, e3eql I Ml o@ g6qTgdn HV Longi tudi nal Magnetic Recording Medium And A

Vet hod For Manufacturing The Sarre field of the invention 5 The
present invention relates to a Io ’@w @‘I’ gnetic recording medium
nounted on @ variety of nmagnetic reco |ces such as an external
menory devi ce of a conputer. The inveif®®h also relates to a method for
manuf act uri ng such a nmedium 10 Background of the invention The recording

density of | ongityudi rd| i u at a

r emar kabl d’rﬂPEMP&@% T&HC{I‘ 108 5 %%@véd%ﬁﬁlﬁi%r are sone
probl ens in achj eving hj recordi ng 15 den5|ty One of the big problens is
enhancenemagiu §p§umngclﬂm> ati o, SNR Reduction of nedia noise through
i solation and size reduction of magnetic particles is effective in SNR
enhancenent. Techni ques for the noise reducti on have been proposed

i ncluding sel ection of appropriate conposition of the underlayer and the 20

magneti c |1 Rgehni€dNfiedd offtle@ AV Eheitsn f or depositing each | ayer, and
mul tiplication or decrease of thickness of the underlayer and magnetic

| ayer P beer ts BpBRdRCARverMah AR 0, FaneR Il MR o o o1

magnetic | ayer,has a structure in *159159* I whi c each ferromagnetic
Crystal graPArUTE R UnHEARBYNLER AR ReT AEIGRNIE AR ENE IS BGarEBEE e as

i d trid
oxt de or rclilevrll:ese such as an external memory device of a computer.

The invention also relates to a method for manufacturing such a
medium.
10
Background of the invention
The recording density of longitudinal magnetic recording medium
is increasing at a remarkable rate. This trend is quite unlikely to
slow down. There are some problems in achieving high recording
15 density. One of the big problems is enhancement of signal to noise
ratio, SNR. Reduction of media noise through isolation and size
reduction of magnetic particles is effective in SNR enhancement.
Techniques for the noise reduction have been proposed including
selection of appropriate composition of the underlayer and the
20 magnetic layer, control of conditions for depositing each layer, and
multiplication or decrease of thickness of the underlayer and
magnetic layer. Recently, a magnetic layer generally called as a
granular magnetic layer has been proposed for an approach to the

SNR reduction. The granular magnetic layer has a structure in

AR 1

*159159*



Japanese Unexam ned Patent Application Publication H85 255342, for exanple,
di scl oses noi se reduction by providing a granular recording layer in which
erromagnetic crystal grains are dispersed in a nonmagnetic film the
recording | ayer being forned by executing heat treatnent after sequentially
| am nating a nonmagnetic film a ferromagnetic film and a nonmagnetic
film In 1o this case, the nonmagnetic filmis an oxide or a nitride of
silicon. Unjted Statgs Patent No. 5,679,473 discloses t,hat, noi se reduct.i on
can be ac eRe DeRroanAgnetY; GhYstal St 1 RYTTPRRisd PR PN MAgRetiFe
in which each of ife gnetic crystal grains is syrrounded and separated by
nonnagnet itoetaliefupstance gHgARSOX1Qe SHINHE1Ee| m 15 can be forned by
means of RF sputtering using a CoNi Pt target containing oxide such as Si02.
Because the nonmagnetic nonnetal lic grain boundary phase physically
separates each magnetic particle in this granular magnetic 20 | ayer,
magnetic inter i i 1.0 RANPY ses and a
Zi gzag- shaped ﬁ@??%%%ﬁg??%?%@%&ﬁg&%%@g I(;‘él%ﬁ%ptq ?ﬁqgst ransition
regi on.of rgi it 1.AS |t,.:a | nQi S har ristic is

consi dgr eﬁ%gﬁg’ g(%l{]gf(ﬁgﬁjpl%nd%ci(g%;%hﬂl%%gf%mm&%‘g hi%§£$§i(£lr’r§8neti c film
of CoCr system, chrom um segregat es ﬁ. froma magnetic payticle of cobalt
systom andisEdiaH Feserding Iavekinwhich fargmagnatiscrystal grainsage
tenperature, to reduce magnetic interaction between the nagnetic particles.
The gr anuldispexgedtincal ngemagseticefikay 4learecaridiagslayepbeimngifoymedbat i on
of 5 magnetic particles because the grain boundary phase of the granul ar
magnet i ¢ lexeyutiagsheat tegatinentnafist @éd&gensidlw daesinainghasegr egat es
nore easily than conventional chrom um i sing substrate tenperature to at

| east Zoo%dﬁﬁldgﬂ{aggggﬁgi?'a‘égégﬂ%rgﬁgsgﬁgi hPNa RACK §ohia @ﬁ@‘fﬂg@i P

nmetal lic nagnetl or’ enough segreyation
chrom,ym contrast, r l ap. etic taver als S khe. ant age
Chat the idlraaRet ithe nbBin ARG RIAR IR B Fuid¥ O SrBhritR oF SEIERNT T on

rocess w.t-hout ating,as i he_c it h.heatin 5 In addiition to
Gecr ease ﬁn&@g ages R atont NA B 19 %Hmtﬁeseg %h,a]f«mmssaer% UsHORERRg
segregation structure in the_magnetic |ayer, enhancenent of recording
densi ty arke ashieveddyy providing a grgnuldr reicordimgtfilmrlkaving mgstmititume
al so require control of crystal alignnment of the ferromagnetic crystal

grain of GeGwlsieht €ath T th@imagnetidcrystadl gitnis ehrfoandedointhe

ferromagnetic crystal grains having hexagonal cl osest packed structure.

o R ORGP, R A e i
R AR S T A R T N A

magneti c recordi ng medi um hayi ng J.he granul ar nagnetic film because the
nonmgneti@@ﬁﬁi@ﬂﬁgﬂl €& S4g aﬁ%&g)%romthe ferromagnetic crystal grains
by 5 oxide or other grain boundary segregati on substance. However, Journal
of the Magnetics Society of Japan vol. 23, no. 4-2, p 1021 (1999) discl oses
that (100) plane and (101) plane of the ferromagnetic crystal grain are

predom nant |y Becgued the hoairgaamdtic noaonetatlic graindyouadagyaphasder | ayer
of CM alloy with a special conposition 1o having predom nantly aligned

(110) pla [ i i i r LSt :
(1 20) oy b9 RS R B A el Y i lgneti
20 layer, magnetic interaction acting between the magnetic particles
decreases and a zigzag-shaped magnetic domain wall is suppressed to
develop in a transition region of a recording bit. As a result, a low

noise characteristic is considered to be attained. In a conventionally

used metallic magnetic film of CoCr system, chromium segregates



Problemto be solved by the invention 15 Mnim zation of the particle size
of the magnetic particles is indispensable to achieve SNR enhancenent
acconpani ed by high recording density. It is known that m nim zation of the
particle size is, nore easily attained in a granular nmagnetic layer than in
a conventional magnetic |ayer of CoCrPt system when the structure of 20 the
medi um has a usual |ayer structure that does not utilize antiferronmagnetic
coupling and consists of a nonmagpeti c,underl ayer,, a nan net i

 nt or medi S 8 Bagnetis prticle d cpbalt Syster a0 PreGIEREs abthes | i qui d
| ubricant |ayer. However, the cqercive force He of the nedi um decreases
with the grainibeuandaryiby depasibion ata hightemperaturente redaresmenon is
considered to arise due to thermal fluctuation of magnetization, in which

t hermal emagyesioimteradutiondretweenadiic sheghoticepaetichss.t Phegramilarsi ze
decreases. Wen the effect of the thermal fluctuation increases, decay of

the recor @hﬁgn%tfé or & d&?%ltiﬁa;é%%f éﬁﬁi%&%?ﬁ]ﬁlﬁ E@ol‘é‘ﬁfdl‘gio‘fe force

He of the medium Thu I gh recor ensity conpatible with
resi stanc t h h | fluctuatien. Thereiore, it fas be demandqd .t o
b oduce a oRgeLfPATHEs Raffult VAR artif SoRbiany hRednths BRagHit
particles and supetior resistance to the thernpl_ .fluctuation. 1y

