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under| ayers conposed of a sole conponent of Cr di sadvant ageously

deteriorate C 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 for
magnetic recording media is, as well known in the art, that they can
realize higher recording densities compared withiprior materials
having coated magnetic éowder. 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. 1In
part%cular, CoPt alloy thin layers have recently been paid much

a@tention for industrial purpose as materials capable of realizing a
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. iayers?of CoNiCr alloys,'CoCrTa'alloys or the like, underlayers of
w"‘Er have been known to be able to provide a high magnetic coercive
‘force (seéL for example, IEEE TRANSACTION ON MAGNETICS VOL. MAG-3,

NO. 3 (1967), p. 205-507).

However,'when CoPt alloy magnetic layers are used, underlayers
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as a result the Caxis orientation is deteriorated. As a-neans for solving
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" is deteriorated.

As a means for solving this problem, it has been proposed that.
a second metal (dissimilar metal) is added to the Cr underlayers to
make crystalline lattice constants larger. By utilizing Cr alloy
(such as CrV) underlayers where a dissimilar metal is added to
change the lattice constant of the alloy underlayers, the C-axis
orientation in the layers can be improved to enhance magnetic
coercive force and squareness ratio (Japanese Patent Publication
[KOKOKU] No. 4-16848).

However, the present inventors' study revealed that medium
noise, which is another important property among the magnetic
properties, is sharply increased by the addition of a dissimilar
metal to the Cr underlayers.

Therefore, an object of the preéent invention is to provide
magnetic recording media comprising a Cr alloy underlayer and a CoPt
alloy magnetic layer and showing a low medium noise and methods for
producing them.

Further, another object of the present invention is to provide
magnetic recording media comprising a Cr alloy underlayer and a

CoPt alloy magnetic layer and showing a high magnetic coercive



producing them Further, another object of the present invention.is to
provide magnetic recording media conprising a G alloy underlayer and a
CoPt alloy magnetic |ayer and showi ng a high magnetic coercive 3 force,
squareness ratio and | ow nedi um noi se, and methods for producing them As a
result of the present inventors' extensive research, it was found that,
through transm ssion el ectron mcroscopy, ununiformty of crystalline
particle size and reduction of crystallinity of the C underlayers are
caused by Fddiceg digusireiness metabsasdchowsmébium nevser antidrathadss forhat
is, it was found that, since growth of the CoPt alloy magnetic layer such
as CoPt Cr Ipxpiuedrer tbeamt he Cr al l oy underlayer is strongly influenced by
particle sizes and crystallinity of the underlayer, ununiformparticle
sizes and bad cr¥staldesniltyobfthichpresenindevienyers r @3bppsive yiegeAFER M1t
crystal line particle sizes and markedly bad crystallinity of the magnetic
| ayer, whi stag hisundctbase rdiangnot sensBasedoon SIRCRY e LPE OREPPY -
experinmental |y pbseryed that when a |ayer conprising a Cr alloy obtained by
addi ng a diwsimifermieyabft orgstadd ineniprntec bn sizayerdnaedigtday tfm -
crystalline particle size and good crystallinity, uniformcrystalline
particle sicystatilijudy of yshen(dri nindgrigveracany cansed hyapdding ddsspnalated.
However , '
metals such as Mo to the Cr underlayers. That is, it was found that,
since growth of the CoPt alloy magnetic layer such as CoPtCr
laminatea on the Cr alloy underlayer is strongly influenced by
particle sizes and crystallinity of the underlayer, ununiform
particle sizes and bad crystallinity of the Cr underlayer result in
ununiform crystalline particle sizes and markedly bad crystallinity
of the magnetic layer, which thus increase medium noise.

Based on the above, it was experimentally observed that when a
layer comprising a Cr alloy obtained by adding a dissimilar metal
to Cr was laminated on a layer having uniform crystalline particle
size and good crystallinity, uniform crystalline particle size and
good crystallinity of the Cr alloy layer were obtained. However,

using two layers for the underlayer as described above still could
not reduce medium noise sufficiently.

