Magneti ¢ Recordi ng Medi um and Manufacturing Met hod Thereof Technical Field
of the Invention The present invention relates to a magnetic recording

medi um and a nmanufacturing nethod thereof, and nore specifically to a
magneti c recordi ng nedi um and a manufacturing nethod thereof, according to
whi ch an increase in coercivity and a reduction in noise are

Si mul t aneousl o ald 28t AR IDEPUNES wl i JTALTAG! WD AR L8 ol ow Prior

Art From hitherto various magnetic |layer conpositions and “strucfures,
nonmagneti c foundation |ayer materials and so on have been studied and
proposed for magnetic recording nedia, for which high recording density

and | ow noi.se are de ded. .In arti.cular, in recent years, there have
nmany pr eocs}mjscaflorﬂerﬁg{]aorﬂlq}e &5 ayers', which are magnetic |ayers
having a structure in which magnetic _crystal grains are surrounded by a
nonnagnet i ¢ ndMFe PSSR ts YPSERTEETs FEH 34§ Sant BxR d a1 i tgGHe 1 gor
exanpl e, in Japanese Patent Application Laid-open No. 8-255342, it is
pr oposed'@d Wb eidaa neanabnet tE1 Ry IRgthed therepdgnendcner e mrawiGcally
nonmagnetic filmin this order and then carry out heating treatnent, thus
f or m ng % granwkamnembgnetda rdimgemediagordih@ Imsyrerfadtmnimioc meftésodomagnet i ¢
crystal grains are 1
thereof, according to which an increase in coercivity and a
reduction in noise are simultaneously realized, and moreover

the manufacturing cost is low.

Prior Art

From hitherto various magnetic layer compositions and
structures, nonmagnetic foundation layer materials and so on
have been studied and proposed for magnetic recording media, for
which high recording density and low noise are demanded. In
particular, in recent years, there have many proposals for
‘granular magnetic layers’, which are magnetic layers having a
structure in which magnetic crystal grains are surrounded by a
nonmagnetic nonmetallic substance such as an oxide or a

nitride.

For example, in Japanese Patent Application Laid-open No.
8-255342, it is proposed to form a nonmagnetic film, a
ferromagnetic film and a nonmagnetic film in this order and then
carry out heating treatment, thus forming a granular magnetic

layer (recording layer) in which ferromagnetic crystal grains are



di spersed in a nonmagnetic film whereby noi se can be reduced. An oxide or
nitride of silicon or the like is used for the nonnagnetic filns in this
case. Mdreover, U S. Patent No. 5,679,473, specification, describes
depositing a recording |ayer by RF sputtering using a CoNiPt target to

whi ch an oxi de such as Si Q2 has been added in advance, whereby a granul ar
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are separate rom one anot her can
be for en hi.gh. .coeccivit d | ow noi se can_be realized.
Nbreovgﬁgii%ﬂgéghnégenﬁgfé%% §5p?%%é Pé:%%a?g?o%%%éhbs u%%@lﬁiﬁl%%i, t here
is disclosed a ranq% magnet.i quer that is constituted froman all oy
havi ng CO°HEPH %%c'%&?sc ‘dheht S $her eof and having an hcp structure and
3 to 50 nol % of an oxide or nitride, and for which an axis of easy
magnetization is oriented in a direction approximtely parallel to the
substrate surface, and it is stated that an increase in coercivity and a

reduct i MfPTIPHRI s aF ¢ PfssithINo wi 2 1o T hi &7 Yr a3is G igagriean ¢ dgsgreibes
Furthernore, in Japanese Patent Application Laid-open No. 2000-276729, an
exanpl e depespoined a nrahptiingr éeyedi hy Rayepubsertogstsinged Codnba
granul ar magnetic layer in which a plurality of ferromagnetic crystal
grai ns compgetsitng wAnicl laoy oltddienguah2as SiO, has been added in advance,
whereby a granular magnetic layer having a structure in which
magnetic crystal grains are surrounded by a nonmagnetic oxide and

are separated from one another can be formed, and hence high

coercivity (Hc) and low noise can be realized.

Moreover, in Japanese Patent Application Laid-open No.
2001-101651, there is disclosed a granular magnetic layer that is
constituted from an alloy having Co as a principal component
thereof and having an hcp structure and 3 to 50 mol% of an oxide
or nitride, and for which an axis of easy magnetization is
oriented in a direction approximately parallel to the substrate
surface, and it is stated that an increase in coercivity and a
reduction 1in noise are possible with this granular magnetic

layer.

Furthermore, in Japanese Patent Application Laid-open No.
2000-276729, an example is reported in which a recording layer is
constituted from a granular magnetic layer in which a plurality

of ferromagnetic crystal grains comprising an alloy having a



conposition such as Co80Pt15Cr5 are arranged in an SiQ2 matrix, whereby a
magneti ¢ recordi ng nmedi um havi ng good overwite properties can be _
realized. Wth such granular magnetic layers, it is thought that a
nonmagneti ¢ nonnetal lic grain boundary phase physically (spatially)
separates the magnetic grains fromone another, and hence the magnetic

| nteractd g, datucen LienTadned] LN IS o heduged., And Whes fhe. for mation
of zigzag grietic domai n“wal 8 ¢eut ring ‘at recording bit fransitibnal
regi ons Jﬁ%ﬁ% rgssgdhetmher%b rl9m1n02§e can be_ obt ai eglv VWEh CoCr-type
metal || & hagheti & FreRs cthal Shavs BdeRcssl AR PHeIB8St OVERE  §EPosi tion i s
carried out at high tenperature, ,and hence the C precipitates out from

t he Co- BES&f 19 zﬁ%éi%ﬁﬁ?becones segregated at the grain
boundaries, which reduces the magnetic interaction between the magnetic
grains; however, in the case of a granular magnetic |ayer, a nonmagnetic
nonnetal i c substance is used as a grain boundary phase, and hence
segregati on o#dihs spshe gasvlpn Faynsittile tleeye@s,i dtalscoherghitohhbt a
CoCr-type netallic magnetic film and thus isolation of the magnetic

grai ns frraomagre tanotrivermedant hiec proniot édburnrdd mt iptelse gasidicalVWyr eover, in a
conventional CoCr-type netallic magnetic film to secure sufficient O
segregat {spytidlly)s segsanitcal the saynkhe csybatinat Erbenpes adnstehdo, aind east

200C during the filmdeposition, whereas in the case of a granul ar
hence the magnetic interaction between the magnetic grains is
reduced, and thus the formation of zigzag magnetic domain walls

occurring at recording bit transitional regions is suppressed,

whereby low noise can be obtained.

