‘(\)/%r',;cl is further tphrg erg fe t%en%éjl?edthseelsas C(l)ﬁt\é%’f b%bln hsra){nnﬁg%f()f

to 50 at%, since then the QR can, be increased more effectively. |
R e B B e B onats bt 3 CoW llog e et
. _cantent of the W %I(Ijoy i§ pggt}erably in a range of 20 to 80 at%. The

*Mihickness of the first see layer 2a is preferably in a range of 4 to 20 nm,

and the.higkness,pl e second segd jaxer 2p is preferably in ranae o,

2to 12 nm. Itis particularly preferable for the thickness of rst see

1l3Yef 220 hg-in arange 0f 6 10,16 nm, and farihe thigknegs gbihs, 4 sceq

second Seed layer 2b to be in a range of 2 to 6 nm. In the case that either

1Q)dbe Bgst seedlayer. 2a gnd the, sgcond, seed ayey 2bcomprises a 1y 5 ¢

plurality of layers formed oh one another,the total thickness of the films

pdPfmed on-eneanomer s preferablymade 10 peda 2 1aRgeAs 2hovg: Theq

underlayer 3'comprises the first underlayer 3a and
layer 2a to be in a range of 6 to 16 nm, and for the thickness

of the second seed layer 2b to be in a range of 2 to 6 nm.
In the case that either of the first seed layer Z2a and the
second seed layer 2b comprises a plurality of layers formed
on one another, the total thickness of the films formed on
one another is preferably made to be in a range as above.

The underlayer 3 comprises the first underlayer 3a and
the second underlayer 3b formed in this order. The first
underlayer 3a is made of a Cr-Ru alloy. The second underlayer
3b is made of a Cr alloy comprising Cr and at least one element
selected from the group consisting of Mo, B, Ti, and W. The
second underlayer 3b may comprise formed on one another a
plurality of layers having different compositions of these
elements.

The first underlayer 3a is preferably made of a Cr-Ru
alloy comprising Cr and Ru, the Cr content being in a range
of 60 to 95 at%. If the Cr content is less than 60 at%, then

the orientation of the first underlayer 3a will not readily
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the second underlayer 3b formed in this order. The first underlayer 3a is
made of a Cr-Ru alloy. The second underlayer 3b is made of a Cr alloy
comprising Cr and at least one element selected from the group
consisting of Mo, B, Ti, and W. The second underlayer 3b may comprise
b formed on one gnother a I}ELI[;\Jra,Iity of layers having different compositions
C6PIRR SR Elemants - ThEYirSP (dehdysr 38 oratsrabhPhdiR or 8F-RG 21
allgy comprising Cr and Ru, the Cr content being in a range_of 60 to 95
5 SR 16 CF CORERE i Ioge A &0 Hi56, ten'th BREAIEGH et (e
underlayer. 3a will not readily. 15 become bcc (100Q) . malgtng the .
oo e o Y B a8, e e e it e St e enis
exposure of the seed, layer to the oxyge n be reduced. It is thought
e e R e T B T i,

oxi8n 97 thessurfage e seed [aver does notreadily difyse ma e,
gnetlcqayer,?hus preventing the Her from decreasing. The thickness

of the first und is  preferaply Jf the fi
dlg r%x §?'ES$%‘5‘ A g‘rl]rc‘; %ﬁ%ﬁéﬂtﬁ%@é‘%er%% ﬁ%rz Vr\?ﬁrtllxethfc ¥ rom

rlayer 3ais thinner th the Cr-Ru laye remain

aeti-enystalized, and hepee the OR wil degrease, I he,first unasrlayer.sa;

is thicker than 7 nm, then the grain size of the underlayer 3 wilFincrease,

pra2d penee the, SNR will worsen. By adding Me.cTi, ,ox W, each of which,ige
a metal having a largeatomic radius, to the Cr alloy of the second

3aquﬁd§¥§ﬁner than 1 nm, then the Cr-Ru layer will remain
un-crystallized, and hence the ORwill decrease. If the first
underlayer 3a is thicker than 7 nm, then the grain size of
the underlayer 3 will increase, and hence the SNRwill worsen.

By adding Mo, Ti, or W, each of which is a metal having
a large atomic radius, to the Cr alloy of the second underlayer
3b, the lattice constants of the second underlayer can be
increased so as to match the lattice constants of the magnetic
recording layer. By making the second underlayer 3b comprise
a plurality of layers having different compositions formed
on one another, the compatibility between the lattice
constants can be further improved. Moreover, by adding B to
the Cr alloy of the second underlayer 3b, the crystal grain
size can be made smaller.

