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-1- _ MAGNETI C RECCRDI NG MEDI A, METHODS FOR PRODUCI NG ?SV @Emw
AND NAGNETIC RECCRDERS i - FI ELD OF THE ENTI ON
The - prgsent i nvent’i on’ relates to magneti c recordlng;nedla such as magnetic
tapes~ nd magnetic disks. In’ partlcular it relates"to magnetic recording
nedi g capabl e ‘of suppressing noi se generati on upon feproduci ng recorded
S|gnals by enploying magnetic |ayers having a snall thickness and net hods
for prdducing them The present inventign_further relates to magnetic
recorders utilizipng the above magnetic recordi ng nedia.
BACKGROUND OF THE | NVENTI ON - Recently, nuch attention has been pai d
to magnetic recorgidgTIoadicorRhaN MEpiX) MEFROHEIFOR PRIDUCING 7 BAMgluced by~
spattering or vacuum deposition techniques as magnetic |ayers. The main
reason why those thin magneti canreMatNETICTRE@ORDERAI d nuch attention as
magnetic recording nedia is, as well known in the art, that they can
real i ze higher recording densities conpared with prior materials having
coated magnetic powder. It has been known that Co- containing alloys can
exhi bit good magnetic coerci ve FXHIDeORMHE INVENTIONSS rati o as magnetic
materials for such thin magnetic nmetal films. In particular, CoPt alloy
thin |ayers have The @nessnthdarentigndredatiesate dorehie FECPRng mpdia ichose

as material s capabl e of
. as magnetic tapes and magnetic disks. In particular, it relates to

‘magnetic recording media capable of suppressing noise generation
upon reproducing recorded signals by employing magnetic layers
having a small thickness and methods for producing them. The
present invention further relates to magnetic recorders utilizing

the above magnetic recording media.

BACKGROUND OF THE INVENTION -
Recently, much attention has been paid to magnetic recording
media having thin magnetic metal films produced by spattering or
vacuum deposition techniques as magnetic layers. The main reason
why those thin magnetic metal films are paid much attention as
magnetic recording media is, as well known in the art, that they
can realize higher recording densities compared with prior materials :
having coated magnetic powder. It has been known that Co-
containing alloys can exhibit good magnetic coercive force and
squareness ratio as magnetic materials for_such thin magnetic metal
films. In particular, CoPt alloy thin layers have recently been
- ~ paid muéh attention for ihdustrial purpose as materials capable of
realizing higher reéBrding densityfbecause they show high magnetic

coercive force and residual flux density.




real i zing higher recording density because they show hi gh magnetic

coercive force and residual flux density.

- 2- Further, in magnetic recording: nedla for magnetoresistive (M)
type -heads, a | ower nedium noise |level is required rather than an output
megni‘tude. As nedia neeting to this demand, there have been known a
magneti ¢ recordi ng nmedi um conprising a substrate two nagnetic |ayers of
CoPtCr provided on the substrate and a ron- magnetic spacer |ayer
conprising Cr provided between the magnetic |ayers (Japanese Patent

Un- exam ned Publication [KOKAI] No. 2- 210614) Because the, magne

| ayer of this naddEERRr r dRORENGYIC ERFCTATS "@Bl‘?tﬁq;dm??ﬁ%?qrﬁﬁl? imb{/ t'he

non- magneti c spacer_layer, «it has a spall hj ck ti
| ayer conpaF¥B®i#4adsrhat 1oygr ﬂ?&gt}mn%%%? &ggfﬁlrl i ’Jsgrc rf%%?t@géraﬁ%éﬁrn%ﬂgge}e%gand

having th t ot al Kk

o1 sos. uponSuFEY: RSB RUCT ochP deST ol By B8 hil felBRES chr SHbeTELER | |
having the iphwﬁtwﬁa«s'ﬁ?eubﬁ&&b&vxﬁ dnn%ﬁ.gm&gftﬂ aNQiiBEEr PEE AUSE, Of
the smal | er I'ckness®of eac magnetic | ayer obtal ne by splitting the
magneti c la%ﬁ%n&%i@ i£§érQQEFQEﬂﬁﬁ&'gr§9§§§& oiViele SUDERVYAEke HAHI QUSon-

eval uati ons these Tmagnetic recording nedia in terns of properties
required fofna REELS IfRlcelS Eapdy oY €8l efl drhphovimia haeredh M aagneuid as

follows: : (1) Reductlon of magnetic coercive force of these nedia is nore

signifi cant 1696p8r ¢laphiidsé hasentaUnrg xanéned gnedlicdtadyos [KOKAI] No. 2-
210614). Because the magﬁétic layer of this magnetic recording
medium is splitted into two layers by the non-magnetic spacer layer,
it has a smaller thickness of each magnetic layer compared with that
of those media comprising one magnetic layer and having the same
total magnetic layer thickness and hence it can reduce noises upon
reproducing recorded signals. .

Magnetic recording media having the structure described above
can indeed reduce noises because of the smaller thickness of each
magnetic layer obtained by splitting the magnetic layer with the
non-magnetic spacer layer. However, various evaluations of these
magnetic recording media in terms of broperties fequired for
practical use havé reveéled that they have drawbacks such as -
follows:

(1) Reduction of magnetic coercive force of these media is more
significant compared with those having one magnetic layer.
Therefore, even if Pt alloy magnetic layers having more excellent
. ﬁagneticfcoercive force compared with.other materials are used as
magnetic layers, they cannot make the most of their advantages.

(2) Their overwriting properties are insufficient.



Therefore, even i'f Pt alloy nagnetic |ayers having nore excellent nagnetic
co€rcive force conpared with other nmaterials are used as nmagnetic |ayers,.
t hey cannot nake the nost of their advantages. (2) Their overwiting
properties are insufficient. - 3-
Therefore, the first object of the present invention is to provide
magnetic recording nedia conprising two or nore CoPt alloy magnetic |ayers
separated by one or more non-magnetic spager layers and show ng | ow nmedium
noi se and excell ent nagnetic coercive force as well as excellent
overwriting charagteristics and jgrethods.for roduci ng them . .
Further, the pri o&%&?ﬁrﬁavélea fgrexg\"%bgﬁﬂe?‘f‘uaqfottﬁgypgﬁ HFOVErERPR ok dif -
resi stance her iy | ol S Q6L 0S|

Gener at od duproL, Spghéd RRBSHALUD uRBi L Copfa Py SRISEE ol KRPEDRLON |

second obj ec i;he L At § | | JHRt t4 c |
medi a whi ch é%ﬁeélg %ﬁ%éﬁarg%?éobj ec%ﬁg?ﬁegf tﬁgm%ﬁg’gﬁ?ﬁ? nvegtéi %%C{jegsgé%%%

above and, |an@GhoWing 16W Gedufi ARl ahd &I198hOMAgRRLEE AdEtcive force
Further, the third object of the present invention is to provide magnetic
recorders shagiwgll s gikcél Mentatioverwpbing Gdlalractee D§€h ¢y anddmbéheds forgh
recordi ng capacity and excellent resistance to environnental variance.
Meanwhi | e, upxcisiucapgrthesf. Cr in magnetic recording nedia conprising
magnetic lrayers of CoNiCr alloys, CoCrTa alloys or the 1ike have been
known to be abl e Fyrphewi dhehpgiornmpddni haveer dirgeback that they show poor

corrosion resistance and therefore reproducing errors may be caused
by corrosion generated during their usé for a long period of tiﬁe.

Therefore, the second object of the present invention is to
provide magnetic recording media which satisfy the first object of
the present invention described above and, in addition, are
excellent in corrosion resistance. )

Further, the third object of the present invention is to
provide magnetic recorders showing a high S/N ratio upon signal
recording and have a high recording capacity and excellent
resistance to environmental variance.

Meanwhile, underlayers of Cr in magnetic recording media
comprising magnetic layers of CoNiCr alloys, CoCrTa alloys or the :
like have been known to be able to provide high magnetic coercive
force (see, for example, IEEE TRANSACTION ON MAGNETICS VOL. MAG-3,
NO. 3 (1967), p. 205-507).

However, when CoPt alloy magnetic layers are used, underlayers

,.composed'of a sole component of Cr disadvantageously deteriorate C-
axis orientation. Lattice constants of CoPt alloy magnetic layers

are larger than crystalline lattice constants of magnetic layers



force (see, for ‘exanple, | EEE TRANSACTI ON ON MAGNETICS VOL. MAG 3, NO 3-
(2967), p. 205-507). However, when CoPt all oy magnetic |ayers are
used, underlayers conposed of a sole conponent of Cr -di sadvantageously
detersiorate C axis orientation. Lattice constants of CoPt alloy magnetic
| dyers are larger than crystalline lattice constants of magnetic |ayers
-4- conposed of CoNi Cr alloys, CoCrTa alloys and the |ike because of the
| arger atomic radius of Pt. Therefore, -t#err conformity with the

under| ayers conposed of a sole conponent of Cr in terns of atomc

arrangenent do'inp%é&rdfoééﬁﬁ& alfloPs, 2obpfallad11bPe daaakhé 19kkePddRius8of ithe
det eri or at ed. a neans for solving this problem it has been -

proposed thaIarg%rSSﬁﬁﬁlib rFaldabs (6f 5861 IthersBsad,) theiaddEdraitPewi@h the
underl ayers to nake crystalline lattice constants larger. By utilizing O
al l oy (suchusierCayers nsmposgdr of vderod eacdmponant af et tiesmado€chttamic
change lattice constant of the alloy underlayers, the Caxis orientation
at | ayer surdzreagement lis depevianated anhamce nﬁg‘h?é% ithe €oanis esientatdonnd
squareness ratio (Japanese Patent Publication [KOKOKU No. 4-16848). :
However, thelspdeserorphednt ors' study reveal ed that nedi um noi se i s

sharply increased by the addition of i ssimlar .nmetal
under | ayers. As “arfepRs FOF, S‘Pﬁéuﬁgo?a:}"ﬁ (?510513:?'"'01’“‘[ hzs ﬁegge?ﬁomﬁﬁ‘énwaﬁ‘n i s

to a second metal (dissimilar metal) is added to the Cr underlayers to
make crystalline lattice constants larger. By utiliziﬁg Cr alloy
{such as CrV) underlayers where a dissimilar metal is added to
change lattice constant of the alloy underlayers, the C-axis
orientation at layer surfaces can be improved to enhance magnetic
coercive force and squareness ratio (Japanese Patént Publication
[KOKOKU] No. 4-16848). )

However, the present inventors' study revealed that medium
noise is sharply increased by the addition of a dissimilar metal to
the Cr underlayers.

Therefore, the forth.object of the present invention is to
provide magnetic recording media comprising a Cr alloy underlayer
and two or more CoPt alloy magnetic layers separated by one or more :

. non-magnetic spacer layers and showing low medium noise and methods
for producing them. |

In addition, the fifth object of the present invention is to
provide magnetic recording media comprising a Cr alloy underlayers

) and CoPt. alloy magnetic layers and showing high magnetic coercive
force, squareness ratio and low medium noise, and methods for

producing them.



provi de magneti ¢ recording nedia conprising a & alloy underlayer and two
or- nore CoPt alloy nagnetic |ayers separated'by one or nore non-nagnetic
spacer |ayers and show ng | ow nedi um noi seé and nmet hods for producing them
In addition, the fifth object of the present invention is to provide
magneti c recording nmedia conprising a O alloy underlayers and CoPt all oy
magnetic | ayers and show ng hi gh nagnetic coercive force, squareness ratio
and Irow nedi um noi se, and nethods for producing them

- 5- Furthernore, the sixth object of the present invention is to
provi de magnetic recording nedia conprisisng a Cr all oy underlayer and two
or nore CoPt alloy magnetic |ayers separated by one or nore and o

RO, TP bR T SIS, W, SRS e o

magneti c coercive force an ng properties,

produci ng thgmvide maghStit eeblaing ﬁmageeﬁﬁmsiin@vsnéprasl'log,eaﬂ@éﬁmgoeg

was found that, in nagnetic recording nedia conpri'sing two Or nore

al 1oy mRgneshd dwdyof ncrePabeE 16y Mithedl cMDiyerROBepBRREl| By TRACEF moker S,
magneti c coercive force and overwiting characteristics are deteriorated

dependi ng onandmos+hagmetdé spdcer ol syefs tded | sh@fing SepaAmiding hledse,
magnetic | ayers and their production conditions. Further, it was found
t hat, in sucexcebiesiti pageetdradicogrobd £ase dpd covdraa iaboy eprdoper hijesCoRind
al | oys as:. the magnetic |ayers, nedi um

methods for producing them.

As a result of the present inventors' research, it was found
that, in magnetic recording media comprising two or more CoPt alloy
magnetic layers separated by one or more nén—magnetic spacer layers,
magnetic coercive force and overwriting characteristics are
deteriqrated depending on compositions of materials of the layers
separating the magnetic layers and their production conditions.
Further, it was found that, in such magnetic recording media as
described above having CoPt alloys as the magnetic layers, medium
noise can be reduced while magnetic coercive force and overwriting
properties are maintained by utilizing alloys consisting mainly of
Cr and Mo for the non-magnetic spacer layers separating the magnetic
layers énd adjusting crystalline lattice spacings of (002) faces in -
the CoPt alloy magnetic layers to crystalline lattice spacings of
(110) faces iﬁ the Cr allof non—-magnetic underlayers immediately
under the magnetic layers.

"Furthermoré, also as a result of the present inventors'
_'research, it was found that ununiformity of crystalline particle
size and crystallinity of the Cr underlayers are reduced by adding

. - dissimilar metals such as Mo to the layers through transmission

electron microscopy. That is, it was found that, because growth of



noi se can be reduced while nmagnetic coercive force and overwiting
properties are nmaintained by utilizing alloys consisting mainly of C and
Mo-for the non-nmagnetic spacer |ayers separating the nagnetic |ayers and
adjusting crystalline lattice spacings of (002) faces in the CoPt alloy
magnetic layers to crystalline lattice spacings of (110) faces in the Cr
al | oy non-magnetic underlayers imedi ately under the magnetic |ayers.
Furthernore, also as a result of the pregent inventors' research, it was
found that ununiformty of crystalline particle size and crystallinity of

the O underhay€st afifof GRAYREL DY apei Riich U ToPLEAITBE alaminbEdy @ Myt O
the layers through transm ssion electron mcroscopy. That is, it was found

that, becauge g108% hurdlerlayers is strongly influenced by particle size§-and he
CoPt alloy magnetic |ayers such as CoPtCr to be lamnated on the Cr alloy

under | ayer s drgsgalhitghty offthecnader ayepar, t wplre formepartidleC sisédlandnbag of
the underl ayers, ununiform particle sizes and bad crystallinity of the O
under | ayer s drgatial biniriynpf otlre clry ¥ndéetlayerspdeadcte wiundSonmdcrwatkédiye bad
crystallinity of the nagnetic |ayers and they increase nedi um noi se.
Based on t h@aabisde sizee@ddmankedly Bas cepsallinity LICkhe | nagpetihtlavarel by
adding a dissimlar netal to & was experinentally |am nated on a |ayer
(under | ayer PHatirewy i0AFeRT MRS AHSRe particle size and good

crystallinity and, a ar sul i t_watse rg)({)seavefl t t}atouni_f Qrm cré/st (I)i ne

particle size anaB"‘bgc?gid cé&fs?é?'f?’matﬁ BT HBF 13 o GO Py Ry rw&i 4

obt ai ned. H% Y8 hea by adding a dissimilar metal to Cr was experimentally
laminated on a layer (underlayer) having uniform crystalline
particle size and good crystallinity and, as a result, it was
observed that uniform crystalline particle size and good
crystallinity of the Cr alloy underlayer were obtained. However,
using two underlayers as described above still could not reduce
medium noise sufficiently.

Therefore, further research was conducted and it was found
that medium noise can be markedly reduced by adjusting crystalline
lattice spacings of (002) faces in tﬂe CoPt alloy magnetic layers to
crystalline lattice spacings of (110) faces in the top underlayer,
i.e., the Cr alloy (Cr added with dissimilar metals) underlayer.
That is, by minimizing differences between the crystalline lattice
spacings of (002) faces in the CoPt alloy magnetic layers and the
crystalline lattice spacing of (110) faces in the top underlayer, i.
e., the Cr alloy underlayer, medium noise-can be reduced while

_magnetic.COercive force and overwriting properties are

simultaneously improved.

Incidentally, it is not desirable that there is no difference



usi ng two underl ayers as descri bed above still could not reduce nedium
nai se sufficiently. Therefore, further research was conducted and it
was found that medi um noi se can be markedly reduced by adjusting
crystalline lattice spacings of (002) faces in the CoPt alloy magnetic

| ayers to crystalline lattice spacings of (110) faces in the top

underl ayer, i.e., the O alloy (Cr added with dissimlar netals)
underlayer. That is, by mnimzing differences between the crystalline
lattice spacings of (002) faces in the CoPt alloy nmagnetic |layers and the
crystal | i nepkghédrt @hepasydtaldind hb@ritaafclifigs E (002 LrEkeekajrerthel Cope.
the O alloy underl ayer, nedi um noi se can be reduced while nmagnetic -
coerci ve foattopnshgneeiorlidyery grdphet ¢rstaldineilaikice cpacliygs mf ¢12e)
Incidentally, it is not desirable that there is no difference

-7-  betweediatee By fhealt ialdoy amnderdaypes iongdn ofhe( 60231k epacer tlsyetdpt

al oy magnetic layers and the crystalline |lattice spacings of (110 faces
in the Cr aPl Blentri®f gyperingntpnreypaled H#‘bf@ﬁa@bﬁqrﬂ’éﬁsls pxefPErRed of
experinments reveal ed that some difference is preferred tq reduce t({]

noi se. That t%s reffent s 8eire r edledd IRy B pPAGS: HE (’5‘%&
orientation of &%Eetlc Iay rs wthi.n cert
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recordi ng rreer%aln range.

SUMMARY OF THE INVENTION

The present invention relates to magnetic recording media
comprising, on a substrate, two or more magnetic layers and one or
more non-magnetic spacer layers between the magnetic layers wherein
the non;magnetié spacer layers consist mainly of Cr and Mo and the
magnetic layers consist mainly of Co and Pt (first embodiment of the
magnetic recording media according to the present invention).

The present invention further relates to magnetic recording
media comprising a non-magnetic underlayer and a group of CoPt
magnetic layers provided on a substrate in this order wherein:

the group of CoPt magnetic layers comprises two or more ;
magnetic layers and one or more non-magnetic spacer layers
consisting mainly of Cr and Mo are provided between said magnetic
layers, and

difference (d(oo2y - d(110)) obtained by subtracting

) crystalline lattice spacings of bcc (110) faces in the non-magnetic
spacer layers consisting mainly of Cr and Mo from crystalline

lattice spacings of hcp (002) faces in the magnetic layers



conprising, on a substrate, two or nore magnetic |ayers and one or nore
“non- magneti c spacer |ayers between-the magnetic |layers wherein the

non- magneti c spacer layers consist nainly of Cr and Mo and the magnetic
layers consist mainly of Co and Pt (first enbodi ment of the magnetic
recordi ng medi a according to the present invention). The present
invention further relates to magnetic recording nedia conprising a
‘non-nmagneti c underl ayer and a group of Coft_ magnetic |layers provided on a
substrate in this order wherein: the group.of CoPt magnetic |ayers
conpri ses twimpediately nehpwst ithel aghrwagnertisnepecenpl ayemwn-frddsewiithipazer
| ayers consisting mainly of & and Mo are provi ded between said magnetic

| ayers, and range °fdf¥¢mH49ﬂﬂ§ Qdpeerto- O(H%%ra XSQEPQ@rﬁﬂPQﬂ}mﬁ@Gtchthﬁg
crystalline lattice spacings of bcc (110) faces in the non-nmagnetic spacer
| ayers consi %Eﬂﬁtﬁlrﬁwrﬁn@e%ﬂ "‘?%mﬁlb‘i‘ﬁ &oyEhe Rregent | ipventionhaci ngs of

h 002) f th t
- gp (I rmzadl Zf:lsyl a g’rtr% n o#’: gf’l E“E‘H}Eefeﬂa%ﬁ £9 pepoetis Hi§$C%91Pgnge
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recordlng medi a accor h I'nven he presen

i nvention fu'inraﬁﬁé tiEhdl 8§s o%&é‘&tdnc 2 %g%ﬂ-'a@g 1&%‘1@ SAABY LRLPGiA

non- magnetic u aye a group o magneti c | ayers provi ded on a
substrate:in this %@egrmgr 8ENcort magndtifc WapHF OlcohpPl sEBIRGL! 6r! AYLES

COITDI’I ses two or nore magnetlc Iayers and one or nore non- magnetlc spacer
| ayers magnetic layers and one or more non- magnetic spacer layers
consisting mainly of Cr and Mo are provided between the magnetic
layers,
difference (d o2y — d(110)) oObtained by subtracting
crystalline lattice spacings of bcc (ilO) faces in the non-magnetic
spacer‘layers consisting mainly of Cr and Mo from crystalline
lattice spacings of hcp (002) faces in the magnetic layers
immediately above the non-magnetic spacer layers falls within a
range of from about 0.002 to 0.032 &,
the above non-magnetic underlayer comprises one or more layers
and the top layer of the ahove layers immediately below the lowest
CoPt magnetic layer is composed of a material consisting mainly of .
Cr and Mo, and
difference (d(wo2y - d¢110) ) oObtained by subtracting
crystalline lattice spacing of bcc (110) faces in the above non-
magnetic underlayer consisting mainly of Cr and Mo from crystalline
'1atticé_§pacing of hcp (002) faces in the lowest magnetic layer of
the magnetic layers falls within a range of from about 0.002 to

0.032&8 (third embodiment of the magnetic recording media according



consisting mainly of G and Mo are provi ded between the nagnetic |ayers, --
difference (d[err] - d [err] ) obtained by subtracting crystalline lattice
spaci ngs of bcc (110) faces in the non-magnetic spacer | ayers consisting
mainl-y of Cr and Mo fromcrystalline lattice spacings of hcp (002) faces

i m the magnetic layers immedi ately above the non-nmagnetic spacer |ayers
falls within a range of fromabout 0.002 to 0.032 [err] , t he above
non-ragneti c underl ayer conprises one grgnbre |layers and the top |ayer of
t he above | ayers i medi ately bel ow the | owest CoPt nagnetic |ayer is
conposed of go reNeCptedentonfivaidiom)iainly of C and M, and

difference (d[err] - d[err] ) obtained by subtracting crystalline lattice
spaci ng of bcc (1tR¢ presest iimveheiahfuethan relakemdbi lxeﬂmgrf@ay(ﬂmducmg
consisting mainly of & and Mo fromcrystalline lattice spacing of hcp
(002) faces magrdtdcl veemtdimggmedia dcgpeding to bhe ngrpand; emPQSAﬂ¢§tf9¥I%Pe
within a range of fromabout 0.002 to 0.032[err] (third enbodi nent of the
magneti c r ecBreReny h@ﬂﬁn;lgﬁcwhqﬁqig the group of CoPt magnetic layers and t

-9- to the present invention) The esent ention further, relates

to met hods f@?n'ﬁ\aﬂﬂﬁ%’r%gPaﬁ%ﬂé‘ﬂFEs (S EE ]é'é’%c%‘?(ﬂ g™ FhECFIRDNd

omoad et of 1Re presta | L on ahecou LB e G RgPELLR

are formed  Bby,&SBALLGHd 28 LESANIBYCLYSIIR M%Ni& e BLb it e RER AL U €
a range of about 0.5 to 10 mTorr.

