; opqr e3epl x6Tumueu~ PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM AND FABRI CATI ON
METHOD THEREOF Technical Field of the Invention *GOO0O2* The present
invention relates to a perpendicular magnetic recordi ng nediumthat may be
installed in a variety of magnetic recording devices, and to a fabrication
met hod thereof. Prior Art As capacities of magnetic disk re 1 jIgeS
have becone | arger, the demand for high recording densiti esi'ﬂlmmmmﬂwmm
recordi ng medi a has increased. In conventional magnetic recordi I’]%m@:t hods,
| ongi t udi nal prrEENSICOLARC MAdiNRE I0EIRICORDERE GBI €, but, recently,
per pendi cul ar magnetic recordi ng nmet hods have been attracting attention as
a techni que ANp FasRICATOON MEWHDD MmEeardiFng density for nagnet) i Ng.
A perpendi cul ar magnetic recordi ng nedi um has, as consti tuendmmmmmmulm
magneti c recording |layer of hard nagnetic material, and a un I
formed fromfednifilbalBgneld CofMmadRy iTavewbish fulfils the role of  *G00002*
concentrating the magnetic flux produced by a magnetic head enpl oyed for
recording to the magnetic recording layer. Currently, a CoCr all oy
crystalline filmis principally used as the material used for the magnetic
recordi ng | ayer offhehe prespendi cdulventiagneeilatedcordingremringhcutest s
i nvol ving the refinenment of CoCr crystal grains, a reduction in the
particle sizeagisdtici bacoohinamedinmerptamalyabe i nsraddedvéncorardketyand t he
| i ke, have been perforned for increasingly higher densities going forward.
On the ot herohamgnesicareeeadtihgt réasiceisonanetted aalfrbylpadntery steabPiine fil m
which is enployed as a material for nagneto-optical recording, has a | arge
per pendi cul arhemggpiet i ¢ ani sotropy constant Ku, and exhibits highly superi or
thermal stability, and is therefore extrenely prom sing as a nagnetic
recording |layer material of a perpendicular magnetic recordi ng nmedi um
Probl ens to be Solved by the Invention In the case of the CoCr all oy
crystalline Pekpretird recording material which is mainly enployed at
present, a columar structure, which is constituted by growi ng crystal
grains in a film thi ckpesstiiy et megnet §c ptimk dedordndgt déslgephesent s one
princi pal cause of nedi um produced

become larger, the demand for high recording densities of

magnetic recording media has increased. In conventional
magnetic recording methods, longitudinal magnetic recording
methods predominate, but, recently, perpendicular magnetic
recording methods have been attracting attention as a
technique for realizing a high recording density for

magnetic recording.

A perpendicular magnetic recording medium has, as
constituent elements, a magnetic recording layer of hard
magnetic material, and a under layer formed from a soft
magnetic material which fulfils the role of concentrating

the magnetic flux produced by a magnetic head employed for



noi se which is generated during recording process. As 2 subsequent
recording is afforded a higher density, the effect exerted by grain
boundari es on recording signhals is becom ng increasingly prevalent. In this
regard, tests are al so now bei ng conducted which seek to reduce the effect
of grain boundaries by neans of the refinenment of crystal grain size and
ot her neans. However, when the crystal grain size becones too small, the
thermal stability of recorded signals deteriorates radically, and,

dependi ng orrechedenagetoa W cabbedti herdrmordghgat # ver pr chiregant sy gemer at ed
such that recorded signals are lost. On the other hand, when a rare

eart h-transiGoCon atdroal aldyoyahdhee ystalmi hef pirinseppl oy edsechozsuchhgrai n
boundari es are present due to the noncrystalline nature [of the film, and
t he above prelykeaislarwsatot fpr odiheedradiateiver recordiarselyyesi mde hbegrain
boundaries are present, no nucleus or such serving to stop the witten
signal s in Irsecaenghsulder awiones ipr esegnrdiagd medgnml s TasdssomerierI shift ed
or lost. In particular, this phenonenon is easily generated during

hi gh-frequeridy refordinent ataPdGry atvattalhigsaingm ¢ sredralliypnprief ekl e as a
material for a perpendicular magnetic recording nediumthat ainms at a high
recordi ng dewgittigle| tsize tdietefibnbiem obp@ctinbératmydedsdntteiragéhvéon to 3
provi de a perpendi cul ar magnetic recordi ng medi um which exhibits favorable
el ect r onagnetant rodnvendi dre chaeacheré stéas pevdoraed af¢w ghnareesri dghyg
density, and which has highly superior thermal stability and superior
producti vi t yhiched tenpio\ddecanbabrireatd on nmet hod t hereof. Means for

Sol ving the Probl ens The probl ens nentioned herei nabove can be resol ved by
t he perpendi cul ar magnetic recordi ng nedium and fabrication nmethod thereof
of the present invention illustrated hereinbelow. A first [invention] of

t he present invendnothe eltheeshand a peppenth cll-daramagheon anatedordiing nmedi um
a first aspect thereof being a perpendicul ar nagnetic recordi ng medi um

whi ch is comstricrysedlbinsequént i ahigh stackinpyoyerh @s a material for

magneto-optical recording, has a large perpendicular magnetic
anisotropy constant Ku, and exhibits highly superior thermal
stability, and is therefore extremely promising as a magnetic
recording layer material of a perpendicular magnetic

recording medium.

Problems to be Solved by the Invention

In the case of the CoCr alloy crystalline magnetic
recording material which is mainly employed at present, a
columnar structure, which 1is constituted by growing
crystal grains in a film thickness direction, is provided,
and this representsone principal cause of medium-produced

noise which 1is generated during recording process. As



nonmagnetic substrate, at |east a soft magnetic under |ayer, an
internedi ate | ayer, a bilayer magnetic recording |ayer, a protective |ayer,
and a liquid lubricant |ayer, characterized in that the first layer of the
bil ayer magnetic recording |ayer is a nagnetic |ayer conposed froma CoCr
alloy crystalline film and the second | ayer thereof is a magnetic |ayer
conposed froma rare earth-transition netal alloy 4 noncrystalline film
the CoCr alloy crystalline filmhaving a filmthickness of | Ohmor nore and
no nore thars@Benmenandréberdiate ear t hefifcadsit aomigpkal dahkoyy, the
noncrystalline filmhaving a filmthickness of 2 nmor nore and no nore
than 15 nm edifdcinekbated whengtdie fidumdabii€knes sr&fotdiegCe@ynal b oys
crystalline filmis a, and the filmthickness of the rare earth-transition
met al al | oy eenaiygt alldreasihbdyi prievat Bt f ilimthhisckagssd F alels@sakbe i s equal
to or nore than 2. Simlarly, the second aspect of the present invention is
a perpendi cuilab nmgnebkcndg ecordlichganeigi aimseakf t & Stecaspeehe tdrakedf o pei ng a
per pendi cul ar magnetic recordi ng medium which is constituted by

sequent i al | yratiackomyda Kire sa bpoRERGNeLfi ¢hsubstimd@ntabsr | @asdtaangesignt ation
control l|ayer, a magnetic domain control |ayer, a soft magnetic under

| ayer, an i ntieemediateteayakana. bibwresr, MagBat the r €e@tdiInNg rhayet; - &
protective layer, and a liquid |ubricant |ayer, characterized in that the
first layer wefcotibe bbd ay@n 1magnetdine i@ ok eimigl i3y er FscardmgreLhs1d ayer
conposed froma CoCr alloy crystalline film and the second | ayer thereof

i s a magnet idetkeayeratosrpagedaf1pmadf aegef@ ddiohtdRsEdd0N, BRL-ah1 ald oy
noncrystalline film the CoCr alloy crystalline filmhaving a film

t hi ckness oftHe@RALOr agDy £ iand JI@bMeneithaenSth vl ARG tha+tr 868orded
earth-transition netal alloy noncrystalline film5 having a film

t hi ckness ofsidnamsosréorastand no nore than 15 nm and in that, when the
filmthickness of the CoCr alloy crystalline filmis a, and the film

t hi ckness of the rare earth-transition nmetal alloy noncrystalline filmis
b, the filmthickness ratio a/b is equal to or nore than 2. Furthernore,
the rare earth-tramnsitheost@ét adONGhystalddRecgaterd &n Ot itbhepgpgnetic
recordi ng medi um of the present invention contains at |east from 10 atom
percent to 35 1ay0omMdIRSgeRb10inakileasterPNeyd, MDA CRIGBABALSLERQM &ong Pr,
Nd, Gd, Th, Dy, Ho, the renmainder containing at |east one or nore
transition netal srdderrd auengo Nihe fencEPst A SeeoRd [k OVEsH iteR] 0t he
present invention relates to a fabrication nmethod for the magnetic

recordi ng nmegiduth®fabove problems are not produced. However, conversely,
since no grain boundaries are present, no nucleus or such
serving to stop the written signals in locations thereof is
present, and signals are sometimes shifted or lost. 1In
particular, this phenomenon is easily generated during
high-frequency recording, meaning that this film is hardly
preferable as a material for a perpendicular magnetic

recording medium that aims at a high recording density.

It is therefore an object of the present invention to



the above first and second aspects. Specifically, a fabrication nethod for
t he perpendi cul ar magnetic recording nmediumof the first aspect is a
fabrication nmethod conprising the steps of depositing, on a nonnagnetic
substrate, a soft magnetic under |layer, an internediate |ayer, a magnetic
| ayer conmposed froma CoCr alloy crystalline filmwhich is a first |ayer of
the bilayer magnetic recordinglayer,arare earth-transition netal alloy 6
noncrystalline filmwhich is a second | ayer of the bilayer nagnetic
recordi ng | ayervidg pr operdndd duaper , magdehi¢ i geserdiuter iressitum, aywrich
characterized in that, nore particularly, the gas pressure enpl oyed during
t he depositiofhidfitishe rare éarehabkansi tdlmrtywemabnatioy norerystsalohi ne film
is 10 mlforr or nmore and no nore than 200 mforr, and is preferably 20 nTorr
or nore and FATARteriRaAhcI0GvieNorat aFnkgherepording delsiityat #oth wheichod f or
t he perpendi cul ar magnetic recordi ng medi um of the second aspect is a
fabrication It hddobdipri siupgrithe st épsrodl depodiitlilny, onda TrRrdgHeti c
substrate, an orientation control |ayer, a magnetic domain control |ayer, a
sof t magnet i crugrdemtliaysy, anditn emewddat e falyaicatdomagaehdéd thepeofeconposed
froma CoCr alloy crystalline filmwhich is a first |layer of the bilayer
magnetic recording layer, a rare earth-transition netal alloy
noncrystalline filmwhich is a second | ayer of the bilayer nagnetic
recordi ng | ayeans Fopr SpévingethenyByoplaemd a |iquid |ubricant |ayer,
characterized in that the gas pressure enpl oyed during the deposition of
the rare earth-transition netal alloy noncrystalline filmis 10 mlorr or
nore and no nore than 200 niforr, and is preferably 20 mlorr or nore and no
nore than 100 nToffhe 7oroblilemsprresEnionedvieatd igrebiovel agredearpee peertdiboul ar
magnetic recording nmediumthat is fabricated using a fabrication nethod
rel ating to tie reypesdsecbad imaveatiomrme®ridehyDestininpendnfofrided ibnawi ngs
Fig. 1 is a cross-sectional schematic diagram showi ng the constitution of
t he magneti cmeBowt dithg reedi uof acdor di ngréseBExanpliventioh t hkl yresdrtd
invention; Fig. 2 is a cross-sectional schematic di agram show ng the
consti tuti onhefeirdielomgneti ¢ recordi ng nmedi um according to Exanple 2 of the
present invention; Fig. 3 is a graph which serves to illustrate the
Exanpl es of the present invention, and which shows val ues of the coercive
force when the concentration of the rare earth elenents is varied, where
the material of tlhe fars: edamvientiansidf ohheaepedsaalt dpvaoncoysteldtiese film
of the perpendicul ar recording nmedium fabricated in the Exanples is taken
to be ThCo, PrCoa DyFe€odiddReNimadgdeEer Gd€odidirkbCGCd@iivand aFi fidtis a
graph which serves to illustrate the Exanples of the present invention, and
whi ch shows &SNRtal ueseledn threngas preessodécduz f ngaghet deposididdmgof t he
rare earth-transition netal alloy noncrystalline filmis varied, 8 where
t he mat eri al meldirimg whhiehdéposon s orrugfedt hg seqeerddrtliyt saaskiion arekal al | oy
noncrystalline filmis taken to be TbCo, PrCo, DyFeCo, NdFeN , HoFe,
GdCoNi , ThCGdGonmdgrizadicmenbstodtd hetl heant icosoThenagrirddicarentisr ofaytehre pr esent
invention will be

an intermediate layer, a bilayer magnetic recording layer, a

protective layer, and a liquid lubricant layer, characterized
in that the first layer of the bilayer magnetic recording
layer 1is a magnetic layer composed from a CoCr alloy
crystalline film, and the second layer thereof is a magnetic

layer composed from a rare earth-transition metal alloy



descri bed herei nbelow. The first [invention] of the present invention
relates to a perpendi cul ar nagnetic recording medium A description wll be
provi ded herei nbelow for a first aspect and a second aspect of the magnetic
recordi ng medi um of the present invention with reference to Fig. 1 and Fig.
2. Figs. 1 and 2 serve to illustrate exanples of the present invention, and
the present inventionis not limted to or by these figures. Fig. 1is a
cross-sectional schematic diagram showi ng the constitution of a

per pendi cul &°PNrEYAEE L1 ddral nPheaCan WYcRTY St &l Finss £ 148 p¥atingfat he
first invention. This perpendi cul ar magnetic recordi ng nedi um has a
structure i rfifii B SKseTst Chagifer eF drderandhpermare sRafnteriedinst &Nt ayer 5,
a bilayer magnetic recording layer 6, and a protective |layer 7 are

deposi t ed seduiéenef Bl G tioRnBRFret iad LeHbRe e tel Lang B im §avdny ubri cant
| ayer 8 is further deposited thereon. 9 In the present invention, an