speci fi ca|m9gqekﬁjgc L%Xﬂ @@eﬁoﬂ@nmgﬁsimnﬁgm%au&w ﬁﬁgnﬁédﬁ%@hi bits

i nproved SNR resulted from m nute magnetic_ particles obtained by enploying
a granul asegxggates mayereasily tharscpoventioral chaendumn. t Raising nal 15
fluctuation. A conventional production process of a |ongitudinal nmagnetic

recor di ng subsbitwatededsperstere 66 at Hustt 200°C heanindigpensablaibstthet e. But,

a production nethod without the heating step is 20 desired to reduce a

oduct | i ed to redu
orovi do. 5 J Basi PR PEPELE, O oS haP e MR RSO R R pLOCY

exhi bits i i t I ctuatior despjte m pute magnetic
5" oapt: SvREenplaf PHedN SRRt clitEhiEhl o ORI 5 0a o
thermal fluctuation is enSLired b% a Hedi lfgstructure that utilizes )
ant i f er r ol MAPNetS layien alseohas the adyantage thanthei ngnmagnetic
magnetic particles enploying a granular nmagnetic |ayer. 5 Another object of
t he i nventtetallic substancesegragates ¢vennmafdepasition prioeegs twithmit
magneti c recordi ng nediumthat exhibits high SNR and does not need a

heating stlematihe dednstlie caseweithhieatdhgem The first aspect of the present
invention is a longitudinal magnetic recording nediumthat conprises a

nonmagneti ¢ substrate and the | ayers sequentially |amnated on the
substrate including at | east a nonmagnetic underl ayer, a nonmagnetic

internedi ate | f.q:8 .15 ir of a netic .st.abilizjn ayer and_a,.
nonmaghet 1o mibpnpifon i Aecrfasd dPERERFLE DigrabHint bekFect babticles v
filmlayer, and a li,quid |ubricant |ayer. The magnetic¢ |ayer of, the
| ongi t udi Vil of Prozegtmg §esEagarion SFF\‘éCWﬁgﬁéhﬁlith magye €&’
structure consisting of ferronagnetic crystal grains wth a hexagonal
cl osest 2e@nhakedmentiof recondingdensjtytand geise redwetion iregi on mainly of
oxi de surrounding the grains. The magnetic |ayer is antiferromagnetically
coupl ed wilbhgitedtabimhaghetid pacordimoneddie alsrceeqliéveecontrol of

crystal alignment of the ferromagnetic crystal grain of CoCr system,

20 that is in-plane alignment of c-axis of the ferromagnetic crystal

grains having hexagonal closest packed structure. Consequently,

control of crystal alignment in the conventional metallic magnetic

layer has been performed by controlling structure and crystal

alignment of a nonmagnetic underlayer.



6 The magnetic underlayer is preferably conposed of at |east a netal
selected fromW M, and V, or an alloy containing 10 at %to 60 at % of Ti
and a netal selected fromW M, C, and V. The nonnmagnetic internedi ate

| ayer is preferably conposed of at least a 5 netal selected fromRu, Ir,
Rh, and Re, or an alloy containing 10 at to 60 at %of Ti, C, W M, or Cu
and a netal selected fromRu, Ir, Rh, and Re The stabilizing |ayer is

preferably co y L | I t an
addi tive of a@ﬁ?%lf’é ﬁ%gg@oﬂ#&a’ﬁg& ééﬁrtﬁgflt@glry{/%ﬁ%g@%&l}lﬁlglaglg%}eallygggl s
referably conposed of, .ferromagneti c, grai and npgnmagnetj.c grai fp boundary
Pegi on of BEETLAsaumRed Jithle dnge Ioneiudmal magne bicrrtordivg medivm o |
Co, Si, A, Ti, Ta, H, and Zr. The stabil.i zing Iaﬁer preferably has
coercive fhaeag thegranulan magnetic filmy hecpise the yenmagnetic di sposed
on the spacer laye r. A material for the spacer layer is preferably
conposed afndenisydr sesepheatdd dromuithederaomdgnetic aysthl @rainstlsy ni ng at

| east one 20 netal selected fromRu, Re, and GCs. The material for the
the ploor Tapest PLREHLraah BolRualy St afatin SUPYNee, O Tne
Composed o ALoRERENRed Flg Sodlely STEPEh Yol A md 42 B Fom o
co. S AI(IQEQ) dclhes PRt %500) plane and (101) plane of the ferromagnetic
crystal grain are predominantly aligned in the granular magnetic
layer by using an underlayer of CrMo alloy with a special composition
10 having predominantly aligned (110) plane, leading to improvement in
magnetic characteristics and electromagnetic conversion

characteristics.

Problem to be solved by the invention

15 Minimization of the particle size of the magnetic particles is
indispensable to achieve SNR enhancement accompanied by high
recording density. It is known that minimization of the particle size
is more easily attained in a granular magnetic layer than in a
conventional magnetic layer of CoCrPt system when the structure of

20 the medium has a usual layer structure that does not utilize
antiferromagnetic coupling and consists of a nonmagnetic underlayer,
a nonmagnetic intermediate layer, a magnetic layer, a protective film
layer, and a liquid lubricant layer. However, the coercive force Hc of

the medium decreases with the minimization of the magnetic



The nonmagnetic substrate can be made of crystallized glass, 5 chemcally
strengt hened gl ass, or a plastic resin. The second aspect of the present
i'nvention is a nethod for manufacturing a | ongitudi nal nagnetic recording
medi um descti bed. above. The nethod of the invention does not need a step of
to preheating the nonmagnetic substrate. Brief description of dramﬁngs
Figure 1(a) is a schematic cross-sectional view of a |ongitudinal

nmagnetic re di according.to the p ent invention. 1(b)
e sche A tiCletos TTs A ERAMARGN, 3 considRspaN ARSeAgkatd theTits eld. ng
medi um Of\fi pri or, art 20 Fi gure 2(a) is a chart showing an MH |.ogp of
Conpar at i Méu of magneiizationytn whickithermal gnergyrareundrihpir e
2(b) is a chart showing an MH |oop of Exanple 1 that uses

ant i f er r orragigaietic pauticlediraeasdsnes thet partickesizeodecBeasés g Wheh thea
graph show ng the dependence of the product of resi dual magnetic fl ux

density a cﬂg{mﬁ I cm €he! Fi gure

4 1is a gr%ﬁééﬂhgg\nﬂr}g epenggr%‘gctggh%t}% on t éeéfsfhl ck ess o I@hég&‘gtlégl l'izing

:ngg;nfSASpﬁéh%l%eqdﬁggt%ﬂ%gﬁgie ?110 Vrel ﬁggs ee(]:cooercwe rce lfﬁlet he
medium. Thus, high recording density was hardly compatible with

resistance to the thermal fluctuation.

Therefore, it has been demanded to produce a longitudinal
10 magnetic recording medium with minute magnetic particles and
superior resistance to the thermal fluctuation. More specifically, the
desired longitudinal magnetic recording medium exhibits improved
SNR resulted from minute magnetic particles obtained by employing

a granular magnetic layer and the superior resistance to the thermal

15 fluctuation.

A conventional production process of a longitudinal magnetic
recording medium needs a step of preheating the nonmagnetic
substrate. But, a production method without the heating step is

20 desired to reduce a manufacturing cost.