In addition, the present invention also relates to methods for
producing magnetic recording media according to the third
embodiment of the présent invention wherein at least the non-
magnetic underlayer consisting mainly of Cr and Mo, the group of
CoPt maénetic layers and the non-magnetic spacer layers consisting
mainly Cr and Mo are formed by a spattering techniqué using a
substrate heating temperature within a range of about 250 to 425°C
and an Ar gas pressure within a range of about 0.5 to 10 mTorr.

The present invention further relates to magnétic recorders
comprising one or more magnetic disks and one or more
magnetoresistive type heads wherein the magnetic disks are according .

to any one of the embodiments of the magnetic recording media of

the present invention described above.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a partial cross sectional view of a magnetic disk of
the present invention.

Fig. 2 is a schematic view of the inline type spattering



within a range of about 250 to 425 [err]C and an Ar gas pressure within a
range of about 0.5 to 10 mflorr. In addition, the present invention
also relates to nethods for produci ng magnetic recordi ng nedia accordi ng
to the third enbodinent of the present invention wherein at |east the non-
megneti ¢ underl ayer consisting nainly of G and M, the group of CoPt
magnetic | ayers and the non-magnetic spager |ayers consisting mainly C
and Mo are forned by a spattering techﬁ?ﬁué using a substrate heating
tenperature within a range of about 250 to 425[err]C and an Ar gas
pressure wi tn@chine regege inf thehoorking dxamplesrifescribed hereifhe present
invention further relates to magnetic recorders conprising one or nore
magnet i ¢ di sks an&iSne3oisndrechemrajrica otiey ofi acmagpetiraprondercpf the
magneti ¢ di sks are according to any one of the enbodi nents of the magnetic
recor di ng mEWeEeBE MVEBERPRsent i nvention described above.

BRI EF DESCRI PTI ON OF DRAW NGS Fig. 1 is a partial cross sectional

view of a magnetic disk of the present invention. Fig. 2is a

schematic view of the inlj p&e ' '

-10 - machine used in tbé'ff% %Qf‘z‘tof&g{’%sr&d@%%’@a@%k’eu n. _ Fig. 3

I's a schematic Vi @eOpbr8s RGNt iBROLISE B AdiRneR” E361LiAdW N '4Q8ai1
hereinafter.

Magnetic Recording Media of the First Embodiment

The magnetic recording media according to the first embodiment
of the present invention basically comprise, on a substrate, two or
more magnetic layers and at least one non-magnetic spacer layver
between'the magnetic layers.

Materials for the substrate are not particularly-limited.
Examples of the substrates include glass substrates, crystallized
glass substrates, aluminum substrates, ceramic substrates, carbon
substrates, silicon substrates and the like.

The magnetic recording media according to the first embodiment
of the present invention comprise two or more magnetic layers. The .
number of the magngtic-layers may be decided to be more than two
layers, for example, three layers, four layers, five layers or thé
like considering overwriting properties and the like, while they
usually have around five layers at most for practical use. However,
they of course may have six or more magnetic layers, if desired.

The magnetic recording media according to the first embodiment

of the present invention comprise one or more non-magnetic layers



DETAI LED DESCRI PTI ON OF THE | NVENTI ON " The present invention will be
further explained in detail hereinafter. Magneti ¢ Recordi ng Medi a of
the First Enbodi nment The magnetic recording nmedia according to the
first- enbodi ment of the present invention basically conprise, on a
substrate, two or nore nmagnetic |layers and at | east one non-magnetic
spacer | ayer between the magnetic |ayers. Materials for the
substrate are not particularly limted. Exanples of the substrates include
gl ass substrates, crystallized glass suBdtrates, alum num substrates,
ceram c substrates, carbon substrates, silicon substrates and the I|ike.
The magnet i cbeteeenlithe hedi ar avrer dagoetic tlagets s stThenbodtimegriietiof layers -
present invention conprise two or nore magnetic |layers. The nunber of. the
magneti c | ayeres wapaldy provided diresslyopetwegnnthevmaghetiar dayers. edawgves,
three layers, four layers, five layers or the |ike considering overwiting
properties add DRECEEREY, whtternediate,slaveans Havebgr uAvided cbetyesn the
nost for practical, use. Ho t hey of course may_ have six or nore

magnetic | ay®pgnetyc &ég?F%\éd\‘ﬁ‘\éeg‘he n %‘aﬁﬁﬁﬁ’e‘f iSPACEE ol HST§ - mehel FREBR Phg
non- magnet | c"PEpapashetic faydsl BeTBRAEAAIRY 7 BEREHET Si. B om
_non- magnetic ye b he ™t el a S.
The non-ngnellg. LAy Sadnele HAk! Kabl Wirladndlioald bolELyerlyd Behadict ' ©
ayers. However,
them. In such a case, the number of the magnetic layers is (N),
the number of the non-magnetic layers should be (N-1). However,
when three or more magnetic layers are provided, every two adjacent
magnetic layers may not have a non-magnetic layer between them as
the case may be and at least one non-magnetic layer may be provided
between the magnetic layers. Thickness of each magnetic layer is
suitably about 50 to 230 & , preferably about 80 to 1504 .
Thickness of each non-magnetic layer is suitably about 10 to 100 &,
preferably about 30 to 50 & .

In the layer structure, th number of layers may be_increased
like, for example, magnetic layer/non-magnetic layer/magnetic
layer/non-magnetic layer/ﬁagnetic layer, other than the structure
of magnetic layer/non-magnetic layer/magnetic layer as used in the:
working examples disclosed hereinafter. Material and thickness of
the.magnetic layers may vary among two or more magnetic layers.

'~ Similarly, material and thickness of the non-magnetic spacer layers
may vary among two Or more non-magnetic spacer layers.

. The magnetic layers are composed of alloys consisting mainly

of Co and Pt. The alloys cohsisting mainly of Co and Pt preferably

contain about 70 at% (atomic percent) or more of Co and Pt in total



I f necessary, internediate |ayers may be provi ded between the nmagnetic

| ayers and the non-nmagnetic spacer |ayers. Wen.three or nore nagnetic

| ayers are provided, it is preferred that every two adjacent magnetic

| ayers have a non-nmagnetic spacer |ayer between them In such a case, the
ndnmber of the magnetic layers is (N, the nunber of the non-nagnetic

| ayers should be (N-1). However, when three or nore magnetic |ayers are
provi ded, every two adjacent nmagneti—< Y2ayers nmay not have a non-nagnetic

| ayer between themas the case may be and at | east one non-nmagnetic | ayer
may be proy

_ tﬁel}ettwegﬂtﬁbﬁ SRRt auhetidhbekpesse oforeach mhoaghi C
| ayer is swtab y about 50 to 230 [err] , preferably about 80_to 150 [erTr]
Thi ckness of;183¢benes- amrmi 1iG hayepabrticwidAb} ligheetd, 16hé ordti At/Co
preferably about 30 to A. In the layer structure, th nunber of

| ayers may (lh‘i:%l)niéepr:‘eférablkaumdh & xearjee of nalgowet i0G 06 alye .20 n megve bif ¢

| ayer/ magnetic |ayer/ non-magneti ¢ | ayer/ magnetic |ayer, other than the
structure mignekgoetoardizpefdrmen- magsetand cager / rﬁﬂg@@ﬂ?@ts Hpberthans &g in
the working exanples disclosed hereinafter. Mterial and thickness of the

magneti ¢ | et Ptnaye \aty Panbienlardyoliniged ARG O] BYES SOMPAPARYLS,mMAY
mat eri al and thickness of the non-magnetic spacer_ | ayer n
two or noreb%(ﬁﬁﬂﬁﬁb%tﬁr@ms’ﬁh%&rﬂu&y@gscr' Ta, N1ypds ét it ?‘]Byay% i{é‘) )
i nly of ety B e oVanhy SRSrAES n U0 aReRs taPls ‘Eﬁ%%‘e S b
more of Co 3%31Jmhl§nbgo g%lded in view of magnetic characteristics and EH%
like and, in general, it is suitably equal to 30 at% or less. More
specifically, CoPtCr alloys, CoPtTa alloys, CoPtCrB alloys, CoPtCrTa
alloys, CoPtCrNi alloys and the like can be mentioned as examples
of the meterials of the magnetic layers.
The non-magnetic layers are composed of alloys cepsisting
mainly of Cr and Mo. The alloys consisting mainly of Cr and Mo
- preferably contain 90 at% or more of Cr and Mo in total in orxder to
obtain good matching with the magnetic layers in terms of lattice
constant. Though ratio of Cr and Mo is not particularly limited,
lower 1limit of Mo content is suitably 2 at%, preferably 5 at% and
its upper limit is suitably 30 at%, preferably 15 at$% in order to
obtain more remarkable effect of improving magnetic coercive force
and the like according to the present invention. Components other
than Cr and Mo are not particularly limited and one or more
components may be selected from the group of Zr, W, B, V, Nb, Ta, Fe,
. Ni, Re, -Ce, Zn, P; si, Ga, Hf, Al and Ti. The amount of these
elements may desirably be decided by considering magnetic

characteristics and the like and, in general, it is suitably equal



in order to obtain sufficient magnetic coercive force. Though ratio of Co
and Pt is not particularly limted, the ratio Pt/Co (at% is preferably
within a range of about 0.06 to 0.2 in view of nagnetic coercive force,
noi se' and cost. Conponents other than Co and Pt are not particularly

li'm ted and one or nore conponents may be selected fromthe group of Cr,
Ta, Ni, Si, B, 0, N, No, M1, Mo, Zn, -WA3Pb, Re, V, Smand Zr. The anount
of these elenents may desirably be decided in view of magnetic
characteristics and the I|ike and, in general, it is suitably equal to 30
at % or | ess.tovbPeat¥sgecledseal |y, CoPtCr alloys, CoPtTa alloys, CoPtCrB
alloys, CoPtCrTa _alloys, CoPtCrNi alloys and the like ¢an be pentioned as

exanpl es of the AEERFILN% t9r thecPrRfN taVeRlien, also intepded, 3Te pgRat | c

| d_of all i sti i nl f .Cr d M. Th [
consi sting MERAFGLGASERTS, FARELSIR0CFUP dBVETE MEAPR W01 95 GORBTE 6F & and
M in total £:Q., = ' ' ith th LGl '
T ) 411 O S P TR A 1ok OB e 1

limted, |Qqyeielidd tengt A&-ﬁg@h@ﬁc haysHi Rh¥ dutic¥ard’ Sid 2b! dompodbdd and

Its upper limt 1s suitably 30"at% preferably 15 at%in order to "obtain

nore renmar Ky eretdhedt AbnlARGRAEINY 1IREICHrevEQBH CENErdoH G cdmpokBa bike
according to the present invention. Conponents other than C and M are

not parti<culzanbys! ¢didiedingthadfty 06f TR &nd a@IPOnents may be selected from

the group of zZr, W B, V, Nb, Ta, Fe, N, Re,-Ce, Zn, P, Si, G, Hf, A

and Ti. The anounramf sphacihgys of ethentllaogsy fdesthenbby-negndeic dpdcby layers

considering nagnetic characteristics and the like and, in general, it is

sui tably equélich consist mainly of Cr and Mo are preferably similar to, more
preferably substantially the same with lengths of c-axis of
hexagonal close-packed structures of the alloys consisting mainly
of Co and Pt of the magnetic layers in order to obtain higher
effects'of the present invention such as more effective improvement
of magnetic coercive force. It is considered that, dﬁe to the
similarity of their face spacings, good crystalline growth of the
alloys constituting the magnetic layers can be obtained and thereby
their various magnetic characteristics inclﬁding ﬁagnetic coercive
force are improved.

According to the present invention, good matching of lattice .
spacings of the magnetic layers and the non-magnetic layers is
obtained by utilizing alloys consisting mainly of Cr and Mo as the
non-magnetic layers and hence magnetization-easy axis of the
magnetic layers become likely to orient in inplane directions. As a
‘result, magnetic coercive force is impraved. Improved magnetic

coercive force makes it possible to use thinner non-magnetic layers

compared with Cr non-magnetic layers with the same magnetic



- 13 - to 10 at% or |ess. According to the present invention, also
I ntended are non- magnetic |layers conprising two | ayers one of which is
conposed of an alloy consisting mainly of C and Mb. In such a case, it is
prefefred that non-magnetic |layer of the substrate side is conposed of Cr
whil e non-magnetic | ayer provided thereon is conposed of alloys consisting
mai nly of C and M. Face spacings of the alloys for the non-nmagnetic
spacer |layers which consist mainly of- 4 and Mo are preferably simlar to,
nore preferably substantially the same with | engths of c-axis of
hexagonal clogsrgpckefiosceuendr dengfe t4paat¢oimg c8Rsedt ilisy layiangd wiheto
and Pt of the magnetic layers in order to obtain higher effects of the -
present i nv&PREERTERE sy PexrEmed f eThigeleads e crystad ettt ofobhei ve
force. It is considered that, dye.to the simlarity of their face
spaci ngs, gG6dd S, SCRALSTE NG SRR 187 ofhET aPAole EBﬁst REUR ﬁSSPﬁE' nBgfdt i c
| ayers can be og}ghned and tgﬁreb% tgeir various netig cg racterLstics
i ncl udi ng rnﬁﬁ%ﬁla ¢B&FEi 98 P Ra9RY l?rﬁﬁxﬁﬁﬁils ObtaLngecsf iwagPS tfe
present inv Loa...J chi )| ' | t
et%te'rg[ive ngc{g.és ?h?@h&f .mﬁlﬂog‘éﬁ, SQ%EA 'L‘Js%.e?i; iggpa{a%%?éhgly

| ayers and t'he non-nmagneti ayers i's” obtaine y utilrzin

consi sting rRgk¥afe h g?ﬂ?ﬁ%éaétééy%ng sHygpepetic layers and hence

magneti zati on-easy axi s magnetic | ayers becone likely to orient in

i npl ane directi onghe %g&tﬂ&%%éndi@%ﬂacamﬁhF%J @heefidst BRbsyifdnt
| mproved magnetic coercive force makes it possible to use thinner

non- magnet i @ &yuer presemipahechtfionmsy dudipriBgNein addfybss val the tignette
ragnetic layers and the non-magnetic spacef layers described above,
underlying layers, protective layers, lubricating layers and the
like. As these underlayers, protective layers, lubricating layers
and the like, conventional ones may be used as they are.
| Tﬁe underlayers are usually provided between the substrates
and the magnetic layers to improve magnetic characteristiés of the
magnetic layers. The underlayers preferably composed of a material
capable of providing high magnetic coercive force. The underlayers
may be constituted by one or more layers. As the underlayers, for
example, two-layer films of Cr and CrMo, two-layer films of Cr and
the like may be.used. Among these, two-layer films of Cr
(substrate side) and CrMo (magnetic layer side) provide higher
magnetic coercive force. In particular, those having a CoMo film
thickness of about 30 to 80 A and thickness of Cr film provided
thereunder of about 100 to 800 & are capable of providing
particulaxly excellent coercive force and hence preferred. Ratio of
thickness of CrMo layer/Cr layer is preferably within a range of

about 0.05 to 0.3. Magnetic coercive force of two-layer films of Cr



- 14 - coercive force and hence spattering speed is | owered when
spattering is perforned. This leads to good crystallinity of the alloys
consisting mainly of C and Mo and, as a result, good «crystallinity of the
magnetic | ayers is obtained and magnetic coercive force is further

i mproved. This effect is particularly remarkable in inline spattering
machi. nes. The magnetic recording nedia according to the first

enbodi ment of the present invention nay,gconprise, in addition to the
magnetic |ayers and the non-magnetic spacer |ayers described above,

derl yi I I | ub h like.
ISOUREARERE Aty BN e AU 3 auiyf&agrs of JBr-larPha HerE Chmal fegq bt
conventlonal ones g?i’l s%éfgsge I{P’S 5%&10& pge. nagne?g)geﬁr Iﬂ)iﬁgs @r&Mo

usual l'y provi 198 B&tvedn ayers I Tpr ove

magneti c Cha:ﬁd}gta‘iébsﬁ cugegfag h8.e JRESEL ah’grgayers The under| ayers
co capabl

preferably osed a materi al e of providing high magnetic

coercive force. Thﬁswuaeafamss% mBRYidHRaCaPSYd lovt €6 4ieNEn Ko FRECaBEMERT S.
As the underlayers, for exanple, two-layer filnms of & and CrM, two- Iayer

films of Cr @ddbribed kivlsel189yr bEi eedf cABAG ¢hese alt Waybayahay id1so Ge O
(substrate side) and CrM (magnetic |ayer side) provide higher nagnetic

coercive foresed hs e tundek dayerdshose having a CoMb film thickness of about
30 to 80 ferr] and thickness of C filmprovided thereunder of about 100
to 800 A are capalihe propective ntpyers tireuprovidekcul ithet mageetic daymrse
and hence preferred. Ratio of thickness of GM layer/Cr layer is
preferably wserfaces QRRosjfte to the substrates) in order to protect the

magnetic layers from destruction due to sliding movement of heads
contacting with the magnetic layers. The protective layers may be
constituted by one or more layers. Examples of the protective
layers includé silicon oxide layers, carbon layers, zirconia layers,
hydrogenated carbon layers, silicon nitride layers, SiC iayers and
the like.

The lubricating layers are provided to reduce frictional
resistance against slidihg heads, and perfluoropolyethers and the

like are generally used.

Magnetic Recording Media of the Second and Third Embodiments

The magnetic recording media according-to the second and third
embodiments of the present invention comprise a group of CoPt
magnetic layers consisting of two or more magnetic layers and non-
magnetic spacer layers are provided betﬁeen the magnetic layers and

.-at least” one of the non-magnetic spacer layers is a layer composed
of a material consisting mainly of Cr and Mo.

The magnetic layers consist of CoPt alloys, i.e., alloys



about 0.05 to 0.3. Magnetic coercive force of two-layer films of Cr

- 15 - is slightly lower than that of two-layer filnms of & and CrM, but’
it is still sufficient for practical use. Two-layer filns of CtrMd may al so
be used as the underl ayers. I nstead of those nentioned above or in
addition to the above- described two-layer filns of & and CrM, Al |ayers
may al so be wused as the underlayers. _ 16 - The protective |ayers are
provi ded on the magnetic layers (surfaces opposite to the substrates) in
order to protect the magnetic |layers fromdestruction due to sliding
nmovenent of heads, .contacti tic |layers.. The prqtective

ith th
| ayers may b onsclgsr%?? t"tﬁlé’ély B \g#?eaﬂﬁa ‘%‘b-?g%gg Ysl‘:"‘x%ﬂﬁsﬁén%fmafﬁiy of C'TQ il
PoLEC Ve RIS SIS LURERLP LR O e L0 S0t 2,
the like. = tora1 THSobdHY L63bhtMn eug%ﬁﬁ RAghe 8%%&&9& tc%(ré ' sznllﬁréa'

resi stance agai nst sliding heads, an | 'uoropol yethers an e are

general |y usggkio ofVR@NEhlCPReLOMUNI DA CA18F1F NEimite@Nd AR IHH S Gt/

Enbodi nment s The magnetic recording nedia according to the secono‘l) and
third enbod{aExt 4s0préfearapl¢swithiinuepahds) oFOEPEHLS @ .870EOUD. 0inCoRlw of

magnetic | ayers consisting of two or nore nmagnetic |ayers and non-
magneti ¢ spamagndtipeccerarive pfandegdedoimst \wndncodte nmagnetic | ayers and
: Components other than Co and Pt are not particularly limited

and one or more components may be selected from the group of Cr, Ta,
Ni, si, B, O, N, Nb, Mn, Mo, Zn, W, Pb, Re, V, Sm and Zr. The
amount of these elements may desirably be decided in view of
magnetic characteristics and the like and, in general, it is
suitably equal to about 30 at% or less. More specifically, CoPtCr
alloys, CoPtTa alloys, CoPtCrB alloys, CoPtCrTa alloys, CoPtCrNi
alloys and the like can be mentioned as examples of the materials
of the magnetic layers.