Therefore, further research was condﬁcted and it was found
that medium noise can be markedly reduced by adjusting the
crystalline lattice spacing of (002) faces in the CoPt alloy
magnetic layer to the crystalline lattice spacing of (110) faces in
the top layer of the underlayer, i.e., the Cr alloy (Cr added with

dissimilar metals) underlayer. That is, by making small the



using two |layers for the underlayer as described above still could not _
reduce nmedi um noi se sufficiently. Therefore, further research was conducted
and it was found that medi um noi se can be markedly reduced by adjusting the
crystalline lattice spacing of (002) faces in the CoPt all oy magnetic |ayer
to the crystalline lattice spacing of (110) faces in the top |ayer of the
underl ayer, i.e., the C alloy (C added with dissimlar netals)
underl ayer. That is, by making small the 4 difference between the
crystalline lattice spacing of (002) faces in the CoPt all oy magnetic |ayer
and the cry&ifflereneel dtweea shacerystafl 16 hé0)attbices spacihge afo[f 003yefaeds t he
underl ayer, i.e., the O alloy layer, nediumnoise can be reduced while
magnet i ¢ cair cilve Carice by swpgnetniasslayar cand el mtystmblusty Jagrited.
Further, froma plenty of experinents, it has been reveal ed that absence of
t he differ espeeibetafednl0 hefavepsimlthientop dtayier eok gdei nedexflagen)i acethe n
the CoPt alloy magnetic |layer and the crystalline lattice spacing of (110)
faces in ther @Glley| Inydrayeedimn noiselasin hbl redungdpybtln egpetic coergive
difference is preferred to reduce the noise. That is, nmediumnoise is
reduced by fxomer ahdl i syparbpess anaitdoocaree sianl banasusiveimprvedi c | ayer within
a certain range. SUMVARY OF THE | NVENTI ON The present invention relates to
magneti c recordi Fyrbkelf a from a plenty of experiments, it has been revealed
that absence of the difference between the crystalline lattice
spacing of (002) faces in the CoPt alloy magnetic layer and the
crystalline lattice spacing of (110) faces in the Cr alloy layer is
not desirable and presence of a certain difference is preferred to
reduce the noise. That is, medium noise is reduced by controlling

the C-axis orientation of the magnetic layer within a certain range.

SUMMARY OF THE INVENTION

The present invention relates to magnetic recording media
comprising a non-magnetic underlayer and a CoPt magnetic layer
provided on a substrate in this order wherein the non-magnetic
underlayer comprises one or more non-magnetic layers, one of the
non-magnetic layers which is in contact with the CoPt magnetic
layer consists mainly of Cr and Mo, and difference (d (oo2) -
d (1:0) ) obtained by subtracting a crystalline lattice spacing of
bce (110) faces in the non-magnetic layer consisting mainly of Cr
and Mo from a crystalline lattice spacing of hcp (002) faces in the
magnetic layer falls within a range of from 0.002 to 0.032 A.

The present invention further relates to methods for producing

magnetic recording media according to the present invention



conprising a non-magnetic underl ayer and a CoPt magnetic |ayer provided on
a substrate in this order wherein the non-magneti c underl ayer conprises one
or nore non-nagnetic |ayers, one of the non-magnetic |layers which is in
contact with the CoPt magnetic | ayer consists mainly of Cr and My, and
difference (d (002) - d [err] obtained by subtracting a crystalline lattice
spaci ng of bcc (110) faces in the non-magnetic |ayer consisting nmainly of
Cr and Mo froma crystalline lattice spacbng of hcp (002) faces in the
magnetic layer falls within a range of from0.002 to 0.032 [err]. The

present i nvgaldidhelUABORS whelkrdifSat AetBt oS dopFmpgRekici NgysRIEEdiGting
recordi ng nedia according to the present invention 5 nenti oned above

wher ei n at m&£asly tdfe 0l0Andag6chhE 11y eloraORaighkt g IaEyer Yary formeddblbaand
the CoPt magnetic |layer are fornmed by a spattering technique using a

substrat e hepdtitedihe phalighe Wingi 8 substigee Headingt Perftiraftare |vitdiia an Ar
gas pressure within a range of 0.5 to 10 mlorr. BRI EF DESCRI PTI ON OF

DRAW NGS Fi gange o 250aid 436 Cr ed SRt @jasl préssmref wathmgrerangsicik 006 t he
present invention. Fig. 2 is a schematic view of the inline type spattering
machi ne usegb i1 thermor ki ng exanpl es descri bed herein. DETAI LED DESCRI PTI ON
OF THE | NVENTI ON

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

machine used in the working examples described herein.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will be further explained in detail
hereinafter.