With CoCr-type metallic magnetic films that have been used
in the past, the deposition is carried out at high temperature,
and hence the Cr precipitates out from the Co-based magnetic
grains and becomes segregated at the grain boundaries, which
reduces the magnetic interaction between the magnetic grains;
however, in the case of a granular magnetic layer, a nonmagnetic
nonmetallic substance 1is used as a grain boundary phase, and
hence segregation occurs more easily than with the Cr in a
conventional CoCr-type metallic magnetic film, and thus
isolation of the magnetic grains from one another can be promoted
relatively easily. Moreover, in a conventional CoCr-type
metallic magnetic film, to secure sufficient Cr segregation, it
is essential to set the substrate temperature to at least 200°C

during the film deposition, whereas in the case of a granular



3 magnetic layer, there is an advantage that the nonmagnetic nonnetallic
subst ance can be nade to segregate at the grain boundaries even in the
case that the nagnetic |layer is deposited wi thout heating the substrate.
Probl ens to be Solved by the Invention However, w th magnetic recording
medi a having a granular nmagnetic layer, there is a problemin that to

realize ir i C ert] i rti L.a I civit
He) , 'tIﬁ_eégﬁgé]%gﬁﬁgggggﬂ%BJ§%§§%f¥§%§¥%$§i$%F§r§§ea%85ﬁ958%%§F, mhiZh
i S expensiyve

t.0 .t he alloy. For_exanple, with th netic _recording
nmedi um dleqsr}:n}ei‘tbaelglicn .(%‘.taﬁ‘act enct"’u')l\lc]?.e g}a%?tf?iegrée ggie?lg%at%};ngngrtag%r ealize

an He of approxi mately 2400 Ce, a |l arge . anmount of of 11 atj%is
neces sl U, TG GBI P28 Cappr JpRELGmAYEr W meposited
conventional CoCr-type netallic magnetic film adding at nost 5 at% of Pt
is suf fcihait ety ddisisuPsdtrakdgnetic recording has increased in
recent years, a very high He of 3000 Ce or nore has cone to be denanded of
magneti c recording nmedia, and in this situation there is a problemthat

wi th granul ar magnetic |ayers, for which a | arge amount of expensive Pt is
requi recPradlaeme risadee tdrel wde] Mvhehmnufesttirdmg cost rises. Moreover, as

the recording density is increased, further reductions in nedium noise are
demanded, and Hwewoet, herieh snagmetic recording media having a granular

magnetic layer, there is a problem in that to realize the desired
magnetic properties (in particular high coercivity Hc), it
becomes necessary to add a relatively large amount of Pt, which
is expensive, to the Co alloy. For example, with the magnetic
recording medium described in U.S. Patent No. 5,679,473,
specification, to realize an Hc of approximately 2400 Oe, a large
amount of Pt of 11 at% is necessary, whereas to realize
approximately the same Hc with a conventional CoCr-type
metallic magnetic film, adding at most 5 at% of Pt is
sufficient. As the density of magnetic recording has
increased in recent years, a very high Hc of 3000 Oe or more has
come to be demanded of magnetic recording media, and in this
situation there 1is a problem that with granular magnetic
layers, for which a large amount of expensive Pt is required to

increase the Hc, the manufacturing cost rises.

Moreover, as the recording density is increased, further
reductions in medium noise are demanded, and hence there is an

increasing need to finely control the microstructure of



increasing need to finely control the mcrostructure of 4 granular magnetic
| ayers, for exanple the nmagnetic crystal grain size and the segregation
structure. For exanple, in Japanese Patent Application Laid-open No.

2002- 015417 it is disclosed that by form ng a nonmagnetic internedi ate

| ayer of a nonmagnetic netal or alloy having an hcp crystal structure

bet veen agnan an IROAGH ¢ LoyeL ard.a donRanetic Loyndat] . dayer, it

is possible to reali'ze high and Tow ne m noi se; owever, urt her
reduce nori SE& %ri%stal ngegﬁgn on ana@tgrrlﬁsc Igve% i.E_e.r contr Ie ofint he state
of orientation akd the nt&Fi tCIERBuRt oS thE %L?y%tal YatYie étween t he

respectiye layers, is _ consjdered tao be necessary. ln vi f .the problens

descri be %adb%see Rytent aﬁ?@bﬁ‘%@cﬁlcﬁ? La s R8s & izrgpgﬁtql?r?(]&o 1 6% de a

magneti c_recordi ngC medi um and . a manufacturing method thereof, according to

whi ch arfisferead that &yerf&r\liilt“;g anBCoRMPEREEL FoRn FATRBsRt @rkayer of a

simul taneously realized, and noreover the manufacturing cost is |ow Means

for Sol vierradietFrobheisll 91t hel ppesdmvinw et iboth any sdralaist nued uglsove

object, according to claiml, in the case of a magnetic recordi ng nmedi um

i n whi choetvéemaste graomdagnebigoetdondayeonahdyarnommayaeitd arfouradpisiare

| ayer, a protective layer and a liquid lubricant layer are forned in this

order onlayswnnegnetsi posyhdticate, reheize high He and low medium noise;
however, to further reduce noise, crystal design on an atomic
level, i.e. control of the state of orientation and the misfit

amount of the crystal lattice between the respective layers, is

considered to be necessary.

In view of the problems described above, it is an object of
the present invention to provide a magnetic recording medium and
a manufacturing method thereof, according to which an increase
in coercivity and a reduction in noise are simultaneously

realized, and moreover the manufacturing cost is low.

Means for Solving the Problems

In the present invention, to attain the above object,
according to claim 1, in the case of a magnetic recording medium
in which at least a nonmagnetic foundation layer, a granular
magnetic layer, a protective layer and a liquid lubricant layer
are formed in this order on a nonmagnetic substrate, the
magnetic recording medium 1is characterized in that the

foundation 1layer has a body-centered cubic crystal structure



magnetic recording nediumis characterized in that the foundation |ayer
has a body-centered cubic crystal structure 5 with a preferred crystal
orientation plane being a bcc (110) plane, and is characterized by having,
bet ween the foundation |ayer and the granular nagnetic | ayer, a
nonmagneti c internmedi ate | ayer that has a hexagonal cl ose-packed structure

with an _hcp (100 ane Qr an hc 200 l.ane bein preferred
orient at"flgtlrll}1 p%an%?g#fﬁpé%@erc,rya%@@r ((?lrnlge)r{tgatc Al %‘fm%l %etlﬁlg gaéé: cof( 1t1k%
magneti c . recordi ng.nmedium according to clajm1, the nmagnetic recaqr.ding
modi um IR RIDT LSed PRI RET LHET HORHAGRELY ¢ TG Troci i & 1R a5 made
of an alloy containing at |least Ge and containing at |east one selected
from t hel FVUFDANS IR TFeMHRCIVAC NBY86ver, M IHg S0 claim3, in
the case of the magnetic recording nediumaccording to claiml1, the

magnet i cLHeBtAiRF© ndavem £hathhpace eh¢zedonal t ke s Hadlmthegiaigtare

internmediate layer is made of an alloy containing at | east Co and
cont ai niwigcth &n lhegst( 10 pdkeet ed Bnohrphé2gf buplemasistiqeg afrafeantdb.
Mor eover, according to claim4, in the case of the magnetic recording
medi um accirdiatgidro laien 1, the magnetic recording nediumis
characterized in that the nonmagnetic internediate |ayer is nmade of an
alloy containing at least Ti and containing at |east one selected fromthe
group consisting of Pd, Ga and Al.
Moreover, according to claim 2, in the case of the magnetic
recording medium according to claim 1, the magnetic recording
medium 1is characterized in that the nonmagnetic intermediate

layer is made of an alloy containing at least Ge and containing

at least one selected from the group consisting of Fe and Mn.

Moreover, according to claim 3, in the case of the magnetic
recording medium according to claim 1, the magnetic recording
medium 1s characterized in that the nonmagnetic intermediate
layer is made of an alloy containing at least Co and containing

at least one selected from the group consisting of W and Mo.

Moreover, according to claim 4, in the case of the magnetic
recording medium according to claim 1, the magnetic recording
medium 1is characterized in that the nonmagnetic intermediate
layer is made of an alloy containing at least Ti and containing

at least one selected from the group consisting of Pd, Ga and Al.