One ore more of the non-magnetic spacer layers are composed of
alloys consisting mainly of Cr and Mo. The non-magnetic spacer
layers which are composed of materials mainly consisting of Cr and
Mo will be referred to hereinafter as "CrMo non-magnetic spacer °
layers".

When the CrMo non-magnetic spacer layers consist solely of Cr
and Mo, it is preferred that amount of Mo added to Cr metal is about
40 at® or less in order to obtain layers having uniform crystalline

. barticle-systems and good crystallinity.
Instead of a part of Mo, they may also contain one or more

elements selected from, for example, %r, W, B, V, Nb, Ta, Fe, Ni,



at | east one of the non-magnetic spacer layers is a |ayer conposed of a
mat eri al consisting mainly of Cr and M. . The nmagnetic | ayers consi st
of CoPt alloys, i.e., alloys ' : .16 -
consisting mainly of Co and Pt. The alloys consisting maiinly of Co and Pt
preferably contain about 70 at% or nore of Co and Pt in total in order to -
obtai.n sufficient magnetic coercive farcez Wile ratio of Co and Pt is not
particularly limted, the ratio Pt/Co (at% is preferably within a range
of about 0.07 to 0.2 in view of magnetic coercive force, noise and cost.
Conponent s RéerCeham,CP,a8d, PEaarBf nAl pard iTul adkyibi anieablerthainéher
nore conponents may be selected fromthe group of O, Ta, N,_Si, B, 0, N,
Nb, M, M, talamppntpef thesenedg@ents ame MogApuphowt 40hasd er olfsf dnmy
desirably be decided in view of _magnetic, characteristics and the |ike and,
in general , 9%¥48Ts tosphrtaim Qagﬁﬁﬁﬂhannﬁb%R&fQQQ SE¥EGL ltBg sParipjcde systems

specifically, CoPt al |l oys,..CoPt Ta all oys, CoPtCrB alloys, CoPtCrTa
al | oys, CoPt@df\ligooglrcfré'?gag%duFﬁé li ke can be mentioned as exanples of the

materials of the yRANGLl CoLl VS of Mo an®'StREF MRl LASH°Ls Ry C
ar | F y o and . The

spacer |ayers are conposéd o oys consi st ng nai n

non- magneti c I s Wi ' Il
qePRERb 1y ﬁw%%ﬁ?%?r%%rg%ﬁ St I¥ ©d %t ana

consisting of G an ereinafter as "G
non- magnet i CcSRE&HEs a!x@yw(i:r%'as of othd¥ed dientd MontainEBINRt tie SRRRRItic

| ayers consi st solely of
layers.

For example, when CoPtCr alloy magnetic layers have a Pt
content of about 4 to 20 at% and a Cr content of about 3 to 30 at%
and CrMo non-magnetic spacer layers immediately under the CoPtCr
alloy magnetic layers are composed of CrMo, the CrMo non-magnetic
spacer‘layers preferably have a Mo content of about 2 to 20 at%
since such a Mo content yields uniform crystalline paréicle size
and good crystallinity of the magnetic layers and the CrMo non-
magnetic spacer layers and it makes it easy to control the
difference of crystalline lattice constants of the CrMo non-magnetic
spacer layers and the magnetic layers within a suitable range.
Particularly preferred Mo content for obtaining a high Hc and S/N:
ratio is about 5 to 10 ats.

CoMoZr alloys are preferably used as the CrMo non-magnetic
spacer layers to obtain a high Hc, Mr§ and S/N ratio, since
addition of Zr to CrMo alloys further enhance the noise reduction
‘effect and hence the S/N ratio is improved. To obtain this effect,
a Zr content within a range of about 2 to 5 at% is preferably

employed.



and Mo, it is preferred that amobunt of M added to O netal is about 40
at%or less in order to obtain |ayers having uniformcrystalline

particle-systens and good crystallinity. Instead of a part of M,

they ifmay al so contain one or nore elenments selected from for exanple, Zr,
W™ B, V, Nb, Ta, Fe, N, - 17 - Re,
Ce, Zp, P, Si, Ga, Hf, Al and Ti. It is;gsuitable that the total amunt of

these el ements and Mo is about 40 at% or less in order to obtain |ayers
having uniformcrystalline particle systenms and good crystallinity.

However, anounts Mo Qleh q‘lclﬁm : fgpeq% B ngdER/L T

adj ust ed dependinghgn conteg%seg a% éPt an E%S%%%ntsngngﬁtﬁﬁgéﬁ%gﬁ- i
ot her el emen gkl r»snmagebamt%déa toA¥R! fiore than WS e gophen
CoPtCr alloy magnetic l[ayers have a Pt content -of about 4 to 20 at% and a
Cr content oéxampad} thice YQyedd)p feaf 1ayhbs nafiviengagsisC os pEtelikayii Sriew

I mredi ately under the CoPtCr alloy nagnetic |ayers are conposed of Cr M,

t he Cr Mo nomefragrptadncispacetputay @verprétingbtha tetera sivibes oand ritheofl iklkout
2 to 20 at% since such a Mo content yields uniformcrystalline particle
size and godhiils eyl bswally daveharouwnthetive Layers atnaoshefor Nbrawirical
magnetic spacer layers and it nakes it easy to control the difference of
crystal | i ne 18-t | Bawedszst BhRY%y 6f QAVESEy NBRYh BAVeEdFePF dorepiREetigy A¥ersnd
the magnetic, layers within a suitable range. Particularly preferred M
content for bbt3ePaFe a high Hc and S/N

The magnetic recording media according to the second and third
embodiments of the present invention comprise one or more non-
magnetic spacer layers between the two or more magnetic layers. At
least one of the non-magnetic spacer layers is a CrMo non-magnetic
spacer %ayer.

The non-magnetic spacer layers are usually provided directly
between the magnetic layers. However, if necessary, other layers
may be provided between the magnetic layers and the non-magnetic
spacer layers provided thereon. When three or more magnetic layers
are provided, it is preferred that every two adjacent magnetic
iayers have a non-magnetic spacer layer between them. In such a
case, the number of the magnetic layers is (N), the number of the :
non-magnetic spacer layers should be (N-1). However, when three or
more magnetic layers are provided, every two adjacent magnetic layer
-may not have a non-magnetic layer between them as the case may be
and at 1easélone non-magnetic layer may be provided between the

_.magnetic.layers.
Layer structure may be, for example, magnetic layer/non-

magnetic spacer layer/magnetic layer, magnetic layer/non-magnetic



ratio is about 5 to 10 at% CoMoZr alloys are preferably used as the
Cr-Mb non-magnetic spacer layers to obtain a high H, M[err] and S/N
ratio, since addition of Zr to CM alloys further enhance the noise
reduction effect and hence the SINratio is inproved. To obtain this
effect, a Zr content wwthin a range of about 2 to 5 at%is preferably

enpl oyed. - 19 - - 18 - The nunber
of the magnetic layers constituting the group of magnetic |ayers may be
decided to be nore than two |layers, for exanple, three |ayers, four

| St i ; ! ; o
char act er | ot FERVEE Jalke/ fiipe S bk A nind S S apt! Rdbne G TGed 20
most for pr aﬁ%bﬁ@‘;jl,c]:c liagg;lr {@@ﬁﬁﬁne{{@} Yint@EmERLHIRE 1aJBY/ AhRL B X1 e r TRES-

magnetic | ayers, he magnetic recordi ng nedi a accordi ng

to the secongayibd ¢ spaBROdiaPRIY AnHnbBEcPNRGAIY/ doyeRbRBLER DA ONE
or nore non- nmagnetic spacer |ayers between the two or nore nagnetic

| ayers. At l1agst/miymetic tTayeotr @gneike. SThechunberens tlee gofibidation of
non- magneti c spacer | ayer. The 'non- magneti c spacer |ayers are
usual | y provitiiedmalgnedciid yayers veerih theenomgragnet it alayers Moyeoprionaflly be
necessary, other layers may be provided between the magnetic |ayers and
t he non- nagndmicseasgdcer Mageaielppodi dbdckhessonf mpgnatiar bayers nmay be
magnetic l:ayers are provided, it is preferred that every two adjacent
magneti c identical or different from one another. Similarly, when two or
more non-magnetic spacer layers are provided, materials and
thicknesses of non-magnetic layers may be identical or different
from one another.
Thickness of each magnetic layer may suitably be about 20 to
2302 , preferably about 40 to 1504 . When it is blow 20 A,
sufficient magnetic coercive force can not be obtained and, when it
exceeds 230 A& , overwriting characteristics tend to be deteriorated
and medium noise tends to be increased. Thickness of each non-
magnetic spacer layer may suitably be about 10 to 1004 , preferably
about 30 to 80 A . When it is blow 10 & , sufficient magnetic
coercive force can not be obtained and, when it exceeds 100 & ,

there would be tendencies that output is lowered, overwriting

characteristics are deteriorated and medium noise is increased.



| ayers have a non-magnetic spacer |ayer between them In such a case, the
nuitber of the magnetic layers is (N), the nunmber of the non-nmagnetic
spacer |layers should be (N-1). However, when three or nore magnetic |layers
are provided, every two adjacent nmagnetic |layer nmay not have a

non- magneti c | ayer between them as the case nmay be and at |east one

non- magneti c | ayer nmay be provi ded between the magnetic- |ayers.

Layer structure may be, for exanple, magic |ayer/non- nmagnetic spacer

| ayer/ magnetic | ayer, nmagnetic |ayer/non-magnetic

- 19 - spacer |ayer/magnetic |ayer/ non-magnetic spacer |ayer/ mgnetic

| ayer, nmagnetic |agetheamgregriet irecontiéngenediz diaydrwe/ prgsehtcihegmtioron-
magneti c spacer |ayer/nmagnetic | ayer/non-magnetic spacer |ayer/ nagnetic

| ayer or thedppkeibaheabnwehedtofst feltahis todibferenne fdgmeti cdkayark
and the non-nmagnetic |layers may optionally be_ increased, Material and

t hi ckness of CRbaHRRd Y gybtzackipgyeryserhtinealabiics sparengs 1qfokcensll0)
another. Sim_Jlarly, when two or nore non-nagneti ¢ spacer. |ayers are. .,

provi ded, naf8FFSi $nahbe tHYQIPRRMAINRLIG, FRAGG el PYSF Sy EFSm nElYPRalline

I dentical or .diff.erent _from on ﬁnotg é £ Thiggness oftgac magneti c
|l ayer may suilf—‘%"llfebesl’%c@lﬁgszoo 0'¢83 ? ?l)] ,acﬁf’eflé’r Ieymé’lg&ft o 1
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not be obt:ain : en 1t excee _ erwiti'ng characteristics
tend to be dehapkosat Sbuidtd 08RdEM NEASL ! enflent enbeai FXdRaRed (a [N Skness

of each non- _
dai10y) is below 0.0028 or exceeds 0.032 & , Hc and S/N ratio are
léwered.

When two or more CrMo non-magnetic spacer layers are provided,
the difference (d (002 — d1:10) ) may independently be about
0.002 to 0.032 & for each of the non-magnetic spacer layers.

Further, to obtain a high S/N ratio, the difference-(d (oo2;.
- da10y ) obtained by subtracting crystalline lattice spacings of
bce (110) faces in the CrMo non-magnetic spacer layers from
crystalline lattice spacing of hcp (002) faces in the magnetic
layers preferably falls within a range of about 0.014 to 0.030 A .

When two or more CrMo non—-magnetic spacer layers are provided,
it is preferred that the difference (d(ooz2) - d(i10)) is:
independently about 0.014 to 0.030 A for each of the non-magnetic
spacer layers.

The magnetic recording media according to the third embodiment
comprise one or more non-magnetic underlayers and one of the non-

- magnetié-underlayers which are in contact with the lowest layer of

the group of CoPt magnetic layers is composed of a material

consisting mainly of Cr and Mo. This non-magnetic underlayer will



magnetic spacer layer may suitably be about 10 to 10Qerr] , preferably
about 30 to 80 [err] . Wen it is blow 10 [err] sufficient magnetic .
coercive force can not be obtained and, when it exceeds 100 [err] , there
woyl d be tendencies that output is |owered, overwiting characteristics
are deteriorated and nmedi um noi se is increased.

-20- - In the magnetic recording nmegj a of the present invention
descri bed above, it is suitable that difference (d [err] -d [err])

obtai ned by subtracting crystalline lattice spacings of bcc (110) faces in

e LA, O ARSDALL e BRSRE o NS Lo S AL Bl Lpsgagee 10 o

hcp (002) faces™In ayers above n- magnet.i ¢

spacer |ayers fall |t r eLt] .t he
difference (d[err] ﬁhé% cﬁﬂeeprc?sdoi S Eaag&egég&%%gg%ge%c%é% %6%%]; Ege}f?f

Hc and S/'N rgjaons] 6t 18Vr¥etdrred that Hifdure 8 Qo FBEEA ToVer NRaTRD &lboht
spacer | ayers are provided, the difference (d [err] - d[err] ) may

i ndependent | yadoatabetitiessd. 8020#der0t083a3btlfim Films waGhgoiniftemnesfys&aNghiec
spacer | ayers. : Further, to obtain a high SSNratio, the

di fference- (bdretiele systéms rapd giddiceesttdd initysr acting crystalline lattice

spaci ngs of bcc (110) faces in the CrM non-magnetic spacer |ayers from

crystalline |attic@nspead mf &f parp ¢DH0N), ftheysman aYae c@ghain cone premore

preferably: falls within a range of about 0.014 to 0.030 [err]. Wien

two or nore GlgHenss- sekprtedcIsprcdion gyamBler &xprByiBed/, Nb, Ta, Fe, Ni,
Re, Ce, 2n, P, 8i, Ga, Hf, Al and Ti. It is suitable that ﬁotal
amount of these elements and Mo is about 40 at% or less in order to
obtain films having uniform crystalline particle systems and good
crystallinity.

However, amounts of Mo and other elements added to Cr may

] desirably be adjusted depending.on contents of Co and Pt and
contents and kinds of other elements contained in the magnetic
layers contacting with the CrMo non-magnetic underlayer.

For example, when CoPtCr alloy magnetic layers have a Pt
content of about 4 to 20 at% and a Cr content of about 3 to 30 at$%
and CrMo non-magnetic underlayers immediately under the CoPtCr alloy
magnetic layers are composed of CrMo alloys, the CrMo non-magnetic :
underlayers preferably have a Mo content of about 2 to 20 at% since
such a Mo content yields uniform crystalline particle sizes and good
crystallinity of the magnetic layers and the CrMo non-magnetic
underlayers, and it makes it easy to control the difference of

..crystalline lattice constants of the CrMo non-magnetic underlayers

and the magnetic layers within a suitable range. Particularly

preferred Mo content for obtaining a high Hc and S/N ratio is about



it is preferred that the difference (d [err] - d[err]) is independently
about 0.014 to 0.030 A for each of the non-nmagnetic spacer |ayers.

The magnetic recording nmedia according to the third enbodi ment conprise
one or nore non-magnetic underlayers and one of the non- nagnetic

under| ayers which are in contact wwth the | owest |ayer of the group of
CoPt magnetic layers is conposed of a material consisting mainly of Cr and
Mb. This non-magnetic underlayer will _ 22 -

- 21 - be referred to hereinafter as a™Cr Mo non-nagneti c underl ayer”.
Wien the CrMd ®¥bAd9nabheti c underl ayers consist solely of Cr and M, it is
preferred that anpunt of Mb_added to Cr netal .is about 40 at%or |ess in”

order to obtain fFPHENEETF A thei ?W%“@Pyﬁ%ﬁ}qtiiﬁe?ndﬁllﬂ%qslem§¥s*°t'°é1’f§bé§’1d°_egood
tallinity, | f , ot _ t ai

rore el oront Saregetf AERE i3k, TP e Fea g LR g

Re, Ce, Zn. Po.S Ti | |

these el ementiickgsgoof g Crid MonTmpohbe]S el 3y6rd 36 d€Hea BTV ©

havi ng uni foi%gﬂésh%'vliid?f W £ Fh Cc2ystaTh i 000 c£EYSE bk th?/good

However, ampunts of M and other el enents added to C}cnay desirably be
adj ust ed depgpgkiiid 19Ri€PHL W21 s @ yaRd1 Hinddndt o8 iHakingd dusitaB$e Ofor

ot her elenments contained in the nagnetic |ayers contacting with the CrM
non- magneti cthedpabayeic layers &0¢ okbaDhed. Wnet D&k Gf atHese M@,

| ayers have a Pt .
thickness of the CrMo non-magnetic underlayers is preferably in a
range of about 20 to 1004 .

CoMoZr alloys are preferably used as the CrMo non-ﬁagnetic
underlayers to obtain a high Hc, Hr§ and S/N ratio, since addition
of Zr to CrMo alloys further enhance the noise reduction effect and
hence éhe S/N ratio is improved. To obtain this effect, a Zr
content within a range of about 2 to 5 at% is preferably émployed.

This effect is influenced also by thickness of the layers and
thickness of the CrMoZr non-magnetic underlayers may be in a range
of about 10 to 150 A , preferably in a range of about 20 to 1003 .
When it is blow 10 & , sufficient Hc can not be obtained and, when
it exceeds 15043 , there would be tendencies that output is lowered, .
overwriting characteristics are deteriorated and medium noise is
increased.

In the magnetic recording media according to the third
embodiment of the present invention, difference (d(ooez)-d(110))
'obtaineq by subtracting crystalline lattice spacings of bcc (110).
faces in the CrMo non-magnetic underlayers from crystalline lattice

spacings of hcp (002) faces in the magnetic layers in contact with



content of about 4 to 20 at% and a Cr content eof about 3 to 30 at% and
Cr Mo non-nmagnetic underl ayers i medi ately under the CoPtCr alloy nmagnetic
| ayers are conposed of CrM -alloys, the CrM non-nmagnetic underl ayers
preferably have a M content of about 2 to 20 at% since such a M content
yields uniformcrystalline particle sizes and good crystallinity of the
magnetic | ayers and the Cr Mo non-magnetic underlayers, and it nakes it
easy to control the difference of crystplline lattice constants of the
Cr Mo non-nmagneti c underlayers and the magnetic layers within a suitable
range. Particularly preferred Mo content for obtaining a high Hc and S/N
ratio i s abothe above CrMo non-magnetic underlayers falls wiBRin & tamgkOofit %

Thi ckness of the CrM non-nmagnetic underlayers nmay suitably be in a range
of about 10 akpuwts®@.082r ko THE33ipher Hhen| therdififianencef (Ahes 25t i ckmess )of
the Cr Mo non-magnetic underl ayers are decioged so that, layers having

uni f orm cryst@ReiAE Qf024 | @ Sxreeds, 1103804 + Heyand §/ihratioargeipwersd.

crystalline lattice spaci ngs.suitable r _,the etic |ayers are

by ai ned. 1 n JRRSSF PhLebeRsE  hESh S ravads P EERrRIROR. Rt o
under | ayers s preferably.in ran of .about 20.t Op - r
all oys are p‘? é‘f‘é?ibﬁf/gﬁ%‘éé’ IXSP?]I'}@ B?‘%Bl%oan-r%ﬂ feth c?%oégd%'rqlélyg?sot%ai n

a high Hc, Hr[err ' Siq bk 0 t
further enhance t%g@%gﬁ&rée%gﬁ%%ge??%%?gg#éﬁlﬁlg n%%zl{%e%%%\‘liv%gtg# %ﬁ?é?t
i nproved. Toophinal Bréfdm ahieftiortiméy FEAUNRNhavd IdHeNo? He¥dRoRinddtitic2 t O

5 at%is preferably enpl oyed.
underlayers between the CrMo non-magnetic underlayers and the
substrates. The non-magnetic underlayers which are in contact with
the CrMo non-magnetic underlayers preferably composed of metals
having body-centered cubic close-packed crystalline structures. An
example- of the non-magnetic underlayers composed of metals having
body-centered cubic close-packed crystalline structures is a Cr
underlayer. The non-magnetic underlayer which are in contact with
the CrMo non-magnetic underlayer are preferably metal layers having
uniform particle sizes and good crystallinity, and it was
experimentally confirmed that the most preferred is a Cr layer.
Examples of metals having body-centered cubic close-packed
crystalline structures other than Cr include Ti, Ta énd Zr.
Thickness of the non-magnetic underlayers composed of metéls
having body-centered cubic close-packed crystalline structures may
suitably be in a range of about 100 to 1000 & . The upper and lower
limits of thickness of the non-magnetic underlayers are decided so
. - that the-layers_have uniform particle sizes and good crystallinity.

In particular, in order to obtain a high Hc and S/N ratio,

thickness of the non-magnetic underlayer is preferably in a range of



This effect is influenced al so by thickness of the |layers and thickness of
the CrMbZr non-magnetic underlayers may be in a range of about 10 to 150
[err] , preferably in a range of about 20 to 100 . Wen it is blow 10 A
sufficient Hc can not be obtained and, when it exceeds 150 , there would
be tendencies that output is |lowered, overwiting characteristics are
deterjorated and nediumnoise is increased. In the magnetic
recordi ng media according to the third 2&nbodi ment of the present

invention, difference (d[err]-d[err]) obtained by subtracting crystalline
lattice spaabbgs 0bobes g0llQ) .. Fagesed N ddtaoer VB DERidRGNAR] ioF wRdectmyer s
fromcrystalline lattice spacings of hcp (002) faces in the nagnetic )

| ayers in camrmaatagméhic underlayersl/[thickness of the non-magiiktic the
above CrMb non-magnetic underlayers falls within a range of about 0.002 to
0.032 A . \Wibderhayeli$ faomposed (of aratjals Hpwing )bodysceatered. @Udjcecipser
exceeds 0.032 [err] Hc and S/INratio are |owered. Further, to obtain a
hi gh S/ N r aPRreked Herefteldinpcebqustpses] ang ereferahhwfigr abryngalafs akpetin a
range of abaqut 0.014 to‘0.03q#£err1. .. The_magnetic_recordi ng nedi a
accordi ng t 8-PRet Bi-PasifSoaNTR Faties Rreuide &sbioh HR anti ¥ Fayi9urt her

h - tic, .underl b the CrM - ti
under layers and tHE “OMIATREELS TRECAORIRRBRGEAoIGRAEAFSCFE AFCRISFS i n

con e g0 PRI S RELL BRSPS SO

may be provided between the non-magnetic underlayers Qomposed of
metals having body-centered cubic close-packed crystalline
structures and the non-magnetic substrates. Examples of such non-
magnetic underlayers include Al, Ti and Zr layers. Thickness of
these non-magnetic underlayers may be, for example, in a range of
about 16 to 100 2 . The upper and lower limits of thickness of the
non-magnetic underlayers are decided so that the non-hagnetic
underlayers composed of metals having body-centered cubic close-
packed crystalline structures, which are laminated thereon, have
uniform particle sizes and good crystallinity. Further, to obtain
a high Hc and S/N ratio, the thickness is preferably in a range of
about 30 to 80 A .