Therefore, an object of the present invention is to provide a
longitudinal magnetic recording medium with high SNR that exhibits

superior resistance to thermal fluctuation despite minute magnetic



The first invention will be described. The first invention of the present
application is a |longitudinal magnetic recordi ng nediumthat conprises a
nonmagneti c substrate and | ayers | anm nated on the substrate including at

| east a 15 ponmagneti c underlayer, a nonmagnetic intermnmediate |ayer, a pair
of a magnetic stabilizing |layer and a nonmagnetic netallic spacer |layer, a
granul ar magnetic Iayer a protective filn1layer and a liquid |ubricant

| ayer. The tIC er r anul struct cons

{7 r omagneRRELIGfe] ALRTERA M5 e tattey Bl A gRe keI  The Tedistance to

nonnagnetl gr ai oundary regi on conposed nalnly of oxide surrounding the
armab Eipwg

grains. uctugon s gpsure meduam stuwiwredthat mtilazes
stabili 2| ng I er through the spacer 9 When a spacer layer with a

suitabl e tdm eemnmghetmtmmphngngM nmseh i8 rpduged bygreiieving
characteristic are provided under the magnetic |ayer, antiferromagnetic

coupl ing cafinkftel ﬂfﬂ’{l@@bl@%ﬁ‘ﬁﬁ@lé@@ hioCa | %A1 ulf%ﬁdn{afghéﬁ%tl' Bfei" ng

| ayer separated by the spacer 5 layer. The antl ferromagnetic coupling is
said tg arise from RKKY interaction (Ruderman-Kittel, Kasuya, Yoshida
interaction). The nmagnitude of the interaction is represent ed by a danping
oscillation fu ctlgg of th i,ckness %)J‘ t he spacer, | ayer s, the

t
antiferronmagn &';ﬂl?Jﬁ& 1IRY¢NLY 10D 15,60 PrAVide ?dﬁ@&h@a ﬁoﬁ’e to

spacer |ayer thickness. The nagnetization of the portions that are

antiferr onmﬁmufaxeuuxyngo@doagltmdm@lhmagnebmmcor@ng medisimrthatar al | el
state each other and are not observed macroscopically. Consequently, the 15
magnet i zatéxhibitgdiigdd SNRaandodets noteneedi aheutingastep.sti c such as SNR
is only carried by the nagnetization of the portion that is not
antiferromagnetically coupled. Specifically, the top | ayer of the magnetic

| ayer or only a portion within the rragnetic | ayer is involved in the

to tnelrm PRFAF Y TITel e o BARE L e wher e KUt ani ot opy constant . V-
{emper at ur o. | K0S HBFE BERECH AJNE PECBABE JRVERIQBTS 2 frRstmRAe nm
energy. 10 Consequent l(ﬁn theedlila\glkt%ratvg(l);)ne 1|‘lssea r%tl o of the magnetic
ener gy to magnetic recording m prises a nonmagnetic substrate
and the layers sequentially laminated on the substrate including at
least a nonmagnetic underlayer, a nonmagnetic intermediate layer, a
15 pair of a magnetic stabilizing layer and a nonmagnetic metallic
spacer layer, a granular magnetic layer, a protective film layer, and a
liquid lubricant layer. The magnetic layer of the longitudinal
magnetic recording medium of the invention has a granular structure
consisting of ferromagnetic crystal grains with a hexagonal closest
20  packed structure and nonmagnetic grain boundary region mainly of
oxide surrounding the grains. The magnetic layer is

antiferromagnetically coupled with the stabilizing layer through the

spacer layer.



t he thermal energy, and the larger this value is, the higher the resistance
to thermal fluctuation is. Because the volune V in the KuV/ kBT val ue can be
consi dered i ncorporating the volunme of the 5 antiferronagnetically coupled
portion, the KuWksT value of a nediumincluding an antiferromagnetically
coupl ed structure has a | arge value, whereby a thermally stable

| ongi tudi nal magnetic recording nmedium can be obtained. 1o In a

Cecording and |+ BETeAgHIa e SRR Ao RTRRtARY JomPOReHl OhAbicRRba
t t, the § b tely b b t f
he.ant | { amebnlgebeciec: S W, N&ﬁ%ﬁd?ﬁgpyeﬁ%ﬁﬁoﬁ contarnnEAtht Yhito

conpatible with resistance to 15 thermal fluctuation in the invented

medi um  THE0 atcknpfiiiangd dr anétalssotielcte drose IV Mopker, expd MatThe easier.

Figure 1(a) is a schematic cross-sectional view of a |ongitudinal 20

magneti c rﬁ@ﬁhﬁég‘ﬁeﬁﬁﬂiﬂﬁ@ﬂﬁé&iﬂémﬁ?r i@?g%g'i&ts%lgl bah%tﬁséd‘ of 'ﬁtgléra%tle( b)

is a schematic cross-sectional view'o i"nal netic recordi ng

di f t
Fecor dtng el %&&?ﬁ#ﬁ%ﬁ%ﬁhﬁﬁ% N R ﬁ%ﬁﬁ%ﬁﬁ;@%@h%h a
t d t di,at 3
St abi 11 21 rp PAY "8 5T B dpalbr Meer Grnand gy el Selaghid Feomapah 1 Rlnd
a protective f| I m I ayer 7a are sequentially lam nated on a 5 nonmagnetic
substrate and R this lanmnate, a liquid lubricant layer Sb is forned. On
the ot her hand, a |ongitudi nal magnetic recordi ng nediumof a prior art

(Figure 1(b)) has a structure in which a nonmagneti ¢ underl ayer 2b, a
nonmagneti c intermnedi ate | ayer 3b a granul ar magnetic | ayer 6b, a

protective fi|TheateihilizingThye isqgrégénxgauc}ggéd dPyPharhllsgquential |y

f or med on a nonnmagnetic su S not conprise a Stabilizing

revor dithg i ﬁ%@m&“@h@wéﬁ%&n@eﬁsﬁaﬁ@d@? it "f‘ﬁo%ﬁebfc
gl ass, or o Gy o lr P a BT s Sho AL BE oy ST Her AN Ao HRgAEL “@“e‘j
recordlng medi um for |ongitudinal recording. Since substrate heatin

unnecessarfgrramagsetic gratue and inorupignetiolgiain houndaryoregion o an
pol yol efin, or another resin can 20 also be used. The protective filmlayer

7a is a thoxidd bmahitwide sf asleast doelewamt eelcbted firomn (Ct,uC0| SipAll ayer
8a is made of perfluoropol yether |ubricant, for exanple.
Ti, Ta, Hf, and Zr. The stabilizing layer preferably has coercive force
15 Hc smaller than He of a magnetic layer that is disposed on the spacer

layer.

A material for the spacer layer is preferably composed of a metal
selected from Ru, Re, and Os, or an alloy containing at least one
20 metal selected from Ru, Re, and Os. The material for the spacer layer
preferably has a hexagonal crystal structure. The thickness of the

spacer layer is preferably in the range form 0.5 nm to 2.0 nm.

The nonmagnetic grain boundary region in the magnetic layer is



The magnetic layer 4a is a granular magnetic |ayer consisting of 12
ferromagnetic crystal grains and nonnmagnetic grain boundary region
surroundi ng the grains, the grain boundary region being conposed of oxide
or nitride of netal. Such granular structure can be formed by neans of, for
exanple, a sputtering nmethod using a target of 5 ferronmagnetic all oy

contai ning an oxide constituting the nonmagnetic grain boundary region. An
all oy of Co ) em can be,pr.ef erabl,y used for,a npaterial conposing, the
fer r onagn@ueCe BT SPIPase Ot ao ORRABAT fi MFULE 08 B 165 AR P TR | a
In order to _forma stahle gragular structure, it is particularly favorable
to use anS@iﬁd@d)?l‘Qsm re ket Stehbcl vdlay ,@I,Tld(zi,‘- Si, A, Ti, Ta, H, and
Zr for the grain boundary region in conbination with the ferromagnetic
crystal grains of the Copt alloy. The nmagnetic | ayer needs to have a

t hi ckness that is necessary and 15 sufficient to produce enough strength of

head regeneratl“lﬁ(ﬂfféﬁ%lgnclﬁc%nérﬁlﬁ W@é?aﬁh%@dﬁ{é&é’ of c#9sbsHized glagye a

body-centered ¢ structure an e dom nant crystal alignment

pl ane of t i [ C HRY e e, because lattice

m sfi tgwi @%E@éﬁ%ﬁ%ﬁbﬁi‘eﬁg%ﬁéﬁeﬁ ? P#ﬁ%ﬁ%{% ‘e layer or the
magnetic | ayer can be reduced. Preferable material for the underlayer
includes a netal selected fromW M, and V, and an all oy conposed of 10 at
to 60 at % of Ti and a netal selected fromW M, C, and V. 13  Even if
10 at %to 60 Bhe ®eepnt aspact ofithe pressmatinvention ésta metdwtl for uct ur e,
is contained in W M, C, or V, which has a bodycentered cubic structure,

t he body- qaatmifa¢ttarbng aslasngiwcﬁmdl&nra%mﬁiede@m}dﬁhg raleiddu e ne scrilee @nt
to the hexagonal closest packed 5 structure does not appear. The

pr edon narih¢FOO)TIAb iIBERBE of tREInbRRI G Mot tied Bl st pre ari ses

more effectively ‘and the lattice constant wth sna msfit to the
nonmagnet i c i . i e . ic layer is obtained. The

t hi cka@ss @éﬁ%ﬁlﬁﬁ%ﬁ&%ﬁ{ﬁﬁéﬁ:%@%r eferably from5 nmto 100 nm
10 The nonmagnetic internedi ate | ayer 3a preferably has the hexagonal

cl osest packed structure, which is the sane as the structure of the
ferromagnetic crystal grains in the nagnetic |ayer. The favorable nateri al
for the i nBriefedéseriptieofidvdwiegsRu, Ir, Rh, 15 Re, and an alloy of Ru,
Ir, Rh, or Re each containing 10 at %to 60 at %of Ti, C, W M, or Cu.

