2 4 AUG 2005 RECORDI NG MEDI UM AND METHOD FOR MANUFACTURI NG THE SAME Fiel d
of .the Invention The present invention relates to a magnetic recording
mediumthat is installed in a variety of nmagnetic recording d%}%c S h
as an external nmenory of a conputer, and a nethod for manufact iAﬁé stth a
magnetic recording nedium Prior Art Wth a rapidly increasing demand for
a high-density and | ow-noise magnetic recording nmediumin recent years, a
vari ety of conpositions and structures of a magnetic layer, a variety of

materi al s f IRECOBDING MERIUMNAND| ayer and a seed layer, and the |ike
have been priogePHOD IFORPHANUFRACTURENG THE AN EPr oposed a magneti c

| ayer that is generally called a granular magnetic |layer, in which
ferromagnetic grains are surrounded by non-magnetic non-netallic substance
such as oxi déield ofithe Imkentieor exanpl e, Japanese Patent Lai d- Open
Publ i cati on No. 8-255342 discloses that a non-magnetic |ayer, a
ferromagnetic | ay and a,.non..magnetic |layer agre sequentially Jam nated on
a non- magnetic suﬁi_'{alpé?%gt W&ngoﬂgglﬁf%éoﬁr%é%%%ﬁ%ecpﬂﬁ% B%f%f'm“ﬁah%d% to form
a granul ar riestellel] iy d apeety of nnagrictic feeordingglerides gychi as aar extdinaper sed in
the non-magngkhery BYY computed! SR1 al MRl R Shalfh&frind NGCHBORRIhErE ayer | S
made of a cobalt,”’alloy. or  a ‘cobalt-based alloy, and The non-magnetic | ayer
i s made of ﬁ?%@%‘%‘?é‘é“,n nitride, carbon or carbide. USP 5,679, 473
di scl oses RF (Radi o Frequency) sputtering using a CoNiPt target w th oxide
such as S Opaggeagtt hereto to forma granular recording layer, in which
grains of magnetic substance surrounded by non-nmagnetic oxi de are
di spersed separately, thus achieving high He and | ow noise. The granul ar
magnetic |ayer wi With hgapiily éncreasingeomandifor achightdeesityl and lawhiaise t he | ow
noi'se char aGhgrefibi Eordi}e faddifin AEEER yeaRRAV AT b boriBeliEb s ampr Li cl es
by a non-ma%ne c nonnetal |1 ¢ qraln . . )
tructures of a magnetic layer, a variety of materials for a non-magnetic

under-layer and a seed layer, and the like have been proposed. In

particular, there has been proposed a magnetic layer that is generally called

a granular magnetic layer, in which ferromagnetic grains are surrounded by

non-magnetic non-metallic substance such as oxide or nitride.

For example, Japanese Patent Laid-Open Publication No. 8-255342
discloses that a non-magnetic layer, a ferromagnetic layer and a
non-magnetic layer are sequentially laminated on a non-magnetic substrate
and a heating process is then carried out to form a granular recording layer,
in which ferromagnetic grains are dispersed in the non-magnetic layer, in
order to decrease noise. The magnpetic layer is made of a cobalt alloy or a
cobalt-based alloy, and the non-magnetic layer is made of metal, oxide,
nitride, carbon or carbide. USP 5,679,473 discloses RF (Radio Frequency)
sputtering using a CoNiPt target with oxide such as SiO2 added thereto to
form a granular recording layer, in which: grains of magnetic substance
surrounded by non-magnetic oxide are dispersed separately, thus achieving
high Hc and low noise.

The granular magnetic layer with the above arrangement is
considered to achieve the low noise characteristics since the physical
separation of magnetic particles by a non-magnetic nonmetallic grain
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1 2 4 AUG 2005 boundary phase reduces the nmagnetic interaction between
magnetic particles to thus control the formation of a zigzag magnetic
domain wall in a transitional region of a recording bit. The 2?|§§ﬁ
recording nmediumis caused by the fluctuation of nmagnetizatio ¢
according to the size of magnetic particles constituting the nedi um and
the magnetic particle-to-particle interaction. To maintain a high S/Nin
conformty with the increase in the recording density, it is necessary to

keep the nurimendafy phageeeducep he inagsetiparteraction betweeatmagretieqrrticlas ned

val ue or rmrtg tHus€contholl the FEREARY dfCal & igerhﬁﬁeﬁégﬂ&hhﬁl wAl hcdes. Wen
there is great ex han(glc rLenteraéin g{ft bet ween the magnetic particles,
refining th %ﬂoﬁ T PR THFOEEE necessarily refine a unit of

magneti c inverS| on in many cases. Theref ore, it is necessary to inhibit the
particle-to-partighe xf%m:h@f‘ﬂﬁ td&b tm&ﬂuhﬁlsocszﬁiﬁédtbgr 1R fliGuatiotNbf Of

magnetic inversion.expessed rrent of .activ FEurther, in
re19 i ni ng tﬁ’éagﬂfgﬁ%t??l}: af thE\Hés ac?‘%@%éﬂ rlof CV@@%@E‘FQ}% require
magnetic arogstitutipg thaemgdiubeiand ther paghetia pa&mla-ltorpeﬁ:mémtmﬁemMer to

UI’S

ﬁ?glhe;/:st)lhﬁtrr on re or di n WM %bhﬁﬁinlﬁ w?mkg{egﬁgteagsqﬁ@g%g&%% state
The gr anul adeBERadE i Reeersariie KRop {6 Rugdet PE n’ﬁ&?‘t"ti“gpé‘ﬁ%?ﬁstwrﬁ?lbﬁelgﬁagnet e

ani sot r opy anarmdeteammda[ahresedmome ai. enanismgmss;ary toatfine thesmagnelmied to

satisfy al I a@ql I gﬁi’g\c%
net al magne ayer f th?’g li:lg éeeﬁ{fk:idc:a ‘% Eegéﬁ{ or #I%i abﬂe
terrperature,P cles @%@Feg 11} pATtsiedy PPE“S?%S%‘IYRP ted on

grain boundmamﬁtcmvdmennndnmy tases maJhetefore] ittis mecessary tcbﬁﬂmbenhemagnet iC

Bocel or at | ngaiclEAgpifldl %Pf‘%?gﬁ“ﬁéﬁg“?“ mﬂ&f"g"fsu ¥ Pt oF SARAMNE )
easily becaﬁé‘@r§°§P§PWS FAagnsHe Jpoment Wﬁn%n-ﬁ‘ﬂgiﬁit ll’creﬁ%!ﬂg metal lic
subst ance t ¢thd anaﬁk@arﬁclwsthemgmnsqgamglak ithemsdlvéd rexmigeatmagnetyd t h t he
conventi onal,, BABEY ! dnet @Y Being BEEd $4!PLbiain' SReMORY Giler WXhHNT the

magnetic characteristics (high He/Mrt) required for high-resolution recording

without coming into a super-paramagnetic state. ~ The granular structure in

which the magnetic particles with high magnetic anisotropy energy are

dispersed in a non-magnetic matrix is intended to satisfy all of the above

strict requirements for higher S/N.