The second underlayer 3b preferably has a Cr content
in a range of 60 to 95 at%.

One or a plurality of intermediate layer(s) 4 may be

disposed between the underlayer 3 and the magnetic
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3b, the lattice constants of the second underlayer can be increased so as
to match the lattice constants of the magnetic recording layer. By making
the second underlayer 3b comprise a plurality of layers having different
compositions formed on one another, the compatibility between the lattice

constants can be further improved. Moreover, by adding B to_the Cr allo
o Setriay L7, THE S oA LA Eal e A e
Th% s;con underlareyler 3b %refer?blél hafjs % Cr cot tent in a range of .60tto
t%. One or & p uréﬁﬁﬁ? Btintemtsdiate Iaflgﬂs) ?neﬁ/rt())él %ispocl)qsse%js +ng
ween the underlayer, 3 and the magnetic, 16 recordinglayer 5. Each
Of?n eorfne%rléteirg)’/e%% ’pr%ge’raﬁy r%grge 8(L)Jf'at I%%%t oneg Sei:egn%er)lét% srelllé%élé e of

rntomihg r%‘%ﬁ%%rés'i%” of fsoé:{e?%%@t‘qb?t’ﬁ% and %H' fhegenstal,
structure o e Intermeaiate layer Is preterably CS. In this case, a

magnetic recording layer having an hcp_structur itaxially arows well on
mat Ié t1cC re%o%%gn% fa er%gﬁv1né;tﬁg§ﬁﬁ %@Pu%%ul% %ﬁétmﬂa?ly

Cp Intermediate layer, an enc IS Improvea.

grﬂ%"\%%f’f&e Eﬁ%”ﬂ%ﬂia&%_'@é@ﬁ%cﬁa%fel ,in a,1ange.Qf 1.1q § oy

e Intermediate layer Is thinner than 1 nm, then the intermediate Tayer
isw@[lﬂ}p]go%ggqiently have an hcp struct_ure _due to the influence of an initial
growth layer formed through heteroepitaxial growth from a bcc structure

K)an@ggsnuggggk%gy% of the intermediate layer 4 1is

preferably in a range of 1 to 6 nm. If the intermediate layer
is thinner than 1 nm, then the intermediate layer will not
sufficiently have an hcp structure due to the influence of
an initial growth layer formed through heteroepitaxial
growth from a bcc structure to an hcp structure. If the
intermediate layer is thicker than 6 nm, then the crystal grain
size will increase, and hence the SNR will worsen.

For the magnetic recording layer 5, an ordinarily used
magnetic recording layer material can be used; a Co-Cr-Pt-B
alloy or a Co-Cr-Pt-B-Cu alloy is particularly preferable.
The magnetic recording layer may comprise a plurality of such
layers formed on one another if desired.

From the viewpoint of the read/write performance, the
composition of the magnetic recording layer is particularly
preferably such that the total content of Cr and B is in a
range of 15 to 30 at%, the Pt content is in a range of 10 to
25 at%, and the Cu content 1is not more than 8 at%.

Following is a more detailed description of the present
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intermediate layer is thicker than 6 nm, then the crystal grain size will
increase, and hence the SNR will worsen. For the magnetic recording
layer 5, an ordinarily used magnetic recording layer material can be used;
a Co-Cr-Pt-B alloy or a Co-Cr-Pt-B-Cu alloy is particularly preferable.
The (%hetlg recordln ayer ma conn%ﬁhse a plurality of such layers

lnf%?rrﬁe oh one ano her eswgd e V|eWp0|nt of the read/write

pekrform cemt e c mposition of the magnetic recording layer is

%MMW such that the total content of Cr and B is in a range
of 15 19,30 30 at% he Pt cont rg}tls in_a ran fc‘)frle%%or 5 at%, 2 d th%c
content is ngt ore eizcrﬂﬁ)%vlng IS’ a more etaﬁeg1 scrlp Ion o?g

e ninedr %E ?:1%9“ ithrqugh W?“ﬂa&gs%%’ﬁﬂﬁ JYorking Example 1,
An exam e |n w a magnetic recording medium avmg the structure
de%@é"_{%@d':'e 1 was manufactured will now be described. As the

substrate 1, an amorphous glass substrate having a diameter of 65 mm

and a,dhickness,p10.636 nm, was used JHis, belngpalished (0.8 surface ng

roughness Ra of 0.3 nm. Next, the glass substrate was textured by a

a Syspended gbrasivegrain method yainga perwaoyed glath a0d,deq, this

diamond slurry, so as to form an average of 45 substantially concentric
beQIFYIBE DIAAVRS PST AL & iea clrcumfgrantiakdireclipm Afterihe yext, the

glass substrate was textured by a suspended abrasive grain
method using a nonwoven cloth and a diamond slurry, so as to

form an average of 45 substantially concentric circular

grooves per 1 pym in a circumferential direction. After the
texturing, Ra was 0.4 nm.