The magnetic recording media according to the second and third
embodiments of the present invention may further have protective
layers and lubricating layers similar to those explained for the

. magnetic recording media of the first embodiment on the CoPt
magnetic:layers.

Like in the magnetic recording media of the first embodiment,

materials and shapes of the substrates are not particularly limited



exanpl e of the non-magnetic underl ayers conposed of netals having.

body- centered cubi c cl ose-packed crystalline structures is a Cr

under| ayer. The non-nagneti c underl ayer which are in contact with the C M
non- magneti ¢ underl ayer are preferably netal |ayers having uniform
particle sizes and good crystallinity, and it was experinentally confirnmed
that the nost preferred is a C layer.- anples of netals having

body- centered cubic cl ose-packed crystalline structures other than Cr

i nclude Ti, Ta and Zr. Thi ckness of the non-nagnetic underl ayers
conposed of #etkIng asakhay seelynaremagnetic uhibstehbee. pattkedxempie al lass
structures may suitably be in a ran?e of about 100 to 1000 [err]. The . -
upper and | ofePstagtgsy sCEYstal bianss 91laes t sibstaiatragnetuminivae sibgyeratesr e
decided so that the La¥ers have gniforn1 article sizes and good
crystal lini t §oF3"M4¢ SAPEFER R, CRRPOR fIPSEEaLET i S 14 CAP gRuhRETRES SAnd 1t o,

t hi ckness of e - netic underlayer is preferably in a range of
- 24 - abo%ftf)i13 6189“&”%88[“”_ Further, ratios of [thickness of the CrM

non magnet ¢ under kAKehsbd e kRS dind Fe 00 4B00FR LG VAIRHLALSny

conposed of netals y-centere I C close- pagke crystgﬁ

structures] amBoRifbakabley tina ﬂéﬂgﬁi(ﬁn@ﬂﬁﬁﬁo?ﬁb%f be ﬂaﬁufgegﬁr%%FQHb

ratios provide a high Hc and SN ratio. e magnetic recordi
nmedi a accor dael ifirgheohbehtioibedciBiguds fAdie rBERSRN tHiIRY ¢Rih8Nsudt NS

non- magneti ¢ underl ayers may be provi ded between the non-magnetic

under | ayer s spafjyeséng ofechmetiaés. hawi pgriiedyac e tiyeadfusiibigCcohpia thask s

crystalline the CrMo non-magnetic spacer layers and adjusting preparation
conditions of the CrMo non-magnetic spacer layers and the CoPt
magnetic layers, magnetic recording media having differences of
crystalline lattice spacings (d(o2) - d(110y ) within a desired
range c;n be obtained.

The magnetic'recording media according to the third émbodiment
of the present invention may also be manufactured by utilizing
conventionai techniques for forming thin films such as spattering
techniques. In particular, by adjusting compositions of the CrMo
non-magnetic underlayers and the CrMo non-magnetic spacer layers and
adjusting preparation conditions of the CrMo non-magnetic .
underlayers, the CrMo non-magnetic spacer layers and the CoPt
magnetic layers, magnetic recording media having difference of
crystalline lattice spacings (d(onz)l— d¢110; ) within a desired
range can be obtained.

For example, by forming at least the CrMo non-magnetic

underlayers and/or the CrMo non-magnetic spacer layers and the CoPt

magnetic layers through a spattering technique under conditions of



structures and the non-nmagnetic substrates. Exanples of such non- nagnetic
under |l ayers include A, Ti and Zr |ayers. Thickness of these non-nagnetic
underl ayers may be, for exanple, in a range of about 10 to 100 [err]. The
upper”and lower Iimts of thickness of the non-magnetic underlayers are
deci ded so that the non-magnetic underlayers conposed of netal s having
body-centered cubic close- packed crystalline structures, which are

| am nat ed thereon, have wuniformparticlg sizes and good crystallinity.
Further, to obtain a high Hc and S/Nratio, the thickness is preferably in

a range of about, 30 to 80 [err The. magnetic recordi nedia_.
accor gi ng t & EHesEatsheai tﬁ?‘}‘ﬁfraéﬁﬁ%dpﬁgﬁ? saQJF‘n‘ﬂ?]é’pr‘E%%{}gpn%rﬁzis&]. may

further h tecti | d Lubricati | Crdlar "t hos
cxpl i med 1 P4 AE ShedRe PRGRES A0 R ZoOSe (o SBPREL O Chilghi e RECBR  ne
CoPt t ; i kg (0 the. i L ng: medi th
first emboartanet T tidexaing nedld basial (F1ARIRTHECof SetaT R It edle! 1

particularl ysdddiASE (a4 (0ezy - d110y) within a desired rarge canSBel ONY
as they are non-nagnetic subdtrates.' For exanpl e, glass substTates,

crystall i zecbtadfiéd SURREN Miiftrab UNBdHing Senterb 86 RS is PLEAHab]§UPRIHiAL §S,
carbon substrates, silicon substrates and the |ike nmay be used. The

magnet i ¢ r eaindiengf rabdué 30T Wodd0Q °Ca t ithe FaC@ad prydzade i tprefetdidypiasent
i nvention’may be manufactured by wutilizing conventional techniques for
form ng thi m friahge cfuehoais 1 to 8 mTorrx.

The magnetic recorderé of the present invention will be
explained hereinafter. |

The magnetic recording media of the present invention
described above are suitably used as magnetic disks, in particular,
in magnetic recorders having magnetoresistive type heads.

The magnetic recorders of the present invention comprise one
or more magnetic disks and magnetoresistive type heads for
recording and reproducing magnetic information into or from the
magnetic disks. A specific example of the recorders is shown in Fig.
3.

In the figure, reference numbers 51 to 53 denote magnetic
recording media of the present invention (disks) which are fixed on
a shaft of a spindle motor 50. When the shaft of the spindle motor
50 rotates, the magnetic disks 51 to 53 rotate, too. The lower
surface of the magnétic disk 53 may also be used as a servo surface.

A head moving means 60 is capable of moving locations of heads to
-.desired'tracks by rotation around its shaft. Magnetic heads 61 to

65 and, if necessary, a servo magnetic head 66 are provided at ends

of arms extending from the head moving means 60. The magnetic



spattering techniques. In particular, by adjusting conpositions of the
CrM non-nmegnetic spacer |ayers and adjusting preparation conditions of
the Cr Mo non-magnetic spacer |layers and the CoPt nmagnetic |ayers, nagnetic
recording nmedia having differences of crystalline lattice spacings (d[err]
- dlerr] ) wwthin a desired range can be obtai ned. The magnetic
recording media according to the third enbodi ment of the present invention
may al so be manufactured by utilizing -c@idventional techniques for formng
thin films such as spattering techniques. In particul}lar,h b¥}adjust|ng
conpositions of the CrMy _ non-magnetic underlayers and the M =
nonreragnet i MR 1ER & axgg thidy devesghprdpaiat YRick grranetresistine -
Cr Mo non-nagqﬁtic under | the Cr non- nagneti ¢ spacer | ayers and the

oy Fanet? t 8§%r ) ﬁﬁ c PECERaP d ;r?P%) 3th?n ;wzgzireglﬁfzrge
: r - s .
can be. obta $Cd> &R FpBDPeadul bty sPsBhMon L, % e o b

can be obtai ne exa

non- magnetic undgrdQwar SofN$70% s tiRvEady JIPRR At h&viHRAG .J,%kse%é Hd

the CoPt nmagnetic |ayers through a spattering technique“under conditions

of opposite side of the magnetic heads. 20rhe v8icd!R¥L 1 36£ jReehidided
tenperature wthin a range of about 250 to 425[err]C and an Ar gas

pressure w tinto a 1anger cictaldeot Magndto akBeRIDY 68 +BREOR IS heeRf g teedi a
having di fference of crystalline lattice spacings (d [err] - d[err] )

within a deshe éilawandgs tiae viiceokbdl n67. ankhamakebst r poss itaat L6 grdegee leUr €
Is preferably within a
head moving means 60.

When the recorder of the present invention have the servo
magnetic head 66, the servo magnetic head 66 is always reading servo
information while the recorder is operated. The servo information
represents information of current séctors, tracks and the like.
Read servo information is transmitted to a means for outputting
positional signals 91. The means for outputting positional signals
91 controls the current to be flown in the voice coil 67 to move
the magnetic heads 61 to 65 to desired tracks and outputs track
information as positional information.

Since the magnetic recording media of the present invention
show low medium noise, they are useful as magnetic disks, magnetic °
tapes and the like. Further, the magnetic recording media of the
present invention show further reduced medium noise, high magnetic
coercive force, squareness ratio and further improved overwriting
characteristics depending on their constructions.
| In addition, since the magnetic recording media of the presen%

invention show low medium noise, they are useful as magnetic

recording media for MR (magnetoresistive type) heads.



range of about 300 to 400 [err]C. The Ar gas pressure is preferably in a

rahge of about 1 to 8 nilorr. The magnetic recorders of the present
invention will be exptained hereinafter. The magnetic recording
medi a” of the present invention described above are suitably used as
magnetic disks, in particular, in magnetic recorders having

magnet oresi stive type heads. The ygagnetic recorders of the present

i nvention conprise one or nore magnetic di sks and nmagnetoresi stive type
heads for recording and reproduci ng nmagnetic information into or fromthe

magnetic di sks. Axgpsedidd +oxeHn! grlé’%%ﬁﬂ;%:{ GREERT Sehdre AW peNpEbPiged 4i

In the figure, reference "nunbers enote magnetic recordi ng nedi a

of the presgRgnelYenteddrd difkidiwhisaBwahg ibwesbide, @x2Rahbnel nagsei1ul e
not or 50. When the shaft of the spindle nbtor 50 rotates, the nagnetic

di sks 51 t o0 cdodréDicifercé pexcébbentoWwokrosit deeisaniche m@labht dbviktdenh may
al so be used as a servo surface. A head novi ng neans 60 is capabl e of
novi ng | ocatchanscdrilsdads, temadksble drpravéserty of omagnairicacoenteiviet Sosdmaf t .
Magnetic heads 61 to 65 and, if necessary, a servo magnetic head 66 are
provi ded at bandeatotreatmeniktafitdirnd ifimoforméngecani mxrdaid emtanyesoriing
magneti c : L ~ . - 27 - heads 61 to 65
are thin | afdarRciesirhioni eW (RBhet Fhsimagnaticeiresendingr Bedidceficthe or

reproduci hg only. The seryvo nagnetic head . 66 is a head for reading Servo
infornationfﬁﬁﬁﬁPt invention showing these characteristics are particularly

suitable for recording and reproducing by magnetoresistive heads.

According to the present invention, there can be further
provided magnetic recording media showing more excellent
magnetostatic characteristics (magnetic coercive force, residual
magnetigation film thickness product) and recording and reproducing
characteristics (S/N ratio, OW) compared with conventional magnetic
recording media constituted by combinations of Cr underlayers, Cr
non—-magnetic spacer layers and CoPt alloy magnetic layers as well
as showing a high output, low medium noise and excellent
overwriting characteristics in recording and reproducing even at a
surface recording density of more than 600 Mb/in?.

According to the present invention, there can be further .
provided magnetic recorders showing a high S/N ratio upon recording
signals, large recording capacity and excellent environmental

condition resistance.

- DESCRIPTION OF PREFERRED EMBODIMENTS
The magnetic recording media of the present invention will be

further explained by referring to the following working examples



A voice coil 67 is provided on the head noving neans 60 at the opposite
stde of the magnetic heads. The voice coil 67 is inserted into a linear
actuat or magnet assenbly 68 to control a current to be flown in the voice
coil 67 and nake it possible to rotate the head noving neans 60.

When the recorder of the present invention have the servo nagnetic head
66, the servo magnetic head 66 is always reading servo information while
the recorder is operated. The servo information represents information of
current sectors, tracks and the like. ~ Rfad servo information is
transn1tted};qe§ for outputting positional signals 91. The means for
out putting p05|t|ona 'signals 91 controls the current to be flown in theé
voice coil 67 to nove the magnetic heads 61 to 65 to desired tracks and
outputs track information as positional information. Since the
magneti c recording nmedi a of the presggdmgiaventi on show | ow nedi um noi se,
they are useful as magnetic disks, nagnetic tapes and the |ike. Further,

t he magnetic recorHengagnedia pécdtEingpmedium dfnehhsi erangilewis ui tiemeteéduced
medi um noi se, high nmagnetic coercive force, squareness ratio and further

i mproved ovelimK tdongisthagaof erastslownddpeFdgnglonan hendeckaystr 26t fdnst

I n addition, since the nagnetic recording nedia of the present invention
show | ow ned#ﬂﬂﬁedfmcséaY?he? alﬂ@nﬂ!ﬁgnﬁtl&s spagast layer etorshaandrodgnetde MR
(magnet or:esi stive type) - 28 -
Accor di ng t ol3%eF ﬁwe?éﬂ?e?Fﬁﬂﬁn¥q&?r fhard tehrigatingyilgger 7, which were

laminated on a glass substrate 1 in that order.

The glass substrate 1 was composed of aluminosilicate glass
and its surface had been ground as a mirror surface so that it had
an Ra of about 507 .

Tpe underlayer 2 consisted of, from the glass substrate 1 side,
Al f£film 2a (thickness; about 50 A ), Cr film 2b (thicknegs; about
400 A , two-layer structure of about 200R and about 2004 ) and CrMo
film 2c (thickness; about 1004 ). This underlayer 2 was provided
in order to improve crystalline structure of the magnetic layer.
The CrMo film 2c was composed of 98 at% of Cr and 2 at% of Mo.

The first and second magnetic layers 3 and 5 are composed of
the same film material of CoPtCr alloy and the both had a thickness :
of about 120 j&.-.Co, Pt and Cr contents of these magnetic layers
were 78%, 11% and 11 at%, respectively.

The non-magnetic spacer layer 4 provided between the first and
second magnetic layers 3 and 5 was composed of CrMo alloy, which

_'comﬁrised'95 at% of Cr and 5 at% of Mo, and had a thickness of about
50 & .

The protective layer 6 was provided in order to prevent



magneti c recordi ng nedi a show ng | ow noi se, excellent nmagnetic coercive
force, excellent corrosion resistance, excellent deviation

characteristics, remarkabl e i nprovenent of nmagnetic coercive force by heat
treatirent after filmform ng and excellent overwiting characteristics OV
(dB). The magnetic recording nedia of the present invention show ng these
characteristics are particularly suitakde for recording and reproduci ng by
magnet or esi stive heads. According to the present invention, there
can be further provided nagnetic recording nmedia show ng nore excel |l ent
nmagnet ost at igatebd6ARLi®N 8GR =) ‘ia%@xesr % Vgorii%rcgewiél?%ﬂaggééic heads
magneti zation filmthickness product) and recording and repradducing .
char act er i stan@scém¥iNteat b twoMlafeBPaf Rsh hé N i@NYENHORRndBINBhyedrs, a
recordi ng nedia constituted by conbinations of C underlayers, Cr

non- nagnet i ixsac @rokageise ahayddHa andogedBgacht 6teédBIS 1a7eweleh, aghe
showi ng a hi gh output, |ow nedium noi se and excellent overwiting

char act er i stigst Prodewtdivey layerr pr edscicogpesed af a CBUELameh&aeLngding
density of nore than 600 Md/in[err]. According to the present

i nvention, tihdckneas ofe abgthe0A @andvadbed rasgebeiicak quotdectiehdayey af hi gh
S/N ratio upon recording. signals, large recording capacity and excell ent
envi r onment ite BGHARPEAEN1R¥RTSt afthe other seconpgcrierihive ARYPREFERRED

EVMBODI MENTS The netic recarding nedia of the present invention
will be furPfePsekR aﬁnggﬂrﬁ?nr erids LadmRaving 3 Jickress w5 RPORE 684! es

in which hard microparticles are dispersed, and wear resistance was

-

provided by this protective layer 6b.

The lubricating layer 7 was composed of perfluoropolyether and
direct contact of the medium with magnetic heads was obviated by
this laggr.

A process utilized for producing the magnetic disk hyving the
construction described above will be explained hereinafter.

First, a main surface of the glass substrate 1 chemically
reinforced by ion exchange was made into a mirror surface (Ra =
about 507 ) by precise grinding. Then, on the main surface of this
glass substrate 1, the Al film 2a, Cr film 2b, CrMo film 2c, first
magnetic layer 3, non-magnetic layer ‘4, second magnetic layer 5 and
protective layer 6 were successively formed in this order by inline
spattering techniques. After the first protective layer 6a was
made hydrophilic, the substrate was applied by spin coating with a
solution of organosilicon compound (a mixture of water, isopropyl

. alcohol-~-and tetraethoxysilane) in which silica microparticles
(particle size; about.loo A ) were dispersed and sintered to form

the second Protective layer 6b. Finally, the substrate was dipped



- 29 - hereinafter. Exanple 1 The
magneti c recordi ng nedium of this exanple is a nagnetic disk consisting
of, as shown in Fig. 1, an underlayer 2, first rmagnetic |ayer 3,

non- rragneti ¢ spacer |ayer 4, second magnetic |ayer 5, protective |ayer 6
and lubricating layer 7, which were |amnated on a glass substrate 1 in

t hat _order. The gl ass substrate_ 13Yas conposed of alum nosilicate
glass and its surface had been ground a3 a mrror surface so that it had
an Ra of about 50[err] . The underl ayer 2 consisted of, fromthe

gl ass substra® 4 §hﬁﬁcatAhgfé#éﬂ@%oﬁﬁ?i&%ﬁérfﬁhﬁ%bo@ e d 1Rl ]to) fofh thel M

2b (thickness; about 400 [érr] , two-layer Structure of about_200[err]. and

about 200[ er rdbrieaeing Yayes i7 Bh2end ldebekd gnoteativet 1448k ‘6b. This

under| ayer 2 was provided in order to inprove crystalline structure of the
magnetic |ayer. TosodrMisdldsnwior evashteinas ath clunihdnat Yeaft Gf am@ A iakdo of
Mo. The first and second magnetic |layers 3 and 5 are conposed of
the sane filobteined| abowsf, bRCiCrwas cayriedi qubewbth ta hedd af 1tiingkhesght off
about 120 [err]. Co, Pt and Cr content’s of these magnetic layers were
78% 11% andless hep’ P egpct Magnotic coercivecforse-nigaitdual smgpetization 4
provi ded between the first and second nagnetlc | ayers 3 and 5 was conposed
of CrM all o@ll“%/ﬁh&ﬁkn%%?q}?”%éﬂtgssﬂ FAGE c?n%rﬁ?r5°§f-%‘ Fesstanre adhe

Ui ckness of ABOUL <%0 Muated. RIS SHEUNS LEYGE,§ s provided i

Examples 2 to 11

In Examples 2 to 9, magnetic disks were produced in a manner
similar to that of Example 1 except that composition of CrMo alloys
and thickness of the CrMo non-magnetic spacer layers were changed.
In Examples 10 and 1;, magnetic disks were produced in_a manner
similar to that of Example 1 except that the non-magnetic layers
having a thickness of about.50}§ and composed of CrMoZr alloys of
compositions shown in Table 1 were employed.

Good results were obtained in running tests of the disks
obtained above, which were carried oﬁt with a head flying height of
less than 3y m. Magnetic coercive force, residual magnetization:
film thickness product, S/N ratio and corrosion resistance of the

disks were evaluated. Results are shown in Table 1.



- 30 -~ deterioration of the magnetic |ayers by contact with magnetic
heads and consisted of two |layers, fromthe side of the nagnetic |ayers, a
first protective |ayer 6a and second protective |ayer 6b. The first
proteCtive layer 6a was conposed of a O filmhaving a thickness of about
50[err] and acted as chem cal protection |layer of the magnetic |layers. The
ot her .second protective |ayer 6b was conposed of a silicon oxide film

havi ng a thickness of about 160[err] : 32n-which hard nicroparticles are

di spersed, and wear resistance was provided by this protective |ayer 6b.
The lubricating |ayer 7 was conposed of perfluoropol yether and direct
contact of the nediumw th nmagnetic h&ald¥eias obviated by this |ayer.