In a CoCr metal magnetic layer that is conventionally used is formed
at a high temperature, Cr is segregated from Co magnetic grains to be
deposited on grain boundaries to thus reduce the magnetic interaction
between magnetic particles. On the other hand, a granular magnetic layer
is capable of accelerating the isolation of grains of magnetic substance
relatively easily because a grain boundary phase is made of non-magnetic
non-metallic substance to thus make it easier the segregation of Cr compared
with the conventional magnetic layer. Particularly, the conventional CoCr
metal magnetic layer requires the increase in the temperature of a substrate
to 200° C or more during the formation thereof in order to sufficiently
segregate Cr, whereas the granular magnetic layer enables segregation of its
non-magnetic non-metallic substance even if it is formed without heating.
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metal magnetic layer requires the increase in the tenperature of a
substrate to 200 C or nore during the formation thereof in order to
sufficiently segregate Cr, whereas the granular nmagnetic Iayerzin%)é S5
segregation of its non- magnetlc non-netal li c substance even if

formed w thout heating. 2 2 4 AUG 2005 Problemto be Sol ved by the
Invention In the case of a nmagnetic recordi ng nmedi um havi ng a granul ar
magnetic layer, it is necessary to add a relatively large anount of Pt to a

Co alloy inpgghlem t(pbéisbl\fédebyiﬂid Iféntdaneti ¢ characteristics and, nore
particularly, high magnetic coercive force Hc. In order to achieve He of

about 2800 Ce, the granul ar nmagnetic | ayer requires expensive Pt of 16
atonic % whereas B Her Gege cb@ meguetici @Cﬁﬁélﬁgtmédlua}'é?aw@q@l geagubar of

only about SmapmdH ocla%r Iltnlsrme faadd atrbtivedargeeafionit offftrteasCoy

demand for V8 gens ?g 238 egﬁe@ﬁéﬁ%% ulcthQFac'té}fsrt@Q gﬁlcgy mdig

magneti c recor and &t Hug ar Fequiring
a large and@ﬂﬁc ﬁfﬁxb@hsménﬁc P@erﬁl@afﬂ?@fh dﬂsoﬁéb&uéiéhieﬁ’cllﬁ@r@ases t he

manuf act ur i nghoudAS00TRY qha stia ldﬁéi‘awdluﬁei efigios iPgofredi a

noise with t ©f egyy ul ar
magneti c Iayz;e}rgmthzgau}ges g er| ora on 6 r}gﬁ%ﬁﬁng‘%#l?t@ﬁ haragl%"grl S |gs and
the el ect r on@iyieabaut c§ rw@msqo/n c Hufaeand ryears, cthereythas baen) an pacreasipg oduct  of
residual maodehire fouxee Hcaofl 3n6geDe éthinwdtoesh the nacreaseligahe gr anul ar

structure c egli on
W tﬁ ausmal ﬁ%%ﬁ 5&%?%(?@%\%%%%?%% gr ovérgﬁﬁlgggl gh%gk&% Ebeql%{] Igiayer

t hi ckness of atg%amgweo EXPeRAEYC | Phds éh%aéiyamagwu& hecduge rit inaseasgs tthe
recordi ng defgmifictufing st Ut Thére lids dlso bepRrd dethatd folededrensing igedigchni que

ni e el or ouliS %‘ﬁbiﬁé FirpE e eollfg JEBR. " ayer . Mbans for ol ving the

Probl em To sol ve the above descri bed probl ens, the present invention

provi des a nmagnet Farth€c ofhéi Behntik@ HiAghétiolagdt Bhudesadétedor@ionnBHhE | C
magnetic characteristics and the electromagnetic conversion characteristics
at a small Br § (product of residual magnetic flux density and layer
thickness) since a clear granular structure cannot be formed due to the
unstable grain growth in a region with a small layer thickness (initial growth
region). As the small layer thickness of the magnetic layer increases with
the increase in the recording density in the future, it is important to develop
the technique for preventing the deterioration of the media characteristics in
the initial growth region in the granular magnetic layer.

Means for Solving the Problem

To solve the above described problems, the present invention
provides a magnetic recording medium in which at least a non-magnetic
under-layer, a magnetic layer, a protective layer and a liquid lubricant layer
are sequentially laminated on a non-magnetic substrate, the magnetic
recording medium wherein: the magnetic medium comprises ferromagnetic
grains and non-magnetic grain boundaries formed of metallic oxide or
carbide surrounding the grains; and a non-magnetic intermediate layer
comprised of grains of non-magnetic substance and non-magnetic grain
boundaries formed of metallic oxide or carbide surrounding the grains of
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under -1l ayer, a magnetic layer, a protective layer and a liquid |ubricant

| ayer are sequentially |am nated on a non-nmagnetic substrate, the nagnetic
recordi ng medi um wherein: the magnetic nedi um conprises ferronagnetic

grai ns and non-nmagnetic grain boundaries forned of netallic omﬁé AIG 2005
carbi de surrounding the grains; and a non-nmagnetic internedi ate | ayer
conpri sed of grains of non-magnetic substance and non-magnetic grain
boundaries forned of netallic oxide or carbide surrounding the grains of 3
2 4 AUG 20051dmomagmmet bgbssarvetis pesvided bemvdetiatie hehnﬂ%mehbmnﬂeﬂ}aweﬂnet I C
under-layer ﬁqﬂe pgkkc layer. In one preferred formof the present

I nventi on, non- gne IC " internediate |layer is fornmed of two or nore

| am nat ed Iayers having identical or different conpositions. |In another
preferred form of Ii loaepprefardd iformenifi e, ﬁebaltgﬁﬁrbﬂﬁomfthenﬂéh-ﬁﬁ@ﬂ@ﬁd c

substance | r te | riare o I r CoCr Pt
al | oys. t{e an&i%%er!isg] ierre ¢ oﬁg‘gg ?ﬂeﬁ%fees]e . nve e?%)nl?

non- magnet i é denfisal oy differentCompasitsnser or O all oy. In yet anot her
preferred form of the present invention, the non-magnetic substrate is

0750 AP AR 9 o 08 SR SO b,

al so provides a nanu I'ng a

whi ch at | ed9n-THagnstic suhstance nther nonrmagnetie IngEnediate laypeare ap%@bt ective

| ayer and aaﬂlbgyb@lcbqjept gligyis. | ayer are sequentlal ly lam nated on a
non-magnetic substrate, the nethod conprising the steps of. lamnating a
non- magneti c under-1layer on the non-nagnetic substrate; |amnating, on the
non- magnet i ¢ undel | ¥gfemnothenoprafergedt farm i off dheepreseat |1ayemtmbnﬂnq sed of
grains of nepniAsHRticUndeRHyRAECMAAE o CrRTriiwyet i ¢ grain boundari es
formed of netallic oxide or "carbide surrounding the grains of non-nmagnetic
substance; |am nating, on the non-magnetic internmediate |ayer, the
magnetic |ayer Co}npryege@n@mer preferred form of the present invention, the

non-magnetic substrate is crystallized glass, reinforced glass, or plastic.

—>_

The present invention also provides a method for manufacturing a
magnetic recording medium in which at least a non-magnetic under-layer,
a magnetic layer, a protective layer and a liquid lubricant layer are
sequentially laminated on a non-magnetic substrate, the method comprising
the steps of: laminating a non-magnetic under-layer on the non-magnetic
substrate; laminating, on the non-magnetic under-layer, a non-magnetic
intermediate layer comprised of grains of non-magnetic substance and a
non-magnetic grain boundaries formed of metallic oxide or carbide
surrounding the grains of non-magnetic substance; laminating, on the
non-magnetic intermediate layer, the magnetic layer comprised of
ferromagnetic grains and non-magnetic grain boundaries formed of metallic
oxide or carbide surrounding the ferromagnetic grains; laminating the
protective layer on the magnetic layer; laminating the liquid lubricant layer
on the protective layer; and wherein each step is carried out without heating
the non-magnetic substrate in advance.