" Moreover, according to claim 5, in the case of the magnetic



Mor eover, according to claim5, in the case of the magnetic 6 recording
medi um according to claim1l, the nagnetic recording nediumis
characterized in that the nonmagnetic internediate |ayer is made of an
alloy containing at |east NN and containing at |east one selected fromthe
group consisting of Zr, Sn and In. Mreover, according to claim®6, in the

case of anet | .recaqrdi .nedium.according, to claim1l1, th netic
ecor di g i MEAIRET 2P B EHRATR, R "RaRnRg BTt ntEFREa: e
| ayer is de of, _an _alloy of.Fe and Sn. reover, according to claim?7, in
Lo casd BT The  fagRat FACETELETHI MY TRHF UM St riR T Lo A AT O e
magneti c, recordin medi um i s_characterized in that the nonmagnetic
i nt er medi 3 H%?%’rdq &trafe3dfO¥ EORPBLAUNEoRATE af Pl Mt IRAGOTHFE A%t ed
from the group consisting of carbides and nitrides of Co, Nl and Fe.
Mor eoverat gc@@éﬁtdpﬁg solethedhron fhehareapecotsidelimudiietire Shedf dig
medi um according to claim1l, the nagnetic recording nediumis
characterized in that the nonmagnetic internediate |ayer is made of an
al l oy having an Ni 3Sn-type or AuCd-type regular lattice structure.
Mor eover, accoicdienyetrg ebabmdngi totdiemica$e bh tike cmgnetfi the mexprediing
medi um according to any of clainms 1 through 8, the magnetic recording
medi um isecddiaci emezdedm Bcchatdiagctystabiml att kee fbghetiampubbrighyeen
t he nonmagnetic internediate

medium is characterized in that the nonmagnetic intermediate

layer is made of an alloy of Fe and Sn.

Moreover, according to claim 7, in the case of the magnetic
recording medium according to claim 1, the magnetic recording
medium is characterized in that the nonmagnetic intermediate
layer is made of a compound containing at least one selected from

the group consisting of carbides and nitrides of Co, Ni and Fe.

Moreover, according to claim 8, in the case of the magnetic
recording medium according to claim 1, the magnetic recording
medium 1is characterized in that the nonmagnetic intermediate
layer 1is made of an alloy having an Nis;Sn-type or AuCd-type

regular lattice structure.

Moreover, according to claim 9, in the case of the magnetic
recording medium according to any of claims 1 through 8, the
magnetic recording medium is characterized in that a crystal

lattice misfit amount between the nonmagnetic intermediate



7 layer and the granular magnetic layer is not nore than 10% for each of an
a-axis and a c-axis. Mdreover, according to claim110, in the case of the
magneti c recording nedium according to any of clains 1 through 9, the
magnetic recording nediumis characterized in that nonmagnetic grain
boundaries in the granular nagnetic |ayer conprise at |east one oxide of

I I f i.Stj 1d e Al
T T G e Bkt SRR BRI G Prdla & e
magneti c caording nedi um according to any of clainms 1 through 10, the

re a
magnet i cearcélcooffcrjiaﬁ’g ]u'smainsOF(‘?‘hgr_ﬁl €rized in that ferromagnetic crystals
in the granular nmagnetic |ayer are made of a CoPt alloy and the CoPt all oy

has at | east one elenent selected fromthe group consisting of G, N and
Ta added thereto. Mreover, according to claim 12, in the case of the
magnetic recdCdieRySFedp GAPEELDE dih§leemahy, o EhgitaSe ofhEbaigRraretithe
magnetic recording nmediumis characterized in that the foundation | ayer is
made of mEGPUTHING | Akddumeciecofdbng the Frvupt ofaims al stloonydlstIng s Ta,
C, W M and V, the group of & alloys consisting of &M, COTi, CV and
Cr W andnadreetgroupecbriiingainkdysmcbaschéragtefiFedVimitMyt Tid@meggrekthicy/ each
containing 10 to 60 at%of Ti.

grain boundaries in the granular magnetic layer comprise at

least one oxide of at least one element selected from the group

consisting of Cr, Co, Si, Al, Ti, Ta, Hf and Zr.

Moreover, according to claim 11, in the case of the magnetic
recording medium according to any of claims 1 through 10, the
magnetic recording medium is characterized in that
ferromagnetic crystals in the granular magnetic layer are made
of a CoPt alloy and the CoPt alloy has at least one element
selected from the group consisting of Cr, Ni and Ta added

thereto.

Moreover, according to claim 12, in the case of the magnetic
recording medium according to any of claims 1 through 11, the
magnetic recording medium is characterized in that the
foundation layer is made of any material selected from the group
of metals consisting of Ta, Cr, W, Mo and V, the group of Cr
alloys consisting of CrMo, CrTi, CrV and CrW, and the group of Ti
alloys consisting of TiW, TiMo, TiCr and TiV each containing 10

to 60 at% of Ti.



8 Moreover, according to claim13, in the case of the magnetic recording
medi um according to any of clainms 1 through 12, the magnetic recording
mediumis characterized in that the nonmagnetic substrate conprises a
plastic resin. Furthernore, according to claim14, in the case of a nethod
for manufacturing the magnetic recordi ng nedium according to any of clains
1 through 13, Mtor%%oq;%&hogc{:é ghaLagt %g'a%%dl?y iGAERYT ke QUL B Tl
deposition procéss w thou héa ng” t'he "nonhagneti ¢

Brief Descript.ion of ’ he Draw Bgs Iéi g. 1 Afsc er.ratiﬁ gﬁcti oga;Zdr Wi ng of
a magnet’i T tecorti Rge-HBdPafPoF e “Pr 88&nt*i fivBntPon. “RF W9 di@&;‘?am
showi ng the X-ray in-plane diffraction patterns, for a magnetic recording
medi um StRIREF 5 eSERPTARPEN TR FRV Rigchar a7ttt | bh Thifertthd a 66Fe34C
nonmagnetic internmediate |ayer. Enbodinents of the Invention Followng is
a descriTRNMRPGTE i FalFdnd teul amEdgiRe i Plesddrdingg ifedi um and a

manuf acturing nmethod thereof according to the present invention, with
reference to the drawi ngs. 9

etic
substrate | advance.

Furthermore, according to claim 14, in the case of a method
for manufacturing the magnetic recording medium according to any
of claims 1 through 13, the method is characterized by carrying
out a film deposition process without heating the nonmagnetic

substrate in advance.

Brief Description of the Drawings
Fig. 1
A schematic sectional drawing of a magnetic recording

medium of the present invention.

Fig. 2

A diagram showing the X-ray in-plane diffraction patterns
for a magnetic recording medium of the present invention having
a W foundation layer and a 66Fe34C nonmagnetic intermediate

layer.

Embodiments of the Invention
Following is a description of a perpendicular magnetic
recording medium and a manufacturing method thereof according

to the present invention, with reference to the drawings.



The present inventors carried out assiduous studies to increase
coercivity, reduce noise and reduce cost for granular magnetic |ayers, and
as a result discovered that by providing, between a granular magnetic

| ayer and a nonnmagnetic foundation |ayer, a nonnmagnetic internediate |ayer
conprising an alloy having a hexagonal close packed (hcp) crystal

structure, | cogloiyidy gan e dgreased.and o se Gag e s%%g%g ¢l t hout

i ncreasing the ANl expen I'dea i

al so dlsclosed in Patent Docune 5, but in res ent vention.the
nonmagnettc Gfarﬁeer?%ecﬁcajtvelﬁya{yerreqq%c%&oJcso%satr} Lﬁe Cqr @rﬁt &1 195y ¢d Rt ai ni ng
an expensive reC|ous metal such as Ru_ or, Ir, but rather the ngnmagnetic

i nt er nediEe L eha Y& s c A idUte d F5bh M SHTHE it thig P Veiditidvel y

i nexpensi ve netal such _as Ge, Co, Ti or N, and noreover crystal design of
the noMRigR_D c ﬁFéPHééﬁaWégPﬁyéP hagepeaRdcar PPRBR Rt vthi fundanikider i ng
the state of orientation and the msfit anobunt of the crystal lattice