The glass substrate was next washed well, and was then
introduced into a film forming apparatus. Unless
specifically stated, a DC magnetron sputtering method was
used as the film formation method, Ar gas was used as the
sputtering gas, and the film formation was carried out at a
gas pressure of 0.8 Pa. First, an NigTie film was formed as
the first seed layer 2a on the glass substrate. The formed
NigoTige film had a thickness of 8 nm, and had an amorphous
structure. Next, the second seed layer 2b was formed using
an NigsWss sputtering target. First, the NissWss was formed to
2.5 nm, and then while continuing the target electrical
discharge, a -150 V bias voltage was applied to the substrate,

and a further 2.5 nm of NiygsWss was formed. The Ni-W had an
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texturing, Pa was 0.4 nm. The glass substrate was next washed well, and
was then introduced into a film forming apparatus. Unless specifically
stated, a DC magnetron sputtering method was used as the film
formation method, Ar gas was used as the sputtering gas, and the film
2 folgmgg%n ngtsrcaéq:ied gut at a gas pressure of 0.8 Pa. First, an Ni4oTi6o
“fifPwas Tormed as the Tirst seed layer 2a on the glass substrate. The

form i40Ti6o film had a thickness of 8 nm, and had an amorphous
Akttt d s sl o R e ol R

i SPernaproen Ficst e NASWSS wasiipumed fo 26 m. andihen, o

e continuing the target electrica charge, a - ias voltage‘was

ha%ﬁ;ﬂg%i%l\}\?%%%%@s&@?’eggg adyrtbgr 2.5 g@c%an?SM%%%ég‘aﬁrfogegﬁgwith

an 18 amorphous structure. Before forming the un yer

303v8:5eB Mas Gartied eyl iLwhich fe sybsirate,on whish the tworlayver ; 1

seed layer 2" had been formed was exposed for 2 seconds using Ar gas

inWQhré*ﬂTdQ'%t‘)foQ?o@dg%d dheresq, theroxyacnpartabpressyre.being. i @pe

range of 0.01 to 0.4 Pa, thus adsorbing oxygen onto the surface of the

sulViAPYUSS second saedviayerNexl the substraje was heated to 210 C

using a heater, and then the underlayer 3 was formed. First, a first

underlayer 3a made,85ErRORULA was farmed fooa iekngss AF3.8naBker,
using a sputtering target made of CreoRulo. Next, a CrMo

and then the underlayer 3 was formed. First, a first
underlayer 3a made of CrggRujp was formed to a thickness of 3.8
nm using a sputtering target made of CrggRuig. Next, a CrMo
second underlayer 3b of the two-layer structure was formed.
The CrMo layer was formed to a thickness of 1.9 nm using a
CrsoMosg sputtering target.

Next, the intermediate layer 4 was formed. First, a
CoCrTa first intermediate layer 4a was formed to a thickness
of 3 nm using a Co74Cry;Tay sputtering target, and then an Ru
second intermediate layer 4b was formed to a thickness of 0.8
nm using a pure Ru sputtering target.

Next, a magnetic recording layer 5 having a two-layer
structure was formed. First, a first magnetic recording layer
5a was formed to a thickness of 10.8 nm using a Cos3CrasPti14Bg
sputtering target, and then a second magnetic recording layer
5b was formed to a thickness of 7.2 nm using a CosaCri3Pti3Big
sputtering target.