In one preferred form of the present invention, the step of laminating
the non-magnetic intermediate layer comprises laminating two or more
non-magnetic layers each comprised of grains of non-magnetic substance

4



ferromagnetic grains and non-nmagnetic grain boundaries formed of netallic
oxi de or carbide surrounding the ferromagnetic grains; |amnating the
protective | ayer on the magnetic layer; lamnating the liquid |ubricant

| ayer on the protective layer; and wherein each step is carried4od¥G 2005
Wi t hout heating the non-nmagnetic substrate in advance. In one preferred
formof the present invention, the step of lamnating the non-nagnetic

i ntermedi ate | ayer conprises lamnating two or nore non-nagnetic |ayers

each conpri ' 0, 'Hﬁ@%‘%i ‘ﬂ&f .2 4 nd

non- magnet i iﬁﬂr g?%ﬁ%réggpférm c?f ?Orreia P?gﬁﬁ%ﬁl eoglrdéggi‘r %lggqu@

sur roundi ng 5[“%(9“6 n 8N E13185 - O g MONr RAZHRNS: o SEbstanqee the NDORIPHENEUC | ayers
havi ng i dentlayaxk havingdiilémtioahor diffepersti dconapusitiddsi ef Descri ption of the ‘
Drawings FIG 1(a) is a schematic sectional view show ng the structure of a

magneti c recor.ding nedj umaccording to the present invention, and FIG
1(b) is a sﬁ'@ﬁgti seEpttonoft %W%'élﬁ'gﬁﬁ ng the structure of an internediate

| ayer in the nagnetic recording nmediumshown in FIG 1(a). FIG 2 is a

di agram showi ng t C i N&L -k .G | e change
in a product of r.ggl}'dth] .qrgraa %\bhtél c i5|§é°h§‘é%§?ite§d glgog{'@gqgl? slﬁt%ﬁwg rM:s;isj The
present i nvePREHGHC\HELOT é‘g‘?ig‘?me"qu?ééﬂgs@r thsepresents W%I’?%‘?nv ﬁ -

Enbodi ment s 1¢b) ishe sthersatid setidhel piees showingvthatsiraotupe of iadeinteamediptet i ¢
recor di ng_ magaph WY iniinerR: REBRIME moMREhoFm iRYSE, WD @ hi gh-gual ity

segregation ructure as to exhibit high nmagnet coercive force (Hc)
and | ow noi se. A non-magnetic granular internediate |layer with the sane
granul ar struct urEI@s2 & ardpgedm chowvayethe dhaage in amgmetio edbercigr foncg ar

i nt er medi at r ' ' ' %5%' . = ' ubst ance
and a non- n%dggﬁlcﬂlﬁa@gﬁéb girn:f?1 P%%%ﬁ?ggféggualf or cgl;ui‘ng% I C olf"?g‘z or
car bi de sur S%g the grains of non-magnetic substance, is forned
bet ween the granul ar magnetic |ayer and a

The present invention will hereinafter be described in further detail.
Embodiments of the Invention

The present invention provides a magnetic recording medium having
a granular magnetic layer with a high-quality segregation structure so as to
exhibit high magnetic coercive force (Hc) and low noise. A non-magnetic
granular intermediate layer with the same granular structure as a magnetic
layer, i.e. a non-magnetic granular intermediate layer, which is comprised of
grains of non-magnetic substance and a non-magnetic layer grain boundaries
formed of metallic oxide or carbide surrounding the grains of non-magnetic
substance, is formed between the granular magnetic layer and a
non-magnetic under-layer in the magnetic recording medium. It was found
that such structure increases the magnetic coercive force (Hc) and reduces
the noise to a larger degree compared with a conventional magnetic
recording medium having a granular magnetic layer.

This results from the increase in crystallinity caused by the epitaxial
growth of ferromagnetic grains in the magnetic layer having the granular
structure due to the presence of the non-magnetic intermediate layer
having the granular structure in the formation of the magnetic layer.
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non- magneti c under-layer in the magnetic recording nedium It was found
that such structure increases the magnetic coercive force (Hc) and reduces
the noise to a | arger degree conpared with a conventi onal magnet%

recordi ng nmedi um having a granul ar magnetic layer. This results romt

I ncrease in crystallinity caused by the epitaxial growth of ferromagnet I C
grains in the magnetic |ayer having the granular structure due to the
presence of the non-nagnetic internediate |ayer having the granular

structure in the forwati atsoof found rthgneformingaythe. @Iﬂﬁag;h&&oganhlarwas al so
found that figi c&a&{ﬁgepﬂg ER rhre b s Bdyce WS SR ol two or

nore |ayers re ﬁ/e Iaye

fornmed j ust lamreedxa#é laweg formed IJ&?‘eFm@Fﬂ'dth@l ﬁlagﬂq’@'s QM% aﬂglré]ﬁﬂﬁﬁii the r uct ure
of the inter atestxhleuﬁé bf&ﬁéfmﬁdmﬂeﬂﬁfte tibgergitaelfil 86 thanghet hlayer

which is ar ouR t I: I d y t
further i rrprov%%h lggﬁar ac erI? Y. %Fhaﬁﬁgﬁégﬁ%agréélnge%éﬁpﬁ%

possi bl e t o desupblydofurtberiamreve thecdhagaaterisicsi um with a smal | | ayer

thi ckness and a sWgith the abevt @tangef®inguinlis ﬂilerfidalizéiGaﬂmatheﬁ@d | ayer

t hi ck f

rel:gn'?e;Zag ?’ec%ﬁ%e egir“iluglrﬁllﬁo mqﬁg&’ﬂﬁ éa%%r,@' gét égd t he

el ect r omagndesigualo magnstic, “%ff&f“ﬁ@i'eﬂdst%@é Wl‘ﬁlﬁleBﬁ ) ri§ §$ﬁﬂf}’ 2s mainly
caused by a dunaind R a m‘ghuebulr(ﬁngraé@snynﬁll tb%éntb}‘ealrble m'nétdewr&rﬁﬁaww of

grains in a jegion wih a | | ckness niti grovvth region).
The use of t g n‘yﬂgl}ﬁg p%rsa]”ﬁetnép iﬂlfy et ng @ 8rs esent
i nvention e @t%mévwﬁhaM| h %gasma hisr ma@mly Qiillsﬂﬂnbl/e& graeulaped  for
heating a Sl!;‘ﬁ%bﬁﬁé ?nddé it edrobyiie ﬁﬁ'stﬁ’élef]é%w'ﬂl?%' hifis i GOk eg.ldagwimdd um This
simplifies th rignuf ur i n@g#{%gcess es the cost, enabl es the
use of | nexpg E&R%&nt i onal | y used Al or glass for
the substrate. The magnet ic recording nedium according to the present
I nvention The use of the non-magnetic intermediate layer according to the

present invention easily achieves a high Hc and therefore eliminates the need

for heating a substrate in the formation of the magnetic recording medium.

This simplifies the manufacturing process, reduces the cost, and enables the

use of inexpensive plastic as well as conventionally used Al or glass for the

substrate.

C ot

The magnetic recording medium according to the present invention
as well as the process of manufacturing the same will now be described in
further detail with reference to FIGS. 1(a) and 1(b). FIG. 1(a) is a
schematic sectional view showing a magnetic recording medium according
to an example of the present invention. In the magnetic recording medium
in FIG. 1(a), a non-magnetic under-layer 2, a non-magnetic intermediate
layer 3, a magnetic layer 4 and a protective layer S are sequentially formed
on a non- magnetic substrate 1, and a liquid lubricant layer 6 is formed on
the protective layer 5. FIG. 1(b) is a sectional view showing the
non-magnetic intermediate layer 3 comprised of two or more layers. The
respective layers 3a, 3b, 3c are non-magnetic layers having the granular
structure.