The thickness of the internediate |ayer is preferably in the range from 2
nmto 50 nm The stabilizing layer, which is featured by the |ayer

struct ur e Prrdfe 9(d) 19 o 8chbfd a8 betiin P viewPop adotigitidthaby Of

mainly Co w n appropriate addition of at least one e nt selected

conposits oAy f st el Adcotdifa A Phe WARAREEAREY one

.S
el enent selected fromCr, Co, Si, A, Ti, Ta, H, and Zr. The 14

Figure 1(b) is a schematic cross-sectional view of a longitudinal

magnetic recording medium of a prior art.

20 Figure 2(a) is a chart showing an M-H loop of Comparative Example

3 that has a layer structure of a prior art.

Figure 2(b) is a chart showing an M-H loop of Example 1 that uses

antiferromagnetic coupling according to the invention.



t hi ckness of the stabilizing layer is confined in the range such that the
coercive force He of the stabilizing |layer is smaller than the He of the
magneti c | ayer di sposed on the spacer |layer, and the preferable range is
from2 nmto 10 nm 5 The material for the spacer |ayer 5a preferably has a
hexagonal crystal structure and is selected fromRu, Re, Gs, and alloys
each containing at | east one elenent selected fromRu, Re, and Gs. The

t hi ckness s preferably in the r.an of ,from0.5 n 0 2.0 ,nm Next, .t he
Second asdiitadisr i gYepdneRoRUIE Fb e SRIence the Prodigtichremtate
second invention of the present application is _a nethod for 15

manuf act uthagnetioflyix density mnddiln thaicknessBrediomthickness aftbei bed
above and shown in Figure 1(a). The nethod of the invention features to

al | ow oni tgpaw@raaghrstrate heating step, which is essential in prior art

met hods. 20 Manufacturing a | ongitudi nal magnetic recordi ng nmedi um
according to the nethod of the invention can be conducted using a usual RF
sputtering apparatus, for exanple. Firstly, a substrate is introduced into

t he appar raget_ of redat er m I 1.S,ount gas
preseupe Ied 4360 kbl Bhoifits SRR Bl din b ol gl YBIGERRH80E, T
supplied to an el ectrode to deposit an underlayer. In the sane manner as in
t he case J%Qﬁtsa Wehgald¥eescri bed above, lanm nated are an 5 internediate
| ayer, a stabilizing |ayer, a spacer |ayer, a granular nmagnetic |ayer, and

a protective filmlayer, successively changing to a target having an
appropriate conposition. Here, deposition of the granular magnetic |ayer

L s 8 st et v, o1 Vi o
medi um The following describes the present invention in detail.
10
The first invention will be described.
The first invention of the present application is a longitudinal
magnetic recording medium that comprises a nonmagnetic substrate
and layers laminated on the substrate including at least a
15 nonmagnetic underlayer, a nonmagnetic intermediate layer, a pair of
a magnetic stabilizing layer and a nonmagnetic metallic spacer layer,
a granular magnetic layer, a protective film layer, and a liquid
lubricant layer. The magnetic layer has a granular structure
consisting of ferromagnetic grains with hexagonal closest packed
20  structure and nonmagnetic grain boundary region composed mainly
of oxide surrounding the grains. The magnetic layer is
antiferromagnetically coupled with the stabilizing layer through the

spacer layer.



According to the invented nethod, a |ongitudinal magnetic recordi ng nmedi um
exhibiting high He and | ow nedia noise can be obtained if a step of
substrate heating is omtted, the step being 15 essential in a nmethod for
manuf act uring a.conventional type |ongitudinal magnetic recordi ng nedi um
As a result, sinplification of the manufacturing process and reduction of
manuf acturing cost can be achieved. 20 Exanpl es Sone specific exanpl es of

preferred enbodinents of th reseny inveptypn wll be described.i.n.the
Port ovi ng. - 16 Whiia e o iith 3 MiFahfH thickingre et aidanilizing o
manuf act ured by HOYA Corporation, was, used fqQr a nonmagneti ¢ sulstrate.
After cl eddyaywitheaqropenmeagnetimehauvacteristicoare providedigndepshet us, 5
and an underl ayer of tungsten 30 nmthick was fornmed under argon gas

pressure shaghetioiayé?. ntHerromdmeatieridupling ¢am dehsd ated ! lbotavedi

ruthenium 10 nmthick was fornmed under argon gas pressure of 15 mforr (2.0

ra) ~ a ! 3biel i ditetipVaiyed! afsifd Fﬁ@@iﬁ%l%ﬁbgﬁgﬁieafbﬁt @a%fc%l]?r med

under argon gas pressur a spacer

rut hengu n [ . f.or ned [ n py e [ e 1 r (2.0
pa) A0 gr AU ST hhg (ST BBt i s P AR e RF
sputtering nethod usj a tar . of ~sCrlo 4_c¢qnt.ai ni ng,.7 | % of Si 02
under ar ggﬁtaa%ctapgs@g\géeam%g%ﬁﬂ, .W%&]Oﬁmaa nder ﬁgﬁ%g‘-)aT &r bon 15
protective filmlayer 10 nmthick, the |am nated substrate was taken_ out
from t he vnagnitudamfethe inpeyactgoni isurepredenteshbyta dampingetseidlation1. 5
nm a |ongitudinal magnetic recording nmedium having a | ayer structure as

shown i n Fugietiord of)theashiviatessdf the spacertapéaciiangs ptlesess, a step of

substrate heating before 20 | am nating process was not executed. Exanple 2

A 1 ongt t udistaberRanaErforiC eOUBINE BRAMIE A, B SHUREMIBH AtE SFUR

conpositions an eposition p ses as

st abi |} zi r . ar magnetic layer 5 nmthick forned by neans
of an1 F }&ﬂ%ﬂqﬁmng a target of Cos8Crl1loPt12 containing 6 nol
% of Si 02 under argon gas pressure of 30 mlorr (4.0 Pa). 5 Conparative
Exanple 1 A nedium of Conparative Exanple 1 has a |layer structure of the

present invention, but its magnetic layer is not a granular magnetic
The magnetization of the portions that are antiferromagnetically

coupled through the spacer layer takes antiparallel state each other
and are not observed macroscopically. Consequently, the

15 magnetization involved in a magnetic recording characteristic such as
SNR is only carried by the magnetization of the portion that is not
antiferromagnetically coupled. Specifically, the top layer of the
magnetic layer or only a portion within the magnetic layer is involved
in the recording and regeneration of signals.

20

One of the indices to resistance to thermal fluctuation is KuV/kgT

value, where Ku: anisotropy constant, V: volume of a magnetic
particle, kg: Bolzmann constant, and T: absolute temperature. KuV

represents magnetic energy and kgT represents thermal energy.
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| ayer.. The | ongi tudinal magnetic recording mediumof the to Conparative
Exanpl e 1 was produced using the same conpositions and deposition processes
as in Exanple 1 except that the magnetic layer 15 nmthick was formed by
means of a DC sputtering nethod using a target of Coe4Cr22Pt 10B4 under
argon gas pressure of 30 niforr (4.0 Pa). 15 Conparative Exanple 2 A nedium
of Conparative Exanple 2 has a |ayer structure of a prior art and its

?Z‘%B?:d? ﬁg'@%ﬁ%@aﬁsﬁ%%%ﬁ?%?ﬁ%}%%%bﬁi‘%ﬁ? %ﬁ_@l%?’;ﬂé:gt@él ‘1#“8‘%#?%8321? i
| qui o | uisecTInaNanereY anddke Tapger thinvaduaiis: the BIEheY the

t hi cknesses as in Exanple 1. The magnetic |ayer in the nmedi um of
Conpar at i vesBtandeet@ theymal fleretuataonisckBesauseé the volunrep¥sil thie
Cos4Cr 22Pti oB4 under is argon gas pressure of 30 niforr (4.0 Pa).