bet ween tdie hormagweragnettier nedtarvetlagee lanert henpoaghieng can aykkoy
Specific alloy conpositions for the nonmagnetic internediate |ayer will be
descri bethtiaier a hewevenalt ké oseopaadeet | (hcoourdagtsiiad kayectumet he nagneti c
recordi ng mediumof the present invention is preferentially orientated in
t he bcc cdddd)vipl anearwfba hratheoemd eredl waitde ¢t Qe stadicidd,e,wianbithe

nonmagnetic intermedi ate | ayer provided thereon is easily

increasing the amount added of Pt, which is expensive. A similar
idea is also disclosed in Patent Document 5, but in the present
invention the nonmagnetic intermediate layer is not constituted
from an alloy containing an expensive precious metal such as Ru
or Ir, but rather the nonmagnetic intermediate layer is

constituted from an alloy containing a relatively inexpensive
metal such as Ge, Co, Ti or Ni, and moreover crystal design of the
nonmagnetic intermediate layer has been carried out while

considering the state of orientation and the misfit amount of

the crystal lattice between the nonmagnetic intermediate layer

and the magnetic layer.

Specific alloy compositions for the nonmagnetic
intermediate layer will be described later; however, the
nonmagnetic foundation layer in the magnetic recording medium of
the present invention is preferentially orientated in the bcc
(110) plane of avbody—centered cubic (bcc) structure, and the
nonmagnetic intermediate layer provided thereon is easily

oriented in the hcp (100) plane or the hcp (200) plane. As a result,

10



oriented in the hcp (100) plane or the hcp (200) plane. Asa result, 10

epi taxial growth of the granular magnetic |ayer on the nonnmagnetic
internediate | ayer is pronoted, and hcp (100) plane in-plane orientation
becones easy. Fig. 1 is a schematic sectional drawi ng of the magnetic
recordi ng medi um of the present invention. This magnetic recordi ng nmedi um

has a structur.e.in_whi a_ponnmagnetic . _foundation layer onmagnetic
interneéﬁéq§“?§§Erg§?w§R d%gnﬁmggg%&@ﬁé?ﬁcmﬁg§§Fl£,lg&gra%argpgctive | ayer

5 are formed in_ .thi,s order,.on a_nonmagnetic substrate 1, a | i.qui d
b | cantOTIAgBE 6 FOCRARE S8 LAY SR SPeRFPURtPayen® HoR i et ¢
substrate 1, a strengthened glass or an Al alloy plated with NiP, or a
cryst al Iiyad agisasE ittt atmen Hesomess §38$dd with ordinary magnetic recording
medi a can be used, or alternatively, because heating of the substrate is
not necessary for reasons described later, a substrate nmade by injection
nol ding a plastic resin such as a pol ycarbonate or a polyolefin can also
be used. The Mdgmadnétsi @ fsoledattiion skeayéon2li drevaspi it sbef megnatic
nonmagneti ¢ substance containing NNAl, C or the like that is
pref er emtdadddimy | aptiedmi bft haebpeecth@) ipaneiont iBhijs efieyadiisc to use a
nmetal such as Ta, &, W M or V, a C alloy such as &M, CTi, CV or
CW or meddrdldpymedeimashds Wa HMuctlir® ier whHikh a nonmagnetic
foundation layer 2, a nonmagnetic intermediate layer 3, a
granular magnetic layer 4, and a protective layer 5 are formed in
this order on a nonmagnetic substrate 1, and a liquid lubricant

layer 6 is formed on the protective layer 5.

As the nonmagnetic substrate 1, a strengthened glass or an
Al alloy plated with NiP, or a crystallized glass, or the like,
as used with ordinary magnetic recording media can be used, or
alternatively, because heating of the substrate is not necessary
for reasons described later, a substrate made by injection
molding a plastic resin such as a polycarbonate or a polyolefin

can also be used.

The nonmagnetic foundation layer 2 is constituted from a
nonmagnetic substance containing NiAl, Cr or the like that is
preferentially oriented in the bcc (110) plane; it is preferable
to use a metal such as Ta, Cr, W, Mo or V, a Cr alloy such as CrMo,
CrTi, CrV or CrW, or a Ti alloy such as TiW, TiMo, TiCr or TiV

containing 10 to 60 at% of Ti. In particular, to increase the

11



containing 10 to 60 at% of Ti. In particular, to increase the 11 effect of
using the nonmagnetic internmediate |layer 3 as described later, a TiWall oy
or a TiM alloy is preferable. Mreover, there are no particul ar
limtations on the thickness of the foundation layer 2, but fromthe

vi ewpoi nt of obtaining good recording/reproduction properties it is
preferable tq set this i ckness to appraximately to_50_n The granul ar
nmagnet i ceqefaefg:r OAft coimptd S%Eef e??%%eeiff% l&tfstf’%ﬁd% r% i (r%‘yﬁé:w ng>an hcp
structure and nopmagnetic grain oundari es surroundi ng these ferromagnetic
crystal isimdesh 1amitl oxrdd 8-LAVt Prdé Mgy @ggﬂﬁ’ A Pﬁ%gﬁrﬁ]%;ﬁagneti c
grain boundaries, thus spatially separating the ferronmagnetic crystal

grai ns fMQﬁﬁ%fr?erraﬁaﬁﬁérar%mparéﬁéﬁaﬁarlypw@‘w%scoahtbé thhbtreed Off or
exanple, by carrying out filmdeposition by sputtering using as a target a
f er r omagiea ifoumsteali cxoReaeni Ag kirt oxdldNeovitvpriing ©heohifonhigr@tda®dqr ai n
boundaries, or carrying out filmdeposition by reactive sputtering using a
f er r omagresta i mptrad p rasd s ttiang gtr dpe vAri st te aret @i feg adegére. sEitertdisr e no
particular limtations on the material constituting the ferromagnetic
crystal wgriadkisssdulo pEiwssalatesly CRio éd ayni s sel ected. In particular,
fromthe viewoint of reducing nediumnoise, it is preferable to add at

| east one elenment selected fromthe group consisting of C, NI and Ta to

t he

The granular magnetic layer 4 comprises ferromagnetic
crystal grains having an hcp structure and nonmagnetic grain
boundaries surrounding these ferromagnetic crystal grains; a
metal oxide or nitride is present at these nonmagnetic grain
boundaries, thus spatially separating the ferromagnetic crystal
grains from one another. Such a granular structure can be
obtained, for example, by carrying out film deposition by
sputtering using as a target a ferromagnetic metal containing an
oxide for forming the nonmagnetic grain boundaries, or carrying
out film deposition by reactive sputtering using a ferromagnetic

metal as a target in Ar gas containing oxygen.