Ni P-pl ated A falrofhicafict $t PRyt ReA8daRE 83 "SFScFh3t ald iFedaffass, for
exanpl e, which are used for ordinary magnetic recording nedia, can be used
for the nonndghBttc WegBsthatid1p. tl Gkorery_t &PFi REICELAPY FFYSAAINEER al | oy,
a Sendust (FeSiAl) alloy, or simlar, can be used for the soft magnetic
under |ayer H1m\vb &paRtithd &FHY EigkBrabId B dirSnedetiidaeshari on
characteristics _can_be obtained by using a noncrystalline Co alloy, for
exanpl e CoNd®EtalCoFaRY Qﬁn%ﬁﬁﬁtPéX?“?h $m mi 6 hPckhe st o™ thd C&BEES magnet i ¢
under layer 4 is nodified to an optinum val ue dependi ng on the structure
and char act erd'dt @40t s t @ dradive it c B d#ded ‘f or recording. In view of
productivity, the soft magnetic under |ayer 4 desirably has a film

t hi ckness of 10 nmor nore and no nore than 300 nm In the present

invention, the internediate layer 5 is used to magnetically isolate the
soft magnetic undé}m+%@&%y, the’second aspect of the present in¥ention is

a perpendicular magnetic recording medium, a first aspect
thereof being a perpendicular magnetic recording medium,
which 1is constituted by sequentially stacking, on a
nonmagnetic substrate, at least an orientation control
layer, amagnetic domain control layer, a soft magnetic under
layer, an intermediate layer, a bilayer magnetic recording
layer, a protective layer, and a liquid lubricant layer,
characterized in that the first layer of the bilayer magnetic
recording layer is a magnetic layer composed from a CoCr alloy
crystalline film, and the second layer thereof is a magnetic
layer composed from a rare earth-transition metal alloy
noncrystalline film, the CoCr alloy crystalline film having
a film thickness of 10nm or more and no more than 30 nm, and

the rare earth-transition metal alloy noncrystalline film



4 and the bilayer magnetic recording layer 6, and also to control the
properties of the CoCr alloy crystalline filmwhich is the first |ayer of
the bilayer magnetic recording layer 6. As the material of the internediate
l.ayer 5, a nonnmagnetic elenent such as Ti, Ru, or a nonmagnetic alloy such
as TiCr, CoCr, may be 10 suitably enpl oyed. The internediate |ayer 5
desirably has a filmthickness of from5 to 30 nm In the present
invention, the bilayer magnetic recording layer 6 is provided as a magnetic
recordi ng | &¢&FNI TH sEbim ayfbi chghet P€ # 0P HIMPG el Ay MOonA’r A thRnalfer
structure conprising a first layer 9 and a second I%yer 10. In the present
i nvention, PRe #1%40 |Had gher” Fheaghblt® chigleesdofnhieh @CCotd LA | oy
crystalline [material] is the raw material, and the second layer 10 is a
magneti c | aféysbRlhiechlid™ drfe earai thendiltMoshAekaesal oy thonEd st al | i ne
[material] is the raw material. Wth the perpendicul ar nmagnetic recording
nmedi um of t R8rpPesSeEMsSitiventrbAl &XMpresceys i efidlabf lmatiér Pal §'Shi ch can
be enmpl oyed as the CoCr alloy crystalline filmare CoCr alloys such as
CoCr, CoCr T&1ll®oGHPiCkneser Ptafd 0 edlr Bt B2 aUrie tobBY TPt Hiied -Cor al | oy
crystalline filmof the first |layer desirably has a filmthickness of | Owm
or nore and no nore than 30 nm This is because, with a filmthickness of

| ess than 10 nm favorable nmagnetic characteristics are not obtained, and
the SNR (ratio befWEdeaREce| ectPBmghetfc cotidr <itéRséhaPact ert5ty c
signals and noise) drops, and, with a filmthickness of nore than 30 nm
the increas®@FrYatahl dkneBaterisad t 8fitheamaseptith FfERerSNRE #$ddUPelul t of a
noi se increase. The filmof the second | ayer conposed froma rare

eart h-transitfforPTRSCAt AMYDV iPncFoREHINS Ak Yefdtet Tt [LOpteePaptsi cont ai ns
at least 10 atom percent and no nore than 35 atom percent of at |east one
or nore el efent? FeFnPahtiy &f tedsesProna@r TREe Fhemepts HaomTaRCHemai nder
of this second | ayer contains at |east one or nore transition netals from
anong Ni, FEr G4, FsalPoydy siich B TSEG1EAG TICEEARare X APFEEsORST
materials which can be enployed in the second | ayer. The rare

eart h-t r ansioti BATFret BN Y0y ABRet§ st idFengi ¥ pfef éPably has a film

t hi ckness of 2 nmor nore and no nore than 15 nm This is because, with a
filmthickness of less than 2 nm the characteristics for the rare
earth-transition netal noncrystalline filmare notobtained, and, with a

fil mthickness of®mSeEPAaht TSRO hef riHite PESSERT t AR o8N TRkt &ES
noncrystalline filmproperties becone too strong, and the SNR drops as a
result of tHe pric®FdcrERCDf MElthefudtdtohe MFIPREL WA CER 18P gidism 94 t he

present invention, in order to maintain the 12
the above first and second aspects.

Specifically, a fabrication method for the
perpendicular magnetic recording medium of the first aspect
is a fabrication method comprising the steps of depositing,
on a nonmagnetic substrate, a soft magnetic under layer, an
intermediate layer, a magnetic layer composed from a CoCr
alloy crystalline film which is a first layer of the bilayer

magnetic recordinglayer, a rareearth-transitionmetal alloy



favorabl e properties of the bilayer magnetic recording |ayer 6, there is
the condition that the ratio between the filmthickness of the CoCr all oy
crystalline filmof the first layer 9 of the bilayer magnetic recording

| ayer 6, and the filmthickness of the rare earth-transition netal alloy
noncrystalline filmof the second |ayer 10, should be constant. The first
and second | ayers are preferably fornmed such that, when the filmthickness
of the CoCr alloy crystalline filmis a, and the filmthickness of the rare
eart h-tr ansinanGAYRERal 128 | Byl mordcistdl Bi ABSPPE mM3xeh of H&ef PLARYAF ckness
ratio a/b is equal to or nore than 2. This is because, when the film

t hi ckness r MADCELE | L RAINGr 1eKah 22 RARESCAABC bR YRE1 radldsiat iLdAV ARt al

all oy noncrystalline filmproperties are then strong, and the SNR drops.
The protect iWPILEPBE 12Y8En PR PSHESERY IsTRRS aMRBEE SRTAR CREDT bireghe
conventional ly. For exanple, the protective |layer 7 can be forned froma
mat eri al of A cPF IR TRal TRRIGHSE tdrtndi sthear BRRPSi4s oforok heP¢oRarti ons for
the filmthickness or simlar of the protective layer 7, all conditions
used for or A3ty ERAEREEIRY MELEEdR WP hedRaTéakd b Enpilidfets 4P MEoriz A
mat eri al enpl oyed conventionally can also be used for the liquid |ubricant
| ayer 8. For°Tex&npt &ndpetd 1“86?&%@Py@%ﬂ??mfﬁbfapedﬁt%r%%‘ﬁé}?ewu% BT°AS for the
conditions for the filmthickness or simlar of the liquid lubricant |ayer
8, all conditi gREeudid ROMUrdithary LARGWES % recordi ng media can be
enployed as is. Fig. 2 is a cross-sectional schematic di agram show ng the
constitution of the perpendicular nagnetic recording nediumthat is the
second aspect of the present invention, This nmagnetic recordi ng nmedi um has
a structure in whfehterticent at i of2RBHIFWION ayer®™®thod magnktT ¢ 8BFmi n
control layer 3, a.soft magnetic under |ayer 9, an internediate |ayer 5, a
bi | ayer magrRRLPENASER AT MFIgfdr BeCufinY PRt eRt9vENFasRFOA 4PBe8Eposi t ed
sequentially on a nonmagnetic substrate 1, and a |liquid_|ubricant |ayer 8
is further depdsifeRal tHerVbme tAOHaEFPRS INPKkEDE lteHor °f HERPSSERAT cul ar
storage nedi um descri bed in the above first aspect can be used for the
nonmagnet i ¢ YUBSTPRPEIASE ForsHid fRE§net P UG 8BnEr R F Tayér s, an

magnetic domain contrel layer, a softmagneticunder layer,
an intermediate layer, a magnetic layer composed from a CoCr
alloy crystalline film which is a first layer of the bilayer
magnetic recording layer, a rare earth-transitionmetal alloy
noncrystalline film which 1is a second layer of the bilayer
magnetic recording layer, a protective layer, and a liquid
lubricant layer, characterized in that the gas pressure employed
during the deposition of the rare earth-transitionmetal alloy
noncrystalline film 4is 10 mTorr or more and no more than 200
mTorr, and 1s preferably 20 mTorr or more and no more than 100

mTorr.



antiferromagnetic film, such as PtMi, IrM or sinilar conposed from an
alloy containing WMh, or a hard magnetic filmof CoCrTa, CoCrPt, CoCrPtB or
simlar in which |4 magneti zation is oriented in a radial direction of
the nonmagnetic substrate 1, can be enpl oyed. The nagnetic donain control

| ayer 3 preferably has a filmthickness on the order of 5 to 300 nm For
the orientation control layer 2, in cases where an M all oy
antiferromagnetic filmis used for the magneti c domain control layer 3, a
nonmagneti c pure Pt al RBIRYEHs CUPVeRtighi chiHasles facecdrngiedlenbic
structure, or a nonmagnetic alloy or simlar such as NiFeCr, are desirably
used. |n sudiR9acéase, APPTNEIY Bediumf that z#s NBPréfFasedi UWeindwhi ch has a
filmthickness of 3 nmto 30 nm and preferably 5 to 10 nm nmay be provided
bet ween t he febaAragheen dnaidiest ratet Inaned tthe ePPEAt GUI dewerstotayer 2, in
order to control the fine structure of the orientation control |ayer 2 .
Further, in cases where a hard magnetic filmis used as the nagnetic domain
control layer 3, a O alloy such as &M, CW or simlar, can be used for
t he ori ent atBxégfcBaseiPtippecf2 the| Brayingscase al so, a prinmary coat
governed by the condition of being |like that described above which serves
to control the fine structure of the orientation control |ayer 2 nay be
provi ded between the nonmagnetic substrate 1 and the orientation control

| ayer 2. The ori eht@tiloniEontFBISSI-&PEE 1Pk STIECABEYCHA2H F1 ISRPYhREkness of
3 nmto 30 nm 15 The sane materials as for the perpendicul ar storage
medi um descriffedcPpstheteisove ff sthasperanatd’ be &@woireyed f omethem sof t
magneti c under |ayer 4, the internediate |ayer 5, the bilayer nmagnetic
recordi ng | @fEPre1ne hee protwdes veofayes rregsatt hBVERepA™ | ubri cant | ayer 8.

Fig. 2 is a cross-sectional schematic diagram showing
the constitution of the magnetic recording medium according
to Example 2 of the present invention;

Fig. 3 is a graph which serves to illustrate the
Examples of the present invention, and which shows values of
the coercive force when the concentration of the rare earth
elements is wvaried, where the material of the rare
earth-transition metal alloy noncrystalline film of the
perpendicular recording medium fabricated in the Examples
1s taken to be TbCo, PrCo, DyFeCo, NdFeNi, HoFe, GdCoNi, ThGdCo;
and

Fig. 4 is a graph which serves to illustrate the
Examples of the present invention, and which shows SNR values
when the gas pressure during the deposition of the rare

earth-transition metal alloy noncrystalline film is varied,



Next, a description wll be provided for a fabrication nethod for the

per pendi cul ar magnetic recording nmedium of the first invention above, which
method relates to a second invention. A fabrication nmethod for the

per pendi cul ar magnetic recording nmediumrelating to the first aspect of the
first invention is described hereinbel ow. This perpendicul ar nmagnetic
recordi ng nedi um fabrication nmethod conprises the steps of depositing, on a
nonmagneti c substrate 1, a soft magnetic under layer 4, an internediate

| ayer 5, a ¥hesk [t@permatefial bidhayes ndifhefPECFEEMMI °d | BYy®r ®rea second
| ayer 10 of the bilayer magnetic recording |ayer 6, a protective |ayer 7,
and a |iqui 8eFubricast tiapatetal ThklY r 8PNST¥pFdid i@est e ™f 18eifd$inti ng a
soft magnetic 16 under layer 4 on a nonmagnetic substrate 1. An

N P-pl ated A2 28 IO/ cRERPcaPYEIGenddighéd lgcl’féess GocolEysTRfdG%ed gl ass, for
exanpl e, which are used for ordinary magnetic recordi ng nedia, can be used
for the nonnagnetic substrate 1 used in this step. To permt the stacking
of layers on the nonmagnetic substrate 1, the surface of the nonmagnetic
substrat e 1EPRogmemdsa By tApERYPHH®™ ree of inpurities. The step of
depositing the soft nmagnetic under |ayer 4 on such a nonnmagnetic substrate
1 is perforned udihfg acBprAinaitsy et Abd ereprati AGVABEROY. WALL be
noncrystalline Co alloy, an N Fe alloy, a Sendust (FeSiAl) alloy, or
simlar, cafieperilesyhegeipheldwst nagnetic under layer 4. In particular, by
using a noncrystalline Co alloy, for exanple, CoNbZr, CoTaZr, or simlar,
forexanpl e, itispdssi bfersto bbteaniandr é’g{)e dlect PERERYHet | ENETHVE S| on
characteristics. The filmthickness of the soft nmagnetic under layer 9 is
nmodi fi ed torakePti FAma aPEEPHEPENdRRg HITEReCsteFOrdiBI af@ddHBr adt eri sti cs
of the nmagnetic head used for recording. However, in view of productivity,
the soft nafReEFPUrfder il ayrs Paodeded agﬁyeha%elspm ERT thifdRRESESRFFCE10 nm or
nore and no nore than 300 nm Next, the second step is a step of depositing
the intermedP@at® J99p8A BSPERAL tHi $het BpIniterereating et ur7of ddsstrate
surface tenperature as far as 250C, the internedi ate IaEyer Sis simlarly
deposi t ed uBFfyeRt sPYErELPRgr het Hedervres it éifedl & (Fdger 25 F9sused to
magnetically isolate the soft magnetic under layer 4 and the bil ayer
magnet i c regoﬁﬁlidng’- | 366t 6, tandl Al $d-%aF corfFIPLERe Yt opEt t i RSSTT % he CoCr
alloy crystalline filmwhich is the first |layer 9 of the bilayer magnetic
recordi ng | AP BLOMAs e Fht EFPARNBIINVRE L AL ek Tr@ditat 1 ERFELO5OT DY
nonmagneti c el ement such as Ti, Ru, or a nonmagnetic alloy such as TiCr,
CoCr, may béhedftaByreenpl oyed. The internediate |ayer 5 desirably has a
filmthickness of from5 to 30 nm Next, the third step is a step of
depositing the bilayer magnetic recording |layer 6. This bilayer nmagnetic
recording layer 6 is constituted by a first layer 9 and a second | ayer 10,
these | ayers bei g 9depodft & c¥e§aeptFRIINPAL EFRepatihdifdram pRYEINY | s
formed by neans of a sputtering nethod using a CoCr alloy crystalline
(material] &8¢t RENEEFGRELOTThePine? er PRAFPTHH THEE f PREPCFLEyeFeFrE oCr al | oy
crystalline [material], it being possible to enploy an all oy group such as
CoCr, CoCr TRedEder'Btichcder Bt T4r S ERFIRB. O'fhéh§ggﬁsetriﬁﬁ‘deﬁ§fﬂ6d Bt he
present invention is capable of performng sputtering using the target of
bei ng abl e PETPHIT @Y IPINEENE FTTMOM %A BediFed CofpSSFEFbhTe 18 ~ The

filmthi ckness when CoCr alloy crystalline filmis enployed is preferably
| Onm or nor &NaAY %&Oﬁﬁr’éa‘irheat}f%énﬂﬂ%/ e fs ad]e&%%?e‘g?attﬁyéa?’?ifnﬁqt hi ckness
of less than 10. nm favorabl e rragir)l%sj c characteristics are not_ obtained,

and the SNRZdr'op<YSgnB2ous 't arf Y19 CRABE S ot " Mor BERHHIT 136 h €Tt he

increased filmthickness results jn a drop in the SNR on
7 are deposited sequentially on a nonmagnetic substrate 1,

and a liquid lubricant layer 8 is further deposited thereon.