A priocess utilized for producing the magnetic disk having the construction
descri bed above—wit—beexptanedterermafter: FrrTst, a maf m surface
of the gl asBxambst Nenmagnerksi FBLek rei nforced by i 8N exchSPHEOSARR made
into a mrrBkesurf BRIFRAAYEr 9 BAES 50[ BFY'] ) MBY pr e ERERR gr FRHFHGFhen, on
the main surface of this glass subsirate I, the Al fiITm2Za, C fil'm?2b,

CM film2¢, first netic | gyer 3, n- ic | 4, se d
magnetic | aier 5 anﬁr’”'g?odt ectivel ayerl%%wepg&rs}ﬁ'}:cess%‘zy for ng;bg’ﬁi nthis
order by inlLine spattering techyy ques fternpt fir rot ect | ayer 6a
was rmade h%drophi I ?E’,ﬁ%che subs'rgryate V\I/agssﬁappl?'e by s%%'r?ocoati é)%\?mth a

sol ution of yorganosiligep conpoud (a {Jsgt Ur e; Qfg Wat es3, g sopr oydoa

al cohol -and tetraet hoxysilane) in which silica mcroparticles Y(particle

si ze;, about 4100 [ergl), mgre di sy sed gogb si npsged tozfyrm thedeacond
protective layer 6b. Finally, the substrate was di pped

5 Crso MOz 50 1950 0.97 33.7 good
6 Crss MOs s 50 1900 0.97 33.6 good
7 Crs oMoz o 50 1900 0.97 33.9 good
8 " CXeoMOso 50 1730 0.92 32.9 good
9 ' CZ4 o MOs o 50 1700  0.90 32.3 good
10 CrsoMosZrs 50 2050  0.97  35.0 good
11 Cxs 7 MOy 2 21, 50 2020_ 0.97 34.8 good
Comparative -

Example

1 Cr 50 1650 0.86 31.5 bad
2 Crgoﬁho 50 1700 0.88 32.0° bad
3 CrsoTiso 50 1550 0.70 28.3 bad

1) Magnetic coercive force

2) Residual magnetization film thickness product

* Composition of magnetic film materials: at%, £ilm thickness: A ,

magnetic coercive force Hc: Oe, residual magnetization film

thickness product Mr § : menu/cm?, S/N ratio: dB. . _
. ° * Test method of corrosion resistance: Recording and Reproducing

tests are carried out after samples have been left for 10 days at

80 °C and 80% Rh. Good represents no increase of errors and bad

represents increase of errors.



- 31 - into a lubricating agent conprising perfluoropolyether to formthe
| ubricating |ayer 7 on the second protective | ayer 6b. Good results
were obtained in running test of the disk obtained above, which was
carrired out with a head flying height of less than 3 [err] m Magnetic
coercive force, residual nagnetization filmthickness product, S/Nratio
and corrosion resistance of the disk were evaluated. Results are shown in

Tabl e 1. _ _ Ex3dptes 2 to 11 | n Exanpl es 2
to 9, magnetic disks were produced in a manner simlar to that of Exanple

1 except that CO&(@O%&&O&&I tHeMeb &b 1Y Shoafidih hkaeed§ ehosdaut@ R ing

non- magneti c spacer [ayers were changed. In Exanples 10 and 11, magnetic

di sks vere phHrdunetiMbzd FNBYs shbWehahot® é¥eél DéntEraged it eveeptvehat
t he non-nmagnetic |ayers having a thickness of about 50[err] and conposed

of CrMzr atdmies,ohighanpesithanmaiheuizatidmididm] thicieessppogdakts and
Good results were obtained in running tests of the disks obtained above,
whi ch were rowér enlobsiés washwealhead mbyengxhelyantotorresionhaasipsaprem
Magnetic coercive force, residual magnetization filmthickness product,

S/N ratio acuhpagedoeitdn thestampanabivd expBPlen sk Burkher ekl WA 84S0 Fedid: s
are shown in Table 1. :
that particularly low noises can be obtained at a Mo content of

about 2 to 30 at% while good magnetic coercive forces and higher
residual magnetization film thickhess products are maintained.
Particularly preferred Mo content was about 5 to 15 at%.

It is also seen that the noise reduction effect is enhanced by
adding Zr to the CrMo alloys. To obtain such an effect, Zr is
preferaply contained in an amount of about 2 to 5% by weight.
These properties may also be influenced by film thicknesses and the
films of CrMo alloys and CrMoZr alloys preferably have a thickness
of about 10 to 100 & , particularly preferably about 30 to 804 .
When thicknesses are below 104 , sufficient magnetic coercive force
cannot be obtained and, when they exceed 100 & , there may be
tendencies that output is lowered, overwriting characteristics are
deteriorated and noise is increased.

Even though Cr alloys are used like in the present invention,
the advantages of the present invention cannot be obtained if the
non-magnétié spacer layers are composed of CrW or CrTi. That is,
though CrW may improve magnetic coercive force compared with Cr, CW

_éhows less noise reduction effect compared with CrMo and both of
magnetic coercive force and noise reduction effect of CrTi are

inferior to those of Cr.



- 32 - Table 1 Exam Non- magneti c

Thi ck- S/'N Corrosion ple spdcer | ayer ness
Hc[err]) M[err]) ratio resi stance 1 Crlerr]MJ err] 50
1900 = 0.97 33.7 good 2 Crlerr]MJerr] 80 1950
0.94 34.0 good 3 Cr[err] MJerr] 50 1950

1.00 . 33.8 good 4 Crlerr]MJerr] 100 2000

0.92 34.2 good 5 CrieBf]MJ err] 50 1950 0.97
33.7 good 6 Crlerr]MJerr] 50 1900 0. 97 33.6
good 7 Crlerr]MJerr] 50 1900 0. 97 33.9 good
8 Crlerr]MJerr] 50 1730 0.92 32.9 good 9 *

Crlerr]MJerr] 50 1700 * pfhmPles 12320318 good 10
Clerr]MJerr]Zr[err] 50 2050 0. 97 35.0 - good 11
Crlerr]MJ err] Zr [ Maghetic5@isks czﬁﬁﬁls:.ngo ti€ same ﬁén-anagnetlc Qﬁﬁ.@er layers
Conparative Exanple 1 1650 86

31.5 a$)dg Egample 1 wede| prmquqedr ip a manneB&:.ma.laﬂ?(ﬁOthat (beBxample
32.0 bad 3 Clerr]Ti[err] 50 1550 0.70 28.3
bad 1) Nabr@tq@tcébﬁ'éldﬂefﬂeme@é £ 1Recomnesi tiays cor zmtiernals | wertdiusledess
product * osition of magnetic filmmaterials: at% filmthickness:
[err], magnefrg) thgefirsie angy secepd magneticeckayRrs 3nandcl z Sbtahneéd |dhsks

t hi ckness - produc I\gi 4’{ . nmenu/cnferr] S/Nratio: dB. * Test nethod
of corrosi on"$%siTEPERL & eﬁﬁgﬁ%tﬁnﬁhﬁeﬁﬂmﬁd%‘i’wtﬂ%t s g Exgppled -out
af ter sanpl &% ﬁ&}(_g &)reeegh ef t. Qab L days at 80 [err]C and 80% Rh. Good
represents no I Ncrease o0 AP e hé bad represents increase of errors.

Table 2
Exam- Magnetic Thick- S/N Corrosion
Ple _layer ness Hct! Mr§2? ratio resistance
12 COs 5 Pt1 0 Crs 120 1880 1.10 | 32,7 gbod
13 Co; 4 Ptys Cri1a 120 2130 0.90 33.1 good
14 Cor: Pty 2Cry 120 2130 | 0.68 34.3 good
15 Cose Pts CrisTas 120 2100 0.63 35.6 good
16 Cos s Pty o Ta: 120 1850 1.15 32.4 good
17 Cos z Pty 2 Tas 120‘ 1910 0.97 32.0 good
18 Coy7 3 Pt1oCry 4 Tae 120 2020 0.91 35.1 good

1) Magnetic coercive force

2) Residual magnetization film thickness product

* Composition of magnetic film materials: at%, film thickness: A,

magnetic coercive force Hc: Oe, residual magnetization film

thickness product Mr § : menu/cm?, S/N ratio: dB.

. * Test method of corrosion resistance: Recording and Reading tests

. are carried out after samples have been left for 10 days at 80 °C

and 80% Rh. Good represents no increase of errors and bad

represents increase of errors.



- 33 - As seen fromthe results shown in Table 1, those utilizing
CrMo or O MoZr alloys showed.nore excellent magnetic coercive forces,

hi gher residual magnetization filmthi-ckness products and | ower noises as
wel | as nore excellent corrosion resistance conpared with the conparative
exanpl es. Further, it was also found that particularly |ow noises can be
obt ai ned at a Mo content of about 2 to at % whi | e good magneti c coercive
forces and higher residual magnetization filmthickness products are

mai ntai ned. Particularly preferred Mo content was about 5 to 15 at%

It is also seen timat stlae fromSehe adsattonehbpcs 2,5 wﬁ@h&i&f—ﬂag et iR04L Peh LT
to the CM alloys. To obtain such an effect, Zr is preferably contai ned-

i n an anount off Caio Al Ibytso aFe hyedetqhteducEhast sps pPESEE®ES aATAYyahsOndEic

i nfl uenced by filmthicknesses and the films of CrM alloys and C MZr

al 1 oys pref elaysss paeterablyi haveeSo, R aaBolrt cotentsl©F flsout] 62 piar Yocatsys | y
preferably about 30 to 80[err]. \Wen thicknesses are below 10[err] ,
sufficient nBBPWE|2 t@OcAbE st @bougafinte L ajftairaepeeiriye ihenWhérythe
exceed 100 [e%é4 there ma t endenci es that output is |owered,

overwriting PREISHICe PRI ¥ﬁr?9“39§?@r?§n§9?§ﬂaaﬁk}QHévSQPQKSPFﬁ€§4§§§¥dhaV8
Even t hough I re u ed | | I nventign

advant ageg o&f ?#e %%és@antc % a% (I;§t4 8 taa)ﬁ%neﬂb‘?‘\‘ Phte %?oﬁt?ra"bﬂﬁ’et iC
spacer | ayer o] e f at t hou

|gprove n%gng??ggcgeggfiégﬁgrééL%%%%gS% tm1 tﬁ?vyagﬂ%gé fiﬁ%? i%ﬁ?

reduction ef Egmbode@MBA &bt WI?Q ﬁ%@s?%@%@e?&rab@gﬂgé Co O§{CIC\§eaI:8 s
and noi se reduction effect o
contents of about 55 to 89 at%, about 5 to 20 at%, about 5 to 18 at$
and about 1 to 7 at%, respectively. Each of these magnetic layers

preferably has a thickness of about 80 to 180 R .

Example 19

The magnetic recording medium of this example was a‘magnetic
disk consisting of, as shown in Fig. 1, an underlayer 2, first
magnetic layer 3, non-magnetic spacer layer 4, second magnetic layer
5, protective layer 6 and lubricating layer 7, which were laminated
on a glass substrate 1 in that order.

Thg glass substrate 1 was composed of aluminosilicate glass .

and its surface had been ground as a mirror surface so that it had
an Ra of about 503 .
...~ The underlayer 2 consisted of, from the glass sﬁbstrate 1 side,
an Al film 2a (thickness; about 504 ), Cr f£ilm 2b (thickness; about
600 A ) and CrMo film 2c (thickness; about 50 & ): The CrMo film
was composed of 98 at% of Cr and 2 at% of Mo.

The first and second magnetic layers 3 and 5 are composed of



inferior to those of Cr: ) - 34 -
Examples 12 to 18 Magneti c di sks conprising the sanme non-nagnetic
spacer layers as in Exanple 1 were produced in a nanner sinmlar to that of
Exanple 1 except that different filmconpositions or materials were used
for the first and second nmagnetic layers 3 and 5. Obtained disks were
tested wth respect to the sane propertbgs as in Exanple 1. Results are

shown in Table 2. Table 2 Exam
Magneti c Thi ck- S/'N Corrosion ple | ayer
ness Hc[err]) M[err]) ratio resi stance 12

Co[ err] Pt [ etthpCsgme flilm malt2@ial ofl88OtCr allldy (Co: 732a17%, Pt: brts,18r:
Co[err]Pt[err]Cr[err] 120 2130 0.90 . < good 14

Co[ err] Pt [ edd] @$kranf the dpth had m3¢hickmesggof abouz’ml%OA good 15
g% g; H ; % g; H %%’EH %gr?lm%rgrg]etmlZlgzgsélggoglq%i %etweeonz tﬁe 161rst 65%%%%?1“& 6
- g

Color ] [ PRBRRFYE Pvare T poh waposgniosty f Cr oy (S, oy

Compost 11 on PEREGHE Feart (RRERET: SEotban D AT, i ?kEQfsEk”FZ?r]p”’d”“ *

”agnetiC_CoerCiveTLQrﬁfbégéthE 1E§§kd§aéoﬁgﬁyﬁad 62.,1 PPohi M8 side of the
substrate, a first protective layer 6a and sgcond protective layer
6b. The first protective layer éa was composed of a Cr f£ilm having
a thickness of about 50 and acted as chemical protection layer of
the magnetic layer. The other second protective layer 6b was
composed of a silicon oxide film having a thickness of about 160 R ,
in which hard microparticles are dispersed, and wear resistancé was
providéd by this protective layer 6b. .

The lubricating layer 7 was composed of perfluoropolyether and
direct contact of the medium with magnetic heads was obviated by
this layer.

A process utilized for producing the magnetic disk having the
construction described above will be explained hereinafter.

The substrate described above was mounted on a substrate °
holder (pallet), the pallet 18 was introduced into charging room 11
of an inline spattering apparatus 10 shown in Fig. 2 and then the
inside of the charging room was evacuated from atmospheric pressure
to a degree of vacuum similar to that of a spattering room (vacuum

. chamber) 12. Then,’a partition 14 was opened and the pallet 18 was

introduced into a first vacuum chamber 12a. In this first vacuum

chamber 12a, the glass substrate mounted on the pallet 18 was heated



thi ckness product M [err] : menu/cn2, S/Nratio: dB. * Test method of
corrosion resistance: Recording and Reading tests are carried out after
sanpl es have been left for 10 days at 80 C and 80% Rh. Good represents no

i ncrease of errors and bad represents increase of errors.

- 3 - = As seen fromthe results of Table 2, when non-nagnetic

| ayers of CrMb alloys are used to redudd noi ses, CoPtCr all oy magnetic

| ayers preferably have Co, Pt and C contents of about 62 to 90 at% about
5to 20 at% and about 5 to 18 at% respectively. Wien the nmagnetic |ayers
are conposedCofbewpt3fd X | £95 1 mibyterhsf er hy Heater 1D ankt thedpaldetons ents
of about 94 to 73 at% abhout 5 to 20 at@band about 1 to 7 at%_

respecti vel y’asvﬁéﬂni’?ﬁé‘rﬁégﬁ%t? cSRegdePf hrd m/Bdnpbe diptaieetofacimn t@lrlgsys

f about 55 to 89 at¥%
about 5 1o 8%495 hponte 5% S Ja%/&naﬁ%%i%%&iﬁa%ta%°%e%esﬁe§we@?-.ve%y
Taon of 1 Nea% GROBIdSLukYSE S WiOEL S WY LR WORSKISSS o2l b;,};jé 2&%0
recor di ng. s e oS AEATSUBRLR ﬁm@éi% s SHne AP URELIGL L, 32

shown in Fig. 1, an un ayer nagne ayer

spacer | ayegipnd, tﬁ@c@f‘chm%&éfslﬁyerfere goP Q&%}I 'bYﬁ:hl §¥§ ?r?’f%llf g1a§|§|at

| ubricating layer 7, which were |am nate on a glass su
order. ° subBheagbass SnbStEate hd&%dﬁﬁgp%%&fo@déﬂndlo%hle' ¢at§eghass

and its surface had been ground as a mrror surface so that it had™ an Ra
of about S5O0Bpattering was carried out at input powers of 300 W for the Al
targets and 1.0 kW for the Cr targets.

Then, the pallet 18 was transferred to a second vacuum chamber
12b through a port 21 and the substrate was heated again by a
heater 20 provided in the second vacuum chamber 12b. The heating
was peréormed at about 375 C for 1 minute. Then, the pallet 18
was passed between discharging targets 15c and 16c to 1Sg‘and 16qg,
which were consisted of CrMo targets 15c and 16c, CoPtCr targets
154 and 164, CrMo targets 15e and 1l6e, CrPtCr targets 15f and 16f
and Cr targets 15g and 16g arranged in this order, with a
transferring speed of 1.2 m/minute successively at an Ar gas
pressure of 1.3 mTorr.

As a result, the CrMo underlayers 2c, CrPtCr first magnetic
layers 3, CrMo nonfmagnetic spacer layers 4, CrPtCr second magnetic
layers 5 and Cr first protective layer 6a were laminated according
to the order of the aligned targets. Spattering was carried out at
input powers of 500 W for the CrMo targets, 300 W for the CoPtCr
targets and 500 W for the Cr targets. Final pressure (degree of

vacuum) in the first and second vacuum chamber was less than



The underl ayer 2 consisted of, fromthe gl ass substrate 1 si de, an A film
2a (thickness; about 50[err] ), O film2b (thickness; about 600 A ) and
CrM film 2c (thickness; about 50 [err] ): The CM film was conposed of

98 at% of O and 2 at % of M. The first and second nagnetic |ayers 3
and 5 are conposed of - 36 - t he
same filmmaterial of CoPtCr alloy (Co. 5? at% Pt: 11 at% C: 11 at%
and the both had a thickness of about 120[err]. The non-nagneti c

| ayer 4 provided between the first and second magnetic layers 3 and 5 was
conposed of &ravioat |Doro.Cr: 98 at% M: 2 at% and had a thickness of
about 50 [err]. The protective |ayer 6 consisted of, fromthe si-dée
of the substrateAfxetithe fnmmasionvef [fijes bn smd:tsei;wcﬂqaco‘nbedwleoveayer
6b. The first protective |ayer 6a was conposed of a Cr film having

t hi ckness of th®diirskopeptactivg dayed G&SW%@IﬁdéahY%TQﬁlééWoW |v@fé#n@fw1ﬁme
magneti c [ayer he ot her_ second protective | ayer 6b was , conposed of a
silicon oxi dePRAj [ HSPRXAREE é%%@@ﬂe?é’dth&béHPSEﬁﬁt? e¥3§ imnersgd dmtenay

m croparticles e dispersed, and wear resistance, was provided by this
IEUNE 3|

protective |8 Organefil ¢ {OMPC 81 &9 P = 0Rgs OLolpbiey TR and
per f I uor opol xgusec{%lmflme%cancaﬂiag\tsﬂ cahslg;{foﬁa%%&%é‘ (RoRstic dieads

was obvi at ed ocess I Z€E pro acl ng

nmagneti c d'sfoﬁﬁyﬂ'uir%hﬁlsﬁéﬁgﬁd‘éﬂﬁ'QEnQ@?@Hiﬂ%ego?HOWﬁé‘@édonﬁepﬁ5fgéﬂivaj

herei nafter.
layer 6b composed of 5i0; .

Finally, the substrate was dipped into a lubricating agent
comprising perfluoropolyether to form the lubricating layer 7 on
the second protective layer 6b.

Good results were obtained in running test of the disk
obtainéﬁ above, which was carried out with a head flying height of
less than 0.075 g4 m. Magnétic coercive force (Hc),'residual
magnetization £ilm thickness product (Mr § ) and S/N ratio of the
disk were evaluated. Results are shown in Table 3.

Further, composition and thickness of the CrMo underlayer.ZC,
composition and thickness of the CrMo non-magnetic spacer layer 4,
substrate heating temperature and Ar gas pressure used for the .
production of the CrMo underlayer 2c¢ and the CrMo non-magnetic
spacer layer 4, difference (d(ooez2y - d(110)) obtaihed by
subtracting crystalline lattice spacing of (110) faces of the CrMo
underlayer 2c¢ from that of (002) faces of the CoPtCr magnetic layers
'3 contacting with the CrMo underlayer 2c and difference (d(oo2)
d10) ) obtained by subtracting crystalline lattice spacing of

(110) faces of the CrMo non-magnetic spacer layers 4 from that of



The substrate descri bed above was nmounted on a substrate holder (pallet),
the pallet 18 was introduced into charging room 11 of .an inline spattering
apparatus 10 shown in Fig. 2 and then the inside of the charging room was
evacuated from at nospheric pressure to a degree of vacuumsimlar to that
of a spattering room (vacuum chanber) 12. Then, a partition 14 was opened
and the pallet 18 was introduced into-a38i+st vacuum chanber 12a. In this
first vacuum chanber 12a, the gl ass substrate nmounted on the pallet 18 was
heat ed - 37 - to about 300 [err]C
for 1 m nute(®2)p flaags bfatbe AGPE naymepdl| 2ayds Svaonthahiherwith athea
speed of 1.2 mminute between facing targets 16a and 16a and 15a and 150

i n di schar gi ¢Mos mgnemagnetdsssradey dayemn 4 Aregshowy éndfabdeod. 5 niforr. The
targets consisted of Al and Cr in this order in the transferring direction
and the Al under| &&8fe the papduepionccopdikiang of sthe, updeslavameg and Hdeh
sides of the glass suybstrate in this order according to the order of the
targets. SpRPREIAIGERESSRATET JRYSEt 4averdite Solereah ofBer\W\RRerse HEezs
targets and L.O kWJFfor the, Cr. targets. Then, the |l et 18, was
{ranet or rod FROSF S BRMGELT AYETAornd 150 i A0Retotis (oats aiict g )

hanber 12b. SRSHRA-PY nazateng 1531 SthE URELEEE bkl SEIN RS
Then, the pap} aﬁhhel%rm\&aﬁn@é?fﬁﬁéxb%“@%mdéﬁﬂ‘%fgi(692gafan‘ésS o%SEhénéb%ngt& to

15g and 16g, Ich were consi'sted of CrM targets 15c and 16c¢c, CoPt
targets 15dmaditeti’td.1a5eM3t a68LASEIRE vitS Eh8. chidddddrahgt S2d 9indNthel 6f

difference (d(oe2) -8(110; ) Obtained by subtracting crystalline
lattice spacing of (110) faces of the CrMo non-magnetic spacer
layers 4 from that of (002) faces of the CoPtCr magnetic layers 5
contacting with the CrMo non-magnetic spacer layer 4 were identical
to eacﬁ other. Therefore, only one value representing the both
were shown in Table 5. The same shall apply to Table 4. -

S/N ratio was evaluated as follows. Recording and reproducing
outputs ét a linear recording density of 110 kfci were determined
utilizing a thin film head having a magnetic head flying height of
0.060 g m at a relative speed between the thin film head and the
disk of 5.0 m/second. Further, noise spectra of the magnetic disk .
upon signal recording and reproducing were determined by a spectrum
analyzer at a carrier frequency of 13.5 MHz and a measuring band of
27 MHz. The magnetoresistive (MR) head used in this measurement had
specifications of a recording track width of 4.2 gy m, reproducing
‘track width of 3.5 ygm, recording gap length of 0.43 g4 m and

reproducing gap length of 0.31y m.



and Cr targets 15g and 16g arranged in this order, with a transferring
speed of 1.2 nmim nute successively at an Ar gas pressure of 1.3 niorr.