as well as the process of manufacturing the sane will now be described in
further detail with reference to FIGS. 1(a) and 1(b). FIG 1(a) is a
schematic sectional view showing a magnetic recordi ng nedi um a cordin

an exanmpl e of the present invention. In the magnetic recording n"ecwﬁnz(a 05
FIG 1(a), a non-magnetic under-layer 2, a non-magnetic internediate |ayer
3, a magnetic layer 4 and a protective layer 5 are sequentially formed on
a non- magnetic substrate 1, and a liquid lubricant layer 6 is formed on

the protective layer 5. FIG 1b ct

non- Ironatgnet [ L‘.VI nt eﬁgd}o&‘@a ( tIBF?p} I‘%f a#@% aﬁgyiﬁﬁgdl‘gﬁ@l} The
respective lraidersedglassporysiallined glass, ondheelike | bnyadditiomit isgpassiblegtanul ar
structure. @sd4da AbbstZAOTHANR ﬂ@l&emaapem& gﬁﬁﬂy@érsoﬂates M&mfarﬁl al | oy

pl ated W|th I.ei C S or thelrﬁ%

addi ti on, '&1? [lpgasﬁgjj ihes Lﬂfg?‘?’gt E’VF“%?IQ @eﬁnp%teaecqu Sct i ng

pol ycar bonatS@bsfmiW@Ibéfheﬁtedrla m@mufacémngsprppessst ic) since the present

i nvention does not require the subst rate to be heated in the manufacturing

process. The non- netlc ungjﬁ r-| 2%3 m- N tded o t he non netic
substrate 1 b gy?r PH@S 5\3 %‘?hod or
the 1ike. Trsa%simteria@ﬁame&eqmmebeamyleposznm npeghied, of spur et&md pat eri al
such as N AthOLikéEr - ThE %ﬁrrﬁﬁgdenctlﬁiaeﬂmyem%%d% fMRALmh %ﬁ/&fc rhafeiaade of

Cr Cr all \

t hi grknessaofsgi\’/lhés ror Ea[yerprgef%ﬂ}lro Orr“tlin@%‘?ei’rcl queééqyrefgtlgdna% O* o

preferably Grenvieeallgnsucinas Edvie, Critg omfgNémlloyi nAdthough &heelayalyer 3is
h |

then | an nausRLREs! dtheIGAANE & HOOAicRleTly Reirlhe 0% PRABBDIC

I nt er medi at?) hg%/er Q‘Hﬁ 0t he “granul ar stru Mor e "spec
non- magnet i e5 Dfhver 3, non-magnetic and non-netal lic substance
such as oxide and carbide is segregated around grains of non-nmagnetic

substance made ofm@trﬁin-l% étld mtenﬁwla&xw% 3 i§ RBel ABMIRAE T the

| ntermedi at % | arxgéne%c un e?-rlartry'faer 25 $he non-magnetic intermediate layer 3 has
the granular structure. More specifically, in the non-magnetic intermediate
layer 3, non-magnetic and non-metallic substance such as oxide and carbide
is segregated around grains of non-magnetic substance made of metal or
alloy. For example, the non-magnetic intermediate layer 3 is formed, e.g.
by sputtering of non-magnetic and metallic substance containing oxide or
carbide constituting non-magnetic grain boundaries as a target, although the
method for forming the non-magnetic intermediate layer 3 is not particularly
restricted.  Alternatively, the non-magnetic intermediate layer 3 is formed
by reactive sputtering of non-magnetic and metallic substance as a target in
an Ar gas containing oxygen.

The grains of non-magnetic substance in the non-magnetic
intermediate layer used in the present invention are made of] e.g. CoCr alloy
or CoCrPt alloy, but there is no intention to limit a material for the grains of
non-magnetic substance to them. Such alloy is magnetic or non-magnetic
according to the composition thereof and thus, such a composition is
selected that the alloy can be non-magnetic. Although a material for the
non-magnetic grain  boundaries is not particularly restricted, the
non-magnetic grain boundaries are made of, e.g. non-magnetic and
metallic oxide or carbide, such as Al, Si, Cr or Ti (including Si in this
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by sputtering of non-magnetic and netal lic substance containing oxide or
car bi de constituting non-nmagnetic grain boundaries as a target, although
the method for form ng the non-nagnetic internediate |ayer 3 i 523!,09\% 2005
particularly restricted. Alternatively, the non-nmagnetic internedl ate

| ayer 3 is formed by reactive sputtering of non-magnetic and netallic
substance as a target in an Ar gas containing oxygen. The grains of

non- magneti ¢ substance in the non-magnetic internediate |ayer used in the

present inveyd-picadoR) BRRR & catbidle, CFor e%iﬁca_ﬂx, Qﬂ?éi%d Bffb@YsuchYs there
is no intent].o e]t#{c;) it a nateri gl fglgl.t ‘g grains, o norﬂma%ﬁal.c

subst ance to aﬁﬁﬂf’%l‘}(ﬁp Pg“ﬂ?fgﬁ ered C.8oMn theyfass whetg i¥g to the
conposi tion sdgeegadéd ammddtahUleCr slioy cantaommpg Eir tof ahouts30 wef@%t ed t hat t he

al l oy can be non-magnetic. Although a material for the non-magnetic grain

boundaries is not particularl estricted,.th ngn- netj rai

boundaries are macfg9 5@%@660%@Wﬁé‘fl?@%dm%@{egﬁtﬁ%ﬁ i%g‘ag‘l“gc@f:bi de,

such as Al, ganular samctiire piavededdinntie ShagnetichesordingZméditiiGo? t@spresent

speci fi cati %%e%rﬂ@oﬂt&oﬁ%@'&gstaﬂﬂit? (§ﬂ3§=ﬂ Hid”g[rﬁng‘iﬁ'th@ gl such
achf eved, e. I N e

as high He and kow n0|!se can be . cas e.SI 2 is
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conprised of |amnated . ) .
layers as shown in FIG. 1(b), a desired effect can be achieved regardless of
whether the respective layers have identical or different compositions.  If
the layers have different compositions, the Cr concentration of the CoCr
alloy or the like is different. The use of the layers having different
compositions achieves more preferable magnetic characteristics and

electromagnetic conversion characteristics.

Although the layer thickness of the non-magnetic intermediate layer
3 is not particularly restricted, the total layer thickness is preferably between
1nm and 20nm irrespective of whether the non-magnetic intermediate layer 3
is comprised of one or more layers.

The magnetic layer 4 is laminated on the obtained non-magnetic
intermediate layer 3. The magnetic layer 4 is a so-called granular magnetic
layer that is comprised of ferromagnetic grains and non-magnetic grain
boundaries formed of metallic oxide or carbide. Such arrangement can be
achieved by forming a layer by sputtering of, e.g. a ferromagnetic metal
containing oxide or carbide constituting non-magnetic grain boundaries as a
target, or by reactive sputtering of a ferromagnetic metal as a target in an Ar
gas containing oxygen.
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The liquid lubricant layer 6 is then laminated on the protective
layer 5. For example, the liquid lubricant layer 6 can be formed by
coating a lubricant of perfluoro polyether.

In this manner, the magnetic recording medium shown in FIG. 1 can
be produced.

The magnetic recording medium according to the present invention is
capable of increasing Hc and decreasing media noise without heating the
substrate as in the manufacture of a conventional magnetic recording
medium. The magnetic recording medium according to the present
invention therefore reduces the manufacturing cost by simplifying the
manufacturing process.

Embodiments
Embodiments of the present invention will be described hereinbelow,

but it is to be understood that there is no intention to limit the present
invention to those embodiments.