account of a noise increase. The sputtering conditions are preferably that,
for exanple, Ar gas, which is generally used in sputtering, is enployed,
and that, by adjusting the flow amount of Ar gas or adjusting the degree of
openi ng/ cl osing of a valve provided at an interval froma vacuum punp, the
gas pressure is on the order of 2 mfTorr to 10 nforr. Subsequently, the
second | ayer 10 of the bilayer nmagnetic recording |layer 6 is deposited. The
deposition of the second |layer 10 is perforned using a_sputtering nmethod
enpl oyi ng, for exdnhpreprapeRELRVEQtLlom o Fa?g@tat(erda?%eaéhwh%%m (RE) =
Ce, Pr, Nd, Pm Sm Eu, &, Th, Dy, Ho, Er, Tm/ transition netal (TM =
Co, Fe, Ni; skrengtiengsd 0983§s orasryelstlriizéd ¢+ e fPF ratemd¢ent? ol above,
the rare earth-transition netal alloy noncrystalline filmpreferably

cont ai ns at aFeasted1frarsfiper SRENEHEC FECRBF &NY FEA 185 GAToRE perdetftt of at

| east one or nore elenments fromanong Pr, Nd , Gd, Th, Dy, Ho, the

remai nder offNEhROFTIIRITt &VRrhE2EE Y-east one or more 19 transition
nmetals fromanong Ni, Fe, Co. Therefore, the conditions for the sputtering
met hod are controlled so as to obtain such a conposition. For exanple, it
is desirable that Ar gas, which is generally used in_sputtering, should be
enpl oyed as the das"®HpIGeddaopi /§ ehéonepdRi Nibn 8tlehe faperidust
earth-transition netal alloy noncrystalline film and that by adjusting the
fl ow anount (EFSARL yad 16w/ a®lf USiMiAG Tt her&§r e i ogpeht i fd BePmt 6t a val ve
provided at an interval froma vacuum punp, the gas pressure is 10 nfTorr or
nore and noYREfE taeRr 200 MeFsr Parahet It dfer 4BV 9F D0 FOC tEPTABRRE Hhd no
nore than 100 nTorr. Such a range is adopted because, with a gas pressure
of | ess thafCLUSRTHR, PREEXERAPMEECTOGPN I MRF | RPERENEP | RY sU&XPFerfel y
strong, and, in particular, signals in high frequency regions undergo a
phase shift PePCARRFH 1S o0 widlH Whe foés GFEmPhat CPHéZSNRCPEa%tf' PSnal |

val ue on the order of SdB, and also since, with a high gas pressure of nore
than 200 nTGAAILArfi MRewhbsE" mahekiosh PERRS ALY TRHIRE isupigalR&RE  and
characteristics are radically adversely affected. The rare earth-transition
nmetal al | oy “néAcIsfsitided he N APHERTT B Ye P FINENPE ik §EE8CB¥ T2 nm or

nore and no nore than 15 nm This is because, with a filmthickness of
and characteristics of the magnetic head used for recording.

In wview of productivity, the soft magnetic under layer 4
desirably has a film thickness of 10 nm or more and no more

than 300 nm.

In the present invention, the intermediate layer 5
is used to magnetically isolate the soft magnetic under layer
4 and the bilayer magnetic recording layer 6, and also to control
the properties of the CoCr alloy crystalline filmwhich 1is the
first layer of the bilayer magnetic recording layer 6. As the
material of the intermediate layer 5, a nonmagnetic element such

as Ti, Ru, or a nonmagnetic alloy such as TiCr, CoCr, may be

10



l.ess than 2 nm the properties for the rare earth-transition 20 nmet al

all oy noncrystalline filmare not obtained, and, with a filmthickness of
nore than 15 nm the rare earth-transition netal alloy noncrystalline film
properties beconme too strong, and the SNR drops as a result of the
production of fluctuations in the witten signals. As described above, the
bi |l ayer magnetic recording |layer 6 is deposited by neans of two steps,
nanely the deposition step for the first layer 9 and the deposition step
for the secondtkaygrenployas. déscimtibedebyatdhéafer Stddasivebntydms avft hnt he

per pendi cul ar magnetic recordi ng medi um of the present invention, it is

t her ef ore nddeskarys af sordm 5t he BAbmmcati on nmet hod for the perpendicul ar
magneti c recordi ng medi um of the present invention, to set deposition
conditions so as to fulfil the condition that the filmthickness ratio
between the first layer 9 and the second |ayer 10 should be in sone range.

I n ot herwords, dep®si t i Ore conthietsieons airevesegtisot hathda heitayst Imageet9cand t he
second | ayer 10 are forned such that, when the filmthickness of the CoCr

al l oy cryst alddoméihgl rayongst ituprawgideldeasi & stadnayer Becsrdngaddyehe film

t hi ckness of the rare earth-transition netal alloy noncrystalline film
consti tuti nghtilsebslepEd hayest kDresobdindhéayet mathd okhegsr rsatrvotald i s
equal to or nore than 2. The regulation of the filmthickness has, as
targets, reqematriennofathierspleveri hgapdbwersezdnd aagenfld.he deposition tine
interval such that a filmof a desired thickness nmay be formed. Control of
the filmthickness ratio in this manner is so that, in a case where the
filmthickness ratio a/b is smaller than 2, the rare earth-transition netal
al l oy noncrystal |l Ime fhé¢ m progert i éswvaneiohentse r bhgstanbtaydre BNR dzops. The
subsequent step is a step of depositing the protective layer 7, Methods for
deposi ti ng tiegnetotetdyare dfaybicl a n€bldea kit tceyshgl histdhods,te€VBL et hods,
and cathodic arc carbon nethods. Such nethods can be used to deposit the
protective limyethd agmawt hetbrlayerangaghetsecarecdegiengld ayera Gaghheic
protective |layer 7 can be deposited using a material which is enployed
conventi onallayerAn empl oyrdlvhe pat earal emthbérbosiedord r omtalmaeétenl of
which the main constituent is carbon, for exanple. As for the conditions
for the fil manvirgkhessine dinaténtallf the theotwmot i netdmyadr. 7Widlltoendi ti ons
used for ordinary nmagnetic recording nedia can be enployed as is. Wen the
above- descr idretestiépslaf t hegmessentrdamwdanyomegiemperf ok hed pussagt
sputtering, it is desirable that all the gas pressures during deposition

ot her than tiheegasopr essupip banpl of edreligtiabgd edepdsiciadn whithecamr ke
earth-transition 22 metal alloy noncrystalline filmshould be adjusted to
be from 2 mkmplovedapsuthelGogforallovhergasa ptiassfriémadiesiafenielierhod i s

| i ke the gas pressure adjustnment nethod during deposition of the rare

eart h-transigianagetafral terTeonCrgstal | Gate FtiThm CEonkli®R i ons ot her than
this [gas pressure condition] such as tenperature conditions, may be
suitably selected to suit the conditions of deposition for each layer. In
the present invention, the sputtering nmethod can be principally enployed as
far as the above $tepsbovehimgnipetrst Co§r prlefcer abyetalice iftlhpheBsible to
performserial reactions all together in a sputtering nmachi ne. However, the
present invehitisén {ay$iot depitalely thest Reff Uhfilyakagssopfal Inm e @oRdi ti ons
for the bilayer magnetic recording layer 6, it being possible to enploy

ot her convertticonalmaret holdsn 3Next ., Thhe irgaetise r @ébhdi fglmediigneos whi ch
each of the layers is deposited is renoved fromthe sputtering machine,

and, finallyf taesthgoi dQ obrifeartabbyargset 5c depost et {ttiver @onhot The
liquid lubricant |ayer 8 can be deposited using a material enployed

convent i onal ¥8taifRgdan a@epl Pymb$ ¥R mhtefial between the electromagnetic

conversion characteristic signals and noise) drops, and, with
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23 a perfluoropol yethyl lubricant can be used. The liquid |ubricant |ayer
8 may be deposited on the nmagnetic recordi ng nmediumobtained in the earlier
steps by nmeans of a dip nmethod, a spray nethod, a spin-coating nmethod using
a solution produced by dissolving the above liquid lubricant in a

prescri bed solvent. As for the conditions for the filmthickness or simlar
of the liquid lubricant |layer 8, all conditions usedforordi nary nagnetic
recordi ng medi a can be enployed as is. Next, a description is provided

her ei nbel owaf di ltnhehfiabnésat i @ metdeodheh ke nper peérdiicukassedghetn c
recordi ng nmedi um of the second aspect of the first invention above. The
fabricati onthethoesofretshng tpeipendiropl ar teghBRias recesdl ng mediaisof t he
second aspect is a nethod conprising the steps of depositing, on a
nonmagneti c isgbsésate 1, an orientation control |layer 2, a magnetic domain
control layer 3, a soft magnetic under layer 9, an internediate |ayer 5, a
first layer 9 of a bilayer magnetic recording |ayer 6, a second |ayer 10 of
the bilayer nmagnetic recording |layer 6, a protective layer 7, and a liquid
| ubricant | ayer 8Theélhéiimbpi cathieorsemeinkod agke rt eonpoesdntt riomvent rore i s
substantially the sane as the fabrication nmethod of the 24  perpendicul ar
magneti ¢ r ecardhAgranedi uimnof reralf | p3loaspechcajrnead,livet h (mheeekekpt i on of
t he provision, on the nonmagnetic substrate, of the orientation control

| ayer 2 and pireéenaighet icondeims ratcdass0l10] ayen p8rcdheragidone ,mdrie shaecond
step will be described hereinbelow, the other steps being the sanme as in

t he fabri catisoatoeteadeot ¢he tpkependneudamomagniatnentiseoodiangngedi um of
the first aspect above. The step of depositing the orientation control

| ayer 2 can leesperf,oNdpddbyrd nDyodieci Tige rhwa hotemghathic sebstd déeed to a
sputtering machi ne and depositing the orientation control |ayer 2 using the
sputtering nenhedns/As feast hmenat eriral t ofngite cor et lat foon cowngolil ayer 2,
when an Mh alloy antiferromagnetic filmis used for the magnetic domain
control | ayete,3Cdeposhtedldys tswehnest ToCepand TrrtEgret expupéesred@l havi ng
a face-centered cubic structure such as Cu, Ir, or a nonmagnetic alloy or
simlar sucmaasriaFeCwhiichk desibabdnpluyed. ihntisaicte@ndadeyen. pri mary coat
of Ta, Zr, Nb, or simlar, nmay be provided between the nonnagnetic
substrate and the orientation control layer 2, in order to control the fine
structure of the orientation control |ayer 2. The primary coat preferably
has a fil mthicknEss ofar® teer80-nmnsindomometptedblablnorsrtyeta0lime The
primary coat can be deposited using a conventional nethod such 25 as a
sputtering netlmodreFerdathler , hen zaSids wheérknas harfd 2magnet ire e lapdi 8o used as
the magnetic domain control layer 3, a C alloy such as &M, CW or
simlar, camdye tbed Iprnnt.heTbi$ entsabeoausontwich bhayelm Xhiloknehssotase

al so, a primary coat governed by the condition of being |ike that described
above which lsersveshio cdntnol theefinehstpratturs-iofs t Heror itéat atdod control
| ayer 2 may be provided between the nonmagnetic substrate 1 and the

ori entati on eomtthrokkahayeror?, m&hel omocentas fahligent folmpagept2bgeefiedabl y has

a filmthickness of 3 nmto 30 nm
and, with a film thickness of more than 15 nm, the rare

earth-transition metal noncrystalline film properties become
too strong, and the SNR drops as a result of the production

of fluctuations in the written signals.

In the present invention, in order to maintain the

12



Next, the step of depositing the nmagnetic domain control |ayer 3 can be
performed using the sputtering nethod. Sputtering conditions nmay include

t he exanple of heating the substrate surface tenperature to 250C using a
l.anp heater or simlar, and perform ng deposition using a CoCrPt target. As
the material of the magnetic domain control layer 3, an antiferronmagnetic
film such as PtMi, IrM or simlar conposed froman alloy containing M,
or a hard magnetic filmof CoCrTa, CoCrPt, CoCrPtB or simlar in which
magnet i zat i dav28able s papbentedsiaf ahe ddilalyedinatitatds becerE NgohAEghet i c
substrate 1, can be enployed. The nagnetic domain control |ayer 3
preferably Has taefel nig hikkmewsligiophéhak dere ofattia de3o@enmthfuft her, when
a primary coat is provided between the orientation control |ayer and the
nonmagnet i ¢ tils¥neas eof athat pfal addek axvrialrine Nblleaf eeusedstor the
primary coat, it being possible to provide a filmthickness of 3 to 30 nm
and preferaplayes Pocd-hfmbithee ratEdngitdct giecrreissf tayrigrfet padubler | ayer
4, the internediate |layer 5, the bilayer nmagnetic recording |ayer 6, the
protective |&Eyjer Thigiaeske 2§ qbhe [FabPi CafthrayersBighdmetHer 2hbeeri al s,
are the same as those described in the fabrication nmethod for the nmagnetic
recor di ng nmewWwngryerathieng ir §ilaspeét tor tIREIRy ertvicen. 1o delRetidbtPon wil |
be provided for a third invention of the present invention. The third

i nventi on ofcanséapeesent invention relates to a perpendi cul ar nmagnetic
recordi ng nmediumwhich is fabricated using the above fabrication nethod.
The perpendi cul ar magnetic recording nmediumof the third invention of the
present invention has a structure like that of the first aspect and the
second aspect of The finsét apdvesrdnsh leyepy are preferably formed such

that, when the film thickness of the CoCr alloy crystalline
film is a, and the film thickness of the rare earth-transition
metal alloy noncrystalline film 1is b, the film thickness
ratio a/b 1s equal to or more than 2. This is because, when
the film thickness ratio a/b is smaller than 2, the rare
earth-transition metal alloy noncrystalline film properties

are then strong, and the SNR drops.