Conpar at i WeuW/kpM ¢afue caerbe fﬁdﬁsiﬁ@@‘é@ﬁidd&?o@é@ﬁ@g ¢heé VehumelofPEHear

magnetic |ayer, but its layer structure is a prior art. A longitudinal

L Y R e R s S LI

t he sanme conpositlion npar ati ve “Exanpl e

except that tihe magnetic | ayer t is a granulbar nmagreti ¢ | ayer nm t hi ck
was Tor medbsiiehagchidine AE apttnrpidaleRialft cREBISH styultire hasa
Co7sCr1oPt 14 containing 7 | % of Si under argaon to gas pressure of 30
miror r (4.P3apa§e .Vadm,oagiemg;i @&%@rma} yi stablenlongisudanal magmetic oop of
Conparative Exanple 3 that has a | ayer structure of a prior art and Figure
2(b) is 1%ezortdimg meduiiny cam betobtaimedt. Exanple 1 that uses
antiferromagnetic coupling according to the invention. Measurenent was done
by neans of a vibrating sanple nagnetoneter (VSM. The hysteresis | oop of
the nmedium provided with a stabilizing |ayer and a spacer |ayer showed a

st ep- ke drog,.0 i i t I tr field as
observld in pigus SOHEHERRL N AOURE, AL AEIALER hABBOM, ' 70 o,
observed ig_the hysteresis lLoop of ;a nmediymw th convepdional, gtructure
ohown. i n HRgtiony Bf higstetio Bestd g And deRistancd Yhbhe Rt Sctiabioh.o
the 19 tiferrqomagnetic coupling within the nmedium The nagnitude of the
drop of tﬁglad@@éhumtqfdihmp@ﬂwm ¥heontrast,Hiha fapstions eas begneti c

properties of the stabilizing layer and the nmagnetic |layer, and is not
restri ct ecdseparatedyibomt byofirthe ofthetdmbiferromagnetic coupling.

Accordingly, high recording density is compatible with resistance to

15 thermal fluctuation in the invented medium.

The accompanying drawings will be used to make explanation
easier.
Figure 1(a) is a schematic cross-sectional view of a longitudinal
20 magnetic recording medium according to the present invention.
Figure 1(b) is a schematic cross-sectional view of a longitudinal

magnetic recording medium of a prior art.
As shown in Figure 1(a), a longitudinal magnetic recording

11



Figure 3 shows the dependence of the product of residual nmagnetic fl ux
density and filmthickness: Br*8 on thickness of the spacer |ayer for the
medi um of Exanple 2. The nmeasurenment was nmade using a VSM Figure 3 shows
that Br*8 dpes not change in the 1o thickness range up to 0.4 nm while
abrupt drop is observed around 0.5 nm In the range fromO0.6 nmto 1.S nm
the Br*8 is substantially constant and then gradually increases. This
result suqggests that the antiferromagneti g coupl,ing,occurs ihn the limted
range of HEHRER ACcoxgIng e e d0¥ention HiZs AcistCtRTeAn B Ssi de  he
range. 15 According to this, Exanple, the spacer |ayer thi aneis IS

pr ef er abl ynommagnetiscgantestayer 2ama ponmagnetic tatempedaate layer 3a, a
antiferromagnetic coupling. Figure 4 shows dependence of Br*8 on the

t hi ckness sthbiligilg layelri 4a zarapd cerelaydie bayregeahulas magnetic tayer 6ay!
Figure 4 indicates that Br*8 decreases with increase of the stabilizing

layer thi %ﬁgﬁﬁ@ééﬁvé YRRl SR ?hgf{hgﬁgﬁﬁ%ﬂ? Bmbnafed @a58s. That

is, the re Br*8 by vi'rtue rromagneti c coupling

e e Ses S i R RRSEUBS B EA" RO ChBEABGak " MR 1pEB e
thi ckness B 16 formads Unithaober handys BReiPaineb maEBrtHesoRtng | cs
dependi ng on the conposition and 5 thi k)sess of the stabilizing |ayer and
t he magnetmedityarof amprien arés(ﬂ?‘rlgurreoh(cb has adstoostiredinmsrhichoa t he

present invention. Table 1 gives coercive force He (Qe), average grain size

in the mgnehhragagtic Gnderldydt 2B & aloramapaietis interméeate lh![y@lrr%, do
u

fluctuation, and el ectromagneti c conversion characteristics including

Compar at 1 VB Eaares BB R)ct0s, A prbfuui e Ay P a4 ayid
St and TeeruiifafiflAgeR R S AMAL ToaI08 4 TRHERGAR SRR,

[ N

and does not comprise a stabilizing layer and a spacer layer that are
featured in the longitudinal magnetic recording medium of the

invention shown in Figure 1(a).

15 A nonmagnetic substrate 1a may be composed of NiP-plated
aluminum alloy, strengthened glass, or crystallized glass, which are
all used in a usual magnetic recording medium for longitudinal
recording. Since substrate heating is unnecessary, a substrate made
by injection molding polycarbonate, polyolefin, or another resin can

20 also be used. The protective film layer 7a is a thin film of mainly
carbon, for example. The liquid lubricant layer 8a is made of

perfluoropolyether lubricant, for example.

The magnetic layer 4a is a granular magnetic layer consisting of

12



(*) KuV/ kBTnormal i zed noi se [ Vrns/ mVpp] SNR [ dB] Exam | e

13, 8736.929436. 822. 5Exam | e 24, 1425.118331. 924. 5Com Ex
13,6428.0110137. 121. 6Com Ex 23, 0837.837638. 421. 1Com Ex 33, 7426.086236. 222.
7 (*) nmean grain size in the magnetic |ayer 21 Concerning the Hc, the
medi um ( Conpar ati ve Exanple 1) having a magnetic |ayer of Cos4Cr22Pti oB4
that is a conposition of the CoCrPt alloy systemw th a nongranul ar

e B LA &_Vr%'éf‘l%ﬁ%ﬁﬁﬁ%ﬁéﬁ&i%%@ﬁ%&ﬁ%&ﬁj"’“

pl ati num cont ent 4 t magnet | ayer. serying the grai.n sizes in
Sounding thegraias, the boain DauKAT, 1egies baimerogmased of

g?gnﬁf)lticcleabl e in Exanples 1 and 2, and Conparati vzﬁpExanpl e 3 tgzt use aes

granul ar foxidef or mt ef metaly eSuchogpanulgr Gérpatare canbe foxnped by and
Conparative Exanple 3, both having a | ayer structure of a conventional

| ongi t udi naleatRpof!t for éﬁﬁﬁilﬁle",lga SpUit teririg en el dfusing' avurget gneti c
| ayer for a magnetic |ayer 'has brought about enhancenent of "He by

cnhancemenc 5o b BRly o ARnR IR SnBitfe P8 nAmagnetic

| ayer. Next, .the KuW ksT value is considered. It is generally considered
that the tg@]ﬁaﬁo Waffes not 20 problematic if the KuV/ kBT value is
at least 60. In Conparative Exanple 3 that uses a granul ar magnetic | ayer
for a magnetic |ayer, although noises were reduced by decrease of the grain
size in the magnetic |layer, the KuV/ kBT val ue was reduced to the val ue of f
2 just due to Ahealoyrafa€eRtisystemream bei prefaitdllyi nsed foesa nhaterialdt her
22 decrease of the grain size aimng at |ower noises required by the

hi gher r ecqssiipuifientid YeArsamiRs it %gyst@pg,@amé, thengh! nét lighirid 66 a

serious if a granular structure is e oyedin the conventional |ayer
structqure [ : i I ' .10 i, t hout
an oxilge f%ﬁe@ﬁg%ﬁrgggg]t%é Cﬁg&gﬂ%%ae?egmﬁ l%ﬁ%&?‘%ﬂ%@g‘fﬁ%ﬁ%ﬁgﬁﬁt%
Conparative anpl e, 3.and ipits a KuV/ kBT wal ue, of 76, ichii s notyvery
srml 1 HovBoBHeTEAELY FATORIE B Wielalirii of AnElinedt stlehad gt Or)
significan n the recording depsity i,s further raised, which, is a
similar siCoasiodl T ﬁga,a%@%%ﬁift@rﬁeﬂl‘tﬁélﬁﬁ)qlﬂl@dgmrﬁﬂﬁpn@neti c

|l ayer. Exanples 1 and 2 and Conparative Exanple 1 that conprises a 15

st abi | i zi ngpindyimataon witdpsherferagmagneticdimstad gragnsrofethe Gokkalloyt.s

| arger KuV/ kBT val ues than Conparative Exanples 2 and 3, whereby thernal
stability The fRi@netic layer needs to have a thickness that is necessary and

15 sufficient to produce enough strength of head regeneration output.