The protective layer 5 is |lanented on the magnetic |ayer 4. The protective
| ayer may be fornmed by any conventional nethods such as the sputtering

nmet hod. For exanple, the protective layer 5 is formed of a thin 2laheé 20at
is made mai nly of carbon. The liquid [ubricant layer 6 is then | am nated on
the protective layer 5. For exanple, the liquid lubricant |layer 6 can be
formed by coating a lubricant of perfluoro polyether. In this manner, the
magneti c recordi ng medi um shown in FIG 1 can be produced. The nagnetic
recordi ng mgghbedigeaendi ng to the present invention is capable of

I ncreasi ng He and decreasing nedi a noi se without heating the substrate as
in the manufacture of a conventional nagnetic recording nmedium_ The

magneti ¢ recor di nd runforeechelass diubgtrate with psreetht surfagcent (Nrl Ot glasef or e
Eﬁguges tPe sﬁBMt_@Cf)H{duBQ? CL?}?H@YA?' ”?btﬁ.)"ﬂ?s thiyed IéﬁirtHé %gdﬂlﬁia@ﬂeﬂﬁf ocess.

odi nent s odi nent s, 0 e _present inventiqgn be descripe
her ei nbel ow,sggg{ﬂqeﬁf i“gﬁ?rodﬁ%mﬂg r%(f%gﬁ‘gpﬁg‘f S‘&Ff&%e lelgm?siﬂi?%%ﬁing% to
linit the prespwieringappafats to fomes the mesdnagmetic. ugder-laysu@ 2005 a
Enbodi ment  1hifkA&isnbPr1oash Boasptisedbdst hale WiZoh afamiet % Mbf@cer(MidP gl ass
substrate prodtjced %O Hg)YA Co i\“%’ Y{/as.usffd as_the . .non- ma?mretlc sgf)strate
1. After cl ESRFYRE r?‘?{!"r?aﬁ ¢ NEfRAIe eXpressed: g the, parpe, magper)
sputtering &vger under am Arqgas prassunoef fdgndiare R non-agagnetic \gramular
{1 ckness oiANSIRRTEGSETi0fa hidkncss 392014 s AP e ek s

i ni i X | .

t ar get undelgaﬁr{’riﬁs é)ofg%be% _ bé’f Elfokﬁf}ﬂ?l}tfmﬁ%eﬂwﬁ}?.dnﬁaﬂ%ﬁ sz’gr;ﬁn ar
i nt er nedi at etdnaigo Gr targdt vaith §iQxefes mod % 2ddedithesetot hen f ormed under an Ar
gas pressure of 30 mlorr by the RF sputtering nethod using a Co - 32

The granular magnetic layer 4 with a thickness of 15 nm was then
formed under an Ar gas pressure of 30 mTorr by the RF sputtering method
using a Co - 10 atomic % Cr - 14 atomic % Pt target with SiO2 of 7 mol %
added thereto. Then, the carbon protective layer 5 with a thickness of 10
nm is laminated on the granular magnetic layer 4, and a laminated product
was taken out of vacuum. A liquid lubricant was then coated on the
protective layer 5 to form the liquid lubricant layer 6 with a thickness of 1.5
nm, thus producing the magnetic recording medium shown in FIG. 1.

It should be noted that the substrate is not heated prior to the
formation of the layers.

With regard to the magnetic characteristics of the produced magnetic
recording medium, Hc and Br§ were measured using a vibrating sample
magnetometer (VSM). With respect to the electromagnetic conversion
characteristics, a regenerated output TAA of an isolated regeneration
waveform, media noise and SNR (signal-to-noise ratio) were measured
using a spin stand tester with a GMR head at a linear recording density of
120 kFCI.

Table 1 shows the composition of the lamination, and Table 2 shows
the results of measurement representing the characteristics.
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atomc %Cr target wth SiQ2 of 6 nol % added thereto. The granul ar
magnetic layer 4 wwth a thickness of 15 rimwas then forned under an Ar
gas pressure of 30 nTorr by the RF sputtering nethod using a C@ r AU 2005
atomc %Cr - 14 atomic %Pt target with SiQ2 of 7 nol % added thereto.
Théen, the carbon protective layer 5 with a thickness of 10 run is

| am nated on the granul ar magnetic |ayer 4, and a | am nated product was
taken out of vacyum A liquid lubricant was then coated on the protective
|l ayer 5 to fﬁﬂ&éﬁ&i@quid | ubricant layer 6 with a thickness of 1.5 nn,
t hus produci ng the magnetic recording nediumshown in FIG 1. It should be

noted that the suﬁg&;o gxhe'éfc n@%ﬁ@ﬂﬁéﬁ%@ MowkPirt PEG. ngh;aglgea' he
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sanpl e nagnatametdmte (ayEk)3 Wit bompsiped tof tteva hen-ahagmietiontagerst (3a, byver si on

characteri stw%g}e;%gﬁﬁg ?g?taﬁﬁteam% g %ﬁgfﬁg%ﬁ?f.ét%onug 9

wavef orm me nal -t o- noi rati o) were measure
a spin stan&ofaiéqyﬁtw:ﬁ%esé IHBAd at a linear recording density of 120

KFCl . Table 1 shows the conposition of the |lam nation, and Table 2 shows

the results of ne r : 5%1%%1{.' | SakicS AUG 2005
Enbodi ment 2 _ The qn%Hng{ﬂéigét}%go% I ng s‘ﬁl&%ﬁﬂﬁé%%&ﬁfj‘f@e&@ S\O/alg‘%[rﬁé uced in

n
the sans. marferACiERSTies 10fdhe iBrofucsAbaBRRLic TeoQRUIRS mediimy WereBRasHigher | c
i nt er nedi at anlthy gamd maanerastor the dustoémbodinean- magnetic | ayers (3a, 3b)
havi ng the granul ar structure and each having a thickness of 10 nm (i.e. a

total |ayer thickpe of 20 rim. The.magpetic characteristjcs and the
el ect romagnetic c@ﬁgérkﬁlbfﬁ”s thesorppesition p gledf‘nlﬂ#?éloﬂr M@égi%é%‘ﬁc

recordi ng nete wesults of nigasstenemt represdntingdhe chaacteristiss.i n the first
enbodi nent .

Embodiment 3

The magnetic recording medium shown in FIG. 1 was produced in
the same manner as in the first embodiment except that the non-magnetic
intermediate layer 3 was comprised of three non-magnetic layers (3a, 3b, 3c)
having a granular structure and each having a thickness of about 6.7 nm (i.e.
a total layer thickness of 20 nm).

The magnetic characteristics and the electromagnetic conversion
characteristics of the produced magnetic recording medium were measured
in the same manner as in the first embodiment.

Table 1 shows the composition of the lamination, and Table 2 shows
the results of measurement representing the characteristics.

Embodiment 4

The magnetic recording medium shown in FIG. 1 was produced in
the same manner as in the first embodiment except that the non-magnetic
intermediate layer 3 was comprised of the following two layers each having
a thickness of about 10 nm (i.e. a total layer thickness of 20 nm): the lower
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Table I shows the conposition of the |am nation, and Table 2 shows the
results of nmeasurenent representing the characteristics. Enbodi nent 3 The
magneti c recordi ng nedi um shown in FIG | was produced in the . 2amdUGdiRer
as in the first enbodi ment except that the non-nagnetic internediate |ayer
3 was conprised of three non-magnetic layers (3a, 3b, 3c) having a

granul ar structure and each having a thickness of about 6.7 nm(i.e. a
total |ayer thickness of 20 run). The magnetic characteristics and the

el ect r omagneayer baing dosnahof aHae acd2eatogtic &6 @f target with $iOe df iéenpob €4 ¢

recordin i i . d £1dyS
enbodi ment WSSP&%@E}%?W@? E@@%@?‘H@tﬂg’?ﬁaﬁénﬁ? affinie U°e 1 o
shows the ri@&ef ¥l ?’é’hjfi?‘ eéjp W%t ing the characteristics.