The protective layer 7 can be deposited wusing a
material employed conventionally. For example, the protective
layer 7 can be formed from a material of which the maain
constituent is carbon. As for the conditions for the film
thickness or similar of the protective layer 7, all conditions
used for ordinary magnetic recording media can be

employed as is.
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t he present invention above. Exanples Exanples of the present invention

w Il be described hereinbel ow. The Exanples below are nerely suitable
representative exanples serving to describe the present invention, and do
not limt the present invention in any way. Exanple 1 A chemically

strengt hened gl ass substrate having a snmooth surface (an N-5 gl ass
substrate manufactured by HOYA, for exanple) is used as the nonmagnetic
substrate 1. After cleani.n% this substrate, sanme is introduced to a
sputtering machi ofie,madifd ia 120gmmirmyeszr penvyroricopstay| ¢ae siofa beaghedi ¢ under
layer 9, and then, after heating using a | anp heater such that the
substrate suffacethenpétatide tehEhRAND2502YSE 158 nm Ti €eri nteeembdrat e | ayer
5, are sequentially deposited [on the substrate]. A bilayer nagnetic
recordi ng | a3 lgorsppoyeiey by depsireihy &anira bager 9soff@0 ARfusi ng
CoCrPt as the target, and a second |ayer 10 of 10 nmusing an RE,, x~ - TMX
target (rarec®utitthorpefpat tiREjiln ghichnespdor painSkgr @f th¢, 1TEvidy, Ho,
Er, Tm/ transition nmetal (TM = Co, Fe, Ni; x = 0.5t0 0.95) . After
finally deposikriggrs 52 yem ér dtldceonvE Yigper wesbnposeddonapp magegEben, [the
substrate forned with layers] is renoved fromthe sputtering nachine.

Deposi tion, ®IvEdinganedhatcast behempap¥e@aas H-St-ransition netal all oy
constituting the second |layer 10 of the bilayer magnetic recording | ayer 6,
is entirely perfornmed using a DC magnetron sputtering nethod with a gas
pressure (Ar gas) of 5 nforr. During deposition of the second |ayer 10 of
the bilayer magnefig-recor di A§OFayEICH OrPhesSgadPricsstt @I(I GRYE"Hi t hi n
the sputtering machi ne was adjusted to a desired value (the gas pressure in
Fig. 4 is 5 Wroreonydi3ediaort) e RErespingitde oVRIAULT [TRWoERBDAL of the
deposition gas enployed and the degree of opening of a valve provided

bet ween t he Bgsliter FiRf ndchthe wrPhespasuuMi flep Pryhereaftv@ntignti qui d

| ubricant layer 8 of 2 nm conposed of perfluoropolyethyl is deposited using
a di p met hodThio PpgRebyC prasyed nEheepeiharidi GulSar L iRgietit Weedr dhing

medi um Exanple 2 A chem cally strengthened gl ass substrate having a

snoot hsur f acer et aNisg| aest xubdeyar e manihgee bf e B IAOYA Lo laxakpl e) is
used as the nonmagnetic substrate 1. After cleaning this substrate, sanme is
i ntroduced t¥d & SphtterITRSifachiae, lawry 4 52anm M peddacy vy Rg, @a 5 nm
Ni FeCr 29 orientation control layer 2, a 10 nmIrM nagnetic domain
control |aye?iBves 2009MhHiCoZeRBr bt lpseal ¢4 B8dsdfRr AkeGheVE clansder | ayer
4, and then, after heating using a |anp heater such that the substrate
surface tenpefat dPROS EeRhESIFSVEL 2 Bl Y1 SInInTPNGRINATE b ridisarétPalePd, are
sequentially deposited [on the substrat e}. A bil ayer magnetic recording

| ayer 6 is forhewigy labpbsett ngverf fr 36 Fagidie dgPoodtagh thaf§rcoCr Pt as
the target, and a second layer 10 of 10 nmusing an RE~1 X~ - TMX target
(rare earth element (RE) - Ce, Pr, Nd, Pm Sm Eu, Gd, Th, Dy, Ho, Er, Tm/
transition netal (TM Co, Fe, Ni; x = 0.5 to 0.95). After_ finally
depositing a 5 nmPprBteetidde Ildyer ThonpdsddcofeEarpdhcuizthe tQuisger at e
formed with layers] is removed fromthe sputtering nmachine. Deposition,
other than tR2f1WF ERECFHe edPt B2] rPhRsEt FORS e Al F8Y Bonstgd dPFng t he
second |l ayer 10 of the bilayer magnetic recording layer 6, is entirely
per f or ned usFiy %“ﬁégﬁﬁéhét?‘b?ﬁ%‘ﬁ%ﬁ éring nethod under a gas pressure (Ar
gas) of 5 mlorr. During deposition of the second |ayer 10 of the bilayer
magneti c recordi ng°Fayéres, tagRe§as pressife (CRF“:@%! ) LW ehi n3t hean
sputtering machi ne was adjusted to a desired value (the gas pressure in
Fig. 9is 5 ﬁﬂ"b%frertr@mgeﬁelﬁﬂ'%rrfl]d? adj 8$h ng? % W Bver it 190w @Hdd@nt of t he
depositi on gas enployed and the degree of opening of a valve provided

bet ween the SPRIET nfrAAcHiTned b tIP8 t¢aBLLEN Plinp or30 NaqhdrasHter, a

liquid lubricant layer 8 of 2 nm conposed_ of éoerfl uor opol yet hyl is
deposi t ed usfhlj“ao&i pc%{%d t@PCrPt, CoCrPt or similar in~ which
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t her eby produce the perpendi cul ar magnetic recordi ng nmedium Conparative
Exanpl e A magnetic recording nmediumwas fabricated using a procedure |ike
that of Exanple 1 except for the fact that, in the fabrication nethod
according to Exanple 1, following the deposition of the first [ayer 9 of
the bilayer magnetic recording layer 6 using a CoCrPt target, the second

| ayer 10 was not deposited. Evaluation In the above nethod, perpendicular
magnetic recording nmedia were fabricated after changing the target

conposi t i onMegpet healsieionds| eyéentedofin he BRPayer dragrétPe dcokli ng | ayer
6 as well as the gas pressure during deposition. The nagnetic

char act er i sticggaghethe peipeiditéullar magnetiec sFeeorafing Thedmagpraiise
fabricated were cal cul ated by neasuring the nmagnetization curves using a 31
vi br at i on- t €8Pt ) FenrEgh ettt ePrRteReP s pdef tofalBdhpréneaponchied

wi t hout the deposition of the softmagnetic under layer 9 in Exanple 1
above, and WrERTre§pect? t¥%a"Banpl e fabricated without the deposition of
the orientation control layer 3 and the soft magnetic under layer 4 in
Exanpl e 2 above . The el ectromagneti c conversion characteristics of the
perpendi cul ar recording nedia with all |ayers deposited in the nethods
illustrated in th*éorabégé Béapies iqer €omsastr @ Yesi Ag B SHISRSSVARER t est er
and by neans of a GWR head. Since a disparity with regard to all the

char act er i stinc¥ndeskay Fed ther epranedrl ovds lhotS di§eer fred the mpgnetic

per pendi cul ar magnetic recording nediumfabricated in the nethod of Exanple
1 and in t héopeiperrditc@ilatayrigiet ¢ Goneeereihy RBAPuUMSABr feeh 88 T t he

met hod of Exanple 2, the results are taken to represent the characteristics
of the per pdidi ¥l dr PaRGnEI T eBES BT IFYPFEdi UMCEHERN dha BeaRpERS11iC However ,
by neans of the layer constitution shown in Exanple 2, it is possible to
conpl etely SUppresy spikeldoisgencrs Whidr « Aee FESATRRLEESES - t HE fagfheti c
domain formed by the soft nmagnetic under |ayer 4. SNRs, at a recording
density of 300P¥FCR fRIVMBErpeirtfitcuPhir Tfmghiet Ve PECOMHIlRG  mEHich bt i cat ed
by nodi fying the film 32 t hi ckness and the filmthickness ratio of the
first |ayer 9ftEBGEhgrepsceist aM £Ae3E iN) 2BdPaHE re8éEne 1%y8r"mo (rare
earth-transition netal alloy crystalline film of the bilayer magnetic
recordi ng | &per P8, PEPel b We tivgeTabheshonmagnetiTapplest rtRtico L62nfl sk rat e
cases where the material of the second |ayer 10 (rare earth-transition
met al al | oy &rigstariPhmecti gl heyseen diarfgedrt GOTISCHELPE Chhe NEFN |
GdCoNi, DyFeCo, HoFe, respectively. The results of a judgenent of whether
this [rmater g PCryrgodd6ro N isddes R LSRR 12 YP5dB B ednbimhedaa®d shown

in the tables. According to the tables, when the , ,
where a hard magnetic film is used as the magnetic domain

control layer 3, a Cr alloy such as CrMo, CrW, or similar,
can be wusedfor theorientationcontrol layer2. Inthiscase
also, a primary coat governed by the condition of being like
that described above which serves to control the fine structure
of the orientation control layer 2 may be provided between the
nonmagnetic substrate 1 and the orientation contrcl layer 2.
The orientation control layer 2 preferably has a film thickness

of 3 nm to 30 nm.



filmthickness of the CoCr alloy crystalline filmis a filmthickness of

|l ess than 10 nm the SNR falls since favorabl e magneti c characteristics
cannot be obtai ned. Conversely, when the filmthickness of the CoCr all oy
crystalline filmis a filmthickness that is thicker than 30 nm since the
filmthickness is then thicker, noise increases, and the SNR actually
falls. Therefore, it was discovered that the filmthickness of the CoCr
alloy crystalline filmis required to be 10 nmor nore and no nore than 30
nm Wth regard t8"¢ hesdnq rﬁat(lrﬁréﬁﬁésésomfof hehe aPer R PANSIEPTF 89S et al

all oy noncrystalline film when this filmthickness is thinner than 2 nm

t he propert i"e§FBrde e itgfel vdheha R i 5 bR SRSCE C2 PEyCTRORMSESEAr | i nefil m
arenot obtai ned, and whenthefil mthickness is thicker than 15 nm the rare
eart h-t r ansittficopo 83 magpet a4f wdegylaohc Ay st Enherredia s dp¥efiestheconme too
strong, and the SNR drops as a result of the production of fluctuations in
the written SilGuaF . maENes ici ¥e ot ididstXaT &d tHFaPr ARRFt Ve 49¥RADI 8"ENR is to
be obtained at 15 dB or nore, the filmthickness is required to be 2 nmor
nore and no Yr é1ERAR WP HRaFulek@Fnbre, with regard to the fil mthickness
ratio a/b of both nmagnetic recording |ayers when the filmthickness of the
CoCr alloy crystalline filmis a, and the filmthickness of the rare
earth-transition netal alloy noncrystalline filmis b, when a/b is |ess
than 2, the SNR dV®ps. a deRasiPhiQ? dilddoRerRPHNEE 4P 3 LaPgdGrEe to be 2
or nore. This condition range is common throughout the Tables 1 to 6, and
it is illusttedhed tfrt the meeehaﬁl%@-bﬁnargélﬁgé0cé%6<bréhdwp|nieéaua| b when
different materials are used for the rare earth-transition netal alloy
noncrystal | ithe fiFaf Baventigyl @beveorPch iMefheri ERhRS:S dFheo SEFPRT

t hi ckness ba/ bSNR( @O00kFCl ) Goodyl nm) (run) (dB) S22

510. 6No55111:8R610622013. 9N0o102520. 8Yes105221 3Yes1010112. 4No2012013
9N02021022 5Yes205922 3Yes2010218. 3Yes20151 313

2N0202019. 9No3021520. 1Yes305620. SYes3010318. 3Yes3015216. 9Yes4022013
2No4010411. 5N0901g2%. 2No 35 Table 2

abrication method for the perpendicular magnetic
recording medium relating to the first aspect of the first

invention is described hereinbelow.

This perpendicular magnetic recording medium
fabrication method comprises the steps of depositing, on a
nonmagnetic substrate 1, a soft magnetic under layer 4, an
intermediate layer 5, a first layer 9of a bilayer magnetic
recording layer 6, a second layer 10 of the bilayer magnetic
recording layer 6, a protective layer 7, and a l1quid lubricant

layer 8.

The first step is a step of depositing a soft magnetic
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CoCrPt filmthickness aPrCo filmthickness

ba/ bSNR( @00kFCl ) Good' (nm) (run) (de) 522 511 6Nol10S222

1Yes1010112. 7Na2021022. 0Yes205421 8Yes20151 312 9No3013012 8No305619
9Yes9010912. 3NoTabl e 3CoCrPt filmthickness aNdFeNi filmthickness

ba/ bSNR( @00KkFCI ) Good' (nm (nn) (dB) 522, 58. 7N01011010 1No105220. 5Yes2021023
2Yes205922 7Yes20151 313 1No3013013 3No305618 3Yes402029 8No 36 Table 4
CoCrPt filmthickness aGdCoNi filmthickness ba/ bSNR( @00kFCI ) Goo

d(nm (nn) (dBP88L7 layer 4 on a nonmagnetic substrate 1. An NiP-plated Al
9N01011013. 7No102519. 7Yes2021022. 9Yes205423. 1Yes2010219. 3Yes3021520. 1Yes302
01 513 3No4@id213. BNeTabRé SCEENRLhenedn YRARERNRS sCEDRdEd 2BH| el dhickness
ba/ bSNR( @00kFCl ) Goody(nm) (run) (d8) 522 510. 2No105221 9Yes1010111 9No2012Gl2
4No202: 021 9vesxarsie3BigNe361304F BNGIA103Y9aEves4010421d OMp™SFia, Tabl e 6
CoCrPt filmthickness aHoFe fil mthickness

ba/ bSNR( @0GRFS Gaed Clm) {her) (o8B ISS ISNOIGEIGEe BNEED 1518 ipYes5am21022
3Yes205923 9Yes2010220. 8Yes3013013. 9No3010319. 9Yes402029. 3No The

ori ent at i on Tof Pe e thhlyd ettiackany soft Lapyre per Pendinennagnefi¢ gupkhpe)e and

val ues of the coercive force He of perpendicular orientation, when the
transition rettdle Bfrfplke afdihe remagreraasierbhahel ap ParEsy2hbnERSEAI | i ne
filmis Co and when the rare earth elenent material is varied, are shown in
Tabl e7. In the §rotpebfinmirétiiabs exanmi ned onthi soccasion, Pr, Nd, Gd, Tb,
Dy, Ho exhi bited perpendi cul ar magnetic anisotropy, and it was found that a
favorable He in a perpendicular direction as required for the perpendicul ar
magneti c recordi ng medi um had been obtai ned. Mreover, favorable
characteristics fbretterpefpeericiiiag Fagn¥fitc "eeBBEHF NgPBF Lawedi um can

al so be obtained when two or nore of these elenents are conbined. Table 7
Rare earth elengithvhgpendgnadricsotsspprei iceerdsirnegrangg a sputtering

- NoPr per pendi cul ar 5890Ndper pendi cul ar 9B60Pm n pl ane - NoSmi n pl ane - NoEui n
pl ane- Gdper pendre 1t ap3880Thpaepead c Bl AP B7OCPEerLperfeh edlay 7 330¥bper pendi cu
| ar 9090Eri n plane -NoTmi n plane -No Goody Yes Yes No Yes Yes Yes Yes Next,
the vari ati éidloy: He, Saniferstt KEeP bkl @ddoh- t parfsiniilen nedalbeasgyg for
noncrystalline filmmterial is TbhCo, PrCo, DyFeCo, NdFeN , HoFe, GdCoN ,
TbGdCo, and thigese & enasayetth cehedentl aYRE) 4 coddent Fat¢wirbd,sbyarisddyd is shown
in Fig. 3. Wth a rare earth el ement concentration (RE) in the region of 10
at om per centnomcrirptal btk foa kb fhaerB3B e SinpéreErtarh, arisithéa¥are 39
earth-transition metal alloy noncrystalline filmmaterials subjected to
testing, a doereiar®lferidel vPoAVIVGE VPP rdel ales adBeai WF WPNeéANeaic be used
for a perpendi cular magnetic recording medium Fig. 4 is a graph show ng
SNR val ues &t°"36OR R RCttRE1phies edPehi tansPtFore et afalihsysoft
noncrystalline filmmaterial is TbCo, PrCo, DyFeCo, NdFeNi, HoFe, GdCoNi,
TbGdCo and VWerRethe Ugas rprassut ésdindidg cddpodt PPoRTYT vRhEe dgpending

on the structure and characteristics of the magnetic head used
for recording. However, in view of productivity, the soft
magnetic under layer 4 desirably has a film thickness of 10 nm

or more and no more than 300 nm.