The magnetic layer of the magnetic recording media according
to the present invention is composed of a CoPt alloy, i.e., an
alloy consisting mainly of Co and Pt. The alloy consisting mainly
of Co and Pt preferably contains 70 at% (atomic percent) or more of
Co and Pt in total in order to obtain a sufficient magnetic
coercive force. Though ratio of Co and Pt is not particularly
limited, the ratio Pt(at%)/Co(at%) is preferably within a range of 0.
07 to 0.2 in view of magnetic coercive force, noise and cost.

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



The present invention will be further explained in detail hereinafter. The
magnetic | ayer of the magnetic recording nedia according to the present

i nvention is conposed of a CoPt alloy, i.e., an alloy consisting mainly of
Co and Pt. The alloy consisting mainly of Co and Pt preferably contains 70
at% (atom c percent) or nore of Co and Pt in total in order to obtain a
sufficient magnetic coercive force. Though ratio of Co and Pt is not
particularly limted, the ratio Pt(at%/Cofat% is preferably within a
range of 0. 07 to 0.2 in view of magnetic coercive force, noise and cost.
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may desirably be decided in view of magnetic characteristics and the like

and, in gengiilabliyt edpsals ot 3P| ategualedd) 3Bodé %perifesslly, MobeLCr alloys,
specifically, CoPtCr alloys, CoPtTa alloys, CoPtCrB alloys, CoPtCrTa

al l oys, CoPtépthia alheys, @edcthe diikgssabrkert®nilionsy csptexRiITd Boyel ahdie
materials of the magnetic |ayers. Thickness of the CoPt alloy nmagnetic
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out put, overwiting properties and noise. Wien it is blow 400[err] ,

sufficient magrethcnByyers.

Thickness of the CoPt alloy magnetic layer may be, for example,
suitablY'in a'range of 400 to 550 A in view of output, overwriting
properties and noise. When it is blow 4004 , sufficient output may
not be obtained and, when it exceeds 550& , there would be
tendencies that the output is lowered, the overwriting
characteristics are deteriorated and the medium noise is increased.

The magnetic recording media of the present invention comprise
a non-magnetic underlayer composed of one or more non-magnetic
layers. Among the non-magnetic layers, one which is contacted with
the CoPt magnetic layer is composed of a material mainly consisting
of Cr and Mo. This non-magnetic layer will be referred to as the
"CrMo non-magnetic layer” hereinafter.

When the CrMo non-magnetic layer is composed solely of Cr and
Mo, it is preferred that the amount of Mo added to Cr metal is equal
to or less than 40 at$% because such an amount can provide a layer
showing uniform crystalline particle diameters and good
crystallinity.

The CrMo non-magnetic layer may contain, instead of a part of
Mo, one or more other elements selected from Zr, W, B, V, Nb, Ta, Fe,

Ni, Re, Ce, 2Zn, P, Si, Ga, Hf, Al, Ti and the like. The total



not be obtained and, when it exceeds 550A , there would be tendencies that
the output is |owered, the overwiting characteristics are deteriorated and
t he nedi um noi se is increased. The magnetic recordi ng nedia of the present

i nvention conprise a non-magneti c underl ayer conposed of one or nore

non- magnetic |layers. Anong the non-nmagnetic |ayers, one which is contacted
with the CoPt magnetic layer is conposed of a material mainly consi-sting of
Cr and Mb. This non-magnetic layer will bé referred to as the "CrM

non- magnetic |layer" hereinafter. Wen the CrM non-nmagnetic |ayer is
conposed sobmbyntpfofCMozandl Mbesetejemeptefin meeferahln sguahvithoroiesd dadded
to O netal is equal to or |less than 40 at % because such an anmount can-
provi de a | 49eatsHmdavgeunidvran @mpyant| ¢4m@rEFite ck elaarmshevingitpifosa
crystallinity. The CrM non-magnetic |ayer may contain, instead of a part
of Mb, one orysialdipehpartiicdgedianeterscand JoedneFStaplipitys, Nb, Ta, Fe,

Ni, Re, Ce, 2Zn, P, Si, G, Hf, A, Ti and the |ike. The total 7 anount

of Mo and these cHewevemn, amognstepfbig anfLfithey edemensst added-ut® Fé¥ause
such an ampunt can provide a | ayer showing uniformcrystalline particle
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added to O may desirably be adjusted depending on contents of Co and Pt as
wel |l as contents and kinds of other elements contained in the magnetic

layers.