Enbodi ment 4 The magnetic recordi ng nmedium shown in FIG 1 was produced in

the same manner aghnpfafRetd 'chhrRERHCEEHd %Pf&%@éc&d?ﬁév%{efig BGivergoget | ¢

i nternedi ate, |l ayer. 3. wa onpriksed of the follown ers each having
Ll Ckneos QRTATiRIcT O g drodices Pagiahc wsprdin ARG BRS¢ he
| oner 11 , 2 it tidiGuad0finhayay intthe dystfeambedimeit.a Co - 32 atonmic % C target
with SiQ2 of 6 nol % added thereto and the upper |ayer being fornmed of a

Co - 40 atomc % target with Si Q2.of | % added t.p.. The

magneti ¢ charact eﬁzlt‘lgllei ﬁ?@ﬁ%ﬂ%@@%@%ﬂﬁ@ﬁ”@%@&ﬁv@i thlee Dshows

char act er i stthe sesaits ofingasatoest reprgsanting thechardeterstiesdi um were measured in
the sane manner as in the first enbodinment. Table 1 shows the conposition

of the |am natjon, and Tabl h&)ws e results of neasurenent
representi n“‘mf’.%fgﬁégg&g@#g&ﬁgé—w O ment 5 through Enbodi ment 1 | The
magnetic recording medi um shown in FIG 1 was produced in the sanme manner
as in the first erhodhdpitic G866 ding NRHiN 8hOWA-IHBRITE | Svas produced in
the same manner as in the first embodiment except that the non-magnetic
intermediate layer 3 with the composition shown in Table 1 is comprised of
two layers each having a thickness of 10 nm (i.e. a total layer thickness of

20 nm).

The magnetic characteristics and the electromagnetic conversion
characteristics of the produced magnetic recording medium were measured
in the same manner as in the first embodiment.

Table 2 shows the results of measurement representing the
characteristics.

Comparative Example 1

The magnetic recording medium shown in FIG. 1 was produced in
the same manner as in the first embodiment except that the magnetic layer 4
was laminated on the non-magnetic under-layer 2 without forming the
non-magnetic intermediate layer 3.

The magnetic characteristics and the electromagnetic conversion

characteristics of the produced magnetic recording medium were measured
in the same manner as in the first embodiment.
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internmediate layer 3 with the conmposition shown in Table 1 is conprised of
two | ayers each having a thickness of 10 nm(i.e. a total |ayer thickness
of 20 run). The magnetic characteristics and the el ectromagneti A
conversion characteristics of the produced magnetic recording ngéiquﬁ@Fe
measured in the sane manner as in the first enbodinent. Table 2 shows the
results of measurenent representing the characteristics. Conparative
Exanpl e 1 The magnetic recordi ng nediumshown in FIG 1 was produced in

th | 4
2 i o T el S R TR
non- magnet i ?ﬁ? tﬁ@éfﬂéﬁaé“! r@f@%ﬂ@ﬂ&é@ﬁ@ UACEHSASEt eri stics and the

el ectromagneti ¢ conversion characteristics of the produced nagnetic

ecord no mgypppere teaswed, n the sam momer g inthe first L
and Table P shoms the‘ﬁ@@ﬁpﬂ§oﬁf ekt lmféﬁbﬁgentha he
characteristics. ConposMagoetioLaydrer nEthat e Lagempdsitivat of Conmognon of
L hat s oh La er o Entlodi mant Cool 00 - M&Pﬁé WES‘“%%?‘& P PoEp et
Enbodi ment Co- | OCr - 14Pt|- 7Si 2Co- 32Cr - 65 @@ Co- 32¢r - 6Si 2 202
Laminati
on
Layers
Embodiment | Co-10Cr-14Pt-7S1 |1 Co-32Cr-6 -
1 0, S10,
Embodiment | Co-10Cr-14Pt-7Si |2 Co-32Cr-6810, | Co-32Cr-6Si0,
2 02 '
Embodiment 3 | Co-10Cr-14Pt-7Si |3 Co-32Cr-6810, | Co-32Cr-6Si0,
O,
Embodiment | Co-10Cr-14Pt-7S1 |2 Co0-32Cr-6Si0, | Co-40Cr-8010,
4 0,
Embodiment | Co-10Cr-14Pt-7Si {2 Co-32Cr-6S810, | Co-30Cr-10Pt-6
5 0, Si0,
Embodiment | Co-10Cr-14Pt-7Si |2 Co0-32Cr-2Cr,0 | Co-32Cr-2Cr,04
Embodiment | Co-10Cr-14Pt-7Si |2 Co-32Cr-2A1,0 | Co-32Cr-2A1,03
Embodiment | Co-10Cr-14Pt-7Si |2 Co-30Cr-10Pt- | Co-30Cr-10Pt-6
8 0, 6Si0, SiO,
Embodiment | Co-10Cr-14Pt-7Si |2 Co0-32Cr-6SiC | Co-32Cr-6SiC
9 02
Embodiment | Co-10Cr-14Pt-7S1 {2 Co-32Cr-6TiC | Co-32Cr-6TiC
10 0,
Embodiment | Co-10Cr-14Pt-7S1 |2 Co-32Cr-6S1C | Co-32Cr-6SiC
11 0,
Comparative | Co-10Cr-14Pt-7Si {0 - -
Example 1 0O,
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Enbodi ment 3Co- | OCr - 14Pt - 7Si 3Co- 32Cr - 6Si CQRCo- 32Cr - 6Si (2 02
Enbodi nent Co- | OCr - 14Pt - 7Si 2Co- 32Cr - 6Si O2Co- 40Cr - 80i O2 402

Enbodi ment Co- | OCr - 14Pt - 7Si 2Co- 32Cr - 6Si CQ2Co- 30Cr - | OPt - 6 502Si O2.2 4 AUG 2005
Enbodi ment Co- | OCr - 14Pt - 7Si 2Co- 32Cr - 2Cr 20C0- 32Cr - 2Cr 208 6023

Enbodi nent Co- | OCr - 14Pt - 7Si 2Co- 32Cr - 2A120C0- 32Cr - 2A1208 7023

Enbodi ment Co- | OCr - 14Pt - 7Si 2Co- 30Cr -1 OPt - Co- 30Cr -1 OPt - 6 8026Si O2Si O
Enbodi ment Co- | OCr - 14Pt - 7Si 2Co- 32Cr - 6Si CCo- 32Cr - 6Si C 902

Enbodi ment Co- | OCr {T4Ble-2]Si 2Co- 32Cr - 6Ti CCo- 32Cr - 6Ti C 1002

Eo”bngg'r Tl vePo. 100 - 14pt - T5HE- démfr%ﬁa %f“(?}%?‘g ﬁf“"‘ 25, kNRGR) fe & 6
Regener ated| Media () (G| {Oeut puf GNok sOWtpUSNR ( dipise ( u
| m |@mVpp) | V)

Embodiment 1 3345 |60 0.71 24.1 22.6
Embodiment 2 3423 |63 0.72 22.4 22.9
Embodiment 3 3470 |59 0.70 22.2 23.1
Embodiment 4 3518 |60 0.69 21.9 23.4
Embodiment 5 3553 |62 0.72 21.2 23.8
Embodiment 6 3451 61 0.71 22.6 22.8
Embodiment 7 3412 |62 0.71 22.1 23.1
Embodiment 8 3514 |59 0.70 21.9 23.5
Embodiment 9 3011 60 0.70 243 22.2
Embodiment 10 [2965 | 61 0.71 254 22.0
Embodiment 11 | 3122 63 0.73 23.8 22.5
Comparative 3088 59 0.71 29.2 21.6
Example 1