As a result, the CrM underlayers 2c, CPtCr first magnetic |ayers 3, CM
non- magneti c spacer layers 4, O PtCr second magnetic layers 5 and C first
protective |ayer 6a were | am nated accorglhng to the order of the aligned
targets. Spattering was carried out at input powers of 500 Wfor the CrM
targets, 300 Wfor the CoPtCr targets and 500 Wfor the O targets. Final
pressure (degree of vacuum in the first and second vacuum chanber was

| ess than Examples 20 to 47. 38 - 5 x 10[err] Torr.
After the formation of f'I

b tteri d bed ab the f t
protective |ayer &% E¥3&P n?“hgaf ahf“gérlben aiié’{ﬁl ng%aﬁrﬁgu?%lefgdﬁf}%ﬁw
| cohol d_ 1 h t.r at t f
Compount! (a TANES 1 SRaFe T FHAEIG 1) skl sRPt! FAlE) SriaeR s pPica
m croparti clgy gﬁcﬂ@éé'&ﬂ @rib der]lgg%?rﬁé g3 ro?ﬂbéﬁgfiéﬁdaxﬁth%lEﬁ% egF

formthe secon rotective ayer conpose

the substr at@rﬁﬁﬁﬁoﬂlﬂ%%@ti@téba%ekupéj&aw NGuiiiedte Kéﬁﬁﬁgsié?@erature and
perfluoropol yether toformthe lubri'cating layer 7 on e second

protective |myefasbpressure us6@Ofor agid prodesEidDio GRE ¢rMd WAAEN YRS cOf

the di sk obtai ned above, which was carried out with a head flying hei ght

of | ess :t haand .thé5CEms mon-mbgneeic Gpacerclayed @ aeré F&r)_a,ngreeshdlmiown in
Table 3.

In Examples 44 to 47, magnetic disks were produced in a manner
similar to that of Example 19 except'that the CrMo underlayers 2c
and the CrMo non-magnetic spacer layers 4 had a thickness of about
504 and were composed of CrMoZr alloys having compositions shown in
Table 4.

Good results were obtained in running tests of éhe disks
obtained above, which were carried out with a head flying height of
less than 0.0754 m. Magnetic coercive force (Hc), residual
magnetization film thickness product (Mr § ) and S/N ratio of the
disks were evaluated. S/N ratios were determined by the same
manner as in Example 19. Results are shown in Tabies 3 and 4.

Further, compositions and thicknesses of the CrMo underlayers
2c¢, compositions and thicknesses of the CrMo non-magnetic spacer
layers 4, substrate heating temperatures and Ar gas pressures used
for the production of the CrMo underlayers 2c and the CrMo non-—-
‘magnetic spacer layers 4, differences (d(eaz) - d(110,)

. obtained by subtracting crystalline lattice spacings of (110) faces

of the CrMo underlayers 2c from those of (002) faces of the CoPtCr



magneti zation filmthickness product (M [err] ) and S/Nratio of the disk
were evaluated. Results are shown in Table 3. Furt her, conposition
and thickness of the C M underlayer 2c, - conmposition and thickness of the
Cr Mo ‘non- nmagneti c spacer layer 4, substrate heating tenperature and Ar gas
pressure used for the production of the C M underlayer 2c and the Cr M
non- magneti c spacer |ayer 4, di-fference‘l(d[err] - d[err] ) obtained by
subtracting crystalline lattice spacing o (110) faces of the CrM

under| ayer 2c fromthat of (002) faces of the CoPtCr nmagnetic |ayers 3

contacting walghekhe ﬁ:ﬁygrgnﬁieé{)lﬁ?’%t%% %q:hdit%feeﬁ%eygg%?%é#gfé 2g[§1¥c§] )

obt ai ned by sudbtracting crysta tice spacing o aces of -the

CrMo non- magried £ 6repRER (aYELS,4 1ramthat) obptained by subtractin
- 39 - (002) faces of the CoPtCr magnetic |ayers 5 COI’ltYaCtI ng with t%e

Cr Mo non- nagrestalldpackittieyespatinge cENQM0) Fatabl &€ The CrMo noSHRkBet®
production conditions of the underlayer 2c and the non-magnetic spacer

| ayer 4 wer epaher shagersadhfoohethared oo (082 k fddess @efothauCoricre mhgyet e 3
and 5, the difference (d[err] -d [err]) obtained by subtracting

cryst al | i ne lpHers ce copsafhindowith 1td)e CaMesnorpfmaghet B Mpagedelawerer 42ard r om
that of (002) faces of the CoPtCr nmgnetic |layer 3 contacting with the

Cr Mo under | %@V"Z’é‘ FAhleheS andf4erence (d[err] -d[err]) obtained by
subtracti‘ng crystalline lattice spacing of (110) faces of the C M

non- magneti c spacer layers 4 fromthat of (002) faces of the CoPtCr

magnetic |layers 5 contacting,Wth the Mo .non- etic spacer l|ayer 4
were identical kamm:atlve g&amples 4“&9%

In Comparative Example 4, a magnetic disk was produced in a
manner similar to that of Example 19 except that the non-magnetic
spacer layer 4 was formed with Cr.

In Comparative Example 5, a magnetic disk was produced in a
manner similar to that of Example 19 except that compositions of the
CrMo underlayer 2c¢ and the CrMo non-magnetic spacer layer 4 were
changed.

In Comparative Examples 6 and 7, magnetic disks were produced
in a manner similar to that of Example 19 except that substrate
heating temperature and Ar gas pressure used for the production of
the CrMo underlayers 2c and the CrMo non-magnetic spacer layers 4 :
were changed.

In Comparative Examples 8 and 9, magnetic disks were produced
in a manner similar to that of Example 41 except that substrate
heating temperature and Ar gés pressure used for the production of

.'the CrMe underlayers 2c and the CrMo non-magnetic spacer layers 4
were changed.

Good results were obtained in running tests of the disks



t o each other. Therefore, only one value representing the both were shown °
in Table 5. The sanme shall apply to Table 4. S/Nratio was eval uated
as follows. Recording and reproducing outputs at a |linear recording
densify of 110 kfci were determined utilizing a thin film head having a
magneti c head flying height of 0.060 [err] mat a relative speed between
the thin filmhead and the disk of 5.9 42 second. Further, noise spectra of
t he magnetic disk wupon signal recording and reproduci ng were determ ned by
a spectrum analyzer at a carrier frequency of 13.5 MHz and a measuri ng
band of = 27 dW4aind®cahowgnevitichs wete \oarf &) dweaditlsed headt hiwingeRe1GHITORT
had specifications of a recording track wwdth of 4.2 [err] m reproducing
track wi dth s 513Rr¢ 0} urecorMagmeyip ¢eegtiveff0rd8 [Be)] peahdual

reproduci n ap length of 0.31]err] m
R0 "9 e S DE for g1 00 th S ey pERIUTE: (¥r4B ) and S/NnreNtAMSIfeshe o

43, magneti ¢, .di,sks vverevprod manper simjar to that of Exanple 19

J ced in,a

except that FIThE XSHS0S ﬁlgﬁﬁﬁﬁd PAN CKRELRS dfexs Metntadmesy Y the samm
P iti q Lh‘ [& Nb ti 4 bstrat
conposi ti on an i ckne i{% on- netic spacer L er 4, substrate

heating tenperature a%dls‘§ PIga &7 pr gefﬂf}gg%?dsgw&tlﬁ’e% ﬁ%u"c’tl on of the
CrMo underlayer 2g,:4829 t B8P - i | cer. Layer .4 were changed

as shown in Table 37 '~ ngVSn %{#@%Afi@ggg% oﬁaaﬁét "gwodlugé rWFég
produced in & ,MeoRPHsieidHd @hatl €niddle HesEYR2MPLE FHoGRA @E@élé RRAGLMD
under | ayers 2c and the CrM non-nmagnetic spacer |ayers 4 f a thrckness

of about layers 4, substrate heating temperatures and Ar gas pressures used

for the production of the CrMo underlayers 2c and the CrMo non-

magnetic spacer layers 4, differences (d( o2y, - d(110;) Obtained

by subtracting crystalline lattice spacings of (110) faces of the

CrMo underlayers 2c from those of (002) faces of the CoPtCr

magnetic layers 3 contacting with the CrMo underlayers 2c and

differences (d(eoo2y - d¢110)) obtained by subtracting

crystalline lattice spacings of (110) faces of the CrMo non-magnetic

spacer layers 4 from those of (002) faces of the CoPtCr magnetic

layers 5 contacting with the CrMo non-magnetic spacer layers 4 are

shown in Table 4.



50[err] and were cornposed of CrMZr alloys havi Hg conposi ti ons shown in

Fabl e 4.
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Good results were obtained in running tests of the disks
which were carried out with a head flying hei ght of
t han- 0. 075[err] m Magnetic coercive fggrce (Hc),

| ess
resi dual nagnetization
[err]) and S/Nratio of the disks were

a%tsmm«e.d\méb&mﬁmn r as in Exanple 19.
ABVSESS S HFFIER S

COOOOo

oooooooooooooo

et * rayerst4 *stibst rrat ¢ heati ng tenperatures and
.U& MQQPSt'Q%Rfmkh@mqy'Wmunde” ayers 2c and -
A eT ol & g Bl B &F S RT8 53 ydferr] -"d[err] )
VAl T RE 1A i 2€ 3BT S” Bf| (110) faces of the
hose of (002) faces of the Coft Cr

contacting with the CrM underl ayers 2c and

grE R R DERERE N RFABGRG Hoy crystalline

f deces D 4 Be+ 6rd/bi Hein- rbgredi spacer | ayers 4
of the CoPtCr magnetic layers 5 contacting with
e(r)olg%ecr,s g are. <>°h%oc’ln Tab es 3 and 4.
BeRRIaIRMIRE G e 4, a magnetic
HNH-—INNNNHHNNNN-—I‘—IHN

o™ Om om om

Y I AISIINNSYIXIXIXI AR

N ONIN ( . ONIN O

SR oOoON NI IO IXRON~R

[32] N ™M T oMM ™ oM
B3r23:8x228833x83:28828+
g§§§%§§§§§%§§§§§g‘§

3] s} 3 3

D00 \ O000 (  .OO0ODO [ .00

MO NINONIIS S NONU S NNo

i i i —

232 Y Yy x YRR :§§§§§%§

8 3] s 8

q .

(&)

£§:§§§=§§§§§§§§§:§
ZRAKNKILERNIIIAIANSS




manner simlar to that of Exanple 19 except that the non-'magnetic spacer
| ayer 4 was forned with Cr. In Conparative Exanple 5, a nmagnetic-
di sk was produced in a manner simlar to that of Exanple 19 except that
conpositions of the CrM underlayer 2c and the C M non-nagnetic spacer

| ayer 4 were changed. I Conparative Exanples 6 and 7 rragneti o
di sks, were produced in a nan;n.er glgrglgtgggﬁ&ggof Exangleen oexcept t hat
substrate heating tengerat re<gand A f)ass pré asdlice used & Stdhe product i on
of the C M underl ayer{s 2ceand ther €rdVe nen+ ragreti ¢ spacer {ayprs 4 were
changed. I'n Conparative nples 8 and 9, rragnetlccglsks h\er e
produced in a manner giml.ardg :ﬂmaﬂ@ﬂhqnﬁag 41 ex{eRts GHAE bubstrate”
heating tenperature and Ar @&k~ rBEEAr2 B &G FUP  he pr"bﬁlj'&:f’l"bf? bf t he
Cr Mo underl ayers 2c and the Cr non- magneti c spacer layers 4 were .-
changed. Good rgsults v%re obtained in running tests of the disks
- 42 - obt ai ned abovg, whi e RV H S Seng th adhgglsfdg hg hei ght
of less than 0.075[errf] m Bhgnesidsdersbve.Jarte (HQ o &8ss §J1|
magneti zation filmthidkness pggduct (M [err] ) and S/Nratio of the
di sks were evaluated. 3/ N ratios were determ ned by the sanme _nmmpner as in
Exanpl e 19. Results ard showg &n §@§§§§§§§§§:urth 2 E E{s] tions and
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|l ayers 4, substrate heating tenperatures and Ar gas pressures used for the
production of the CrM underlayers 2c and the Cr Mo non- magneti c spacer
layers 4, differences (d[err] - d[err] ) obtained by subtracting
crystalline lattice spacings of (110) faces of the CrM underlayers 2c
fromthose of (002) faces of the CoPtCr 4g‘agnet,l c layers 3 contacting with
the C-M> underlayers 2c and differences ™ (d[err] - d[err] ) obtained by
subtracting crystalline lattice spacings of (110) faces of the CrM

non- magneti ¢ spacer |layers 4 fromthose of (002) faces of the CoPtCr

magnetic |ayers %° GAPatiT™hilGi 19Fuke b hofkabdghel i@dspadde magnatics ‘
oo SO Ak Yoqia oe prammas 3 EnbEhhectabhe enderiarice drath'
megnetic  ragps didineet o sPXRNR! §8ydPs! P dEr MGG WM §IT 058 and
showed higher magnetic coercive forces (Hc), residual magnetization
film thickness products (Mr§ ) and S/N ratios compared with the
magnetic recording medium of Comparative Example 4 where the
underlayer 2c and the non-magnetic spacer layer 4 were composed of
Cr.

Further, the magnetic recording media of Examples 44 to 47
where the underlayers 2c and the non-magnetic spacer layers 4 were
composed of CrMoZr alloys showed higher magnetic coercive forces
(Hc), residual magnetization film thickness products (Mr & ) and
S/N ratios compared with the magnetic recording medium of
Comparative Example 4 where the underlayer 2c and the non;magnetic
spacer layer 4 were composed of Cr. In particular, the S/N ratios
were remarkably improved because the noise reduction effect.is
particularly enhanced by the addition of Zr to the CrMo alloys. It
can be understood that Zr content is preferably about 2 to 5 at$% in
order to obtain this effect.

Furthermore, by comparing the results of Examples 19 to 47
with those of Comparative Examples 5 to 9, it can be understood
that the difference (do2) - d(110)) obtained by subtracting
crystalline lattice spacings of (110) faces of the underlayers 2c
-from th9§e of (002) faces of the first magnetic ,layers 3 contacting

with the underlayers 2c and the difference (d(so2y - d@i0y)

obtained by subtracting crystalline lattice spacings of (110) faces



t he non-nmagnetic spacer |ayers 4 were conposed of CrM alloys showed
hi'gher magnetic coercive forces (Hc), residual magnetization film

t hi ckness products (M[err] ) and S/INratios conpared with the nagnetic
recordi ng nmedi um of Conparative Exanple 4 where the underlayer 2c and the
non- magneti c spacer |ayer 4 were conposed of Cr. Further, the
magneti c recordi ng nedi a of Exanpl es 44 %% 47 where the under |l ayers 2c and
t he non-nmagnetic spacer |layers 4 were conposed of CrMZr alloys showed

hi gher magneti g coercive forces _ residual _magneti op_ fil

t hi ckness p?‘rg)dﬁl}: S’S?I\Wag["g%ﬁ s)pagﬁ{(jl_f%/)eﬁsrét&(%' %‘?‘ﬁ%a?%d@tzt) hP"EC"r?E’ fr;rtgtrﬂﬁ ic
recordi ng | a | 4 # ler | . 2 d .the
non- magnet | £Con deorSRIB ol SSRRRRAG Ind U HHE HHadEE o Gl
rati 0s wer gauEeR&r Vva PP ' lgd i i
particularly gnhanAég%bbybﬁe&ﬁgﬁ?ﬁg?%go%?sfg%ﬂ% C?‘r%l\/gﬁéll'ﬁgfg%?%s c%n be
under st ood bhatth& neRAiRhbtic spacéerialeys apo bt tateShaddingNterPedfutdd
obtain this effect. Furthernore, by conparing the results of

Exanpl es 19ahd A/ gawi ptedsowee. of Conparative Exanples 5 to 9, it can be
understood that the difference (d[err] - d[err]) obtained by subtracting
crystalline | attiker sgpampdgs bhe (riddhetfiac eecotrdihg mediem afeCompParatfivem

t hose of (002) faces of the first magnetic layers 3 contacting wth the
under | ayefr sEX@m@de thahdighf drashce Nel[eontent ghethp FrMobedileys If the

subtracting crystalline lattice spaci ngts_ of (110) faces
- 46 - undérlayer 2c¢ and the non-magnetic spacer layers 4 of 25 at% showed
the difference (d(io2y = d(110)) of - 0.014 and, as a result,

showed a S/N ratio lower than those of the media of Examples 19 to
- 47.

These results indicate that, in order to obtain the both
differences (d(oozy; - d10,) within the ranges of the present
invention, CrMo alloys of the underlayers 2¢ and the non-magnetic
spacer layers 4 preferably have a Mo content of 2 to 20 at$g.

Further, from the results of Comparative Examples 6 to 9, it
can be understood that the (d(oe2) - d(110)) may significantly
vary depending on substrate heating temperatures and Ar gas
pressures. It is assumed that this is caused because lattice
distortions are generated in the films depending on their
pProduction conditions and these lattice distortions are variously
deformed depending on substrate heating temperatures and Ar gas
pressures. This suggests that the (d(oesy - d10)) within the
ranges of the present invention may be obtained by adjusting Mo

contents of the CrMo underlayers 2c and the non-magnetic spacer

layers 4 as well as substrate heating temperatures and Ar gas



of the non-magnetic spacer layers 4 fromthose of (002) faces of the

second magnetic layers 5 contacting with the non-nmagnetic spacer |ayers 4
may vary dependi ng on conpositions of the underlayers 2c and the
non-rfagneti c spacer |ayers 4, substrate heating tenperatures and Ar gas

pf essures. For exanple t he magnetic recordi ng medi um of Conparative
Exanple 5 which had a Mo content in the €M alloys of the underlayer 2c
and the non-nagnetic spacer |layers 4 of 25 at% showed the difference
(d[err] - d[err] of - 0.014 and, as a result, showed a S/Nratio |ower
than those oPT$¥R*REdi a of Exanples 19 to 47. These results

indicate that, in_order tq .obtain f.he both i feren

within the ranges Tﬁ'ﬁ 4P EsER orqt eﬂ?‘is’c?n o%&%paaqq (lg#aqq% uﬁd%?‘{ yers
2c and the nons n r er e ent f 2
to 20 at% &ie 19 ?g%1 e fﬁ%uﬁ?pﬁgi npara %Vggggg %

it can be up %ﬁﬁﬂné{l?éa beend gkl 1ay L6 dndBihes hQHJ—nﬁéd}@%EEys?é’ _r

dependi ng on substrate ting tenperatures and Ar gas pressures

assumed that 14 45 GRURES hsBAG AiFFlraht | Sibstdhsd MddtaRg BéfprARarad %dml n
the filnms depending on their production conditions and these lattice

di stortions BfeyasiipragsShdes .defarcapadapevesliBxample s6p Pecatife EMthBOuse of
tenperatures and Ar gas pressures. This suggests that the (d[err] -

dlerr]) withanlbher sabgesaté hézt e Sesmperatonte orchmy(da qbt & ”ed 1y )
adjusting Mo contents of the CrM underlayers 2c and the non-nmagnetic
spacer | ayebgcamend .A8F| and, ashet reswlthedici and tHipersiaresradgvaredas In

Comparative Example 7, because of the use of an increased Ar gas
pressure, the (d(pwo2y - d(110y ) became 0.037 and, as a result,
Mr § and S/N ratio were lowered.

The magnetic recording media of Comparative Examples 8 and 9
and Exémple 23 were produced by using the same compositions and
£ilm thicknesses of the underlayers 2c and the non—magnefic spacer
layers 4, while using different substrate heating temperatures and
Ar gas pressures. In Comparative Example 8, because of the use of
a higher substrate hheating temperature, both of the (d (vo2) -
d¢110y) ) become - 0.004 and, as a result, Mr§ and S/N ratio were
lowered. In Comparative Example 9, because of the use of a lower Ar
gas pressure, both of the (d o2y - d110; ) became - 0,006 and,

as a result, Hc and S/N ratio were lowered.