There are no particular limitations on the material
constituting the ferromagnetic crystal grains, but preferably a
CoPt alloy is selected. 1In particular, from the viewpoint of
reducing medium noise, it 1is preferable to add at least one
element selected from the group consisting of Cr, Ni and Ta to the

CoPt alloy.
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CoPt alloy. 12 Moreover, to forma stable granular structure, as the

mat eri al constituting the nonmagnetic grain boundaries, at |east one oxide
of at |east one elenent selected fromthe group consisting of C, Co, Si,
Al, Ti, Ta, H and Zr is preferable. Furthernore, there are no particul ar
limtations on the thickness of the magnetic |ayer, which should be set

such that a fficient hea pr o i on o] C ai ring
recor di ng/ rep?%égue&vie%h. Y org?}%rgl %)r%F%%{ngv%g%]}é%g%r5?9¥L2§t§§%’m{l]§dta}g%hi nfilm
conprising mainly carbon can be used. Moreover, for, the ligqui.d |ubricant
| ayer 6,m5fq%‘?r nﬁf’gsglﬁggﬁpﬁorgb%l VWIS S SH D PII5E TdS8d. “The
nonmagnetic internmedi ate layer 3 in the magnetic _recordin di um of the
present RN TRistE B déeBFtaﬁnea?il%’i}e‘(‘BrS%?%Wdt}n%‘?g‘“ﬁgée &t Hp
crystal structure and is referentially oriented in the hcp (100) plane or
the hcp $2oD)stigiarmt Cgpeé?@fri cHi Al YLt B ndimmadifetaind i4it dismddiedeeaPadger 3 is
preferably made of (1) an alloy containing at | east Ge and containing at
| east onRusEieat f ridranche ageoupo c o tsitdudg rofl iFd tadnidnvh on( 2hean al | oy
containing at |east Co and containing at |east one selected fromthe group
consi st itgi dind¥sand Wbhe (dynanicaldpyrcort amisigpuid beastetTsuahdtivantaai ni ng
at | east one selected

sufficient head reproduction output can be obtained during

recording/reproduction.

For the protective layer 5, for example a thin film
comprising mainly carbon can be used. Moreover, for the liquid
lubricant layer 6, for example a perfluoropolyether lubricant

can be used.

The nonmagnetic intermediate layer 3 in the magnetic
recording medium of the present invention must be made of an
alloy (or metal) that has an hcp crystal structure and is
preferentially oriented in the hcp (100) plane or the hcp (200)
plane. Specifically, the nonmagnetic intermediate layer 3 1is
preferably made of (1) an alloy containing at least Ge and
containing at least one selected from the group consisting of Fe
and Mn, (2) an alloy containing at least Co and containing at
least one selected from the group consisting of W and Mo, (3) an
alloy containing at least Ti and containing at least one selected
from the group consisting of Pd, Ga and A1, (4) an alloy containing

at least Ni and containing at least one selected from the group
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fromthe group consisting of Pd, Ga and A, (4) an alloy containing at

| east Ni and containing at | east one selected fromthe group 13 consisting
of Zr, Sn and In, (5 an alloy of Fe and Sn, (6) at |east one conpound
selected fromthe group consisting of carbides and nitrides of Co, N and
Fe, or (7) an alloy having an N 3Sn-type (D019-type) or AuCd-type
(B19-typ egul i ture. i t t r Q hat

t he nagncgc%r}s{:l prorg%r#?iéés’ %glr %ﬁlalni%lr’oégej Z%‘){l/ a&flgb{] ?ﬁ% %hgf{éra R%r)m%g%eet%sét
intermediate | ayer .3 i.s that, because a nonmagnetic internediate |ayer 3
havi ng. SHE RS AT EE T8 &St E L Eno ABUBNCE ALT b POUNIATT O 15T e
deposition of the granul ar gnetic | r 4, itaxial growth, of

f er r omagheti @t ﬁ‘?aﬁ%’ it tairﬁ% Jteanﬁlraf(%gaﬁﬁeﬁ‘ﬁob’a 87189 a1 HddBh hep

structure, is pronoted, and hence there is an effect of the crystallinity

of the TF¥Pehyer BefAgtyPacthictyPahdrasibdvelatthiecs ntiudt Wit e of
gromh of the magnetic layer is favorably controlled. There are no
particular limtations on the thickness of the nonnmagnetic internediate

| ayer 3, but approximately 1 to 50nmis suitable. Mreover, to further
i ncrease the degrneetbbugpktakatltlgr owtasorantiatthtbe abd @net yetphmidmries
magnetic properties, it is preferable to set the crystal lattice msfit
amount beteveerp tdiedaympgoetidi ngi Bhennmedhaheaayet c 3i mtnsriidwei rand war
magnetic |layer 4 as follows. Taking the a-axis and c-axis lattice
constant® if dh&, because a nonmagnetic intermediate layer 3 having an
hcp structure is present in advance as a foundation for the
deposition of the granular magnetic layer 4, epitaxial growth
of ferromagnetic crystals in the granular magnetic layer 4,
which has an hcp structure, is promoted, and hence there is an
effect of the crystallinity of the magnetic layer being
increased, and moreover the initial state of growth of the
magnetic layer is favorably controlled. There are no particular

limitations on the thickness of the nonmagnetic intermediate

layer 3, but approximately 1 to 50nm is suitable.

Moreover, to further increase the degree of epitaxial growth
and thus obtain yet better magnetic properties, it is preferable
to set the crystal lattice misfit amount between the nonmagnetic
intermediate layer 3 and the granular magnetic layer 4 as
follows. Taking the a-axis and c-axis lattice constants of the
nonmagnetic intermediate layer 3 to be a and c¢ respectively, and
taking the a-axis and c-axis lattice constants of the granular

magnetic layer 4 to be &' and ¢’ respectively, in the case that the
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nonmagnetic internmedi ate layer 3 to be a and c¢ respectively, and taking
the a-axis and c-axis lattice constants of the granular nagnetic |ayer 4
to be a' and c¢' respectively, in the case that the 14 a-axis lattice
constant a satisfies a < 3A, an Avalue is taken as a (A =a) , whereas in
the case that a > 3A, the Avalue is taken as a/2 (A = al/l2) , and noreover

in the caseIh hecaX| ttlce nstant _c atlsf Cvalue
s taker @ ( Mok = FReiRelEeeg ehab cof AT fug Jc?\}zﬁqi?
t aken as c/2 2] based n these val ues, the msflt anmount Q
the a-ad% 2 d re(‘?‘t 'OH PLegstind Q& IPEAL QaF/%F xB108he fhéfatlﬁg he Ak r’armunt
(%9 in the c-axis direction is defined as C-c' . .Crystal design
of the rﬁﬁwﬁa( zfs‘lcai/rr?rSerﬁE |I5‘P3ée?‘é‘§ﬂérlr3tp§ Aén Ql'b?ijr FP@dcoﬁi‘l&}(%ttc]‘r%ﬁ each
of these msflt amounts is not nore than 10% When manufacturing such a
magnet i cCORTGIH AgSHeH theas <&dowa G makig.i9 takeanas fc ACsubst rdterassat i ng
step, which is essential in a conventional nmagnetic recording nedi um
manuf actim i tige prassesdat « ooty etheall vatnease takéle asdcA? (t@ductfDn in
medi um noi se can be achi eved, and hence acconpanying the sinplification of
t he manubastdir iomg phesessalilesbetbaemispb*sséarbbent o(% pdiucethdeananid act uri ng
cost. The present invention will now be described in nore detail through
exanpl esdirection is defined as | (A-a') /A| x 100, and the misfit amount

(%) in the c-axis direction is defined as | (C-c')/C| x 100.

Crystal design of the nonmagnetic intermediate layer 3 is then

carried out such that each of these misfit amounts is not more

than 10%.

When manufacturing such a magnetic recording medium as
shown in Fig. 1, even if a substrate heating step, which is
essential in a conventional magnetic recording medium
manufacturing process, is omitted, an increase in Hc and a
reduction in medium noise can be achieved, and hence accompanying
the simplification of the manufacturing process, it becomes

possible to reduce the manufacturing cost.

The present invention will now be described in more detail

through examples.