The nonmagnetic underlayer 2a needs to have a body-centered
cubic (bee) structure and the dominant crystal alignment plane of the
underlayer is necessarily the (200) plane, because lattice misfit with

20 respect to the nonmagnetic intermediate layer or the magnetic layer
can be reduced. Preferable material for the underlayer includes a
metal selected from W, Mo, and V, and an alloy composed of 10 at %
to 60 at % of Ti and a metal selected from W, Mo, Cr, and V.

13



Now L ook at the el ectromagnetic conversion characteristic. 20 Exanple 1
having a stabilizing |ayer of CoCr alloy w thout an oxi de and a magnetic
tayer of a granular nmagnetic |ayer exhibits | arger KuV/ kBT val ue than
Exanple 2, and l.arger grain size in the magnetic | ayer based on the
difference in the conposition. The SNRis not inproved as conpared with
Conparative Exanple 3. In contrast to 23 the Exanple 1, in the Exanple 2,

in which bothgstabibhg n nd ef,i Cohayers. are conposed of ranul ar
compos: ti on.  ENeindenErAC o Wil RhTacgs T i Bad Hiebristia g o2l

i nprovenent of SNR by virtue of the fjne grain size, r\]’ght e .l argest_ effect
has been ¥ SUrudtatre, B8 cantained: it gV oMok o Vo vghighh has,a De
readily obtained in a granular magnetic |ayer as conpared with in a usual
magnet i ¢ capdered obdic stiruegurehéhefbedy-cemteredpcebrnstrivotaresds i s

| argest when to the stabilizing layer is conposed of a granular filmwth

opti m zed rgpafynsd tdred thedalibameatdhlfereditefo !thealhé}@a%@ﬁﬁ%h%eﬁt agkagul ar

magneti c | ayer. Reduction of the nean grain size in the magnetic 1ayer can

be 15 acc || L j.on j i

ander 1 &y PEAGRERA dPescRbt Brifid” Mo phEADMBIRETAE0) G RRIRERELhE |
an all oy of Cr stem ,Accqrdi ngly, r.esistance 4.0 thefnal ct,uati on can
e compat PO GPRESTed R PtotchFS aiSes hpRe o ectinBn aind Fhgnagtcd
stabilizing | ayer of CoCr allqy _and a granular 20 magnetic | ayer. As

descri bed capstantavph smallangsfibito the panpagnetic anspunadinigdayes or
provided in a |longitudinal magnetic recordi ng nedium and the thicknesses
of the st dhiel nmigwetiaylayeanis obeaiyat.eThethicknes@4f thephommagneitic t hi s
structure, antiferromagnetic coupling is induced between the stabilizing

llayer and (jideriRgieat 'sc?i'éii@falﬂ?rﬁ%_@ﬁ 5 henRAtO0 haver. As a result,
resi stance to thérnal

| uctuation is raised. Further, this structure brings
about ;fi ne magnetic particles that were 5 conventionally inpossible,
resulting in high SNR and | eading to enhanced recordi ng density. Because

excel l ent chapgcteristics can .be readjl bt ai ned b N e |ayer
structure of t eiqmarg)‘h?t@%&?{"%eéh}%&t AYEY atﬁqﬁ%bgé’#@%i}ﬁ t he
process of lam natjng a medium of the invention. Accordingly, |nexpensive
plasti c chexngonaliclesest paskedataugture) which iz bhe samerasthed gl ass
substrates. Advantageous Effect of the invention 15 A medium conprising a

stabi | i zi ngrustare of thraferrdmugnetiadrastulbgrams mahet nagagtic g di ng
to the present invention provides resistance to thermal fluctuation that is

conpat i bl erMp iy vophble rrﬁ‘é‘ﬂéi‘iagrfoki'yth{é% ﬁhﬁ@rﬁedih’ﬁéllﬂ&@&'rin%‘lﬁ&es%ﬁ[‘ TrhRh,

conposition and the frimthickness of the spacer layer, 20 the stabilizi’ng

LYo 57 rRe MEnIPARCATIGy BRIy TN RICBIRA LAUCOOMLALANY 10ad RS 66V 0 S

are op?imze’d, I'ferromagneri INg arises briizing
| ayer and th et r, re resi.st ance to,thermal fluciuation is
naver t ai netb b SertY MG ot LN cns RRICKRRSE wf e ShEpmeiabe Thht
can be acconplished_ by 25

is preferablyin the range from 2 nm to 50 nm.

The stabilizing layer, which is featured by the layer structure
20 according to the invention, can be composed of an alloy of mainly Co
with an appropriate addition of at least one element selected from Cr,
Ta, Pt, B, and Cu. The stabilizing layer can be alternatively
composed of ferromagnetic grains and an oxide or a nitride of at least

one element selected from Cr, Co, Si, Al, Ti, Ta, Hf, and Zr. The

14



enpl oyi ng fine magnetic particles, use of which was inpossible due to
significant influence of thermal fluctuation in a usual |ayer structure. 5
10 15 20 26 Clainms 1. A longitudinal magnetic recordi ng nmedi um
conprising:.a nonmagneti c substrate and | ayers sequentially |am nated on
said substrate including at | east 5 a nonmagnetic underl ayer, a nonnmagnetic
i nternmedi ate |layer, a pair of a magnetic stabilizing |ayer and a
nonmagneti,c.netal | i acer, l.ayer,,a magneti ¢. | ayer having a granylar,
structure tf]ﬁ n@%g& %Eali’él 108 e Penﬁ%@an @Tearﬁglg\ﬁi ﬁghzbﬁﬁonal
cl osest packed structure and nonmagnetic grain boundary_ region of mainl

oxi de sur therenergivaiforge dilaof thestabdizing layer ispanallendhan thei Hc o

| ubricant |ayer, wherein 15 said stabilizing |layer and said nmagnetic | ayer

i's anitif ¢heommetticdalyercdisposed bnotleh spaicdrdpges] aml ehe Prefdrable

| ongi tudi nal magnetic recordi ng nmedi um according to claim1,
range is from 2 nm to 10 nm.

5
The material for the spacer layer 5a preferably has a hexagonal
crystal structure and is selected from Ru, Re, Os, and alloys each
containing at least one element selected from Ru, Re, and Os. The
thickness is preferably in the range of from 0.5 nm to 2.0 nm.
10

Next, the second aspect of the present invention is described in

the following.

The second invention of the present application is a method for
15 manufacturing a longitudinal magnetic recording medium that is
described above and shown in Figure 1(a). The method of the
invention features to allow omitting a substrate heating step, which

1s essential in prior art methods.
20 Manufacturing a longitudinal magnetic recording medium
according to the method of the invention can be conducted using a

usual RF sputtering apparatus, for example.