Next, the second step is a step of depositing the

intermediate layer 5. In this step, after heating the



earth-transition netal alloy noncrystalline filmof the perpendicul ar
magneti c recording nmedium fabricated in the Exanples is varied. In all the
rare earth-transition netal alloy noncrystalline filnms subjected to
testing, with a gas pressure of less than 10 mlorr, since the exchange
coupling in the filmis extremely strong, and, in particular, as a result
of signals in high frequency regi ons undergoi ng a phase shift or
anni hilation, the SNRis of a small value on the order of 5dB. On the other
hand, with @#upasrpEesstiEast 10ehratde mors, t Hercoed cidkd Tor che
squareness S* (an indicator which ainms to evaluate the extent of
i ncl i nati on igftegnedhatmetpyati on turvedrithathe videpeistyedf t4engoet ci ve
force Hc, and which is such that, the larger the inclination of the
magnet i zat i GIPUEGEVERY fIREheftal ITde SkntrmediagenelstyeCener &l ysachet® ar ger
the inclination of the magnetization curves, the smaller the nmedi um noise
becones, anda9RetSRRLincriéasasy tidgdsotompanetiadpdrdi oy, 4tai¢ SR
i ncreases abruptly, and a favorable characteristic on the order of 15 dB is
exhi bited. MirleHer, Ma9ngtigngecefdidor?er nffordnd 81200t F Yot FRpect i ve
of which material is used, a preferable characteristic of 15 dB or nore is
exhi bited, &i@reatpastiadul e fCrTeEdOY PR tapyraeof ipadish asstberi or
characteristic is exhibited, nanely that the SNR is 20dB or nore. However,
wi th a hi gh fastptassuPeot hae bid aygrenadivt 12002 A INY K3 ¥fdeba 43 Fh¢ whose
magneti zation is in plane is produced, characteristics abruptly
det eri or at e.mafgagrefop e, the waseHistH@ker édYEhat,, 2a8CRMREERIUC G ePeRT or mi ng
deposition with the gas pressure during deposition at 10 niforr or nore and
no nore tharfW@B0asillorr Ruf Rfopatpenasi@tact 2k iot seshae Té%hi Hia%d B89¢n at a
hi gh recording density, and that a nore preferable gas pressure is 20 nforr
or nore and %fo SHbEePthaAPPLOgeAiTof ke NEREMedha Fhvidsteirgat {oh 1edd Y has
conductedwith regard to thermal stability using a magnetic recordi ng nedi um
fabricated zh %H8 FBEAKE BT Céxefr?ﬁfneﬂFoa%H "sing a nagnetic recording
medi um fabricated in the nethod of the Conparative Exanple. 41
Measurenment to investigate thermal stability was carried out using the
procedure below. Using a spin stand tester, after performng witing once
of signals by nmeali8xbf BhGVRHe&d, SpRRYbhTk haVefrordh rderdisnginas tper f or ned
continuously. The proportion of the output drop 1000 seconds afterwards
wi th respectbitlavan aepativareeeidimsdilayery baf EEFSWWJiarY@rWa?géﬁbF%ssed as
a percentage, this being an indicator to show thermal stability.

recording layer 6 is constituted by a first layer 9 and a

second layer 10, these layers being deposited sequentially.
First, the first layer 9 is formed by means of a sputtering
method using a CoCr alloy crystalline [material] as the
target. The material for this first layer is a CoCr alloy
crystalline [material], it being possible to employ an alloy
group such as CoCr, CoCrTa, CoCrPt, CoCrPtTa, CoCrPtB. The
sputtering method of the present invention 1is capable of
performing sputtering using the target of being able to

form a crystalline film of a desired composition.
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The results are shown in Table 8 below. The magnetic recordi ng nedi um of

t he Conparative Exanple, which has only a magnetic | ayer conposed from
CoCr Pt and does not possess a magnetic |ayer whose raw naterial is a rare
earth-transition nmetal alloy noncrystalline [material], exhibited a |arge
val ue of 3. 2% decade-sec, whereas the magnetic recordi ng nedi um of Exanple
1 was capable of quite a small value of O a/decade-sec by virtue of the

bi | ayer magnetic recording |ayer. Therefore, thernmal stability was markedly
i nproved by the I'tefitongdtickaeiserwhidn asiatat edldy crivetpt esentl iilmvient i on.
Tabl e 8 Sanple Thernostability (9s/decade-sec) Conparative exanple (CoCrPt
al one) 3 2 Exahpyed 11y CoCe PeyathiGO) 0pm]og morepgnantagedis thifieéf snrof t he

| nvention According to the present invention as descri bed herei nabove, the
magneti ¢ re@bidi hy lwyperseof witle perigendhncakaessegfhdtess taeor 89 ngrmedi um
are constituted by stacking two magnetic |ayers, of which the first |ayer

i s a magnet ifevbagkelke cogpesed fhomaEeCiStiab|lae opyselatdines. f ahehthnd t he
second | ayer thereof is a rare earth-transition netal

al I oynoncr yStal difersti langd, t hetlo@r 4k hoydriyknabki peficdrghalbémg tanfi | the hi ckness
of |Onmor nore and no nore than 30 nm and the rare earth-transition netal
al | oy noncryscakesed fhulm habielgpesst i Fasehickitess dofop2 inmtbe PR eorand no
nore than 15 nm and, when the filmthickness of the CoCr alloy crystalline
filmis a, asgovne ¢f|m i skniewyregpet héhe apeueaning canditions netal al | oy
noncrystalline filmis b, the filmthickness ratio a/b is equal to or nore
than 2, andprasenablsibet, afénveeable, INRIehardtitcdr i stdeneran lheustst ai ned
even at a high recording density. Furthernore, the rare earth-transition
met al al | oy imomprystmind, ne snanel ¢dd,.centai iz tat bveadiuftriorm tbeafbiw per cent
to 35 atom percent of at |east one or nore elenents fromanong Pr, Nd, d,
Dy, Ho, the amepntmdehr oy ainiafgvat iheastheondeprearof eortardmgi/ tlonimet al s
fromanong Ni, Fe, Co, and the rare 43 earth-transition netal alloy
noncryst al | iofeafiydlwej grovided at an interval from a vacuum pump, the gas

pressure is on the order of 2 mTorr to 10 mTorr.

Subsequently, the second layer 10 of the bilayer
magnetic recording layer 6 is deposited. The deposition of the
second layer 10 is performed wusing a sputtering method
employing, for example, an RE(;-x) - TMy target (rare earth element
(RE}) =Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm / transition
metal (TM) = Co, Fe, Ni; x = 0.5 to 0.95). As described 1n the
first invention above, the rare earth-transition metal alloy
noncrystalline film preferably contains at least 10 atom
percent and no more than 35 atom percent of at least one or
more elements from among Pr, Nd , Gd, Tb, Dy, Ho, the

remainder of the film containing at least one Or more
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deposited under the condition that the gas pressure is 10 nTorr or nore and
no nore than 200 mlorr, and is preferably 20 niforr or nore and no nore than
100 niforr, and, consequently, in addition to it being possible to obtain
f.avorabl e characteristics for the perpendicul ar nmagnetic recordi ng medi um
since such a stacked nedi um can be produced sinply by using already

exi sting manufacturing machi nes, such a nediumis highly suited to nass
production as a |large capacity nmagnetic recording body hereinafter. 44
Cains 1. Atperpehrditunelra faghedt cametdr ding hedi 8y WRAFEREQZe cost i t ut ed
by sequentially stacking, on a nonmagnetic substrate, at |east a soft
magneti c un@epdtBl@rs fah theethiEdicatied] BgErCd &rBi Fayero Hethéri &S rietor di ng

| ayer, a protective |layer, and a liquid |ubricant |ayer, characterized in
that a firsPPrajRrsush daFemped diienmgAdt$E@mdcor dF nkP I99Perapse atidgnet i c

| ayer conposed froma CoCr alloy crystalline film and a second | ayer
thereof is Arnfghet Velthaykt VIRFGded PEBF anr aFR E&TLRIt r RSP Y orP et al
all oy noncrystalline film said CoCr alloy crystalline filmhaving a film

t hi ckness oFTPERYRDrASDERS &fd noMPiR¥ed RAR1BO Wi dABCSH: Py apk the
earth-transition nmetal alloy noncrystalline filmhaving a filmthickness of
2 nm or nor §2aAdeNe-Tor@nshancnsmarm L did ovn BPRELYSHEA 1PRefHiMmam ckness
of the CoCr alloy crystalline filmis a, and the filmthickness of the rare
eart h-t r ansitPREPP erGIU s neyt M ididys PRPPR e T AENERS B aiestinen &1 ckness
ratio a/b is equal to or nore than 2. 2. A perpendicul ar magnetic recording
medi um whi €RIFEE COhSPrPdPedchys Sen@énti B 14e Srarking, atorral AbhFEYnet i c
substrate, at |least an orientation control |ayer, a magnetic domain control
| ayer, a sofff OReyrierGUTuRHEP | o2 saRr ¢ it Ernedi af enTayercr BobR | aifer

magnetic recording |layer, a 45
no more than 200 mTorr, and preferably 20 mTorr or more and no

more than 100 mTorr. Such a range is adopted because, with a
gas pressure of less than 10 mTorr, the exchange coupling in
the film is extremely strong, and, in particular, signals in
high frequency regions undergo a phase shift or annihilation,
with the result that the SNR 1s of a small value on the order
of 5dB, and also since, with a high gas pressure of more than
200 mTorr, a film whose magnetization 1s in ©plane 1is
produced, and characteristics are radically adversely

affected.

The rare earth-transition metal alloy noncrystalline
film desirably has a film thickness of 2 nm or more and no
more than 15 nm. This is because, with a film thickness of

less than 2 nm, the properties for the rare earth-transition
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protective layer, and a liquid [ubricant |layer, characterized in that a
first layer of said bilayer magnetic recording |ayer is a magnetic |ayer
conposed froma CoCr alloy crystalline film and a second | ayer thereof is
a magnetic | ayer conposed froma rare earth-transition netal alloy
noncrystalline film said CoCr alloy crystalline filmhaving a film

t hi ckness of |Onmor nore and no nore than 30 nm and said rare
earth-transition nmetal alloy noncrystalline filmhaving a filmthickness of
2 nmor norenegrd adloprreortdragistdblnmg fand | ar¢ hatt, obhennéde dnd, nwtiihhckness
of the CoCr alloy crystalline filmis a, and the filmthickness of the rare
eart h-transia tobnrtiaknakb oyt monertystal birme £hé maire dartihe danlsakct bn ckness
ratio a/b is equal to or nore than 2. 3. The perpendi cul ar nagnetic
recordi ng nediteh sddevdimgdnysthalise 1fabd 2proharateeri bedoman that said
rare earth-transition alloy noncrystalline material contains at |east one
or nore el ernosgf r entahibagSWR ,diNbs @d, aThesDyt ahdcido. prbduTiigon of

per pendi cul ar magnetic recordi ng medi um according to clainms 1 to 3,
characteri zed ucthuehatnsaid trrer eréaceh-srgnaslist.i on al | oy noncrystalline
material contains at 46 | east from 10 atom percent to 35 atom percent of
one or nore rare earth elenents, the remainder containing at |east one
transition nmetal fromanong Ni, Fe, and Co. 5. A fabrication nethod for the
per pendi cul ar naghetdes crébed diboy enedicul bewor deaget bc ckapnding dewpri si ng
the steps of depositing, on a nonmagnetic substrate, at |east a soft

magnet i ¢ underisl dyeesited | byenemws atfe thayerepsa magréyi thaykmwosenposed from
a CoCr alloy crystalline filmwhich is a first |ayer of the bilayer

magneti c recoregh nfot aybe, Blnrsr éagarth-andahie tdegpsigtiah steépyfor the
noncrystalline filmwhich is a second | ayer of said bilayer magnetic
recordi ng | aamerondalpyet ebli vés| dyeeyibend by |thguifd rbabrncarntidnay @i th
characterized in that a gas pressure enployed during the deposition of said
rare eart h-tehengietrivendiret bd r ahdanetmenceygstdlhg meedivymmdfs th@ mFesenbr nore
and no nore than 200 nTorr. 6. A fabrication nethod for the perpendicul ar
magnet i ¢ r eciorgintigomedi urmsatteraiany hecedwnn.2aleonpr itbé npliricastieps of
depositing, on a nonmagnetic substrate, at |east an orientation control

| ayer, a magmethod domatine comtpeagidilcayer, megseficnageetridéngndedibayef, an
internedi ate | ayer, a magnetic |ayer conposed froma CcCr alloy crystalline
filmwhich itheapiresstt| ayemtafont heo bidtageposhgiet icondetdras nep lagyep, a 47
rare earth-transition netal alloy noncrystalline filmwhich is a second

| ayer of saifhlfiillayee owmghetian teeor dhecfillayerhickprset ecd t e deayern and a
liquid lubricant |ayer, characterized in that a gas pressure enpl oyed

duri ng the dépodiitstnlayesdl dndatbeesgddnd damskti®nshendyl ke ligy some
noncrystalline filmis 10 niforr or nore and no nore than 200 nmflorr. 7. The
fabri cati on matdeod for atherperpgendepad arigmgnendtt yavornh ngeeditbat
according to clainms 5 and 6, characterized in that a gas pressure enpl oyed
during the depositfonaskrsiadd thre seaprh-layansl® poa frtmgld ali¢pyhat,
noncrystalline filmis 20 niforr or nore and no nore than 100 niforr. 8. A
magnet i ¢ recorali ndierddilamthwhkeds$ sof diivel Cated abyoy hernstaiddsieadéomdi ng to
claims 5 to 7. 48 .ASS

AL AS@ Af | cA@ASUAENA, UHAHIASSASLgyer A@ sAS. And Ahe, AM@hIAENABS AQ . ACE.
A5] . AS. AS. A@ AS. A@ A, . Ay. AS3

E. A@ ASl . A@¢E.the. Aape . dRrth-itirapb i NGn AGL2AG A NASIcr Adb & L A@A@L Y Nox! *4=u
2 2e

| | wr mhc”Y] cajoa]tddjcahoafea] catdrsa]leapeallda] €a] da] chfch] ba]teu]ckakea] ca] ca] ¢
a] ca] caU] ca] ca] ca] caU] caU] cal] caU cTa 1nt' b