Examples
Using an injection molded polycarbonate substrate (3.5"

disk shape) as a nonmagnetic substrate 1, this was washed and then
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Exanples Using an injection nolded pol ycarbonate substrate (3.5" disk
shape) as a nonmagnetic substrate 1, this was washed and then 15 put into a
sputtering apparatus, and then a foundation |ayer 2 of conposition
Cr-20at%w was forned to a thickness of 15nmunder an Ar gas pressure of 5
mlforr. On the foundation |layer 2 was deposited a nonmagnetic internediate

| S th tion 9 . . f
ayer PSP URLAG U ST C1a0P cpfl 23RS OBy 261D 9

30 nm under as pres nmrorr. a granu ghetic | ayer

5,125 SePORlLgEL Loy . L NLSARRSR0 AT Y T DU 0 et . M 020

pressure 0 miorr-using a tar
been agged, and then a carbon protectjve |layer 5 was farned to a
b oY f Y

t hi ckneds® 09250 RREFSEPEEr Ohh PRE- meghetlie TRTstai 1Ry FmwdEs r enoved
fromthe sputtering apparatus, and then a Jiquid |lubricant |ayer 6 was
appl i ed YPLDL LT hidckReEBagretig HRtMRIL M RNy 2 NfdgRet iE % &or di ng
medi um having a structure as shown in Fig. 1. Substrate heating was not
carri ed RELPES st CigeFosiihi 8ACHf CeRe Vara disidknass edséPibedindssve.
Mor eover, for conparison, a magnetic recordi ng nedium having no
nonmagneii AT ndas nedesgwre aylerd 3n{@onpar ati ve Exanple 1), and a nmgnetic
recordi ng medi um having 701 r30Cr, which is nonmagnetic and has an hcp
structure, of thickness 20nm as the nonmagnetic
Next, a granular magnetic layer 4 was deposited to a
thickness of 20 nm by RF sputtering under an Ar gas pressure of
5 mTorr using a CoCri,Pti; target to which 10 mol% of Si0O, had been
added, and then a carbon protective layer 5 was formed to a
thickness of 10 nm, after which the magnetic recording medium was
removed from the sputtering apparatus, and then a liquid
lubricant layer 6 was applied on to a thickness of 1.5 nm, thus
producing a magnetic recording medium having a structure as

shown in Fig. 1. Substrate heating was not carried out before the

deposition of the wvarious films described above.

Moreover, for comparison, a magnetic recording medium having
no nonmagnetic intermediate layer 3 (Comparative Example 1), and
a magnetic recording medium having 70Ir30Cr, which is nonmagnetic
and has an hcp structure, of thickness 20nm as the nonmagnetic

intermediate layer 3 (Comparative Example 2) were also produced.

Table 1 shows the composition and crystal structure of the

nonmagnetic intermediate layer 3, and various magnetic
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i nternmedi ate | ayer 3 (Conparative Exanple 2) were al so produced. Table 1
shows the conposition and crystal structure of the nonmagnetic internedi ate
| ayer 3, and various magnetic 16 properties, for each of the magnetic
recording nmedia. Table 1 Internediate Reprodu Mediu |ayer Crystal He Br6
ction m SNR conposi ti onstructure(0e) (Gm out put noise (dB) (mvp-p) (V)

16) 5411 45T BI00T Sa07 53 & RS Sdte § (B0 B4 EA0 09520, 5507, 53

Table 1
Intermediate Crystal He Brd Reprodu | Mediu SNR
layer structure (Oe) (Gpm) ction m (dB)
composition output noise
(mVp-p) (UV)
Example 1 75Fe25Ge hcp (DO 19) | 3345 4 0.98 20.7 | 27.48
Example 2 75C025W hcp (DO 19) | 3411 45 1.018 21.38 | 27.53
Example 3 75Ti25Pd hcp (B19) 3446 44 0.992 20.85 | 27.53
Example 4 50Ni150In hcp (DO 19) | 3346 38 0.965 18.85 | 27.21
Example 5 75Fe25Sn hcp (DO 19) | 3321 46 1.025 22.05 | 27.33
Example 6 75N125N hep (DO 19) | 3102 43 0.952 21.32 | 26.98
Example 7 66Fe34C hcp (DO 19) | 3122 41 0.923 20.49 | 27.05
Example 8 75Ti25A1 hcp (DO 19) | 3255 42 0.943 20.89 ] 27.13
Example 9 75In25Ni hcp (DO 19) | 3255 42 0.943 20.89 [ 27.13
Comparative No - 1680 40 0.916 44.52 | 20.25
Example 1 intermediate
layer
Comparative 70Ixr30Cr hcp 2765 42 0.932 25.81 ] 24.13
Example 2

Here, Hc is the coercivity, Brd is the product of the film

thickness and the residual magnetic flux density as measured
using a VSM, and SNR is the signal-to-noise ratio. Moreover, the
reproduction output is the reproduction output for an isolated
reproduced waveform as measured with a spin stand tester using
a GMR head, and the medium noise is the value measured at a linear

recording density of 200 kFCI.

For the magnetic recording medium not having a nonmagnetic
intermediate layer 3 (Comparative Example 1), Hc was 1680 Oe and
the SNR was 20.25 dB, whereas for the magnetic recording medium
having 20 nm of 70Ir30Cr, which is nonmagnetic and has an hcp

structure (Comparative Example 2), Hc was approximately 1000 Oe
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Exanpl e 450Ni 501 nhcp (DO 19) 3346380. 96518. 8527. 21 Exanpl e 575Fe25Snhcp (DO
19) 3321461. 02522. 0527. 33 Exanpl e 675N125Nhcp (DO 19) 3102430. 95221. 3226. 98
Exanpl e 766Fe34Chcp (DO 19)3122410. 92320. 4927. 05 Exanpl e 875Ti 25Al hcp (DO
19) 3255420. 94320. 8927. 13 Exanpl e 9751 n25Ni hcp (DO 19) 3255420. 94320. 8927. 13
Conparative No Exanple linternediate -1680400.91644.5220.25 | ayer

Conpar at.i ve 70l 30C%hcp2765420”93225.81?4.13 E$? le 2 re, §§ is . the
Goer oi viltYENEF SRR FHE CIBRIEE I ERETPLE M SEH LchoSs A e VB oIty
magnetic flux density as nmeasured using a VSM and SNR is the
si gnal - tRhARRF ¥ e vbre PR 19hRE thepr 6atctPBRRBREPIR Foammee 1 at
reproduction output for an isolated reproduced waveformas neasured with a
spin statl-t2sdRr using a GWR head, and the nedium noise is the val ue
nmeasured at a linear recording density of 200 kFCl. For the magnetic
recordi ng nmedi um not having a nonmagnetic internediate |ayer 3
(Conparative Exanple 1), He was 1680 Ce and
Furthermore, for the magnetic recording media of the
present invention having a nonmagnetic intermediate layer 3
having an hcp structure with a DOis—-type or Bl9-type regular
lattice structure as the crystal structure (Examples 1 to 9), in
each case a high Hc exceeding 3100 Oe and an SNR exceeding
approximately 27 dB were obtained, i.e. an improvement in
properties of approximately 500 Oe for Hc and approximately 3 dB

for the SNR compared with a conventionally used Ir-Cr alloy

or the like was found.