For example, when the CoPtCr alloy magnetic layer has a Pt
content of 4 to 20 at% and Cr content of 3 to 30 at% and the CrMo
non-magnetic layer is composed of CrMo, the CrMo non-magnetic layer
preferably has é Mo content of 2 to 20 at%. This is because such a
Mo content yields uniform crystalline particle size and good
crystallinity of the magnetic layer and the CrMo non-magnetic layer,
and it makes it easy to control the difference of crystalline
lattice constant of the CrMo non-magnetic layer and the magnetic
layer within a suitable range. Particularly preferred Mo content
for obtaining a high Hc and high S/N ratio is 5 to 10 at%.

Thickness of the CrMo non-magnetic layer may suitably be in a
range of 10 to 150 . The upper and lower limits of the thickness
of the CrMo non-magnetic layer are decided so that a layer having a
uniform crystalline particle size and good crystallinity as well as
a crystalline lattice spacing matched with that of the magnetic
layer should be obtained. In view of these factors, thickness of
the CrMo non-magnetic layer is preferably in a range of.20 to 1004 .

CoMoZr alloys are preferably used as the CrMo non-magnetic

layer to obtain a high Hc, Mr§ and S/N ratio, since addition of zr



contents and kinds of other elenments contained in the nagnetic |ayers. For
exanpl e, when the CoPtCr alloy nagnetic |ayer has a Pt content of 4 to 20
at% and C content of 3 to 30 at% and the CrM non-magnetic |ayer is
conposed of CrMo, the CrM non-magnetic | ayer preferably has a Mo content
of 2 to 20 at% This is because such a Mo content yields uniform
crystalline particle size and good cry8tallinity of the nmagnetic |ayer and
the CrMo non-magnetic layer, and it makes it easy to control the difference

of crystal lid\erMatdinsyscoastier edhahdie theMiolss reageeidrc effdyet addhthee
magnetic |layer within a suitable range. Particularly preferred M content

for obtainiymge a/N ¢athie asdimbabived N mat obtasn5this E fxc¥, ahizeknessent the
CrM non-nagnetic |layer may suitably be in a range of 10 to 150 . The upper
and | over |withis &frddie bl zkiessaed ihererdbavignenpymedd.c | ayer are
decided so that a |ayer having a uniformcrystalline particle size and good
crystallinity asthes|effeck syhifildenced| aido &g shacknegsmafctieel ldyelr ahdt of
the magnetic |ayer should be obtained. In view of these factors, thickness
of the Cr M:Hi@kneBgnet ithd @ymozi sap—abenaticy lagea mande ah 20rdnyel OO £0r ]
CoMZr alloys are preferably used as the CrM non-magnetic |ayer to obtain
a high Hc, #6 [1808] , anbf8rhblptirna sampe ocfddDtt®n 008 Zr When8it oisCriowal 0 oys
further enhance the noise reduction effect and hence

A , sufficient Hc may not be obtained and, when it exceeds 1504 ,

there would be tendencies that output is lowered, overwriting

properties are deteriorated and medium noise is increased.

In the magnetic recording media of the present invention,
difference (d o2y -d110, ) Obtained by subtracting a crystalline
lattice spacing of bcc (110) faces in the CrMo non-magnetic layer
from a crystalline lattice spacing of hcp (002) faces in the
magnetic layer falls within a range of 0.002 to 0.032&8 . When the
difference (d(oo2y - d(110y)) is below 0.0022 or exceeds 0.032 A&,

Hc and S/N ratio are lowered. Further, to obtain a further higher
S/N ratio, the difference (d (vo2) = dq1.)) preferably falls
within a range of 0.014 to 0.030 & .