G ] bs8Ez$B: s}xsimi d/ Z]iscadiea] ta)wapeat ¢apoa] cdhealesa]lesfealdaleaféarca] cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! EH ZPCln;

| ##) $} xsni d_Z]Ddlesa] bag c apced ustea] tegwaltéancal] Ehe cujudapecalrealreakea) cal cal

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ) $K$
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(((()4)))U****+

X, } ,,,,, -R---.6.n..zupkfa\W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a]ca]ca]ca]ca
] cal ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca]calca!..%"////0Z0001UL|
11245( 6f 6p66V778E8288"9799: 7: ) : }xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca]
ca] ca] ca] ca] ca]ca] ca] ca]ca] ca] ca]ca]ca]ca]ca]calca]calcalcalcalcalj:p:!;
;o <<4===1 >t >>>>/ 2N ??@B @ @AJAEBXxBBBB3CCChDD} xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
CalDDEUEEEFH@@Pﬁ@@M@@@@HpHHHHHt1me1ntervalsuchthateafilmofeadesired
I1JHIJJIJI"KKL>L~L}xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca
] ca] ca] ca] cdlrdakeapeatan] ba] tarsal.cped clapéallea] fdad -t hi ¢ NABODE TV YWAKHXX9
YXYYZ[ T[ [ 5\
\s\\\ E&] ’[‘I[?"""ln} xbmb dnZjreg e apcad ddlaca] m]a:e;}aca]\e}eqm]t@a] &a]rcat]hda;](t)a]sca] ca] ca]
ca] ca] ca] ca] ca] ca]ca] ca]ca]ca] ca]ca]ca]caljcajcal _H 7" mw  ""a_aeavbefff2
gpggg¥hhVi i Yjgtijoj &pinirs} smal te Z]twhlecal c ajreafead caldl-capoal tadcajeaital cal cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal nooCppaqqqUr rr Osps
% Xttt)vyyz iof{ féncrystalline film properties are then strong and the
}}}}~9~y~}xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] cRcaroabcal ca) ca] ca] ca] ca] ca] cal y~~~(g4q<v0j [ 3| wnmhc”Y] ] ca]ca] c
a] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca! O CEHSSI 3, ;
zupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] cal]ca]ca]c
a] ca] ca] ca] ca] ca] th¢ cahbapga¢uaUptapb; is a step of depositing the
v:r9% 1O s(Ttz}xsnid_Y] U ca]ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal
ca] ca] ca] ca]ajteakdacabgat cal cecapda] cEjc depak&t kfg Rhe protective
]ep~ytoje [V]ca]ca] ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca
] ca] ca] cal] ca] ¢alfcaldeakhead caldocad clad$,e AUB methods, and cathodic
NJ2} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca]a] carbahca¢ tladda] cajohaine ahdds>: dAnMBemMi2é Q) ws ndefo¥|ic] cagcal cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
a] ca] ca] ca] gt date@jtliABviayer 7 on the bilayer magnetic recording layer 6.
Z U >C}xsnid_Z]c]]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]ca]ca]ca]cal
ca] ca] ca] ca]Ted paptad¢calecapgal caleallsafiepbMMAREing a material which
Z U >C}xsnid_Z]c]]ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]cal
ca] ca] ca] ca] ca] @] legkdalcoajeat taa£d]ycalpana/ bixp* eyl {derifal10%® by - SF
M 109%& ()-SF m'10% & ()-fS: 10%&' () - y#S109%&' () -*4=aB010%& ()-.109& ()-f"
109%& ()-f 109ie(d) flrph0URing }e y1HPES { )wiktAbCAA 0% if) - cod OB Int 10s10
10610%&' ()-y4 109%& ()-y2 109%& ()-?{ aBbCf9%d0%&' ()-f#10%& ()- @
109%&' () -! S1086‘ o, @Y & x@np@0%RAE) fo2 ehe tabBbiGfidns for the film
109%&' ()-f1109%& ()-f/10%& ()-f-109%& ()-!
f)109%& () -f)QeBRels- ¢ ABCMAL0YE Che Drote¥s &€ lay€t 0% &1()corldl tiOns
109" 10%&' ()-f510%& ()-1nt b dEbC & 10% & () -,
10% & () -, , 1094REO) -qriliOMr& fdgnedic recording media can be employed as

is.

When the above-described steps of the present invention
are performed using sputtering, it is desirable that all the
gas pressures during deposition other than the gas pressure

employed during deposition of the rare earth-transition
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10% & ()-,,10% & () -

G ]aBbCF510% & ()-S110% & ()-@10% & ()-@10%W & ()-!, &

10% /& ()- @0% & ()-]_ absbCf 109%&' ()-f 109& ()-f 109 ()-f 10%& ()- 10/ 10/

10/ 9 10% & () -8Ez$aBbCy) 10%&R' ()-y# 10%& ()-y!10%&' ()-yl0%&' ()-f

109&' ()-!yl09%& ()-B: bCS10%&' ()- @O0%& ()- 10 10 1099 10%&' ()-510%&k ()-1

109K ()-:sEaBbCf Y+ 10%&' ()-f#10%& ()-S109%& ()-! S10%& ()- SF10%&' () - @O%&' () -

HbCl0% & ()- 10% & ()- 10% & ()- 10 10 10&LOMIO%& ()-vy,5

109 () - - ZdERCA10% 1 qY) - nd0O4 & YAL-Line%s B i) SELOUIE S -2 0% &1 ( yo be

10% & () - PCIEbCSf)10% & ()- @ %&10% & ()- @#10% & ()- @ 10% & () -,

10% & () - QLG%8’' 2)nTinrd EbCep510% & mIpr @314 &af) pS3dsi0%W &d(hs@BI0% & () - S

L-10% & ()- @+10% & ()-; !'###~ @ 10& 9 109%& ()-S 10% ()-@! S10%&' () - @

109& ()- 10MmeTdpdl10sLItikestaie( YoM+ SHSSI agBu@ment method during
deposition of the rare earth-transition metal alloy
noncrystalline f£ilm. Conditions other than this [gas
pressure condition] such as temperature conditions, may be

suitably selected to suit the conditions of deposition for

each layer.

In the present invention, the sputtering method can be
principally employed as far as the above steps. This method is
preferable since it is possible to perform serial reactions
all together in a sputtering machine. However, the present
invention is not limited to the fulfillment of all the
conditions for the bilayer magnetic recording layer 6, it

being possible to employ other conventional methods.

Next, the magnetic recording medium for which each of
the layers 1is deposited is removed from the sputtering
machine, and, finally, theliquidlubricant layer8is deposited
([thereon].

The liquid lubricant layer 8 can be deposited using a

material employed conventionally. As an employable material,
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a spray method, a spin-coating method using a solution
produced by dissolving the above 1liquid lubricant in a
prescribed solvent. As for the conditions for the film
thickness or similar of the liquid lubricant layer 8, all
conditions used for ordinary magnetic recording media canbe

employed as is.

Next, a description is provided hereinbelow for the
fabrication method of the perpendicular magnetic recording
medium of the second aspect of the first invention above.
The fabrication method of the perpendicular magnetic
recording medium of the second aspect is a method
comprising the steps of depositing, on a nonmagnetic
substrate 1, an orientation control layer 2, a magnetic domain
control layer 3, a soft magneticunder layer 4, anintermediate
layer 5, a first layer 9 of a bilayer magnetic recording layer
6, a second layer 10 of the bilayer magnetic recording layer

6, a protective layer 7, and a liquid lubricant layer 8.

The fabrication method of the present invention 1is

substantially the same as the fabrication method of the
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109%& () - f 10%&InfrpgBECOCCOOSDDBES, of the orientation control layer 2 and

the magnetic domain control layer 3. Therefore, this second

step will be described hereinbelow, the other steps being the

same as in the fabrication method of the perpendicular

magnetic recording medium of the first aspect above.

The step of depositing the orientation control layer
2 can be performed by introducing the nonmagnetic
substrate 1 to a sputtering machine and depositing the
orientation control layer 2 using the sputtering method. As
for the material of the orientation control layer 2, when an
Mn alloy antiferromagnetic film is wused for the magnetic
domain control layer 3 deposited in the next step, a
nonmagnetic pure metal having a face-centered cubic
structure such as Cu, Ir, or a nonmagnetic alloy or similar
such as NiFeCr, is desirably used. 1In such a case, a primary
coat of Ta, Z2r, Nb, or similar, may be provided between the
nonmagnetic substrate and the orientation control layer 2,
in order to control the fine structure of the orientation
control layer 2. The primary coat preferably has a film
thickness of 3 to 30 nm, and more preferably 5 to 10 nm. The

primary coat can be deposited using a conventional method such
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coat governed Dby the condition of being like that
described above which serves to control the fine structure
of the orientation control layer 2 may be provided between
the nonmagnetic substrate 1 and the orientation control

layer 2.

The orientation control layer 2 preferably has a film

thickness of 3 nm to 30 nm.

Next, the step of depositing the magnetic domain control
layer 3 can be performed using the sputtering method.
Sputtering conditions may include the example of heating
the substrate surface temperature to 250°C wusing a lamp
heater or similar, and performing deposition using a CoCrPt

target.

As the material of the magnetic domain control layer 3,
an antiferromagnetic film, such as PtMn, IrMn or similar
composed from an alloy containing Mn, or a hard magnetic film

of CoCrTa, CoCrPt, CoCrPtB or similar in which magnetization
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Further, when a primary coat is provided between the

orientation control layer and the nonmagnetic substrate, a
material such as Ta, Zr, Nb, can be used for the primary coat,
it being possible to provide a film thickness of 3 to 30 nm,

and preferably 5 to 10 nm.

The materials for the soft magnetic under layer 4, the
intermediate layer 5, the bilayer magnetic recording layer 6,
the protective layer 7 and the liquid lubricant layer 8, and
other materials, are the same as those described in the
fabrication method for the magnetic recording medium of the

first aspect of the invention.

A description will be provided for a third invention of
the present invention. The third invention of the present
invention relates to a perpendicular magnetic recording medium
which is fabricated using the above fabrication method. The
perpendicular magnetic recording medium of the third invention
of the present invention has a structure 1like that of the

first aspect and the second aspect of the first invention of
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Examples of the present invention will be described
hereinbelow. The Examples below are merely suitable
representative examples serving to describe the present

invention, and do not limit the present invention in any way.

Example 1

A chemically strengthened glass substrate having a
smooth surface (an N-5 glass substrate manufactured by HOYA,
for example) is used as the nonmagnetic substrate 1. After
cleaning this substrate, same is introduced to a sputtering
machione, and a 200 nm CeZrNb noncrystalline soft magnetic
under layer 4, and then, after heating using a lamp heater such
that the substrate surface temperature reaches 250°C, a 15 nm
TiCr intermediate layer 5, are sequentially deposited [on the
substrate]. A bilayer magnetic recording layer 6 is formed
by depositinga first layer 9 of 20 nmusing CoCrPt as the target,
and a second layer 10 of 10 nm using an RE1-xy — TMy target (rare
earth element (RE) = Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho,
Er, Tm / transition metal (TM) = Co, Fe, Ni; x = 0.5 to 0.95).

After finally depositing a 5 nm protective layer 7 composed of
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sputtering machine. Deposition, other than that of the rare
earth-transition metal alloy constituting the second layer 10
of the bilayer magnetic recording layer 6, 1is entirely
performed using a DC magnetron sputtering method with a gas
pressure (Ar gas) of 5 mTorr. During deposition of the second
layer 10 of the bilayer magnetic recording layer 6, the gas
pressure (Ar gas) within the sputtering machine was
adjusted to a desired value (the gas pressure in Fig. 4 is 5
mTorr to 300 mTorr) by adijusting the overall flow amount of

the deposition gas employed and the degree of opening of a valve

provided between the sputtering machine and the vacuum pump.

Thereafter, a liquid lubricant layer 8 of 2 nm composed
of perfluoropolyethyl is deposited using a dip method, to
thereby produce the perpendicular magnetic recording

medium.

Example 2

A chemically strengthened glass substrate having a
smooth surface (anN-5glass substrate manufactured by HOYA,
for example) is used as the nonmagnetic substrate 1. After
cleaning this substrate, same is introduced to a sputtering

machine, and a 5 nm Ta primary coating, a 5 nm NiFeCr
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orientation control layer 2, a 10 nm IrMn magnetic domain
control layer 3, a 200 nm CoZrNb noncrystalline soft
magnetic under layer 4, and then, after heating using a lamp
heater such that the substrate surface temperature reaches
250°C, a 15 nm TiCr intermediate layer 5, are sequentially
deposited [on the substrate]. A bilayer magnetic recording
layer 6 is formed by depositing a first layer 9 of 20 nm using
CoCrPt as the target, and a second layer 10 of 10 nm using
an RE-xy - TMy target (rare earth element (RE) = Ce, Pr, Nd,
Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm / transition metal (TM) =
Co, Fe, Ni; x = 0.5 to 0.95). After finally depositing a 5 nm
protective layer 7 composed of carbon, [the substrate formed
with layers] is removed from the sputtering machine.
Deposition, other than that of the rare earth-transition metal
alloy constituting the second layer 10 of the bilayer magnetic
recording layer 6, is entirely performed using a DC magnetron
sputteringmethod under a gas pressure (Argas) of SmTorr. During
deposition of the second layer 10 of the bilayer magnetic
recording layer 6, thegas pressure (Argas) withinthe sputtering
machine was adjusted to a desired value (the gas pressure in
Fig. 4 is 5 mTorr to 300 mTorr) by adjusting the overall flow
amount of the deposition gas employed and the degree of

opening of a valve provided between the sputtering machine and

the vacuum pump.
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Thereafter, a liquid lubricant layer 8 of 2 nm composed

of perfluoropolyethyl is deposited using a dip method, to

thereby produce the perpendicular magnetic recording medium.

Comparative Example

A magnetic recording medium was fabricated using a
procedure like that of Example 1 except for the fact that, in
the fabrication method according to Example 1, following the
deposition of the first layer 9 of the bilayer magnetic
recording layer 6 using a CoCrPt target, the second layer 10

was not deposited.

Evaluation

In the above method, perpendicular magnetic recording
media were fabricated after changing the target composition
for the second layer 10 of the bilayer magnetic recording layer
6 as well as the gas pressure during deposition. The
magnetic characteristics of the perpendicular magnetic
recording media thus fabricated were calculated by

measuring the magnetization curves using a
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vibration-test-type magnetometer with respect to a sample
fabricated without thedepositionof the softmagneticunder
layer 4 in Example 1 above, and with respect to a sample
fabricated without the deposition of the orientation control
layer 3 and thesoftmagneticunderlayer 4 inExample 2 above.
The electromagnetic conversion characteristics of the
perpendicular recording media with all layers deposited in

the methods illustrated in the above Examples were measured

using a spin stand tester and by means of a GMR head.