Table 2 shows, for each of the magnetic recording media of
Examples 1 to 9, the composition of the nonmagnetic intermediate
layer 3, and the results of calculating the misfit amount (%)
between the lattice of the nonmagnetic intermediate layer 3 and
the lattice of the granular magnetic layer 4 based on the a-axis
and c-axis lattice constants (a and c¢) of the nonmagnetic

intermediate layer 3.
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the SNR was 20.25 dB, whereas for the magnetic recordi ng nedium having 20
nm of 701 r30Cr, which is nonmagnetic and has an hcp structure (Conparative
Exanpl e 2), He was approxinmately 1000 Ce 17 hi gher than for Conparative
Exanple 1 at 2765 OCe, and the SNR value was approximately 4 dB hi gher than
for Conparative Exanple 1 at 24.13 dB. Furthernore, for the magnetic
recordi q@di of the present invention having a nonmagnetic internediate
| ayer 3 ﬁg an hcp structure with a D019-type or Bl19-type regul ar

| attice structulfe asetrheiiarystlal str oeidimedidsargplees 1 19 9uistit (each| case
a high |[He exceedi ng 3138rCe and an SNR exceedi ng approxijmately 27 dB were
obtained, i.e. an icaprasvehEnt LN praoperties of approximately 500 Qe fior He

and approximatelly 3 dB for th a QAR | i dr 26ui 1HAY [ 6 dnt28hs Cy2iiSe
Ir-Cr aligpple) t he 15ER%5Ggas floantl | Bapba 2 54 08 flok- 68alch? of Lhé_&agnetic
recor di |HgHRE Alof  £6esaV es 1l Polg | 442 [2d80ite 2 1s61iIngl donim .
i nt er meldPERLS F‘:Lyer TITIoHS ¢ el Peblilets 98¢ Tdlchullal Ag- 19 el Pt i r‘r:QuP (%
bet wee %&émpjenéh en 5:\0-;\]1 L SA?,iq- 3k’l +2::6r%h i4r\35\ Iu]a\gfér ’)j”ngnnl :-J}lhn
een I 185 e Ry Ll MORRGRRYT £ St PHARHRAtE e S and ] thig

latti cegf, Fhecgranub gy sragnet| ¢ Fayer s basgdqnsj e gzaxt§ 5 andgoax| s
latti cergRmstants (Teaplias) Of [ bifes opimggnetisc iternedieat ectayer 82 ¢

Example 8 75Ti25A1 5.71 4.62 | 2.86 4.62 1.62 10.0 9.8

Example 9 75In25Ni 5.47 [ 4.19 | 2.74 4.19 1.53 6.1 0.6

Here, the original lattice constants of the nonmagnetic
intermediate layer are larger than the lattice constants of the
Co alloy granular magnetic layer; in the case that the a-axis
lattice constant a satisfies a < 3A, the A value is taken as a (A
= a), whereas in the case that a > BA, the A value is taken as a/2
(A=a/2); in the case that the c-axis lattice constant c satisfies

< 5A, the C value is taken as ¢ (C = c), whereas in the case that

c > 5A, the C value is taken as c/2 (C = c/2).

Calculating C/A from the A value and C value determined in
this way, it can be seen that for all of the magnetic recording
media, C/A exhibited a value between 1.5 and 1.9, and moreover the
lattice misfit amount with the granular magnetic layer was a very
small value at not more than 10% for both of the a-axis and the

c-axis.

Fig. 2 shows the X-ray in-plane diffraction patterns as
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Table 2 Internediate layer Internediate layerMsfit (% conposition

a(A) c(A) A(A) C(A) C Aa- axi sc-axi s Exanmpl e 175Fe25Ge5. 028. 162. 514. 081. 632. 42. 2
Exanpl e 275C025Wh. 124. 122. 564. 121. 610. 41. 2 Exanpl e

375Ti 25Pd5. 498. 962. 744. 481. 646. 27. 0 Exanpl e

450N 50 n5. 254. 362. 624. 351. 661. 94. 2 Exanple

575Fe25Sn5. 464. 362.,734. 361. 605. 9 .4 Exa

675N125N@q§ﬂ$9§4ﬁséﬁﬂ g&flgggog4 rEaam%E%etlc recording medium of the
766Fe34C2. 754. 352. 754. 351. 586. 64. 2 Exanp

875Ti 25NISSENF. 2w esd4 op Paging. G9 Vg fB@ﬁﬁFéon layer and a 66Fe34C

9751 n25Ni 5. 474. 192. 744.191. 536. 10. 6 Here, the original lattice constants of
t he nonmEgmadnet iimtiatesdiegieteayavear e Fé@fget?het ' e igm Ped teERSY ant s
of the Co alloy granular nmagnetic layer; in the case that the a-axis

| atti ce idomsthabe aesattlét es Wabcc IAL0Dhe B6YaBEe hept I a5 maghRtie a)
whereas in the case that a > 3A, the Avalue is taken as a/2 (A = al/2)
in the daser ktat alheychexi QAR ipde axdrdilgnyrowaatagéresd stcruct by halse C
value is taken as ¢ (C =c) , whereas in the case that c¢ > 5A, the C val ue
i's takemaas ¢b2meE.= b2 .that the diffraction patterns were obtained by

X-ray in-plane diffraction, and hence the hcp (002) plane

corresponds to the hcp (100) plane in the conventional 0-26

measurement method.

Advantageous Effects of the Invention

As described above, in the case of the magnetic recording
medium of the present invention, the nonmagnetic foundation
layer 1is made to have a body-centered cubic crystal structure
with the preferred crystal orientation plane being the bcc (110)
plane, and between this foundation layer and the granular
magnetic layer there is provided a nonmagnetic intermediate
layer that has a hexagonal close-packed structure with the hcp
(100) plane or the hcp (200) being the preferred orientation
plane, and furthermore the crystal lattice misfit amount between
the nonmagnetic intermediate layer and the granular magnetic
layer is made to be not more than 10% for each of the a-axis and
the c-axis. As a result, it becomes possible to form a
nonmagnetic intermediate layer from a relatively inexpensive
material and reduce the amount of Pt in the magnetic layer

composition when simultaneously realizing an increase in
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Calculating C/ Afromthe A value and C value determined in this way, it
can be seen that for all of the nmagnetic recording nedia, C A exhibited a
val ue between 1. 5 and 1. 9, and noreover the lattice msfit amount with
the granular magnetic |layer was a very snmall value at not nore than 10%
for both of the a-axis and the c-axis. Fig. 2 shows the X-ray in-plane
diffraction patterns as 19 neasured using radiatjon for_a m neti%.

recor di fPRsdiUrhYoRPERerePrestmt ilMveRPioR” ﬁﬁV%n56809W?6658%g€8Hc ay8r and
a 66Fe34C nonmagnetic internmediate |ayer. Fromthe diffraction gatterns

it can b <@t tifatos Wb (M?G?OVeBGFéghﬁﬁﬁébe(b@?§l¢gnﬁ@n%?| NgSyer Co
alloy hcp (002) epitaxially grown |ayered structure has been forned. Note
that t heafidssaant | sheparespascierénebtdingtaet 3¢ rgequiigicamediry rict i on,
and hence the hcp (002) plane corresponds to the hcp (100) plane in the
convent itdmalpr@s2@t measutément andtlmuce Advadisagbeasmesfeessileie time use