A protective layer 6 made of carbon was then formed
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second underlayer 3b of the two-layer structure was formed. The CrMo
layer was formed to a thickness of 1.9 nm using a Cr70Mo3C sputtering
target. Next, the intermediate layer 4 was formed. First, a CoCrTa first
intermediate layer 4a was formed to a thickness of 3 nm using a
Cao74Cr2 % puttering,target, and then an.Ru second jntermediate
us|é§}8r 4B v%gg oBrm%%%t%Ogjthalgl?neasssﬁngg er{:rﬁnt%iﬁngeﬁfo%éé Rug’n s%&%grfngwas
r1(Lget et Amagnstic recarding Jayen S hawing. A N layety STHA B s ng
was formed. Irst, a first magnetic recording layer Ba'was formed 10 a
et‘zE 0gss 91 10.8,0m usjag %CEQQ%EZ?B%“F&@BE&“‘%%”%ta{ﬁ?%ﬁrﬁ‘é‘ss of
thén a second magnetic recording layer 5b was formed to a thickness of

0.520M5INg.R CoRGCLISRIIB 1o sputtering target. A protective layer 6

made of carbon was then formed 19 using a PECVD method anda

sputteging-method; Ajayerwas firstformed toa thickness of 2.0 pMY yas

the PECVD method using ethylene gas, and then a layer was formed to a

cdhickness of Q3:nmhydbe spuitesingimethipdqising acarban IygehNexty ,

a lubricant made of a perfluoropolyether was coated to a thickness of 1.2

thY8 Bﬂ@gﬁﬁiﬁcf%aﬁiﬁgi(%%d’ E@%QB@@”%H@%?%H@EWWQ taken
medium, which was taken as Working Example 1. Comparative Example

asl Adpagnsticieserdiag medium was manufactured as in

Comparative Example 1

A magnetic recording medium was manufactured as in
Working Example 1, except that the first underlayer 3a was
formed to a thickness of 3.8 nm using a pure Cr sputtering
target, and this was taken as Comparative Example 1.

Comparative Example 2

The first seed layer 2a was formed to a thickness of
3.8 nm in an N; atmosphere using a pure Cr target, and then
the second seed layer 2b was formed to a thickness of 12 nm
using an NigsTas; sputtering target. Other than this, the
magnetic recording medium was manufactured as in Working
Example 1, and this was taken as Comparative Example 2.

Working Example 2

This 1s an example in which magnetic recording media
were manufactured with the substrate bias voltage when
forming the second seed layer 2b being changed.

The substrate bias voltage when forming the Ni,sWss

second seed layer 2b was applied in a range of 0 to -200 V.
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Working Example 1, except that the first underlayer 3a was formed to a
thickness of 3.8 nm using a pure Cr sputtering target, and this was taken
as Comparative Example 1. Comparative Example 2 The first seed layer
2a was formed to a thickness of 3.8 nm in an N2 atmosphere using a

moRyre Cr tar%eﬁt and then the second Seec layer 2b.was for e% to a N iaeld
Ofhikhess of 15 ni Wity an Ni63Ta%r s uefte?i%%ﬁlggeet.o ther thian tHig s>

sefhs, agnete fecording medium was manyfactured as nWotking, o, o,

Exampe T Cand this wag tSkerP a8 Ci”omparaﬁve xamptie % Wor ing Y9
Example 2 This is an examp in which magnetic, recording media_ wer

o B ol UF (e ST Re bias Vohech e i (8 Sacaag e

waf%ee%dﬁ %\}7{% %bggp%a%hain eﬁoggg r%,lbggg[t‘]ef)liigs yoltage when forming

""second seed layer as applied in a range of 0 to -200 V.

20 Mereavey, the step ghexposing fhe sutace,afihe NigSWa5 second the

seed layer to oxygen was carried out with'an oxygen partial pressure o

HCQ:ng ngg%efvtgﬁ tgﬁt’ttﬁ'g @Q{)&@?tﬂgqf ‘é’\iaaslcﬁg@gs%eaif’p 1\!}[1%”8'% gen

Example 1. FIG. 2 shows data on the dependence of the OR and the Hcr

exIGSPECUVElY on the gxygen partial BB%HB‘E It IXYgeR APASYIR {9y 1 e

e magnetic recording media of Working Example 1 and Comparative
1 Example dnjinthecase of the Warking Example, the deterjoratian ithgi ng

Hcr with increasing oxygen
Fxample, the deterioration in the Hcr with increasing oxygen
partial pressure was more gradual than in the case of
Comparative Example 1.

FIG. 3 shows data on the distribution of crystal grain
sizes in the magnetic layer for the magnetic recording media
of Working Example 1 and Comparative Example 2. FIG. 3A
shows the case of Working Example 1, and FIG. 3B shows the
case of Comparative Example 2. It can be seen that in the
case of the seed layer of Working Example 1, the distribution
of crystal grain sizes in the magnetic layer was narrower
than in the case of Comparative Example 2.