Since a disparity with regard to all the
characteristics described hereinafter was not discerned in
the perpendicular magnetic recording medium fabricated in
the method of Example 1 and in the perpendicular magnetic
recording medium fabricated in the method of Example 2, the
results are taken to represent the characteristics of the
perpendicular magnetic recording medium shown in Example 1.
However, by means of the layer constitution shown in Example
2, it is possible to completely suppress spike noise of which
the main cause is the magnetic domain formed by the soft magnetic

under layer 4.

SNRs, at a recording density of 300 kFCI for perpendicular

magnetic recording media fabricated by modifying the film
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thickness and the film thickness ratio of the first layer 9
(CoCr alloy crystalline film) and the second layer 10 (rare
earth-transition metal alloy crystalline film) of the bilayer
magnetic recording layer 6, are shown i1in Tables 1 to 6.
Tables 1 to 6 illustrate cases where the material of the
second layer 10 (rare earth-transition metal alloy crystalline
film) has been changed to TbhCo, PrCo, NdFeNi, GdCoNi, DyFeCo,
HoFe, respectively. The results of a judgement of whether
this [material] is good or not based on SNR = 15dB are combined
and shown in the tables. According to the tables, when the
film thickness of the CoCr alloy crystalline film is a film
thickness of less than 10 nm, the SNR falls since favorable
magnetic characteristics cannot be obtained. Conversely, when
the film thickness of the CoCr alloy crystalline film is a film
thickness that is thicker than 30 nm, since the film
thickness is then thicker, noise 1increases, and the SNR
actually falls. Therefore, it was discovered that the film
thickness of the CoCr alloy crystalline film is required to
be 10 nm or more and no more than 30 nm. With regard to the
film thickness ¢f the rare earth-transition metal alloy
noncrystalline film, when this film thickness is thinner
than 2 nm, the properties for the rare earth-transition metal

alloynoncrystalline filmarenot obtained, and whenthefilm

thickness is thicker than 15 nm, the rare earth-transition
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metal alloy noncrystalline film properties become too
strong, and the SNR drops as a result of the production of
fluctuations in the written signal. Thus, it was discovered
that when a favorable SNR is to be obtained at 15 dB or more,
the film thickness is required to be 2 nm or more and no
more than 15 nm. Furthermore, with regard to the film thickness
ratio a/b of both magnetic recording layers when the film
thickness of the CoCr alloy crystalline film is a, and the
film thickness of the rare earth-transition metal alloy
noncrystalline film is b, when a/b is less than 2, the SNR
drops. It was thus discovered that a/b is required to be 2 or
more. This condition range is common throughout the Tables
1l to 6, and it is illustrated that the same condition range can

be applied also when different materials are used for the rare

earth-transition metal alloy noncrystalline film.
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Table 1
CoCrPt film thickness a TbCo film thickness b a/b SNR(Q300KFCI) Good?

(nm) (nm) (dB)

5 2 25 10.6 No
5 5 1 11.8 No
10 1 10 13.4 No
10 2 5 20.8 Yes
10 5 2 21 3 Yes
10 10 1 12.4 No
20 1 20 13 9 No
20 2 10 22 5 Yes
20 5 q 22 3 Yes
20 10 2 18.3 Yes
20 15 13 13 2 No
20 20 1 9.9 No
30 2 15 20.1 Yes
30 5 6 20.5 Yes
30 10 3 18.3 Yes
30 15 2 16.4 Yes
40 2 20 13 2 No
40 10 4 11.5 No
40 15 2 7.2 No
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103 nMLO%B& ()-,3 mMoYB& ()-,3 mlovB& ()-,)?; k3 mowB& ()-, 3
MLOYB& () -, ] bf gj moyYOWA? 103 nl0YB& ()-, 3 nmlOYB& ()-, 3 mLOYB& ()-,)?; k3
MLOYB& ()-,3 mMLOYB& () -, ot wxy] AWT 103 nlOYB& ()-, 3 mLOYB& ()-, 3

MLOYB& ()-,)?; k3 mLOYBE& ()-,3 nmLOYBE () -, ~*>WW 103 nL0YB& ()-, 3

MLOYB& ()-, 3 MLOYBE ()-,)?; k3 mLOYBE ()-,3 MLOYBE ()-,yY=w 103

MLOYB& ()-,3 mMLOYB& ()-,3 MLOYB& ()-,)?; k3 mLOYB& ()-,3 MLOYBE ()-,yYOWT
103

Table 2

CoCrPt film thickness a PrCo film thickness b a/b SNR(@300kFCI) Good”
(nm) (nm) (dB)
5 2 25 11 6 No
10 5 2 22 1 Yes
10 10 1 12.17 No
20 2 10 22.0 Yes
20 5 4 21 8 Yes
20 15 13 12 9 No
30 1 30 12 8 No
30 5 6 19 9 Yes
40 10 4 12.3 No

Table 3

CoCrPt film thickness a NdFeNi1i film thickness b a/b SNR{@300kFCI) Good?
(nm) (nm) (dB)
5 2 2.5 8.7 No
10 1 10 10 1 No
10 5 2 20.5 Yes
20 2 10 23 2 Yes
20 5 q 22 1 Yes
20 15 13 131 No
30 1 30 13 3 No
30 5 6 18 3 Yes
40 20 2 9 8 No
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MLOYB& ()-, 3 nMLOYBE ()-,3 MLOYBE ()-,)?; k3 mLOYBE ()-,3 NMLOYBE ()-,yYOWNT
103 nLOYB& ()-, 3 MLOYB& ()-,3 mLOYB& ()-,)?; k3 mLOYB& ()-, 3

MLOYB& () -, yYOWN 103 nl0Y%B& ()-, 3 nmlOYB& ()-, 3 mLOYB& ()-,)?; k3

nL0YB& ()-,3 mLOYB& ()-, YYOWANT 103 nlOYB& ()-, 3 nmlOYB& ()-, 3

MLOYBE& ()-,)?; k3 nLOYBE ()-,3 NMLOYBE () -, #$' ) +yYOWN 103 nLlOYB& ()-, 3
MLOYB& ()-,3 mMLOYB& ()-,)?; k3 mLOYB& ()-,3 MLOYB& ()-, +0458; 2y YOWAT 103

Table 4

CoCrPt film thickness a GdCoNi film thickness b a/b SNR(@300kFCI) Good?
(nm) (num) (dB)
5 S 1 79 No
10 1 10 13.7 No
10 2 5 18.7 Yes
20 2 10 22.4 Yes
20 5 q 23.1 Yes
20 10 2 19.3 Yes
30 2 15 20.1 Yes
30 20 15 13 3 No
40 10 1 13.2 No

Table 5

CoCrPt film thickness a DyFeCo film thickness b a/b SNR(Q@300kFCI) Good”
(nm}) (nm) (dB)
5 2 25 10.2 No
10 5 2 21 4 Yes
10 10 1 11 9 No
20 1 20 12 4 No
20 2 10 21 9 Yes
20 15 13 13 2 No
30 1 30 13 5 No
30 10 3 19 1 Yes
40 10 4 11 4 No
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MLOYB& ()-, 3 MLOYB& ()-,3 mLOYB& ()-,)?; k3 nmLOYB& ()-, 3

MLOYB& () -, ?DGHKMPY YOWA? 103 nl0YB& ()-, 3 mlOYB& ()-, 3 mlOYB& ()-,)?; k3
MLOYB& ()-,3 MLOYBE () -, PUXV\ A yYOWW 103 nl0Y%B& ()-, 3 mlOYB& ()-, 3
nLO0YBE& ()-,)?; k3 nmLOYBE& ()-, 3 mlOYB& ()-, eijnpryYOwWw 103 nl0%B& ()-, 3
MLOYB& ()-,3 MLOYBE ()-,)?; k3 mLOYB& ()-,3 MLOYBE () -, rvyz{~zYL?2
11094.094.0% 91098& ()-3 mLOYB& ()-,)?; k3 mLOYB& ()-, 3 MLOWB& ()-, ?L?2
110% 3 0% () -, 3 MO%&: ()-,, 3 mo% ()-,, 3

CoCrPt film thickness a HoFe film thickness b a/b SNR(@300kFCI) Good?

(nm) (nm) (dB)

5 1 5 8.5 No
10 1 10 11 6 No
10 2 5 18.7 Yes
20 2 10 22 3 Yes
20 5 4 23 4 Yes
20 10 2 20.8 Yes
30 1 30 13.4 No
30 10 3 15.9 Yes
40 20 2 9.3 No

The orientation of themagneticanisotropy (perpendicular
or in-plane) and values of the coercive force Hc of
perpendicular orientation, when the transitionmetal of the rare
earth-transition metal alloy noncrystalline film is Co and
when the rare earth element material is varied, are shown in
Table 7. In thegroupof materials examinedonthisoccasion,
Pr, Nd, Gd, Tb, Dy, Ho exhibited perpendicular magnetic
anisotropy, and it was found that a favorableHc inaperpendicular
direction as required for the perpendicular magnetic
recording medium had been obtained. Moreover, favorable

characteristics for the perpendicular magnetic recording
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mLO%& ()-,,3 mMLOY% ()-, X109 ()-~"BL?2 110% 3 nLlO% ()-,,3 mLO% ()-,,3
0% ()-,,3 mLOY%& ()-,,3 mLO%& ()-,)?: kvVv6L?2 11,3 mlO% ()-,, 3

mLo%& ()-,,3 mLOY%& ()-,,3 mLO%& ()-,,3 mLOY%& ()-,)?: kzz: L?2 11,3

oLO%& ()-,,3 mLO%& ()-,,3 mLO%& ()-,,3 mLO%& ()-,,3 mMLOY%& ()-,)?:k zZ: L?2
11,3 mlO%. ()-,,3 mlO% ()-,,3 mLO% ()-,,3 mlO% ()-,,3

mLOY& ()-,)?: k! 9%&Z: L?2 11,3 mlO% ()-,,3 mLO%& ()-,,3 mLO%& ()-,, 3

medium can also be obtained when two or more of these

elements are combined.

Table 7

Rare earth element Magnetic anisotropy He; (Ce) Good?
Ce in plane - No
Pr perpendicular 5890 Yes
Nd perpendicular 4860 Yes
Pm in plane - No
Sm 1n plane - No
Eu in plane - No
Gd perpendicular 3580 Yes
Th perpendicular 8700 Yes
Dy perpendicular 7930 Yes
Ho perpendicular 4090 Yes
Er in plane - No
Tm 1n plane - No

Next, the variation of Hc, when the rare earth-transition
metal alloy noncrystalline filmmaterial 1s TbCo, PrCo, DyFeCo,
NdFeNi, HoFe, GdCoNi, TbGdCo, and the rare earth element (RE)
concentration is varied, 1s shown in Fig. 3. With a rare earth
element concentration (RE) in the region of 10 atom percent or

more and no more than 35 atom percent in all the rare
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mLO%: () -
MLo%& () -
mLo%& () -
ol 0%&: () -
mLOo%&: () -
mLO%& () -
MmO () -

-~
WWOVWWWwWw

mMOo%& ()-,)?: kK¥&) +-26zZ: L?2 11,3 nmlO%& ()-,,3 nlO%& ()-,, 3
mMoY%&' ()-,,3 mlO%& ()-,)?: k67:=?DHzZ: L?2 11,3 nmlO%& ()-,, 3
nMo%& ()-,,3 mMO%& ()-,,3 mMO%& ()-,)?: kH LNQvZzZ: L?2 11, 3
mMo%& ()-,,3 nmlO%& ()-,,3 mO%& ()-,,3

. kZ[ “aej meZ: L?2 11,3 mlO%: ()-,,3 mlO% ()-,,3 mlO% ()-,, 3
mMOo%&' ()-,)?: kmmqtv{~zZ:L?2 11,3 nmlO%& ()-,,3 nmlO%& ()-,,3
mMo%& ()-,,3

earth-transition metal alloy noncrystalline film materials
subjected to testing, a coercive force of 10000e or more was
obtained which can be used for a perpendicular magnetic

recording medium.

Fig. 4 is a graph showing SNR values at 300kFCI when the
rare earth-transition metal alloy noncrystalline filmmaterial
is TbCo, PrCo, DyFeCo, NdFeNi, HoFe, GdCoNi, TbGdCo and when
the gas pressure during deposition of the rare
earth-transition metal alloy noncrystalline film of the
perpendicular magnetic recording medium fabricated in the

Examples 1s varied.

In all the rare earth-transitionmetal alloy noncrystalline
films subjected to testing, with a gas pressure of less than
10 mTorr, since the exchange coupling in the film is extremely
strong, and, in particular, as a result of signals in high
frequency regions undergoing a phase shift or annihilation, the
SNR is of a small value on the order of 5dB. On the other hand,
with a gas pressure of 10 mTorr or more, the coercive force/
squareness S* (an indicator which aims to evaluate the extent
of 1nclination of the magnetization curves in the vicinity of
the coercive force Hc, and which 1s such that, the larger

the inclination of the magnetization curves, the smaller S*
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moov& ()-,)?: k~fJL?2 11,3 nl0,3 mlO%& ()-, ,3 mlO%&' ()-,,3 nlO0%& ()-,,3
mMo%&' ()-,,3 mlO%& ()-,)?: kvveL?2 11,3 nmlO%&' ()-,,3 nmlO%& ()-,,3
mMo%& ()-,,3 mO%& ()-,,3 MmO ()-,)?: k~"BL?2 11,3 ,3 nmlO0%& ()-,, 3
0% ()-,,3 mO%& ()-,,3 mO%& ()-,,3 mOo%& ()-,)?: kvv6L?2 11,3
MOo%& ()-,,3 mLo%& ()-,,3 mLo%& ()-,,3 ml0%& ()-,,3 mO%& ()-,)?: kzZ: L?2
11,3 mlOo%& ()-,,3 nmlO%&' ()-,,3
becomes. Generally, the larger the inclination of the
magnetization curves, the smaller the medium noise becomes,
and the SNR increases) tends to fall. Accordingly, the SNR
increases abruptly, and a favorable characteristic on the
order of 15 dB is exhibited. Furthexr, in a range of from 20
mTorr to 100 mTorr, irrespective of which material is used, a
preferable characteristic of 15 dB or more is exhibited, and
in particular for TbhbCo, PrCo, DyFeCo, TbGdCo, a superior
characteristic 1is exhibited, namely that the SNR is 20dB or
more. However, with a high gas pressure that 1is more than

200 mTorr, since a film whose magnetization is in plane is

produced, characteristics abruptly deteriorate.

Therefore, it was discovered that, as a result of
performing deposition with the gas pressure during deposition
at 10 mTorr or more and no more than 200 mTorr, favorable
characteristics are exhibited even at a high recording
density, and that a more preferable gas pressure is 20 mTorr

or more and no more than 100 mTorr.