Firstly, a substrate is introduced into the apparatus; a target of

15



wherein said underlayer is conposed of a material selected fromW 20 M,
V, and alloys each containing 10 at %to 60 at % of Ti and a netal selected
fromW M, C, and V. 3. A longitudinal magnetic recordi ng nmedi um
according to claim1 or claim2, wherein said internmedi ate |ayer is
conposed of a material 27 1 selected fromRu, Ir, Rh, Re, and alloys each
cont ai ni ng 10 at %to 60 at % of Ti, C W Mo, or Cu and a netal selected
from Ru, | Qn naI netic recordi ng medi um
ncoor af ng A5 dsferBRBes n&%&?%ﬁ TRPHRGS Ergtar BR St RIS RRET g ayer
i s conposed of an al | oy, H&I nly Co added by at. | east _one el enent sl gct ed
from Cr, #Ppgratus 1Saadmate ﬁ%ﬁ@:@dmmmrla teoalyes angdpowends supplie
ferrorragnetl c crystal grains and an oxide or a nitride of at |east one

el enent t dosah edeetrddeto Gepdait a8 undlerlayerTaln the samheZzmanndr asemei ve
force He of said stabilizing layer is smaller than He of said magnetic

llayer di sphgechdtofghe ﬁﬁ@l‘é‘i’la étj{ %Ifescﬁlbéﬁ loQjtaid, llﬁ'rﬁﬁ'xafé’&'&?b' gnrecording

medi um according to any one clains 1 through 4, wherein material for
R S Sl Sad H@%ﬁg %39%8@%%%%9'%%3‘3%@8%%?' "

cl osest packed cture and thickn spacer |a fromQ0.5 nm
{0 2.0 nminggnets 1’%%. afidh narotaghe Blwe Bufex iGRaRSaTS B EBRAGATELtS Any
one of clainms 1 _through 5, wherein said grain boundary region in said
magneti c Itaygetihavimg pp approprinte camposistons Hereedepositiencofeihe
selected fromC, Co, Si, A, Ti, Ta, H, and Zr. 28 7. A |l ongitudinal

magnet i c rgiwamdmgm@inetmcal(a;wNwlgtaimin@/omir&e d cohadiuatetl asimgRF 6,

wherein said substrate is nade of crystallized glass, chemcally

strengt hegpflyal applsr. Flﬁ%‘ll}ﬁ, li§&id lubricant E@h‘iﬁﬂlé@rto%“mf[ﬁét@@ ng a

| ongi tudi nal magneti ¢ recordi'ng mediumthat is defined by any one of clains

éf t B: gﬁggtl.aﬁlg\@g‘?ﬁ@ugﬁ@g@?ﬁcofbém(ﬁﬂgd“{@dﬁfﬁ- is conducted without a step
According to the invented method, a longitudinal magnetic
recording medium exhibiting high Hc and low media noise can be
obtained if a step of substrate heating is omitted, the step being
15 essential in a method for manufacturing a conventional type
longitudinal magnetic recording medium. As a result, simplification
of the manufacturing process and reduction of manufacturing cost

can be achieved.
20 Examples

Some specific examples of preferred embodiments of the present

invention will be described in the following.
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“zupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] c<al] c<a] ca] ca] ca] ca]ca]ca]c
a]J ca] ca] ca] ca] cal ca] ca] ca] ca] ca] c<aU] ca!' Rnh

] #H#?SFSSPURE. &p&| wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] calc
aJ calcalca]ca]calcalcalcalcalc
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899z9| wr mhc YAy xapr@mgbl]cnpdagl(a@pcs}b%m@atp AT e manafacipeefday caj
ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca! z999!: ' :s;i=b???A CDEQFIGVG

| JIKKKL] LIHOYANoMpHration, Z]/hlsaae}@ch]fon]acnbmilagh@al@ shibatratealdfsbra]l ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! NONNNNOKPQSSSSTU9OW* X

hXXXYYYZd
a] ca] ca] c’é cl[a]ﬂ ﬁh% s s%r%k’ééfvggf‘ih]‘i g:g}%a ca] ggilﬂ?]aiﬁi ;ﬁadbbbsglcgg‘ E)
WA R Vi LW i

R i ?av%%]wpéﬁréa%s]o(faﬁw%%ﬁ%qucamgrl}l&%] %?EJ]T’EE]%%]‘B&‘]%%PEE?E‘a] cal
ot Lﬁa}_&a]&%;ﬂ% G5 SF 15 AV BObY R0 ey cSnbspameilya pan REIRP8IRER] ca ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca ca] ca] ca] caj ca%qca] ca ca] caljca!;l;

] QBHJ69391ayewofimithidniannch hnelerargdngas presyure caj

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca]cal;

] QBHJ 6939bf{llMm‘ih‘oﬁfl(]zl(oaBzc)a]ac@t@bil@@]ﬁ@l&ﬁéﬁ@f@@ﬂﬁﬂaalwwﬂ aa]:ca] ca] ca]

caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca; Rsi K-s109B&' () -

10584 () - HFAORRERL LR s ARSI (IndKE B8 knk iR yre/6f 15 m Tors

191 1098& () - LI109@& ()- 09B&
10veelt) - $46%) (eym ?R%s%é%%??ef%&‘éﬁq@%%%h@%ﬁ%ﬂ%@%@ -
108, 5" 1045 A5 g9k 'gfé‘éﬁ”mé”sgﬁ’r%?@ ibont Eom(2-) B Sob nan Al yia gashichsen
o0 %(ioa/f;e(r)w nm t%uck was formed by means of an RF sputtering method
using a target of Co76CrioPti14containing 7 mol % of SiO2 under argon
gas pressure of 30 mTorr (4.0 Pa). After laminating a carbon
15 protective film layer 10 nm thick, the laminated substrate was taken
out from the vacuum chamber. Applying liquid lubricant to the
thickness of 1.5 nm, a longitudinal magnetic recording medium
having a layer structure as shown in Figure 1(a) was produced. In

this manufacturing process, a step of substrate heating before

20 laminating process was not executed.

Example 2

A longitudinal magnetic recording medium was produced using

the same compositions and deposition processes as in Example 1
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thick formed by means of an RF sputtering method using a target of

CossCrioPt12 containing 6 mol % of SiO2 under argon gas pressure of

30 mTorr (4.0 Pa).

Comparative Example 1

A medium of Comparative Example 1 has a layer structure of the
present invention, but its magnetic layer is not a granular magnetic
layer. The longitudinal magnetic recording medium of the

10 Comparative Example 1 was produced using the same compositions
and deposition processes as in Example 1 except that the magnetic
layer 15 nm thick was formed by means of a DC sputtering method
using a target of CoesCr22Pt10B4 under argon gas pressure of 30 mTorr
(4.0 Pa).

15

Comparative Example 2

A medium of Comparative Example 2 has a layer structure of a
prior art and its magnetic layer is not a granular magnetic layer. The
longitudinal magnetic recording medium of the Comparative

20 Example 1 was produced forming an underlayer, an intermediate
layer, a carbon protective film layer, and a liquid lubricant layer in
the same deposition conditions and film thicknesses as in Example 1.
The magnetic layer in the medium of Comparative Example 2 was

formed to a thickness of 15 nm composed of CogsCrz22Pt10B4 under
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rgo% gas }}ressure of gO mTorr (4.0 Pa).

Comparative Example 3

A medium of Comparative Example 3 has a granular magnetic
layer, but its layer structure is of a prior art. A longitudinal magnetic
recording medium of the Comparative Example 3 was produced using
the same compositions and deposition processes as in Comparative
Example 2 except that the magnetic layer that is a granular magnetic
layer 5 nm thick was formed by means of an RF sputtering method
using a target of Co76Cri0Pt14containing 7 mol % of SiO2 under argon

gas pressure of 30 mTorr (4.0 Pa).

Evaluation

Figure 2(a) is a chart showing an M-H loop of Comparative
Example 3 that has a layer structure of a prior art; and Figure 2(b) is
a chart showing an M-H loop of Example 1 that uses
antiferromagnetic coupling according to the invention. Measurement
was done by means of a vibrating sample magnetometer (VSM). The
hysteresis loop of the medium provided with a stabilizing layer and a
spacer layer showed a step-like drop of magnetization around zero
external magnetic field as observed in Figure 1(b), which is a
noticeable characteristic that is not observed in the hysteresis loop of

a medium with conventional structure shown in Figure 2(a).

The drop of the magnetization indicates existence of the

19
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antiferromagnetic coupling within the medium. The magnitude of
the drop of the magnetization depends on the film thickness and the
magnetic properties of the stabilizing layer and the magnetic layer,

and is not restricted in embodiments of the invention.

Figure 3 shows the dependence of the product of residual
magnetic flux density and film thickness: Br*§ on thickness of the
spacer layer for the medium of Example 2. The measurement was
made using a VSM. Figure 3 shows that Br*d does not change in the

10 thickness range up to 0.4 nm, while abrupt drop is observed around
0.5 nm. In the range from 0.6 nm to 1.8 nm the Br*3 is substantially
constant and then gradually increases. This result suggests that the
antiferromagnetic coupling occurs in the limited range of the spacer
layer thickness, and the coupling is weak outside the range.