The magnetic recording media of the present invention may
further comprise one or more non-magnetic layers between the CrMo
non-magnetic layer and the substrate. The non-magnetic layer which
is in contact with the CrMo non-magnetic layer is preferably
composed of a metal having a body-centered cubic close-packed
crystalline structure. An example of the non—ﬁagnetic layer

composed of a metal having a body-centered cubic close-packed

crystalline structure is a Cr underlayer. The non-magnetic layer



the SSNratio is inproved. To obtain this effect, a Zr content within a
range of 2 to 5 at%is preferably enployed. This effect is influenced al so
by thickness of the layer and thickness of the G MZr non-magnetic |ayer
may be in a range of 10 to 150[err], preferably in a range of 20 to 100A .
When it is blow 10 A, sufficient Hc may not be obtained and, when it
exceeds 150[err], there would be tendengies that output is |owered,
overwiting properties are deteriorated and nmedi um noi se is increased. In
t he nagnetic,recprdinganedia of t
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| ayer suitably be in a range of 100 to 1000 A . The upper and lower
limits of thickness of the non-magnetic layer are decided so that
the layer should have a uniform particle size and good
crystallinity. In particular, in order to obtain a high Hc and S/N
ratio, thickness of the non-magnetic layer is preferably in a range
of 100 to 800 A . Further, ratio of [thickness of the CrMo non-
magnetic layer]/[thickness of the non-magnetic layer composed of a
metal having a body-centered cubic close-packed crystalline
structﬁre] is preferably in a range of 0.05 to 0.5 since such a
ratio provides a high Hc and S/N ratio.

In the magnetic recording media of the present invention,
other non-magnetic layers may further be provided between the non-
magnetic layer composed of a metal having a body-centered cubic
close-packed crystalline structure and the non-magnetic substrate.
Examples of such non-magnetic layers include Al, Ti and Zr layers.
Thickness of these non-magnetic layers may be, for example, in a

' range of 10 to 100 A_f The upper and lower limits of the thickness

of the non-magnetic layer are decided so that the non-magnetic

layer composed of a metal having a body-centered cubic close-packed



9 which is in contact wwith the C M non-nmagnetic |ayer is preferably a

netal |ayer having a uniformparticle size and good crystallinity, and it

was experinmentally confirmed that the nost preferred is a O |ayer

Exanpl es of netals having a body-centered cubic cl ose-packed crystalline

structure other than Cr include Ti, Ta and Zr. Thickness of the

non- magnetic | ayer conposed of a netéﬂ)having a body-centered cubic

cl ose-packed crystalline structure may suitably be in a range of 100 to
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further be provided between the non- ‘magnetic | ayer conposed of a neta
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non- magneti ¢ substrate. Exanpl es of such non-magnefi yers include A, Ti
and Zr | ayesspe ZMi&KNREIReL{c iRGee. non-magnetic |ayers may be, for exanple,
a

I n

Thg protective layer is provided on the magnetic layer
(surface opposite to the substrate) in order to protect the
magnetic layer from chemical attack of moisture and the like, or to
protect the magnetic layer from destruction due to sliding movement
of heads contacting with the magnetic layer. The protective layer
may be constituted by one or more layers composed of different
materials. In the magnetic recording media of the present
invention, material and structure of the protective layer are not
particularly limited. In terms of material, exemplary protective
layers include metal layers such as Cr layers for chemical
protection and silicon oxide layers, .carbon layers, zirconia layers,
hydrogenated carbon layers, silicon nitride layers, SiC layers and
the like for imparting wear resistance.

The lubricating layer is provided to reduce frictional
resistance against sliding heads, and materials for making it are
not particularly limited. For example, perfluoropolyethers and the
like can be mentioned.

Material and shape of the substrate are not particularly

limited so long as it is a non-magnetic substrate. For example,



range of 10 to 100 A. The upper and, lower limts of the thickness of the
non-magnetic | ayer are decided so that the non-magnetic | ayer conposed of a
nmet al having a body-centered cubi c cl ose-packed 10 crystalline
structure, which is |am nated on the non-nmagnetic |ayer, should have a
uniformparticle size and good crystallinity. Further, to obtain a further
hi gher Hc and S/N ratio, the thicknessjhs preferably in a range of -30 to
BOA . The magnetic recording nedia of the present invention may conprise a