Next, aninvestigationwas conductedwithregardtothermal
stability using a magnetic recording medium fabricated in the
method of Example 1, and using a magnetic recording medium

fabricated in the method of the Comparative Example.
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mLoY& ()-,,3 mLO% ()-,,3 mLO% ()-,)?:k zZ:L?2 11,3 nmlO% ()-,,3
mLOY%& ()-,,3 mLOY%& ()-,,3 mLO%& ()-,,3 mLOY%& ()-,)?:k #(+zZ L?2 11,3
mLo%& ()-,,3 mLO%& ()-,,3 mLO%& ()-,,3 mLO%& ()-,, 3

mLO%& ()-,)?: k+,/149=zZ: L?2 11,3 nmlO% ()-,,3 mLOY%& ()-,,3 mLO% ()-,, 3
mLO%& ()-,,3 mLOY%& ()-,)?: k=>ADHWPzZ: L?2 11,3 milO% ()-,,3 miO% ()-,,3
mLO%& ()-,,3 mLOY%& ()-,,3 mLOY%& ()-,)?: KPQTVY*azZ: L?2 11,3 mlO% ()-,, 3

Measurement to investigate thermal stability was
carried out using the procedure below. Using a spin stand
tester, after performing writing once of signals by means of
a GMR head, playback waveform reading was performed
continuously. The proportion of the output drop 1000 seconds
afterwards with respect to an output value immediately after
writing was expressed as a percentage, this being an indicator

to show thermal stability.

The results are shown in Table 8 below. The magnetic
recording medium, of the Comparative Example, which has only
a magnetic layer composed from CoCrPt and does not possess a
magnetic layer whose raw material is a rare earth-transition
metal alloy noncrystalline [material)}, exhibited a large value
of 3.2%/decade-sec, whereas the magnetic recording medium of
Example 1 was capable of quite a small value of 0.1%/decade-sec
by virtue of the bilayer magnetic recording layer. Therefore,
thermal stability was markedly improved by the layer

constitution illustrated by the present invention.

Table 8

Sample Thermostability (%/decade-sec)
Comparative example (CoCrPt alone) 32
Example 1 (CoCrPt/TbCo) 01
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mLO%& ()-,,3 mLO% ()-,,3 mLO% ()-,,3 mLOY% ()-,)?: kabehj oszz: L?2 11,3
mLo%& ()-,,3 mLO%& ()-,,3 mLO%& ()-,,3 mLO% ()-,,3

mLO%& ()-,)?: kstwz|zz: L?2 11,3 mlO% ()-,,3 mlO% ()-,,3 mlO%& ()-,, 3
mLO%& ()-,,3 mMLOY% ()-,)?:ksR2 1, mLO%& ()- , al0%& () - 1094.0940%
,0910%4& ()-,3 mlO%&' ()-,)?: kUIsR2 1, mLOY& ()-)?:k, MLOY& ()-,
MLOYB& ()-, MLOYB& ()-, mLOYS& ()-]=sR2 1, mLlO%& ()-)?:k, mLOW& ()-,
MLO9B& ()-, mLOYA& ()-, mLOYB& () - U9sR2

Advantageous Effects of the Invention

According to the present invention as described
hereinabove, the magnetic recording layers of the
perpendicular magnetic recording medium are constituted by
stacking two magnetic layers, of which the first layer is a
magnetic layer composed from a CoCr alloy crystalline film,
and the second layer thereof is a rare earth-transition metal
alloynoncrystalline film, theCoCralloycrystalline filmhaving
a film thickness of 10nm or more and no more than 30 nm, and
the rare earth-transition metal alloy noncrystalline film
having a film thickness of 2 nm or more and no more than 15
nm, and, when the film thickness of the CoCr alloy
crystalline film is a, and the film thickness of the rare
earth-transition metal alloy noncrystalline filmisb, the
film thickness ratio a/b is equal to or more than 2, and, as
a result, a favorable SNR characteristic can be obtained even

at a high recording density.

Furthermore, the rare earth-transition metal alloy
noncrystalline material contains at least from 10 atom
percent to 35 atom percent of at least one or more elements from
among Pr, Nd, Gd, Dy, Ho, the remainder containing at least one

or more transition metals from among Ni, Fe, Co, and the rare
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1, mlOe& ()-)?:k, mlO%& ()-, mlO%W& ()-, mLO%A& ()-, mlOo%& ()-U9sRe 1,

mloowe& ()-)?2:k, mlO%W& ()-, nmlOW& ()-, mlOW& ()-, nml0%W& ()- WsR2 1,
nMo%& ()-)?:k, mOW& ()-, nlO%& ()-, mlO%W& ()-, nlO%W& ()- "% ./2U9sR2
1, mlOW& ()-)?2:k, mlO%W& ()-, mlOW& ()-, nmlOW& ()-, mlOW& ()-246;
?@U9sR2 1, nlO0%W& ()-)?:k, nlOW& ()-, nlOW& ()-, nmlO%W& ()-,
nMO0%& () - CFHVQRUWOSR2 1,
earth-transition metal alloy noncrystalline film 1is
deposited under the condition that the gas pressure is 10
mTorr or more and no more than 200 mTorr, and is preferably 20
mTorr or more and no more than 100 mTorr, and, consequently,
in addition to it being possible to obtain favorable
characteristics for the perpendicular magnetic recording
medium, since such a stacked medium can be produced simply
by using already existing manufacturing machines, such a

medium is highly suited to mass production as a large capacity

magnetic recording body hereinafter.
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MO ()-)?: k, mlOW& ()-, mLO%& ()-, mOW& ()-, nLO%A& ()- UWZ_bcf UIsR2
1, mLOY& ()-)?:k, mLOYB& ()-, mLOYB& ()-, mLOYB& () -,

MLOY®& ()-fikptuxU9sR2 1, mLO%& ()-)?:k, mLOY®& ()-, mLOYS& ()-,

MLO%A& ()-, MLOY& ()-x{}U sR2 1, mLO%& ()-)?:k, mLOY& ()-, MLOY& ()-,
MLO%A& ()-, mLO%& ()- JexvUs 1, Z10%& ()-9 ,6 10%& ()- ,,

10% & ()-10_10 10 , & 910% & ()- ,f"ml0% & ()-x_?vUs 1,, Z10% & ()-9,
Z10% & ()- 9%#3X, Z10% & ()-9, Z10% & ()-9, Z10% & ()-9dDvU5 1,, Z10% & (
710% & ()-9,C1210% & ()- 9#3X, Z10% & ()-9, Z10% & ()-9 DvU5 1,, Z10% & (
Z10% & ()-9, Z10% & ()-9, Z10% & ()- 9#3X, Z10% & ()-9 <vUs5

)-9,
)-9,
1. A perpendicular magnetic recording medium, which is
constituted by sequentially stacking, on a nonmagnetic
substrate, at least a soft magneticunder layer, an intermediate
layer, a bilayer magnetic recording layer, a protective layer,
and a liquid 1lubricant layer, characterized in that a first
layer of said bilayer magnetic recording layer is a magnetic
layer composed from aCoCralloycrystalline film, anda second
layer thereof is a magnetic layer composed from a rare
earth-transition metal alloy noncrystalline film, said CoCr
alloy crystalline film having a £film thickness of 10nm or more
and no more than 30 nm, and said rare earth-transition metal
alloy noncrystalline film having a film thickness of 2 nm or
more and nomore than 15 nm; and in that, when the film thickness
of the CoCr alloy crystalline film is a, and the film thickness
of the rare earth-transition metal alloy noncrystalline £film

1s b, the film thickness ratio a/b 1s equal to or more than 2.

2. A perpendicular magnetic recording medium, which 1s
constituted by sequentially stacking, on a nonmagnetic
substrate, at least an orientation control layer, a magnetic
domain contrecl layer, a soft magnetic under layer, an

intermediate layer, a bilayer magnetic recording layer, a
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1#3X, Z10% & ()-9, Z10% & () 9, Z10% & ()-9, Z10% & ()- 9#3XdHvU5 1#3,
Z10% & ()-9#3X, Z10% & ()-9, Z10% & ()-9, Z10% & ()-9, Z10% & ()-9! ?vU5
1#, Z10% & ()-9, Z10% & ()-9#3X, Z10% & ()-9(, Z10% & ()-9,

Z10% & ()-9! & (+9> 2vU5 1#, Z10% & ()-9, Z10% & ()-9, Z10% & () - 9#3X,
Z10% & ()-9, Z10% & ()-9>?@QWDvU5 1#, Z10% & ()-9, Z10%& ()-9,

710% & ()-9, Z10% & ()-9#3X, Z10% & ()- OWK[i nop|  <vU5 1#3X, Z10% & ()-9,
Z10% & ()-9, Z10% & ()-9, Z10% & ()-9#3Xps~ CvU5 1#, Z10% & ()- 9#3X,
710% & () - 9pr2leos & Lagerz10% & {jagd Zaood@ny ledevUshafacke 108@ () - s,
Z10% & () - 9#3X, Z10% & ()-9, Z10% & ()-9, Z10% & ()-9%' ()*e| obWs 1
,F109& () - 1001014 200004 (pyer I $0URN(i)layer#nadsR'i€) r&quiing layer

10%&' ()-SeAl[: bW 1 , ,y10%&' ()- ,yl0%' ()- ,yl0%& ()- ,y 10%& ()- ,f
109&' ()- , yiey& fiysgmdiic bUdydr , coB8pd08R {Yom a’ 800%gaY)oy csyv308&L {ne

, 0% ()- ,!10%& ()- ,yl0%& ()-3 ~vU4 1 ,@0%& ()- ,S 109 ()- , @10%& () -
, S 10%&' () - ¥310102an89 0% cond” Mayev U4 thereof # 19%Ra () magnétid 0V&y<Y -
 F109& ()-, ,f109%& ()- ,S 10%&' ()- ,S 109%& ()-2|[:-410, , &10%& () -,

.5 1098 () - compesd@URIEym, ay/ 109& (partly+re@sdtipn | pptovR ()alEmA410, |

, S109%&' ()- ,S109%& ()- ,Sm 10%& ()- ,@O%& ()- , @O0% ()-1010E>|[: A410,
/109 () - donsSrigugl {)ne | SL1M,0%8a{d - CSHI09RI¢Y - cEY1DIR (e film

, @O%&' ()-:VYZ[\vU410 ,S 10%& ()- , @O0% ()-101010 , 910%&' ()- ,f3mlO%& ()-
, 1Z109%&' (haaiDP[avilAle thistddwar'of) 10nm D] @%&'e( frd, 81 0%g&e( Fhan S30

nm, and said rare earth-transition metal alloy
noncrystalline film having a film thickness of 2 nm or more
and no more than 15 nm; and in that, when the film thickness
of the CoCr alloy crystalline film is a, and the film thickness
of the rare earth-transition metal alloy noncrystalline

film is b, the film thickness ratio a/b 1is equal to or more

than 2.
3. The perpendicular magnetic recording medium according
to claims 1 and 2, characterized in that said rare

earth-transition alloy noncrystalline material contains at

least one or more elements from among Pr, Nd, Gd, Tb, Dy, and

Ho.
4. The perpendicular magnetic recording medium according
to claims 1 to 3, characterized in that said rare

earth-transition alloy noncrystalline material contains at
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10%&' ()- , @109 ()- ,@10%& ()-06m|[:vU410 , ,yf510%& ()-, ,f3 109& ()-
Jf1 109& ()- ,f/ 109%& ()- ,y-109%& ()- ,S# 10%&' ()-,/012f QvU410 , S109%& () -
, @O%& ()- ,@O0% ()- ,S10%& ()-101010 , 910%& () - bef ghovU410 , f 109& () -

» S109&' ()-101010, ,910%&k ()- , @O%& ()- ,@O%& ()-]|[:vUu4l0 , ,f1l0% ()-,
,f109& ()- ,S109& ()-, ,f10%& ()- ,S10%& ()- ,S 10%& ()-LA|[:vU410 , ,S#
109& ()-, ,f!10%& ()- ,f109& ()-, ,f10%& ()- ,S 109%& ()-

 f109& ()-2v|[:vUW4l0 , ,y1109%& ()-, ,y/109%& ()- ,y-109%& ()-, ,y)10%& ()-
T 109& () -Lleapdd bo@m (DA axpm pereeut 00, $% 40YR NEFLen@lovger(e) 102040,

, 910%& ()- ,yy510%& ()- ,y3109%& ()-:>CvU410 , @ 109%& ()-m , S10%& ()- 101010,
,9109%& () - ,HPTE0TRT L) - elengnigag {he compinder | ¢9nooiRinp- at@lesdt (yoe

, @0% ()-101010 , &910%& ()- ,f) 109%& ()->WU410 , f#109%& ()- , @O%& () -

, @O%&' () - 10rTe1t&91 V& ) -Lrom9 F09RY (élr NGr mane €¢eadi ng 13]c" "Headi ng
23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading
73] c" "Heading 83]c" "Heading 93]c"A "Default Paragraph Fonta $|)Z. 207;
@I NS: Yd*cohl qv{NNy)[1g_ "$&*,.024)%.j:D~-L_ny~ C=2 11 ]:C# ' (),

, 5-n./1468j :>-: >/ 2 EBOFRER2 KL OYWB\® H AW eldichj ROERFOst ulpg-~opNnet @ ar

2DUf t (<M 0+?P r %6HZm~+=Pas 2CUf xx! _>V\pez\’\E0, :C O 1HSUR () *+,-./0123456789:;
<=>? @G\BCDEFGAICPKEVNOPARSTUR\VRKYZP 14 MY &Bcabd HhETi FEBP RN RbrfdeAELaPTouri er
New'h Root EntryWrdDocunent I H#$UR' () *+,-./0123456789: ;

<=>? @G\BCDEFGH JRPRROPORST RNWeYZfariwagngsé def ghs § id ttnopdr Seavhxgzipie
| " H#SUR () *+, -./0123456789: ; . . .
<=>? GABCDEF GSPRL VNOPORS FUARKYZ \ 37 inhpEmed (i ka ¥, a magnetic layer

composed from a CoCr alloy crystalline film which is a first
layer of the bilayer magnetic recording layer, a rare
earth-transition metal alloy noncrystalline film which is a
second layer of said bilayer magnetic recording layer, a
protective layer, and a liquid lubricant layer, characterized
in that a gas pressure employed during the deposition of said
rare earth-transition metal alloy noncrystalline film is 10

mTorr or more and no more than 200 mTorr.

6. A fabrication method for the perpendicular magnetic
recording medium according to claim 2, comprising the steps
of depositing, on a nonmagnetic substrate, at least an
orientation control layer, a magnetic domain control layer, a
soft magnetic under layer, an intermediate layer, a magnetic
layer composed from a CeCr alloy crystalline film which 1s a

first layer of the bilayer magnetic recording layer, a
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rare earth-transition metal alloy noncrystalline film which
is a second layer of said bilayer magnetic recording layer,
a protective layer, and a liquid lubricant layer,
characterized in that a gas pressure employed during the
deposition of said rare earth-transition metal alloy
noncrystalline film is 10 mTorr or more and no more than 200

mTorr.

7. The fabrication method for the perpendicular magnetic
recording medium according to claims 5 and 6, characterized in
that a gas pressure employed during the deposition of said rare
earth-transition metal alloy noncrystalline film is 20

mTorr or more and no more than 100 mTorr.

8. A magnetic recording medium, which 1is fabricated by

the methods according to claims 5 to 7.
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