FIG. 4 is a graph for explaining the relationship
between the substrate bias voltage when forming the NissWss
second seed layer 2b and the OR for the magnetic recording
media of Working Example 2. 1In a substrate bias voltage range
of 0 to -150 V, as the absolute value of the bias voltage

increases, the OR increases. When the bias voltage exceeds

(in terms of the absolute value) -150 V, the OR saturates.
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partial pressure was more gradual than in the case of Comparative
Example 1. FIG. 3 shows data on the distribution of crystal grain sizes in
the magnetic layer for the magnetic recording media of Working Example
1 and Comparative Example 2. FIG. 3A shows the case of Working
h Examglgfégng EI? 3B shows the case of Comparative Example 2. It
trthe case of the seed layer of Working Example 1, the
distribution of crystal grain sizes in the magnetic layer was narrower than
in the case of Comparative Example 2. FIG. 4 is a graph for explaining the
relationship hetween the substrate bj vog wh rming the .
Ni45W55 se%ond? s(c,gepegdl I%lflé?%a'}and lt%%egg gt%? the%%égr%?cgréecorgﬁﬁ%wm
media of Wor 'ngr%@]%q% a r jas valta g to
coly50 %l%% thek%bsolute v ?‘L‘fget(%rfbth(}qlﬁgéé\}%eﬁ%aé ir%cre%%eézi,q?hgea eRor' n
unEI8eRS Whepthe pasaliage excends; (i teays of e absolite ae
value)~150 V, the OR saturates. 21 What Is Claimed Is: 1. A longitudinal
whdnagnetic recording medium comprising a nonmagnetic substrate, a seed
layer, an underlayer, and a magnetic recording layer in this order,

whergin: said;seed layercompiises asfirst seed layer aad @ sggrnd serd o

layer formed in this order; said first seed layer comprises a single layer or
se@ond seed layer formed in this order;

said first seed layer comprises a single layer or a
plurality of layers made of at least one material selected
from the group consisting of Ni-Ti alloys, Cr-Al alloys,
Cr-Ta alloys, and Cr-Ti alloys;

said second seed layer comprises a single layer or a
plurality of layers made of at least one material selected
from the group consisting of Ni-W alloys, Ni-Ru-W alloys, and
Co-W alloys;

said underlayer comprises a first underlayer and a
second underlayer formed in this order;

sald first underlayer comprises a single layer or a
plurality of layers made of a Cr-Ru alloy; and

sald second underlayer comprises a single layer or a
plurality of layers made of a Cr alloy comprising Cr and at
least one element selected from the group consisting of Mo,

B, Ti, and W.

2. The longitudinal magnetic recording medium
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plurality of layers made of at least one material selected from the group
consisting of Ni-Ti alloys, Cr-Al alloys, Cr-Ta alloys, and Cr-Ti alloys; said
second seed layer comprises a single layer or a plurality of layers made
of at least one material selected from the group consisting of Ni-W alloys,

Ni-Ry-W alloys, and Cp-W alloys; said underlayer ¢ rises a first
20N eé;faril r%%/ af asler%o]gﬂ J"r% eérl[%%r Foarﬁqhedo ﬁt%?slgr?;)lr;rssaﬁd ?i?éacd layer

=nfnderlayer compyises 2 singlglaver of a, plugliy of Jayers made.ofa
r-Ru alloy; and said second underlayer comprises a single Tayer or a
plurality of layers made of a Cr alloy comprising Cr and at least one

element selected from the group consisting of Mo, B, Ti, and W. 2. The

longitydinal maggetis cerdig medium, 22 ascording 40 Sl whesgi

each of said first seed layer and said second seed layer has an

acROPIRANAS Sirugtyte, 3. Thelopgitydinal magnetic secqrding Metiuiy o i

according to claim 1, wherein a surface of said nonmagnetic substrate Is

subitigcied todextwing-inauhich elrcumierential, greqves ate-farmed  said; a1

grooves having a density of not less than 10 per m, and a substrate

grioyigboess after the dexturing EFHI%{Q&}E%%%@Q-&&%&W- 4£TH6 1ess

longitudinal magnetic recording medium

than 10 per um, and a substrate roughness after the texturing

being in a range of 0.1 to 1 nm.

4. The longitudinal magnetic recording medium
according to claim 1, wherein said first seed layer has a
thickness in a range of 4 to 20 nm, and said second seed layer

has a thickness in a range of 2 to 12 nm.