protective ac_{/fzy&[.%gs@r gREi cal y&glazyﬂea)rgyg\ggdseﬂst?st@gpt qldn%lum

magnetic | ecti've I"ayer I's provided -on the magnetic | ayer
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I ncl ude me ayers such as Cr layers for chem cal protection and silicon
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silicon nitri l'ayers, C layers and
comp051tions of the CrMo non-magnetic layer and adjusting
preparation conditions of the CrMo non-magnetic layer and the CoPt
magnetic layer, magnetic recording media having differences of
crystalline lattice spacings (d o2y — d(110y) within the desired
range can be obtained.
For example, by forming at least the CrMo non-magnetic layer
and the CoPt magnetic layer through a spattéring technique under
. conditions of a substrate heating temperature within a range of 250
to 425°C and an Ar gas pressure within a range of about 0.5 to 10
mTorr, magnetic recording media having differences of crystalline
lattice spacings (d (oo2y — d @19 ) within the desired range can
be obtained. The substrate heating temperature is preferably
within a range of 300 to 400 °C. The Ar gas pressure is preferably
in a range of 1 to 8 mTorr.
Since the magnetic recording media of the present invention
show reduced medium noise, high magnetic coercive force and high

squareness ratio, they are useful for magnetic disks, magnetic

tapes and the like.



the like for inparting wear resistance. The lubricating |ayer is provided
to reduce frictional resistance against sliding heads, and materials for
making it are not particularly limted. For exanple, perfluoropolyethers
and the |like can be nmentioned. Material and shape of the substrate are not
particularly limted so long as it is a non-magnetic substrate. For

exanpl e, gl ass substrates, crystalll2ed gl ass substrates, aluminium
substrates, ceranic substrates, carbon substrates, silicon substrates and

the li ke may be used. Theppacrgtriion r@C eREFEXRIIE dBomfMENE present i nvention
may be manufactured by utilizing conventional techniques for formng thin

films such as spahkehadetiec hétsirddng hédiRabE €hid aireskiit athwemtiog will be
conpositions of the CrM non-magnetic |ayer and adjusting preparation

condi ti ons @hrtHee ExPpinimen- BRGeELL £idgay¥er tivd Eoll DewlzaPworRDRE leix@mb By land
magneti c recordi ng media having differences of crystalline |attice spacings
(d ( [err])comparatlive adnpilestieredfactex. range can -be obtai ned. For
exanple, by formng at |east the CrM non-nmagnetic |ayer and the CoPt
magnetic | ayer through a spattering techni que under conditions of a
substrate heating tenperature within a range of 250 to 425[err]C and an Ar
gas pressure wthin a range of aboutefmpléa. 10 niTorr, magnetic recording
medi a having di fferences of crystalline

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

The glass substrate 1 was composed of an aluminosilicate glass
and its surface had been ground as a mirror surface so that it
should have an Ra of about 50 A.

The underlayer 2 consisted of, from the side of the glass
substrate 1, Al film 2a (thickness; 50& ), Cr film 2b (thickness;
600 & ) and CrMo film 2¢c (thickness; 50 A ). The CrMo film 2c was
composed of 98 at% of Cr and 2 at% of Mo.

The magnetic layer 3 was composed of a CoPtCr alloy and had a
thickness of 5008 . Co, Pt and Cr contents of the CoPtCr magnetic
layer 3 were 78 at%, 11 at% and 11 at%, respectively.

The protective layer 4 consisted of, from the side of the
substrate, a first protective layer 4a and second protective layer
4b. The first protective layer 4a was composed of a Cr film having
a thickness of 502 and acted as a chemical protection layer for

the magnetic layer. The other second protective layer 4b was

composed of a silicon oxide film having a thickness of about 1604 ,



| attice spacings (d [err] - d [err] within the desired range can be
obt ai ned. The substrate heating tenperature is preferably within a range of
300 to 400 [err]C. The Ar gas pressure is preferably in a range of 1 to 8
mlforr. Since the magnetic recording nedia of the present invention show
reduced medi um noi se, high magnetic coercive force and hi gh squareness
ratio, they are useful for magnetic disks magnetic tapes and the |iKke.