Examples 48 to 64
Magnetic disks were produced in a manner similar to that of

) Example 19 except that combinations of compositions of the CrMo

underlayers 2c and the CrMo non—-magnetic spacer layers 4 shown in



- 47 - pressures. The magnetic recordi ng nedia of Conparative
Exanples 6 and 7 and Exanple 19 were produced by using the sane '
conpositions and filmthicknesses of the underlayers 2c and the

non- nagneti c spacer layers 4, while using different substrate heating
tenperatures and Ar gas pressures. In Conparative Exanple 6, because of
the use of a |lower substrate heating tenperature, the (d[err] - d[err] )
became 0.035 and, as a result, Hc and S/Mgratio were lowered. In
Conpar ati ve Exanple 7, because of the use of an increased Ar gas pressure,
the (d[err] - d[err] ) becanme 0.037 and, as a result, M [err] and S/N
rati o were |Takdeel.were used.The magnetic recordi ng nedi a of Conparative .
Exanples 8 and 9 and Exanple 23 were produced by using the sane _
conposi tions and daaddmresudkaceers aftainedurigeriapéng Restsbf Hthe disks
non- magneti c spacer layers 4, while using different substrate heating

t enper at ur esoktiddnedrakoye , pylakeh wese qarrr@egrpaﬂawwe Eheagl Elginghbeighte off
the use of a higher substrate heating tenperature, both of the (d.%err]-
dierr] ) bect®®s -thamoh- Gy Be MAGREFLC RPPEFiYeafBrSEN(HSYrorRELEUAl

| owered. In Co ratjve nple. 9, because of the use of | ower Ar as
pressure, bdt3PG-+EREICU[ tﬁl‘af'éﬁﬁs] )‘-’rﬁg‘é‘é‘ire(“-r ) SO%ndd N ratiq ‘?feéi%‘ﬁt,

Hc d S/N i | d . Ex | 48. t.0 64
e oo O Ll VRS BELE.  venmromensy o 5/ patipg vEIE B EREIE: 18
except that gahinat haRse P a8 4P ap38s1 8! }%@s&é@argngﬁ&,ﬁyﬁﬁa%aea@d

the CrMb non-nmagneti c spacer | ayers shown
together with the production conditions. -



- 48 - Table 5 were used. CGood results were obtained in running
tests of the disks obtained above, which were carried .out with a head
flying height of less than 0.075[err] fh Magneti c coercive force (Hc),

residual rmagnetizatjon filmthickness product (M [err] and S/Nratio of
the disks were evalpated. MaSESENEE SR SISIAN AKX ¢ performed in
. o o OO OO0 [= =) -
the same manner as in Exanpke Jaqchggglggcage;sr@%%ﬁilfl e 5 together
with the production fondictiong.+ + + + + + + + +-+ 4%+ «+ +[+€¥ 14
- 50 - JAs sepn fromt eo\results shown in'\TabINe 5, Jconbi nati ons of
Cr M underl ayers and| O ME non{@gnel ¢ spager | agers& haying a M content
of about 2 to 20 at % shovweddhigh vakugs Qfs e, M Jed] and S/IN ratio,’ -
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S/N ratio are conbinations of C M underlayers having a Mo content of
about:2 to 20 at% and CrMd non-nagneti c spacer |ayers having a M content
of about 5 to 10 at % and conbi nati ons of CrM non- magnetic spacer |ayers
having a Mo content of about 2 to 20 at% and CrM underlayers having a M
content of about 5 to 10 at% Mst preferred conbinations of conpositions
for obtaining a further higher S/N ratgg are conbinations of CrM
under | ayers having a Mo content of about 5 to 10 at% and CrMb non-magnetic
spacer |layers having a Mo content of about 5 to 10 at%

Exanples 65 to 8 I 4,. [ ' reduced
in a manner sinitaf to {'Jf']%f E%%ngfgrﬁrﬁgg {Tgo%’xggg?gﬁ%tﬁc?,?%ﬁg??%%g&gﬁq )
conposition mi | SWeS - yoder| ) the

Cr Mo non- rragﬁlg(% i,%lagﬁacer I g)%grs 4 sog\/\#%t%g/?g 6 welraggE'l'rsse4d.%%V%,61 @ P{bn
Exanpl es 75cémcd, ofboati £ 14 28 Satie sRoRé P HiGRvA Ihe8 SRIHIG! Mr S§ Mahdl's AN

that of Exanple 19 except that conbinations of naterials and conpositions
of the magneitio. ayers 3, conpositions of the CrMd underlayers 2c and the

Cr Mo non-nmagnetic spacer |ayers 4 shown in Table 6 were used. Good
results were obt #reddrred reombingtiass Dfofcompesiltiising for obtaining a high
- 51 - obt ai ned above, which were carried out wwth a head flying height

of |ess th&8ANxakis] are |combinatims efcOeieunderbayers Hoaying asiMgugbntent

magneti zation filmthickness product (M [err] ) and SINratio of the
of about 2 to 20 at% and CrMo non—-maghetic spacer layers having a

Mo content of about 5 to 10 at% and combinations of CrMo non-
magnetic spacer layers having a Mo content of about 2 to 20 at$%$ and
CrMo underlayers having a Mo content of about 5 to 10 at%. Most
preferred combinations of compositions for obtaining a further
higher S/N ratio are combinations of CrMo underlayers having a Mo
content of about 5 to 10 at% and CrMo non-magnetic spacer layers

having a Mo content of about 5 to 10 ats.

Examples 65 to 82
In Examples 65 to 74, magnetic disks were produced in a manner
similar to that of Example 19 except that combinations of
compositions of the magnetic layers 3, the CrMo underlayers 2c and
the CrMo non-magnetic spacer layers 4 shown in Table 6 were used.
In Examples 75 to 82, magnetic disks were produced in a manner
.’siﬁilar to that of ﬁxample 19 except that combinations 6f materials
and compositions of the magnetic layers 3, compositions of the CrMo
. ﬁnderlaYErs 2c and the CrMo non-magnetic spacer'layers 4 shown in
Table 6 were used.

Good results were obtained in running tests of the disks



di sks were evaluated. Results.are shown in Table 4 together with the

pt oduction conditions. Like in Table 3, only one (d[err] - d[err]) value
was i ndi.cated for each Exanple in Table 6, because the production
condi‘ti ons of the underlayers 2c and the non- nagnetic spacer |ayers 4
were the sanme with each other and so were those of magnetic |layers 3 and 5
and hence difference (d[err] - d[errL)S%ELained by subtracting crystalline
| atti ce spacings of (110) faces of the Mo underl ayers 2c fromthose of
(002) faces of the CoPtCr nagnetic |layers 3 contacting with the C M

undor | ayer s 2fa sl ofbld CLEAEE JALCLLlcied LRE LA RLAPE NS URLAE 4RO

crystalline I Ce spaci ng aces of

spacer Iayeﬁgs% %ﬁ%ﬁ'%h%%%dg%.(ogghﬂg§¥3ségeﬁéﬁ§é1¥3£gen@ﬁgﬁfifesi £{S S

contacting wt CrMo noh-nagnetl ¢ spacer layers 4 were 1dentical to

each other. pagnetization film t¥cknek8pdoduct (Mr § ) and S/N ratio of the
- 53 - As seen fromthe results shown in Table 6, when underl ayers

2c and nongiBRESGidre TNaALREteBYeResdlEOMIRsetonh {i Mabikl aysodwthieRgwith Mo

content of 5 to 10 at% and magnetic | ayers conposed of CoPtCr
the production conditions. Like in Table 3, only one (d(o2) -
d(zig,) value was indicated for each Example in Table 6, because
the production conditions.of the underlayers 2c and the non-
magnetic spacer layers 4 were the same with each otherland S0 were
those of magnetic layers 3 ahd 5 and hence difference (4 002y -
d 110y ) obtained by subtracting crystalline lattice spacings of
(110) faces of the CrMo underlayers 2c from those of (002) faces of
the CoPtCr magnetic layers 3 contacting with the CrMo underlayers 2c
and difference (d(o02), - d¢110) ) obtained by subtracting
crystalline lattice spacings of (110) faces of the CrMo non-magnetic
spacer layers 4 from those of (002) faces of the CoPtCr magnetic

layers 5 contacting with the CrMo non-magnetic spacer layers 4 were

identical to each other.
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shown in Table 7. Table 7 Magneti ¢

Non- nagneti c Number of Initial di sc spacer | ayer
errors nunber Exanmple 1 Cr[err]M[err] 3

3. ' Exanple 3 Crlerr]M[err] 1 1

Exampl e 5 Crlerr]Mo[err] 2 2 Exampl e 7
Crlerr]Mo[err] 3 353_ Exanpl e 8

Cr[err]M[err] - 10 10 Conparative Cr

10 3 Exanmple 1 Conmparative Crerr]T[err] o
25 10 As se¥A"Pich Bhe results shdaﬁoﬂ%tf&%lé?@}“whénCﬁqu@?Lf?é%)th | S
seen that the magnetic disks of the present invention show | ess hunbers of

error occur raadc aonahiqietd cCephoén Refereds ¢omposeliney @md @18YE aviny a
corrosion resistance. In particular, a M content of about 2 to 20 at%

gi ves partiMeulcankgnt eof rfurtioel® ats eandmagnheyiceldyers composed of TOPiCr

Exanpl e 2: Deviation Characteristic Test Devi ation (deviation of

out put wi t hiallgysoarel wfeddi(sk) Exdmplest 47itxd 569,08 Gagnettieatdoskén awcoodi ng

to the present invention were determ ned by a conventional method. The

magnet i ¢ at%, Pt content of 4 to 20 at% and Cr content of 3 to 30 at%$ can
yield a high Hc and high S/N ratio.

Further, to obtain a high Hc and high S/N ratio, the CoPtCr
alloy magnetic layers suitably have a Co content of 64 to 84 at%, Pt
content of 5 to 18 at% and Cr content of 5 to 25 at$.

When the magnetic layers are composed of CoPtTa alloys (cf.
Examples 75 to 78), a high Hc and high S/N ratio can be obtained by
their Co content of 80 to 90 at%, Pt content of 5 to 15 at% and Ta
content of 1 to 7 atsg.

When the magnetic layers are composed of CoPtCrTa alloys (cf.
Examples 79 to 82), a high Hc and high S/N ratio can be obtained by
their Co content of 70 to 80 at%, Pt content of 5 to 15 at%, Cr

content of 5 to 25 at% and Ta content of 1 to 7 at%.

Test Example l: Corrosion Resistance Test-
To evaluate corrosion resistance of magnetic disks according
to the present invention, numbers of error-occufrence after a
certain period were determined. The magnetic recording media of
Examples 1, 3, 5, 7 and 8 and Comparative Examples of 1 and 3 were
. used in the tests.
Under the conditions of 80°C, 80% Rh and bit length of 0.3y4m,

slice levels (average output) below 65% were considered errors and



- 55 di sks of Exanpl e 1, Conparative Exanples 1 and 3 were used in the
tests. Results are shown in Table 8. The termfilmformng tenperature
in Tabl e 8 neans substrate heating tenperature before the filmform ng of

t he underl ayers. Table 8 Magneti ¢

Non- magneti c Filmformng tenperature ' di sc spacer

| ayer - 200[err]C 300[err] Ga - Exanple 1

Cr[err]M[err] 8% 3% Conparative Cr

19% . 12% Exanmple 1 Conparative Crerr]Ti[err] _

18% : T F’?ﬁﬂ@! 3. a4l r rovenment
of Magnetic tl&%’%cria%ﬁén%ﬁe %etermlned. %'i'kgr R f?ls_b?ﬁiieﬁggoﬁe _héd% gﬁS P

respect to tdhewHeON@hbeedf Sks of the present invention, degrees of .

I nprovenent of nmagnetic coercive force by heating were determ ned by
measuring magnetic coercive force by neans of a VSM (vibrating sanple
magnet oneter). The magnetic disks of Exanple 1 and Conparative Exanple 1
were used in the tests. Results are cstabde ¥n Table 9. The term "heat
treatment” in Table 9 neans sintering tenperatures after SiJerr] film
appl i cation. -

- Magnetic Non-magnetic Number of Initial
disc ~ spacer layer errors number
Example 1 Crs s MOz 3 3
Example 3 Crs s MOs 1 1
Example 5 Crs o MO1 o i 2 2
Example 7 Crg o MOz 0 3 3
Example 8 Cr; o MOs o 10 10
Comparative Cr 10 3
Example 1 :
Comparative CrsoTiio 25 10
Example 3

From the results of Table 7, it is seen that the magnetic
disks of the present invention show less numbers of error occurrencc
after a certain period, i.e., they are excellent in corrosion
resistance. In particular, a Mo content of about 2 to 20 at$ gives

particularly few numbers of error occurrence.

Test Example 2: Deviation Characteristic Test
Deviation (deviation of output within a round of disk)
characteristics of magnetic disks according to the present

invention were determined by a conventional method. The magnetic



- 56 - Table 9
Magneti c coercive force (0Oe).

| medi ately After Magneti c Non- nagneti c after film

heat * di sk spacer | ayer form ng treat ment *
Exanple 1 C}[err]Nb[err] 1730 1900
Conparative 160 1650 Exanple 1

* After the fornatlon of first protectlve |'ayers by spattering and
second protective |ayers by a dipping techni que, heat treatnment are
performed af;ed[da 'i".]xgnf)Pé 1l b:@hlf)a*é\:iﬂfé)ti‘.‘iﬁh?icgﬁ 1_and 3 WELORGA! Ph agld ve
| ayers. Test Exanp e 4. Overwi I ng Characteristic Test -

To test ovetwktbinNgreSAIBEt £Fé Séheen (N TaR e of . Megnetier i Sikin- ARGARY Ng
to the present invention, magnetic disks were overwitten and eval uated.
Resul t s ar etehpayatureTab| Pabll@ 8 meAwersubistirage Nbddtdtg téppalatieeabefore Mz
and output is represented as V1. (2) Overwite at 10 MHz. (3) Determ ne
out put (V2)the fiile-Soywalg of i theepunderPayerskHz in the step (1) after the

overwiting. Then, OW (dB) is determ ned according to the foll ow ng
equation: OW (dB) = 20log(Vierr]/Vierr]). The neasurenents were
carried out under the condition of a
Table 8
Magnetic Non-magnetic Film-forming temperature
disc spacer layer 200°C 300°C

Example 1 Crs s MOs 8% 3%

Comparative Cr 19% 12%

Example 1

Comparative CrsoTiio 18% 13%

Exaniple 3

Test Example 3: Test for Imprdvement of Magnetic Coercive
Force by Heating

With respect to the magnetic disks of the present invention,
degrees of improvement of magnetic coercive force by heating were
determined by measuring magnetic coercive force by means of a VSM
(vibrating sample magnetometer). The magnetic disks of Example 1
and Comparative Example 1 were used in the tests. Results are
shown in Table 9. The term "heat treatment" in Table 9 means

sintering temperatures after SiO. film application.



-57 - track wwdth: 5 [err] m coil: 24'tdrns, gap length: 0.27 [err] m

and flying height: 0.05 [err] m Table 10
Magneti c Non-magnetic Witing current (nV) di sk

spacer |ayer 5 8 12 18 25 Exanple 1

Crlerr]M[err] -17 -31 -36 -42. -42 Conparative Cr
-15 -27 -31 -34 -36 Exampl e 1

(unit: dB) Fromthe results sho®® in Tables 7 to 10, it can be

concluded that the nagnetic recording nedia according to the first
enbodi nent of the present invention %g e§cellent magneti c coercive
force, corrosion resistance and devi attof tharacteristics and_ show
significant inprovenent of magnetic coercive force after heat treatnent
and excellent overwiting characteristics Q/Ma(%géic coercive force (O9St
Exanpl e 5: Overwriting Eval uation Test I I cs
(OW dB) of nagpgdeti@l Shion-Aesitdcng 10 theaflhRSefind NVenidan were

eval uated. Eval uadiggh et kpdedss 1d98eri bed bed@wing Over widatpenEal uati on
Met hod

Example 1 Crs 5 MOs 1730 1900
Comparative Cr 1600 1650
Example 1

* After the formation of first protective layers by spattering

and second protective layers by a dipping technique, heat
treatment are performed at'30013 for 1 hour to protect the

second protective layers.

Test Example 4: Overwriting Characteristic Test
To test overwriting characteristics (OW, dB) of magnetic disks
according to the present invention, magnetic disks were overwitten

and evaluated. Results are shown in Table 10.

Overwriting Method

(1) Write at 2.5 MHz and output is represented as V..

(2) Overwrite at 10 MHz.

(3) Determine output (V.) of the signal written at 2.5 MHz in the

step (1) after the overwriting.

Then, OW (dB) is determined according to the following
equation: OW (dB) = 20log(V./V.).

The measurements were carried out under the condition of a



(1) Wite at 3.4 MHz and output is represented as V[err]. =
= 58 - (2) Overwite at 13.5 MHz. (3) Determne output (V[err]) of the
signal witten at 3.4 MHz in the step (1) after the overwiting.'.

Therm, OW (dB) is determ ned according to the followi ng equation: OVN(dB) =
20l og(V[err]/V[err]). Magnetic head flying height and MR
(magnet oresi stive) head used were the sanme as those used in Exanple 19.

I n Exanpl es 23, 29, 83 to 88, Conparati¥& £xanples 4 and 10 to 15,
magneti c di sks were produced in the same manner as in Exanple 19 except
that thickness of the magnetic |ayers, conpositions and thicknesses of the
under | ayer taZagktwidtRon5 nu@heePtl s p4ctRrnsy 8P IRheh@ngeqe m and flying -
CNerwwitingﬁgharaoteristics (ON of the obtained disks were evaluated. As
to the ovePfBhthd -ORaedteristics (OW, since their absolute val ues
generally tend to increase to be saturated as witing currents increase,
OWval ues are indicated herein with saturated values. These results are
shown in Table 11 together wth co i.tiphs and thicknesses of magnetic

| ayers, underlayers and non-nmagnetic Spacer |ayers.

Magnetic Non-magnetic Writing current (mv)
disk ~ spacer layer 5 8 12 18 25
Example 1 Crs s Mos -17 =31 =36 -42 -42
Comparative Cr -15 =27 -31 -34 =36
Example 1
(unit: dB)

From the results shown in Tables 7 to 10, it can be concluded
that the magnetic recording media according to the first embodiment
of the present invention have excellent magnetic coercive force,
corrosion resistance and deviation characteristics and show
significant improvement of magnetic coercive force after heat

treatment and excellent overwriting characteristics OW (dB).

Test Example 5: Overwriting Evaluation Test
Overwriting characteristics (OW, dB) of magnetic disks
according to the present invention were evaluated. Evaluation
method is described below.
Overwriting Evaluation Method

(1) Write at 3.4 MHz and output is represented as V; .



3
-59- [err] _ - 60 - : As seen
fromthe results shown in Tdble 11, -overwiting characteristics of those
utilizing M alloys as the underlayers and the non-magnetic |ayers
desctibed in Exanples 23, 29 and 83 to 88 are markedly nore excellent than
those of the mediumutilizing C nentioned as Conparative Exanple 1. It
can al so be understood that overwiting characteristics may significantly
vary depending on thicknesses of the rfegnetic | ayers, underlayers and
non- magnetic spacer |ayers. To obtain overwiting characteristics equal to
or nore than - 38 (dB), it is preferred that the filmthicknesses are
about 230 [2krOvepwritesstfld.5 MBEzmagnetic | ayers, about 150 [err] or :I'€ss
for the underlayérs and about 100[err] or less for the non-magnetic .spacer
| ayers. Nbofd) pletermbng outputf (V) Of Ehecsignalaveitdiepuat 1304 MBer ih the | ess
for the magnetic | ayers, about 1Q0 [err] or less for the wunderlayers and
about 80 ASHAP |(ddsakinr tthe AYRIWA§Hedi ¢ spacer |ayers.
Exanple 89 The magnetic,.recordi ng nedi a of  Exanpl e 1 were nounted on
the nagnetic re'EB?BeroghéaﬁaihsFﬁiﬁ‘?eé‘“ gA R AR R P r RSP t est s

surfae roeduahion® B 5ABRaTH Kh0 Wi tos onferr] . When environmental
Conditiqn resi shaRetieShead®f fitRf hbeghOUnd MR (magnetoresistive) head
used were the same as those used in Example 19.

In Examples 23, 29, 83 to 88, Comparative Examples 4 and 10 to
15, magnetic disks were produced in the same manner as in Example
19 except that thickness of the magnetic layers, compositions and
thicknesses of the underlayer and the non-magnetic spacer layer
were changed.

Overwriting characteristics (OW) of the obtained disks were
evaluated. As to the overwriting characteristics (OW), since their
absolute values generally tend to increase to be saturated as
writing currents increase, OW values are indicated herein with
saturated values. These results are shown in Table 11 together
with compositions and thicknesses of magnetic layers, underlayers

and non—magnetic spacer layers.
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-. 62 - I'N THE CLAI MVE: | 1. A magnetic recording nedi um

tonprising, on a substrate, at |east two magneti c | ayers-and at | east
one _ non-nmgnetic spacer |ayer between - the nmagnetic |ayers wherein the
non-magneti ¢ spacer | ayer(s) is/are conprised of an all oy

bonprising Cr and Mo _and the magnetic | ayers are conprised of an all oy
comprising Co and Pt. 2. A magnetic recordi ng nedi um
of claim 1, wherein M in the alloy-ofé0a non-nmagnetic spacer layer is
present in an anount of about 2 to 30 at% 3. A magnetic

recording mediumof claim2 wherein Mo in the alloy of a non-nmagnetic
spacer conpri sBsl agen fsoprdsentesul tan shosuntinoffabbeull’ twerdbrafing
4. A magnetic recording nediumof clarml wherein face spacing
of an al | oyhafacteristicanghdthosesphtbizing gy¥e aklayisnabathe ainderlayers
substantlallg equal to c axis_|length of hexagonal cl ose- acked structure
of an allép ;hginonnﬂggngqyg laygsqﬂdescrlbed in Examples 23, 29 and 83 to

88 are markedly more excellent than those of the medium utilizing
Cr mentioned as Comparative Example 1. It can also be understood
that overwriting characteristics may significantly vary depending
on thicknesses of the magnetic layers, underlayers and non-magnetic
spacer layers. To obtain overwriting characteristics equal to or
more than - 38 (dB), it is preferred that the film thicknesses are
about 230 A or less for the magnetic layers, about 150 & or less
for the underlayers and about 1002 or less for the non-magnetic
spacer layers. More preferably, the film thicknesses are about 150
A or less for the magnetic layers, about 100 & or less for the
underlayers and about 80 A or less for the non-magnetic spacer

layers.