I nvention As descri bed above, in the case of the magnetic recording nedium
of the preserxgdneaintd gil,adthe mMayragretsubsttowtdati on | ayer is nade to have
a body-centered cubic crystal structure wth the preferred crystal
orientation plane being the bcc (110) plane, and between this foundation

| ayer and the granular nagnetic |ayer there is provided a nonmagnetic

intermediate 1, this way, according to the present invention, it becomes
possible to provide a magnetic recording medium and a
manufacturing method thereof, according to which an increase in

coercivity and a reduction in noise are simultaneously realized,

and moreover the manufacturing cost is low.
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| ayer that has a hexagonal cl ose-packed structure with the hcp (100) plane
or the hcp (200) being the preferred orientation plane, and furthernore
the crystal lattice msfit anpbunt between the nonnmagnetic internediate

| ayer and the granular magnetic layer is nade to be not nore than 10% f or
each of the a-axis and the c-axis. As a result, it becones possible to
forma onmagnetic internediate |layer froma relatively inexpensive

mat er i al® % educe the anount of Pt in the magnetic |ayer conposition
when sinmul taneously realizing an increase in 20 coercivity and a reduction
in noise, and hence a large reduction in cost is possible. Mreover,
substrate heating is no | onger necessary when manufacturing the magnetic
recordi ng nmedilum Bf madee tore gERorhivih s, Uhnd: MeHER Bt dicssthécones

possi ble to use an inexpensive plastic for the substrate. In this way,
accor di mprimegries igr €semdativentlisger,i @ gevonvdsr pegseblie fleypreviede a
magneti c recordi ng nmedium and a nanufacturing nethod thereof, according to
whi ch amprdterEase ilayeeoandi ¥iXygand lasbeidieett dayer apesfomned in this

si mul taneously realized, and noreover the manufacturing cost is low 21

A ai s brdermaghed irorimeepidiing sddnatdy which at [ east a nonmagnetic

foundation | ayer, a granular nmagnetic |ayer, a
the magnetic recording medium characterized in that said
foundation layer has a body-centered cubic crystal structure with
a preferred crystal orientation plane being a bcc (110) plane;
and characterized by having, between said foundation layer
and said granular magnetic layer, a nonmagnetic intermediate

layer that has a hexagonal close-packed structure with an hcp (100)

plane or an hcp (200) plane being a preferred orientation plane.

2. The magnetic recording medium according to claim 1,
characterized in that said nonmagnetic intermediate layer is
made of an alloy containing at least Ge and containing at least

one selected from the group consisting of Fe and Mn.

3. The magnetic recording medium according to claim 1,
characterized in that said nonmagnetic intermediate layer is
made of an alloy containing at least Co and containing at least

one selected from the group consisting of W and Mo.

4. The magnetic recording medium according to claim 1,

characterized in that said nonmagnetic intermediate layer is
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protective layer and a liquid lubricant |ayer are formed in this order on a
nonnmagneti ¢ substrate; the nagnetic recordi ng nmedium characterized in that
said foundation |ayer has a body-centered cubic crystal structure with a
preferred crystal orientation plane being a bcc (110) plane; and
characterized by having, between said foundation |layer and said granular
magnetic | ayer, a no netic jnternediate ayer .that_ has, a hexagonal

cl ose-p ‘%ﬁrﬁ@tﬁrgg.'??PE&FW&HQCﬂbéfasﬁlhﬁeagg %ﬁPWﬁﬁP%%@d§13|§ﬁ§ bei ng
a preferred orientation plane. 2. The nmagnetic recordi hg nmedi um accordi ng
to clai R STIRGHER drfiFedhsh TIRMP $ANG IdrimdyRdt iEC i fPePRE] it'e | ayer is
made of an alloy containing at |east Ge and containing at |east one
selected fromthe group consisting of Fe and Wn. 3. The nmagnetic recording
medi um according to claim1l, characterized in that said nonmagnetic

i nt er nedi at e |5ay&he sagmede cofremoralingy medituai picegratinbesst cCaland,
containing at |east one selected fromthe group consisting of Wand M. 4.
The magngiaadgteaoraidg imedt bat aceordinmhntagndtdioniht ecirerdactter ilagetri nst hat
said nonmagnetic internediate |layer is 22 made of an all oy containing at

| east Timadd gronkai Al Dgy atoheashivhetSalectedif bam toet §10ing conslieaidtng of
Pd, Ga and Al. 5. The magnetic recording nmedi umaccording to claim1,

char act esiZeghidbtdiats &ah doRARetddn d iempd At | aerandds In.

6. The magnetic recording medium according to claim 1,
characterized in that said nonmagnetic intermediate layer is

made of an alloy of Fe and Sn.

7. The magnetic recording medium according to claim 1,
characterized in that said nonmagnetic intermediate layer 1is
made of a compound containing at least one selected from the

group consisting of carbides and nitrides of Co, Ni and Fe.

8. The magnetic recording medium according to claim 1,
characterized in that said nonmagnetic intermediate layer is
made of an alloy having an Ni3Sn-type or AuCd-type regular lattice

structure.

9. The magnetic recording medium according to claim 1,
characterized in that a crystal lattice misfit amount between
said nonmagnetic intermediate layer and said granular magnetic

layer is not more than 10% for each of an a-axis and a c-axis.
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made of an alloy containing at least NI and containing at |east one

sel ected fromthe group consisting of Zr, Sn and In. 6. The magnetic

recordi ng medi um according to claim1, characterized in that said

nonmagnetic internmedi ate layer is nade of an alloy of Fe and Sn. 7. The

magnetic recordi ng nediun1according to claim1, <characterized in that said

nonnmagneti c internedi ate | aye de of a conpoun con#aingng a# | east
e &g

one sel ected fPomtFe™GrRG 06ﬁ§P§ iR BrItHMHREESTaRInFPr F " Co, N
and Fe. 8. The magneti ¢ recordi ng nedi um according to claiml1,

char act ha&FhaT ians éalHhﬁBnﬁﬁﬁﬁégpétFﬁtgFﬁéal%P%n@%§%?5|%n PR of an
all oy having an Ni 3Sn-type or AuCd-type regular lattice structure. 9. The
magnet i grasebradi mpanedilemlacesr éPRgriecchai Afast errraetds idedt degkat a
crystal lattice msfit anmount between said nonnmagnetic internediate |ayer
and sai oy alemantnaghetted fayerthesgmotipnoeesthahnd @h Cor €achSof Adn
a-axis and a c-axis. 23 10. The magnetic recordi ng nmedi um according to
claim 1,7i chay,adtferdareedid.n t hat nonmagnetic grain boundaries in said
granul ar magnetic | ayer conprise at |east one oxide of at |east one

el ement selected fromthe group consisting of C, Co, Si, A, Ti, Ta, Hf
and Zr. 11. The magnetic recordi ng nedi um according to claim1,

11. The magnetic recording medium according to claim 1,
characterized in that ferromagnetic crystals in said granular
magnetic layer are made of a CoPt alloy, and

the CoPt alloy has at least one element selected from the

group consisting of Cr, Ni and Ta added thereto.

12. The magnetic recording medium according to claim 1,
characterized in that said foundation layer is made of any
material selected from the group of metals consisting of Ta, Cr,
W, Mo and V, the group of Cr alloys consisting of CrMo, CrTi, CrV
and CrW, and the group of Ti alloys consisting of TiW, TiMo, TiCr

and TiV each containing 10 to 60 at% of Ti.

13. The magnetic recording medium according to claim 1,
characterized in that said nonmagnetic substrate comprises a

plastic resin.

14. A method for manufacturing the magnetic recording
medium according to any of claims 1 through 13, characterized by

carrying out a film deposition process without heating said
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characterized in that ferromagnetic crystals in said granular magnetic

| ayer are made of a CoPt alloy, and the CoPt alloy has at |east one el enent
selected fromthe group consisting of G, Ni and Ta added thereto. 12. The
magnetic recordi ng medium according to claim1, characterized in that said
foundation layer is made of any material selected fromthe group of netals
consisting of Ta,, Cr, . W Nb and V, the group of Cr alloys consisting of

O Mo, OPRIMIENEtiq, FURshTahfy Yhé PGS of Ti all oys consisting of Ti W
TiMo, TiCr and TiV each containing 10 to 60 at% of Ti. 13. The magnetic
recordi ng nmedium according to claim1l1, characterized in that said
nonnmagneti ¢ substrate conprises a plastic resin. 14. A nethod for

manuf acturi ng the magnetic recording nmedium according to any of clains 1

t hrough 13, characterized by <carrying out a filmdeposition process

wi t hout heating said 24 nonmagneti c substrate in advance. 25
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