5. The longitudinal magnetic recording medium
according to claim 1, wherein said first seed layer contains
an Ni-Ti alloy, the Ni-Ti alloy having a Ti content in a range

of 20 to 80 ats%.

6. The longitudinal magnetic recording medium
according to claim 1, wherein said second seed layer contailns
an Ni-W alloy, the Ni-W alloy having a W content in a range

of 20 to 80 at%.

7. The longitudinal magnetic recording medium
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according to claim 1, wherein said first seed layer has a thickness in a
range of 4 to 20 nm, and said second seed layer has a thickness in a
range of 2 to 12 nm. 5. The longitudinal magnetic recording medium
according to claim 1, wherein said first seed layer contains an Ni-Ti alloy,

acté‘gr’%'i“ a'|:°é’ a3vng Tl %gm%t%?é‘tl'rﬁ‘ a1anpe 0f.20 [0.80 %, 8, The . 4 ¢y
Iongl Uéllﬁa magnetic recording medium” accor Ing to claim I, wherein

co3qd second ge?grlﬁo}%er Sc?gggnsc Oar%lgi{_\é\lgglloy, the Ni-W alloy having a W

content in a range of 2 at%. fongitudinal magnetic recording
medium 23 according to claim 1, wherein said first underlayer has a Cr
content in a range of 60 to 95 at%. 8. The longitudinal magnetic recording

mediym accorging t?ﬁﬁ@t&d’!‘ﬁ%@i” Rl estsynderlayerias,g  medium

thickness in a range of 1to 7 nm. 9. The longitudinal magnetic récording

acBsAlm Accgrding fg.claim 1y, whetein sgid secopdundedayariasa Gl o

content in a range of 60 to 95 at%. 10. The longitudinal magnetic
£ WecRFliRg medium agerding tp glaimy1,wherein said magnetic recording
layer comprises a single layer or a plurality of layers made of at least one
material selected from the group consisting of Co-Cr-Pt-B alloys and
Co-Cr-Pt-B-Cu alloys.
9. The longitudinal magnetic recording medium

according to claim 1, wherein said second underlayer has a

Cr content in a range of 60 to 95 ats%.

10. The longitudinal magnetic recording medium
according to claim 1, wherein said magnetic recording layer
comprises a single layer or a plurality of layers made of at
least one material selected from the group consisting of

Co-Cr-Pt-B alloys and Co-Cr-Pt-B-Cu alloys.

11. The longitudinal magnetic recording medium
according to claim 1, further having an intermediate layer

between said underlayer and said magnetic recording layer.

12. A method of manufacturing the longitudinal
magnetic recording medium according to claims 1, the
method comprising forming said second seed layer using a

sputteringmethod inwhich a substrate bias voltage is applied.
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11. The longitudinal magnetic recording medium according to claim 1,
further having an intermediate layer between said underlayer and said
magnetic recording layer. 12. A method of manufacturing the longitudinal
magnetic recording medium according to claims 1, the method

comprising forming said second seed layer using a spygerin method in .
hIChS Suboiate Bt JoTgs R eohad o4 15 b o Abcoming ¢

laj wherejn said strate.bias vol isp a_rgnge of - 500
su%?‘%%al_lg ﬁe me‘g'ﬁ‘\léoc]§ accé%%%wg t% cti'jtlm%l 12,5?1%$ﬁe?@|nclu ingoa st%e%bgf,\ﬁaifter
said second seed layer has been formed, subjecting a surface of said

second seed layer to plasma processing. 15. The method according to

claim 14, whereip Ar i usedin said plasmg progessing; 16. The methed, .

according to claim 12, further including a step of, after said second seed

inl2ygHhag beenogmed, expasing aspface of saidssecondsged RYEN 0 cn

an oxygen-containing atmosphere. 17. The method according to claim 16,

FoMherein saig axygensontalnipg atmospherehassan oxygenpartial yer +o
pressure in arange of 1x10-4 to 1 Pa. 25

plasma processing.

15. The method according to claim 14, wherein Ar is

used in said plasma processing.

16. The method according to claim 12, further
including a step of, after said second seed layer has been
formed, exposing a surface of said second seed layer to an

oxygen-containing atmosphere.

17. The method according to claim 16, wherein said

oxygen-containing atmosphere has an oxygen partial pressure

in a range of 1x10™ to 1 Pa.
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