As is apparent from Table 2, the magnetic recording medium of the
present invention having the non-magnetic granular intermediate layer 3 is
able to increase the magnetic coercive force Hc and decrease the media
noise to a larger degree than in the comparative example 1. In particular, it
was found that the characteristics of the magnetic recording medium having
the non-magnetic intermediate layer comprised of two or more layers were
effectively improved. More specifically, compared with the comparative
example 1, the He is increased by about 260 Oe and the SNR is increased
by +1 dB in the embodiment 1 wherein the non-magnetic intermediate layer
3 is comprised of a single layer formed of Co-32 atomic % Cr-6 SiO, with a
total layer thickness of 20nm, the Hc is increased by about 340 Oe and the
SNR is increased by +1.3 dB in the embodiment 2 wherein the non-magnetic
intermediate layer is comprised of two layers having the same composition
with a total layer thickness of 20nm, and the Hc is increased by about 380
Oe and the SNR is increased by +1.5 dB in the embodiment 3 wherein the
non-magnetic intermediate layer 3 is comprised of three layers having the
same composition with a total layer thickness of 20nm.
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m Vv - ) Enbodi ment 13345600. 7124.122. 6 Enbodi ment 23423630. 7222. 422.9
Enbodi ment 33470590. 7022. 223. 1 Enbodi ment 43518600. 6921. 923. 4 Enbodi nent
53553620. 7221. 223. 8 Enbodi nent 63451610.7122. 622. 8 Enbodi nent 24 AUG 2005
73412620. 7122.123. 1 Enbodi ment 83514590. 7021. 923. 5 Enbodi nent
93011600. 7024. 322. 2 Enbodi ment 102965610. 7125. 422. 0 Enbodi ment
113122630. 7323. 822. 5 Conparative 3088590.7129.221.6 Exanple | As is
apparent from Table 2, the nmagnetic recordi ng mediumof the present

i nvention having the non-magnetic granular intermediate layer 3 is able to

|y ger degrop. § ok e Sfiodlients A 84 SowANGIE B AAFMaphSid RibAnedites O &
found that  t FYCE Hals £URRSEH; b B9 Hofamienette, Bnilar Javts Jave SIS ng . t he
non- magnet i ccompesitienti andchdssy tatallaypr thickness of 30 nm, the He way enaseasede

ef fect vel y hyyBpower30 MBaRITAESNR Gl ikcreBQIMBY . 9B n (e chBBRRAGHE Ve
exanpl e , e | I NCrease apou IS 1N ease Yy
T1°0B Tt nel Bnding RS RaRERed by et 460 e e SNR srimeRas i byar =% 7Y
conpri sed of t22giBdn the embedimenidd dfhusptheembadiinents 4oand SSicbievie the a

total layer &Bé@iﬂ%ﬁ&%%uszé’ﬂfé’ﬁts hAdnERhé SmbBaIRARE B e FEH: idvEdtioR. and t he

SNR is increased by +I.3 dB in the énbodi nent 2 wherein the non-nmagnetic
internmedi ate |ayer is conprised of two |ayers having the same conposition
with a total |ayeThimisctonsitered tobahecause a Hegtee th svhick thegeain sizeabout 380
Ce and the SRuésd |46 @RS esbghdgatibnd stBciufe t i€ neideo He#eNin Ihvheradulirt he
non- magnet i &y}t SIRSAF ihaDiflaer the nSQMRIE 16krnd BleS8ahM4F aghRtibnd the
layer is varied according to materials for the non-magnetic intermediate
layer.

Likewise, in the case of the magnetic recording medium in which the
non-magnetic grain boundaries in the non-magnetic intermediate layer were
made of Cr (Embodiment 6) and Al (Embodiment 7) oxide, not Si oxide, the
Hc was increased by about 320 to 360 Oe and the SNR was increased by
about 1.2to 1.5 dB.

In the magnetic recording medium in which the non-magnetic grain
boundaries in the non-magnetic intermediate layer were made of the
Co-Cr-Pt alloy (Embodiment 8), the Hc was increased by about 430 Oe
and the SNR was increased by 1.9 dB.

Further, the higher Hc and SNR can be achieved by a magnetic
recording medium whose non-magnetic layer is comprised of layers with
different compositions as is the case with the magnetic recording mediums
(Embodiments 2 and 4) containing the corresponding oxides, compared with
the magnetic recording mediums (Embodiments 9 to 11) containing carbide,
not oxide. Although the Hc in the embodiments 9 and 10 was slightly
decreased from Hc in the comparative example, a preferable magnetic
recording medium exhibiting decreased media noise and increased SNR was
produced.
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sanme conposition with a total |ayer thickness of 20nm Table 2 14 .2 4 AUG
2005 In the enbodinents 4 and 5 wherein the non-magnetic internedi ate

| ayer 3 is conprised of two non-magnetic granul ar | ayers having Qibf £& 200D
conpositions and has a total |ayer thickness of 20 urn, the He was

i ncreased by about 430 Oe and the SNR was increased by +1.8 dB in the
enbodi nent 4 and the He was increased by about 460 Oe and the SNR was

i ncreased by +2.£ gB ﬂ'.n thE enbodi nent 5. Thus, the enbodi ments 4 and 5
achi eve the nost s effects anong the enbodi ments of the present
i nvention. This is considered to be because a degree to which the grain
size is reduced : St : S d '

granular in ermag?lgte aeilg(r}[rejeust %&@&?%@H{’n@ irll1 ﬂ@é Favg;geseﬁ%r%lee%%granul ar
magnetic | dY€rsame manngy %C@grgph@élwnﬁﬂi &P‘P%i?‘sﬁl%rﬂl? t{é“‘ﬁﬂiﬁs%ﬁg ¢ic

i nt er nedi at enagregierlaydrideeras shanged tolfetocEsamof t he magnetic recordi ng medi um
I n which the non-nagnetic grain boundaries in the non-nmagnetic

i nternedi ate | ayeg. were de of . C (Enhodi nen;. 6) and Al _(Enbodi nent 7)
oxi de.not Si - oxi B (BEAI0 GRS FRARBAGS RGOS | (5 BBRBER G | he
SNR was i ncroeesive Hprcealbioutand. Brido weSe dBeasured hsingagneitirating sangilelg nedi um
in which th STRSBEH rai ra ' z | C

i nt ernnedi ate i@yie:r V\efg{lﬁg@é 0 Gt ?gﬁ%%-tg?ﬁﬁg%@%%%gg@%%t 8), the He
was i ncreased by about 430 OGe and the SNR was increased by 1.9 dB.
Further, the hi gh€onigarativé EXdrnsler2 be achi eved by a magnetic recording
medi um whose non-magnetic |ayer is conprised of layers with different
conpositions as is the case with, the nagnetic recordi ng nedi uns

(Enbodi ments 2 an@h@t}nagaﬁtlﬁirﬁﬁqxgmgrmeg&n g@wagdh%gﬂumsl}omhmﬂ% With
the magneti q wasqrddngdiidthiensanid-mizotierdn the Snibodingéntcbreixeepy that ¢las bi de,
not oxide. AiHaHGRaydi% itk IitiblEcRIROY (BBTY finPwRl Forhkd'BRectly SHeh

non-magnetic under-layer.

With regard to each magnetic recording medium, the magnetic
coercive force Hc and Br § were measured using a vibrating sample
magnetometer (VSM). FIG. 2 shows the results of the measurement.