Example 89
The magnetic recording media of Example 1 were mounted on the
magnetic recorder shown in Fig. 3 and recording and reproducing '
tests werefperformed. As a result, an S/N ratio of 25 dB could be
obtained when surface recording density exceeded 600 Mbits/cm?.
When environmental condition resistance tests were carried out in
the same manner as in Test Example 1, no problems were observed with

- ' respect to increase of errors, stiction and wear resistance and

increase of friction coefficient.



5. A nagnetlc recordlng medi um of claim1l. wherein the alloy of a
fon- magneti c spacer Iayer conprises Zr.

-63 - 6. A magnetic recording nedlun1of cIa|n1 1 wherein
the "al l oy of at |east one of the magnetic |ayers is ~an
CoPt Or all oy. 7. A magnetic recording nmedi um of

claim 1, further conprising two or pogg underlayers provided between the
substrate and the magnetic |ayer closest to the substrate wherein the
two |ayers closest to the nmagnetic |ayer closest to the substrate

conprise an underl ayer_.of substrate side .conp S|n and, .a nder, ayer
of magnetic Iaygr gl?{deabggﬁ*p?'?%ﬂ? %’e’éw}’]ﬁﬁ H‘ %mg disks aveé ’

oo s nof FEEE HBEL T Aref! 64 ' polBE bkl 1 g 86 LA

from the stibslo; at erayaides mielNthd'Rireats V& 'tﬁ)éeélé}@%ﬂébéﬁ S $hit CEH&
oxide is prOV|ded on'the first protective layer.

magnet | C r8a€yrPtien nexdiauRead t& 8hé surfaber 6f tHehaiskibst pawent%da gl ass
substrate.

A

In order to provide a disk with an uneven surface, the
folldwing texture technique is also applied to in the present
invention.

Instead of Al underlayer f£ilm 2a, an aluminum (Al) or aluminum
nitride (A1N) underlayer 24 with an uneven surface (cluster
structure) is prepared by spattering on a glass substrate 1. Then
on the above uneven underlayer 2d, CrMo underlayer 2c, fifst
magnetic layer 3, non-magnetic spacer layer 4 and second magnetic
layer 5 which are the same as those described in the above examples
are laminated. On the second magnetic layer 5, a protective layer
composed of carbon is laminated by spattering in place of the above
Cr first protective layer 6a and second protective layer 6b. Then
lubricating layer 7 is prepared on the carbon protective layer.

The une?enness of the above underlaye; 2d is reflected to each
layer on it, and a disk with an uneven surface of lubricating layer -
7 can be obtained and this uneven surface prevents a disk from

adsorbing to a head.



10. ' A magnet i ¢ recording medium of cl ZhipPheet HasBéchBeplaced 1,
conpri sing an uneven underl ayer provi ded bet ween..t h t he
magnetic | ayer closest to the substrate and a protectiv in

carbon provided on the magnetic layer farthest fromthe substrate.. :
-64 - 11. A magnetic recording nediun1of clain1 1 for

reproduci ng by a magnetoresistive head A “mgﬂeLLc
recorder conprising one or ads
wherein the nagnetic disks are the magnetic recordlng

13. What is clafmddRetic recording medium conprisl
magnetic |ayers conprising Co and Pt (CoPt nagnetic Iayers) prOV|ded on a

substrate apd aa@BgnetiRJRELFAINGIRE] ANE CoREE 0], t &ie SWABLEAHR 2k tdie -
group of CoPt magnetic |ayers, wherein: t he group of CoPt magneti c
| ayer s conphos€maindtdiasllaveps dmdutld ©rl apee Snomhdiietlicaspadee layers
non- magneti c spacer layer(s) conprising & and M are provided between
sai d nagnet betwdeay ¢he, magnetdef 1ayensc ehéxkiar the- nof-araghptbbt spaved byyers
subtracting crystalline lattice spacing of bcc (110) faces in the non-
magneti ¢ spatercompases ofnpni alley Gonsigtingf nainly yaft 41 iand Mbaand cihe

spaci ng of hcp (002) faces in the magnetic |ayers L .
magnetlc layers are composed of an alloy consisting mainly of Cr

and Pt.

2. A magnetic recording medium of claim 1 wherein the non-magnetic

spacer layers comprise about 2 to 30 at% of Mo.

3. A magnetic recording medium of claim 2 wherein the non-magnetic

spacer layers comprise about 5 to 15 at% of Mo.

4. A magnetic recording medium of claim 1 wherein face spacing of
the alloy constituting the non-magnetic spacer layers is similar to
or substantially equa1 to ¢ axis length of hexagonal close-packed

structure of the alloy constituting the magnetic layers.

5. A magnetic recording medium of claim 1 wherein the non-magnetic

spacer layers comprise Zar.

6. A magnetic recording medium of claim 1 wherein at least one of

‘the magnetic layers is composed of an CoPtCr alloy.

7. A magnetic recording medium of claim 1 wherein an underlayer



" i medi at el y - adj acent the surface of the non- magnet i

c———%paeeﬁ—l—ayefs—fac
away fromthe substrate falls within a range of from
[err]. 14. A magnetic recordif ﬁf“ﬂ&l"&!ﬁﬁi" @l
13, Wherein at |east two non-magnetic spacer |ayers ar

each of the non-magnetic spacer |layers, the difference (d[err] - d[err])
obt aj ned by subtracting crystalline |EE§IC€ spaC|ng of bcc (110) faces in’
t he non-nmagnetic spacer |ayers conprising C and Mo fromcrystalline

| attice spacing _ - 65 - of hcp
(002) f ace%dmgrwﬁ.mae& Gndr@Y fé?efs”"'f@dbf’éﬁ'd&?rﬁéﬂ&%ﬁ”{:h% @%b%u&é@& el .

sai d non- magneti ¢ spacer ayers acl ng away om t he subst rat

i ndependentyhe flwe%t%aahatfc r B0Eer Gina fwoMmabevt fmPdPide Q%%Iow the

15. A magnetic recording nediumof claim13, wherein the
di ff er ence icllesitr hagnéf s rlaye@btonsist Bf anubhdeclidyeg ofyshbstidte Isdlki ce
spaci ng of bcc (110) faces in the non-magnetic spacer |ayers conprising Cr
and Mo fromompoged aifl Cmeahditan ordepkayengof craghepid AR prf siodks compodse®l of
magnetic |ayers imedi ately adjacent the surface of the non-magnetic
spacer | aydirsahdchMpg away. fromthe substrate falls within a range of from
about 0.014 to 0.030 [err]. 16. A magnetic recording
medi um of claim 13, wherein at |east two non-nagnetic spacer |ayers are

8. A magnetic recording medium of claim 1 wherein a first
protective layer composed of Cr or Cr alloy is provided on the top
magnetic layer and a second protective layer composed of silicon

oxide is provided on the first protective layer.

9. A magnetic recording medium of claim 1 wherein the substrate is

a glass substrate.

10. A magnetic recording medium of claim 1 wherein an uneven
underlayer is provided between the substrate and the lowest
magnétic layer and a protective layer composed of carbon is

provided on the top magnetic layer.

11. A magnetic recording medium of claim 1 which is used for

reproducing by a magnetoresistive head.

12. A magnetic recorder comprising one or more magnetic disks and

) magnetonesistive heads wherein the magnetic disks are the magnetic

N

recording medium of claim 1. :
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provi ded and, for each of the non- magnetic' spacer | ayers, il
. (d[err] - d[err]) obtained by subtracting crystalline I4Eﬂ g% 'ﬁﬂﬁﬁﬂm ;
bcc (110) faces in the non-magnetic spacer |ayers conpri *

fromcrystalline lattice spacing of hcp (002) faces in the nmagnetic |ayers
| medi ately adjacent the surface of the non-magnetic spacer |ayers facing
away. fromthe substrate independently-f@dls within a range of from about

0.014 to 0.030 [err] 17. A magnetic recordi ng nmedi um
of claim13 wherein the substrate is a glass substrate.
- 66 - °~ 1348.A magnetic recordihgmapwsiine ¢aeRy b$hyd nedhanrBhgneltdicm 13,

wherei n the non-magnetic_underlayer is an uneven |ayer between the -
substrate afedentayemgrd i JEguR of|GrRkmagnpeaHe dayersamroxided on a
protective | ayer conprising carbon is provided on the nmagnetic |ayer
farthest fretRstrRsestbdig grder whereinyg A magnetic recording

medi um of clain£ﬁ3 for reg{o ucin q¥.a net oresi stive Egad.
20. PR gREEPC O oL de BT S 1Y T GIRPTHEFE MEGnEF BOFesks
and magnet %%?hé&;é%?ﬁ%@% g%ero%'en d M Gror MAENEL LS AL EKE 2pEcbhe 1 T9eRg!t i C
recordi ng nedrumor clarrm 13.
consisting mainly of Cr and Mo are provided between said magnetic
layers, and
difference (d(oos2y; — d(110; ) obtained by subtracting
crystalline lattice spacing of bcc (110) faces in the non-magnetic
spacer layers consisting mainly of Cr and Mo from crystalline
lattice spacing of hcp (002) faces in the magnetic layers

immediately above the non-magnetic spacer layers falls within a

range of from about 0.002 to 0.032 & .

14. A magnetic recording medium of claim 13 wherein two or more
non-magnetic spacer layers are provided and, for each of the non-
magnetic spacer layers, the difference (d o2y — dnie) ) Obtained
by subtractiné crystalline lattice spacing of bee (110) faces in
the non-magnetic spacer layers consisting mainly of Cr ahd_Mo from .
crystalline lattice spacing of hcp (002) faces in the magnetic
layers immediately above said non-magnetic spacer layers

independently falls within a range of from about 0.002 to 0.0324 .

'15. A magnetic recerding medium of claim 13 wherein the difference
(d(oezy - d(110)) obtained by subtracting crystalline lattice

spacing of bcc (110) faces in the non-magnetic spacer layers
-
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magnetic Iayers conprising Co and Pt (CoPt nmagnetic | aye :
substrate and a non- rmagnetic underlayer between the submllmm,lmwmﬂmn ]
group of CoPt magnetic |ayers, wherein: t he group of’ CbPt* mdgnéti ¢
[ayers conprises at least two nagnetic |ayers, and at |east one
non-magneti c spacer l-ayer(s) conprising & and M are provided between

sai d magnetic |ayers, differencegdl-err] - dlerr]) obtained by
subtracting crystalline lattice spacing of bcc (110) faces in the non-

S B e L 5 -

267 - |

avers faci P anopl P4 I hhoRe e T p Rl g nRARa A ot PREGE:
0.002 to O. 193:??:{%10 ']s%y%ezt Il?y@ﬂé‘ fﬁg fliﬁhﬂp%e% rofc‘i’%'a?ﬁoﬁ% glolf,art one

21.. A magnetlc recordi ng rredl um conprising a group of ]

| ayer (s), and r e un ayer | mre adj acent
the magnetig cl osest to the substrate corrprl ses Cr and Mo, and
di fference (d[er% d[err]) obtained by subtracting crystalline lattice

spaci ng of bcc (110) faces in.the non- magnetic underl ayer conprising Cr
and Mo fromcrystalline lattice spacing of hcp (002) faces.in the
magneti c | aye ahoseEsic kecddddingubsiivat of fallalim 19 wherein taoger aorérwon-

magnetic spacer layers are provided and, for each of the non-
magnetic spacer layers, the difference (d(eoz2y = d(110))
obtained by subtracting crystalline lattice spacing of bcc (110)
faces in the non-magnetic spacer layers consisting mainly of Cr and
Mo from crystalline lattice spacing of hcp (002) faces in the
magnetic layers immediately above the non-magnetic spacer layers -

independently falls within a range of from about 0.014 to.0.030 A& .

17. A magnetic recording medium of claim 13 wherein the substrate

is a gléss substrate.

18. A magnetic recording medium of claim 13 wherein the non-
magnetic underlayer is an uneven layer between the substrate and
the lowest magnetic layer and a protective layer composed of carbon

is provided on the top magnetic layer.

19. A magnetic recording medium of claim 13 which is used for

. reproducing by a magnetoresistive head.

20. A magnetic recorder comprising one or more magnetic disks and
—
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about 0.002 to 0.032 [err] 22. ‘—A magnetic
recordi ng mediumof claim21, wherein at |east two non- mﬂ“m ‘“‘ ]
| ayers are provided and, for each of the non-magnetic sﬂm

difference (d[err] - d[err]) obt ai ned by subtracting crystal fine " at’tice
spaci ng of boc (110) faces in the non-nagnetic spacer |ayers conprising O
and Mo fromcrystalline lattice spacing f~ hcp (002) faces in the magnetic
| ayers imediately adjacent the surface of the non-magnetic spacer
layers facing away fromthe substrate independently falls within a range
of fron]abyagngtqngglﬁglyp(nggdpewhgreln the m@netic disks are the magnqagnet|c
recording mediumof claim21, wherein the difference (d[err] - dferr]. ) ©

obt ai ned byregﬁ’b‘ilr%f"?ﬂbu’&r%fsf:éﬂmn’é dattice spacing of bcc (110) faces -in
t he non-nmagnetic spacer layers conprising & and Mo from

- 68 - crystalline Iattice spacing of hcp (002) faces in the nmagnetic
acer

{ f
| ayers faci g ady TRHSRE e fhba Fénton' (PpRRRan R Rga s R S

0.014 to 0.4 : nef i rdin
medi um of ﬁgf%nqé%hrmﬁerel n raﬂ?eggtc % (i) n?r%b%efhg&g &; ‘gy P e
provi ded andubforateaGh ehid RpaBPraRBI@AGLi C spacer |ayers, di ff erence
(d[err] - d[err] obtained by subtracting crystalline

the group of CoPt magnetic layers comprises two or more
magnetic layers and one or.more non-magnetic spacer layers
consisting mainly of Cr and Mo are provided between said magnetic
layers,

difference (d(oo2) - d(110) ) obtained by subtracting
crystalline lattice spacing of bcc (110) faces in the non-magnetic
spacerflayers consisting mainly of Cr and Mo from crystalline
lattice spacing of hcp (002) faces in the magnetié layers
immediately above the non-magnetic spacer layers falls within a
range of from about 0.002 to 0.032 &,

the above non-magnetic underlayer comprises one or more layers
and the top layer of the ;bove layers immediately below the lowest
magnetic layer is composed of a material consisting mainly of Cr and .
Mo, and

difference (d(so2) - d(110), ) obtained by subtrécting
crystalline lattice_gpacing of bcc (110) faces in the non-magnetic

underlayer consisting mainly of Cr and Mo from crystalline lattice

‘'spacing of hcp (002) faces in the lowest magnetic layer falls within

a range of from about 0.002 to 0.032 & .
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in the magnetic layers inmediately adjacent the surfac

non-magneti ¢ spacer |ayers facing away fromthe substrate independently.
falls within a range of fromabout 0.014 to 0.030 [err]. 25.
A mggnetic recordi ng nmediumof claim2 Wherein the difference (d[err] -

d[err]) obtained by subtracting crystalline lattice spacing of bcc (110)
faces in the non- rmagnetic underlayers conmprising C and M from

Pl s i thi A2 rhiBehERLE fedtrdlil BeRtin O ayll ] SmdRARTELS SBHRS .
A magnet i c ﬁ@&gﬂéyn@gleegpmroﬁa%@é 2L proWhREL el Eor St deerha dodl ass

substrat e. etic recording claim 21

for reprodulﬁa%mam: %paaeﬂeiéy&ss suueem@& (d@ozy — ds10,) Obtained by
-69 A magnetic recorder conpr|5|ng one or nore

magnet i ¢ di skttt iABOCEysHAIinki Vet tiRdSpavied &M bbbe(lxm)grfabee oh Siktfe ar e

t he magnetic recordi ng medi um of claim21. A magnetic

recordi ng nedntmagrietcicaispazér Wagees ncdres iseeing Imamdrg— pfig0et and Mnleftay er
crystalline lattice spacing of hcp (002) faces in the magnetic

layers immediately above the non-magnetic spacer layers

independently falls within a range of from about 0.002 to 0.032 X .

23. A magnetic recording medium of claim 21 wherein the difference
{do2y - d110)) Obtained by subtracting crystalline lattice
spacing of bcc (110) faces in the non-magnetic spacer layers
consisting mainly of Cr and Mo from crystailine 1attice spacing of
hep (002) faces in the magnetic layers immediately above the non-
magnetic spacer layers falls within a range of from about 0.014 to

0.030 A .

24, A magnetic recording medium of claim 21 wherein two or more
non-magnetic spacer layers are provided and,_for-each of the non-*
magnetic spacer layers, difference (d( o2y - d:0y ) Obtained by
subtracting crystalline lattice spacing of bcc (110) faces in the
non-magnetic spacer layers consisting mainly of Cr and Mo from
crystalline lattice spacing of hcp (002) faces in the magnetic
‘.layers-immediately above the non-magnetic spacer layers

independently falls within a range'of from about 0.014 to 0.030 & .
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conprising Cr and Mb and the substrate, at |east one add|
nbn- magnetic wunderlayer(s) -is/are provided, and one .of tih marml !Uﬂl"lll"lm
non-magnetic underlayers contacting w th the non- magnet i d

conmprising C and Mo is conprises a netal having a body- centered cl ose-
packed crystalline structure. 30. A magnetic recording
medi um of claim 29 wherein the non-magnetic underlayer conprising a netal
havi ng a body-centered cl ose-packed cryéBalline structure is a Cr |ayer.

31. A magnetic recordi ng nmedi umof claim13 wherein the CoPt
alloy magnetic layers are CoPtCr all oy | ayers. 32. A
magneti ¢ r e2%r diangagmshiicnrefomdimgmmédium ofihelim 2l whdzeFh thé Q}yl.flﬁagét&ie c*
| ayers are CoPtCr all oy | ayers. - 70

- 33.(d o2y — dA oyelgrsttiadnedc bydisnytmedting ofrystal Ble ldtdrigien t he
CoPtCr alloy |layers have a Co content of about 60 to 90 at% Pt content of
about 4 to 2paging gfidbee dddildnifastes abputhe renspagnetic underlzyers

A magnetic recaordi.ng nedium of cl aim 32
con51st1n8 mainly of Cr and Mo from crystalline lattice spacing of

hep (002) faces in the magnetic layers falls within a range of from

about 0.014 to 0.0304 .

26. A magnetic recording medium of claim 21 wherein the substrate

is a glass substrate.

27. A magnetic recording medium of claim 21 which is used for

reproducing by a magnetoresistive head.

28. A magnetic recorder comprising one or more magnetic disks and
magnetoresistive heads wherein the magnetic disks are the magnetic

recording medium of claim 21.

29. A magnetic recording medium of claim 21 wherein between the
non—-magnetic underlayer consisting mainly of Cr and Mo and the:
substrate, one or more additional non-magnetic underlayers ére
provided, and one of the additional non—magnetic underlayers
contacting with the above non-magnetic underlayer consisting mainly
of Cr and Mo is composed of a metal having a body-centered close-

E

- " packed crystalline structure.

30. A magnetic recording medium of claim 29 wherein the non-
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wherein the CoPt Cr -aI | oy Iayérs -have a Co bontent of ab at %

Pt content of about 4 to 20 at% and C content of about ““
35. - A method for producing the nagnetic recor [‘ﬂmﬂﬂmm“
clai'm 13 wherein the group of CoPt nmmagnetic |ayers and e non- negnéti &
Spacer layer conprising Cr and Mo are forned by a spattering technique
using a substrate heating tenperature within a range of about 250 to
425[err] C and an Ar gas pressure\Mtfﬁrﬁ%iTange of about 0.5 to 10 nilorr.

36. A nmet hod for producing the magnetic recordi ng nmedi um of

claim 2l vwhgfiRivicAunbieashyéhecaffbsed BEJRCetalNHEVIAY &4 bodiSRhiteired Cr
and Mo, the group of CoPt magnetic |ayers and the non-magnetic spacer

| ayers comilosepgackad amgsibl Hire stiadtm@ Ry & apalyering techni que using a
substrate heating tenperature within a range of about 250 to 425[err]C
and an Ar gas pressure within a range of about 0.5 to 10 miforr.

- 71 - 37. A magnetic recording nediumof claiml1l, which exhibits
a magneti c Yoer 8i nagrfedieereqprding gnefiugr efitelaimhbh whegedn the CoPt alloy

magnetic layers are CoPtCr alloy layers.

32. A magnetic recording medium of claim 21 wherein the CoPt alloy

magnetic layers are CoPtCr alloy layers.

33. A magnetic recording medium of claim 31 wherein the CoPtCr
alloy layers have a Co content of about 60 to 90 at%, Pt content of

about 4 to 20 at% and Cr content of about 3 to 30 at%.

34, A magnetic recording medium of claim 32 wherein the CoPtCr
alloy layers have a Co content of about 60 to 90 at%, Pt content of

about 4 to 20 at% and Cr content of about 3 to 30 at$g.

35. A method for producing the magnetic recording medium of claim
13 wherein the group of CoPt magnetic layers and the non-magnetic :
spacer layer consisting mainly of Cr and Mo are formed by a
spattering technique using a substrate heating temperature within a
range of about 250 to 425°C and an Ar gas pressure within.a range

of about 0.5 to 10 mTorr.

36. A method for producing the magnetic recording medium of claim

21 wherein at least the non-magnetic underlaYer consisting mainly
\
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of Cr and Mo, the group of CoPt magnetic layers and the non- .

magnetic spacer layers consisting mainly of Cr and Mo are formed by
a spattering technique using a substrate heating temperature within

a range of about 250 to 425°C and an Ar gas pressure wiﬁhin a raﬁgé
————P/—;—,—/_—P—’—:’—J
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of about 0.5 to 10 mTorr.