15 According to this Example, the spacer layer thickness is preferably in
the range from 0.5 nm to 2.0 nm to set up the antiferromagnetic

coupling.

Figure 4 shows dependence of Br*6 on the thickness of the
20 stabilizing layer. Measurement was made using a VSM. Figure 4
indicates that Br*6 decreases with increase of the stabilizing layer
thickness, while beyond certain thickness the Br*d increases. That is,
the reduction of Br*$ by virtue of the antiferromagnetic coupling

increases with increase of the stabilizing layer thickness, while
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beyond certain thickness the coupling becomes weak and the
reduction of Br*$ decreases. The reduction in Br*$ was maximum at
the stabilizing layer thickness of 6.0 nm in this Example. However,
the reduction in Br*3 varies depending on the composition and

5 thickness of the stabilizing layer and the magnetic layer, and no

restriction is posed on embodiments of the present invention.

Table 1 gives coercive force Hc (Oe), average grain size in the
magnetic layer (nm), KuV/ksT value that is an index to thermal
10 fluctuation, and electromagnetic conversion characteristics including
normalized noise (WWrms/mVpp) and SNR (dB) for the Examples and
Comparative Examples. The KuV/ksT value was measured by a VSM,
and the electromagnetic conversion characteristics were measured by

a spinning stand tester equipped with a GMR head.

15 Table 1

sample Hc |grainsize| KuV/kgT | normalized SNR

[Oel [nml] noise [dB]

(*) [WVrms/mVppl

Example 1 | 3,873 6.92 94 36.8 22.5
Example 2 | 4,142 5.11 83 31.9 24.5
Comp Ex 1| 3,642 8.01 101 37.1 21.6
Comp Ex 2 | 3,083 7.83 76 38.4 21.1
Comp Ex 3 | 3,742 6.08 62 36.2 22.7

(*) mean grain size in the magnetic layer
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u& ()-! @ stemrwith agnangranular structure exhibited a smaller value

of Hec than Example 1 having a granular magnetic layer. This

5 difference can be attributed to the difference in platinum content in
the magnetic layer. Observing the grain sizes in the magnetic layer
of the Examples and Comparative Examples, finer grain sizes are
noticeable in Examples 1 and 2, and Comparative Example 3 that use
a granular film for a magnetic layer. Comparing Comparative

10 Example 2 and Comparative Example 3, both having a layer

structure of a conventional longitudinal magnetic recording medium,
the use of a granular magnetic layer for a magnetic layer has brought
about enhancement of He by optimization of the composition and
reduction of noises, that is enhancement of SNR, by promoting grain

15 size reduction in the magnetic layer.

Next, the KuV/ksT value is considered.

It is generally considered that the thermal fluctuation is not
20 problematic if the KuV/ksT value is at least 60. In Comparative
Example 3 that uses a granular magnetic layer for a magnetic layer,
although noises were reduced by decrease of the grain size in the
magnetic layer, the KuV/ksT value was reduced to the value of 62

just due to the decrease of the grain size. This indicates that further
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decrease of the grain size aiming at lower noises required by the
higher recording density and makes the problem of thermal
fluctuation serious if a granular structure is employed in the

conventional layer structure of a medium.

Comparative Exémple 2 using a CoCrPt alloy without an oxide
for the magnetic layer has a little larger grain size than Comparative
Example 3 and exhibits a KuV/ksT value of 76, which is not very
small. However, the influence of the thermal fluctuation becomes

10  significant when the recording density is further raised, which is a
similar situation to the above-mentioned case of the granular

magnetic layer.

Examples 1 and 2 and Comparative Example 1 that comprises a
15 stabilizing layer and a spacer layer according to the invention
exhibits larger KuV/ksT values than Comparative Examples 2 and 3,

whereby thermal stability is improved.

Now look at the electromagnetic conversion characteristic.

20 Example 1 having a stabilizing layer of CoCr alloy without an oxide
and a magnetic layer of a granular magnetic layer exhibits larger
KuV/ksT value than Example 2, and larger grain size in the magnetic
layer based on the difference in the composition. The SNR is not

improved as compared with Comparative Example 3. In contrast to
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agnetic layers are composed of a granular composition,
enhancement of the KuV/kgT value is compatible with improvement

of SNR by virtue of the fine grain size, and the largest effect has been

5 demonstrated.

Because a structure with fine grain size can be readily obtained
in a granular magnetic layer as compared with in a usual magnetic
layer of CoCr alloy, the effect of the present invention is largest when

10 the stabilizing layer is composed of a granular film with optimized
composition and the magnetic layer is also composed of a granular

magnetic layer.

Reduction of the mean grain size in the magnetic layer can be
15 accomplished by optimization of the thickness of the nonmagnetic
underlayer and other means, even when the stabilizing layer is
composed of an alloy of CoCr system. Accordingly, resistance to
thermal fluctuation can be compatible with reduction of noises also in

the combination of a stabilizing layer of CoCr alloy and a granular

20 magnetic layer.

As described above, a pair of a stabilizing layer and a spacer
layer is provided in a longitudinal magnetic recording medium, and

the thicknesses of the stabilizing layer and the spacer layer are
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Further, this structure brings about fine magnetic particles that were
5 conventionally impossible, resulting in high SNR and leading to

enhanced recording density.

Because excellent characteristics can be readily obtained by
employing the layer structure of the invention, substrate heating is
10 unnecessary in the process of laminating a medium of the invention.
Accordingly, inexpensive plastic can be used for a substrate as well as

usual aluminum and glass substrates.

Advantageous Effect of the invention
15 A medium comprising a stabilizing layer, a spacer layer, and a
granular magnetic layer according to the present invention provides
resistance to thermal fluctuation that is compatible with noise
reduction by virtue of fine grain size.
When the composition and the film thickness of the spacer layer,
20 the stabilizing layer, and the magnetic layer, and deposition
conditions for these layers are optimized, antiferromagnetic coupling
arises between the stabilizing layer and the magnetic layer, whereby
resistance to thermal fluctuation is ascertained. Consequently, noise

reduction, which means SNR enhancement, can be accomplished by
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Claims
1. A longitudinal magnetic recording medium comprising:

a nonmagnetic substrate; and layers sequentially laminated on
said substrate including at least

a nonmagnetic underlayer,

a nonmagnetic intermediate layer,

a pair of a magnetic stabilizing layer and a nonmagnetic metallic
spacer layer,

a magnetic layer having a granular structure that consists of
ferromagnetic crystal grains with hexagonal closest packed structure
and nonmagnetic grain boundary region of mainly oxide surrounding
said grains,

a protective film layer, and

a liquid lubricant layer, wherein

said stabilizing layer and said magnetic layer is

anitiferromagnetically coupled through said spacer layer.

2. A longitudinal magnetic recording medium according to claim 1,
wherein said underlayer is composed of a material selected from W,
Mo, V, and alloys each containing 10 at % to 60 at % of Ti and a metal
selected from W, Mo, Cr, and V.

3. A longitudinal magnetic recording medium according to claim 1

or claim 2, wherein said intermediate layer is composed of a material
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alloy of mainly Co added by at least one element selected from Cr, Ta,
Pt, B, and Cu, or a granular structure consisting of ferromagnetic
crystal grains and an oxide or a nitride of at least one element
10 selected from Cr, Co, Si, Al, Ti, Ta, Hf, and Zr, and coercive force He

of said stabilizing layer is smaller than Hec of said magnetic layer

disposed on said spacer layer.

5. A longitudinal magnetic recording medium according to any one
15 of claims 1 through 4, wherein material for said spacer layer is
selected from Ru, Re, Os, and alloys each containing at least one
element selected from Ru, Re, and Os, and has a hexagonal closest
packed structure; and thickness of said spacer layer is from 0.5 nm to
2.0 nm.
20
6. A longitudinal magnetic recording medium according to any one
of claims 1 through 5, wherein said grain boundary region in said

magnetic layer is mainly composed of an oxide of at least an element

selected from Cr, Co, Si, Al, Ti, Ta, Hf, and Zr.
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5 8. A method for manufacturing a longitudinal magnetic recording
medium that is defined by any one of claims 1 through 7, wherein
deposition of said layers is conducted without a step of preheating

said substrate.
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