As is apparent from FIG. 2 showing the dependency of the magnetic
coercive force Hc of the magnetic recording medium on Br § in the
comparative example 2, the magnetic characteristics are considerably
deteriorated if Br 6 is not greater than 50 Gum. This results from the
unclear granular structure in the initial growth region (with a small Br § ) in
the granular magnetic layer. However, the magnetic recording medium
according to the embodiment 12 of the present invention having the
non-magnetic granular intermediate layer has the granular structure just
under the granular magnetic layer to facilitate the epitaxial growth of the
granular magnetic directly upward. This achieves a relatively clear
segregation structure even in the initial growth region. Thus, in the region
with a small Br §, the magnetic characteristics are improved to a larger
extent than in the comparative example 2.
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decreased fromHe in the conparative exanple, a preferable magnetic

recordi ng nmedi um exhi biting decreased nedi a noi se and i ncreased SNR was
produced. 15 24 AUG 2005 Enbodi nent 12 The magnetic recordi ng riegiAut goHwn
in FIG 1 was produced in the sane manner in the enbodi nent 2 except that
the thickness of the magnetic |layer 4 was changed to 5 to 15 nm Wth
regard to each nagnetic recording nmedium the magnetic coercive force He
and Br 6 were neasured using a vibrating sanple nagnetoneter (VSM. FIG 2
shows t he resdvamgagéoushe Effent urafinethe ISempianat i ve Exanpl e 2 The nagnetic
recordi ng medi um having the structure showmn in FIG . 1 was produced in the

same manner in the e iqrent 1 exc t the .magnetic la er4vmtha

t hi ckness of 7 togﬁ[%djm%vef’ 89@?#\”&& g,c%velnﬂg

under - | ayer madiutn ineghich tho gravnlanagagsetic laysrais dimyideddwithoutt fmenm@net i C
coercive forge dﬁrﬁh@&aﬁ! 1 rtﬁe ”ﬁﬁgﬁéﬁ@' x’ééd)r'&ﬂlg'i rﬁécﬁﬁﬁi 'dfgth%a?%s%nt

magnet onet em Vagh ows t | ts,. l nge surtﬁme S
apparent fr C? %‘éegjé; ?W e ﬂ%er Y1eg 555@#@5 ve force
He of the msfmeture mdcbrtbﬁ: rrgagimmulﬂy@n ahilgtsi hlghhe H@cmdaicawmeomarrpl e 2,

the magneti ¢/16ReVAC RS pﬁésbﬁﬁu@eﬁusﬁaﬁmé%sablwgh P'l@tcﬁa!h' el i€ dhd Eth[m@ {S not
ar_structure in

greater than ro ran

fhe'ini wg?geﬁﬂer@a%% gy et fa Ffigedcand [ @Rz 3 e pmbisihic: o

| ayer. Pt @Measnsgh@nmser ecordi ng medium according to the enbodi ment
12 of the present invention having the non-magnetic granul ar internediate

| ayer has the granu stryucture just ..under the an eti.c layer to
facilitate the egl?'t%‘girité I, %\B{?‘FCB# n}vrqgtlorbrugmﬂvgp tﬁ% gl‘ h?f?&@f}ﬁl?ﬁ upwar d.
Thi s achi eviss the regigni withya csmaall Brségrangathesefors rthn:tmes:,enéu@mnu@nt e initial
growt h regi givantistousitd thBeddce&HseNn Br § of the magnetic layer accompanying

the increase in the recording density in the future.

A

On the other hand, oxide of at least one element selected from Cr,
Co, Si, Al, Ti, Ta, Hf and Zr is used as the non-magnetic and non-metallic
substance in the granular magnetic layer and the CoPt alloy to which at least
one element selected from a group consisting of Cr, Ni and Ta is used as the
ferromagnetic grains in the granular magnetic layer, and Cr or Cr alloys are
used to form the non-magnetic under-layer. This further improves the
magnetic characteristics and the electromagnetic conversion characteristics.

Further, the laminating structure of the non-magnetic intermediate
layer easily increases Hc, and this eliminates the need for heating the
substrate in the formation of the magnetic recording medium according to
the present invention. This enables the use of inexpensive plastic as well
as conventionally used Al or glass for the substrate.
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with a small Br 6 , the nagnetic characteristics are inproved to a |arger
extent than in the conparative exanple 2. 16 2 4 AUG 2005 Advant ageous

Ef fect of the Invention As stated above, conpared with the convehii AGl2005
magneti c recording nediumin which the granular magnetic |layer is provided
wi thout formng the internediate |ayer, the magnetic recordi ng nmedi um of
the present invention conprising non-nmagnetic internediate |ayer having
the granular structure under the nagnetic |ayer exhibits higher He and

| ower noise. Mreover, the present invention achieves a high He can even

i f the amWRit isdlafthed is:t he magnetic | ayer target is reduced, and the
decrease in the anount of Pt decreases the noise. In addition, the present
invention inproves the nedia characteristics in the region with a small Br
6 , and theAehapaeticaeportiagtmedivenicoarprisingadvant ageous to the decrease in
Br S of the magnetic |ayer acconpanying the increase in the recording
density in the future. On the other hand, oxide of at |east one el enent

sel ect ed amem-magnets, subistrate;, Ti, Ta, Hf and Zr is used as the

non- magneti ¢ and non-netallic substance in the granular nagnetic |ayer and
the CoPt alloy to which at_|east qne elenent selected froma group

consi st i nd lefi-mragneticamdertayes sy é@&'ﬁ@gqﬁ‘éﬁ%&é@ﬁ@é@;i c grains in the
granul ar magnetic layer, and C or C alloys are used to formthe

non- magneti ¢ _under-l.ayer. Thi.s further inproves the. magnetic .

Char act er P SO BN B TR RS Ry RE O S ROBr SaGHOUR AR S | cs.

Further, the lamnating structure of the non-nagnetic internediate |ayer
easily ingr : ' m ; heating the
substrategfﬁa§ﬁ§“$§pﬁ%3ﬂ5%ﬂgﬁuﬁLgﬂﬁgﬁﬁ@ﬁp%gﬁgggg%ﬁ%‘ ﬁbdiun1according to
the present invention. This enables the use of inexpensive plastic as well

as convenjipgfchiveltaer 6h said tadtticdaykfie substrate. 17 2 4 AUG 2005
a liquid lubricant layer on said protective layer;

said magnetic layer includes ferromagnetic grains and nonmagnetic grain
boundaries, formed of at least one of a metallic oxide and a carbide,
surrounding said ferromagnetic grains; and

wherein said non-magnetic intermediate layer comprises at least two
laminated layers having identical or different compositions, and wherein
said at least two laminated layers both comprise grains of non-magnetic
substance, and non-magnetic grain boundaries formed of at least one of a
metallic oxide and a carbide, surrounding said grains of non-magnetic
substance.

2. The magnetic recording medium according to claim 1, wherein said
grains of non-magnetic substance in said non-magnetic intermediate layer

are CoCr alloys or CoCrPt alloys.

3. 'The magnetic recording medium according to claim 1, wherein said
non-magnetic underlayer is made of either Cr or a Cr alloy.
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What is clainmed is: 1. A magnetic recording nmediumconprising: a

non- magneti c substrate; a non-nagnetic underlayer on said non-nmagnetic
substrate; a non-magnetic internediate |ayer on said non-nagnetb&_AUsz5
under| ayer; a magnetic |layer on said non-nmagnetic internediate |ayer;
protective | ayer on said magnetic layer; a liquid lubricant |ayer on said
protective |layer; said magnetic |ayer includes ferronmagnetic grains and
nonmagnetic grain boundaries, formed of at |east one of a netallic oxide
and a carbide, surrounding said ferromagnetic grains; and wherein said
non- magnetic internedi ate | ayer conprises at least two |amnated | ayers
havi ng identical or different conpositions, and wherein said at |east two
| am nat ed | ayers both conprise grains of non-magnetic substance, and
non- magne#i d'lyy anagheiindecorelng omeddimf aedondémg ttoookimf 1a wheteah | saad oxi de

and a carhi . I i [ .2 f - i . The
magnet i o PongraEHEasSIBHARER, faeolibl &) altiiattoRabLfed BUFREASET0NE
non- magnetprsistingtafrargstatlized glassnreinforeci glass, endeplastie | ayer are CoCr
all oys or CoCrPt alloys. 3. The nagnetic recordi ng medi umaccording to
claim1l, ein said. non-nmagnetic.underlayer is de qof ejther C. or a Cr
al | oy. 1892 Mhemaghgiis JeCotiigagReiye Aeeiding JoneldimmlackBeigingaid cl ai m
1, wherei mapdietic 1a96r hagathickneh between Ssar®ys fmiom a subst ance sel ect ed
fromthe group consisting of crystallized glass, reinforced glass, and
plastic. 5. The magnetic recording nmedi umaccording to claim1, wherein
said magnetic |layer has a thickness between 5 and 15 nm 19
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