12 DESCRI PTI ON OF PREFERRED EMBODI MENTS The magnetic recordi ng nedia of the

present | NGOl Wk RecIycther SXBLal et uchetald Log [ didealal L ng

wor ki ng exanples an Ve exa er el na

magnet I C r%%g(,g&%g bge?}lxi’éns%t:o{i@ﬁo% " lggg gpragnetic d| sk consisting

as sho an un etlc | ayer 3, protective |ayer

4 and | ubricat ”ﬂ]é 3¥bti J&e‘é’eggv%%%og%ﬁ ?E ggez%'lﬁé? nﬁdil RSLHEE Gunly 1 1

that order. The ass su str te 1l wa alum I'icat e gl ass
an Ra of SSL"OU%@EO@W‘?&?& R me L VO haSHE A7 hepde AR Db I B0
gl ass SUbSEh%EQu&erAI film2a (thickness; 50A ), C film2b (thickness;
A prOCess utilized for producing the above magnetic disk will
be explained hereinafter.
Thewglass substrate described above was mounted on a substrate
holder (pallet), the pallet 18_was introduced into a charging room
11 of an inline spattering apparatus 10 shown in Fig. 2 and then the
inside of the charging room 11 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. 1In this
first vacuum chamber 12a, the glass substrate mounted on the pallet
18 was heated to 300°C for 1 minute by a lamp heater 19, and the
pallet 18 was transferred at a speed of 1.2 m/minute between facing
targets 15a and 16a and between facing targets 15b and 16b in
discharging state successively at an Ar gas pressure of 5 mTorr.
The targets consisted of Al and Cr in this order in the
transferring direction and the Al layer 2a and the Cr layer 2b were
formed on both sides of the glass substrate in this order according
to the order of the targets. Spattering was carried out at input
powers of 300 W for the Al targets and 1.5 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



600 A) and M film2c (thickness; 50 A). The CM film2c was conposed
of 98 at% of Cr and 2 at% of Mb. The magnetic |ayer 3 was conposed of a
CoPtCr alloy and had a thickness of 500A . Co, Pt and C contents of the
CoPt Cr magnetic layer 3 were 78 at% 11 at% and 11 at% respectively. The
protective layer 4 consisted of, fromthe side of the substrate, a first
protective |ayer 4a and second protect&xe | ayer 4b. The first protective

| ayer 4a was conposed of a O filmhaving a thickness of 50A and acted as a
chem cal protection |ayer for the nagnetic |ayer. The other second

prot ect i vehéatyer 240b pravidehpios steofecorsi vacoum oxdiagbefri Lab haviheg hgatbngkness
of about 160A , 13 in which hard mcroparticles are di spersed, and wear

r esi st ancevampepformefedthy75°@i £0x ek ovidupe ot gbenyeheapatleth 18 Tkas [passedat i ng
| ayer 5 was conposed of perfluoropol yether and direct contact of the nedi um
wi t h magnebétwderads selaaraingi haraetsy 16hi and dibsr toALYe cudsdbet iwhithdwene
produci ng the above magnetic disk will be explained hereinafter. The gl ass
substrat e denskdtedd ofberMo hasrgebant zel and d6subCeRtfire thogees Y3sdakndt 16dt he
pall et 18 was introduced into a charging room 11 of an inline spattering
appar at us a8 Shotargetsrilge andahbie tarxange@ imshie derheat Rakanrfarsdng 11

was evacuated from at nospheric
speed of 1.2 m/minute successively at an Ar gas pressure of 1.3

mTorr. As a result, the CrMo layer 2c, CoPtCr magnetic layer 3 and
Cr first protective layer 4a were laminated according to the order .
of the aligned targets. Spattering was carried out at input powers
of 500 w for the CrMo targets, 1.2 XW for the CoPtCr targets and 500
W for the Cr targets. Final pressure (degree of vacuum) in the
first and second vacuum chambers was less than 5 x 10-¢ Torr.

After the formation of films by the spattering described above,
the first protective layer 4a was made hydrophilic by washing with
IPA (isopropyl alcohol). Then the substrate was immersed into a
solution of organosilicon compound (a mixture of water, IPA and
tetraethoxysilane) in which silica microparticles (particle size;
100 A ) were dispersed, and sintered to form the second protective
layer 4b composed of SiO;.

Finally, the substrate was dipped into a lubricating agent
comprising perfluoropolyether to form the lubricating .layer 5 on
the second protective layer 4b.

Good results were obtained in running test of the disk
obtained above, which was carried out with a head flying height of
less than 0.075 gy m. Magnetic coercive force (Hc), residual

magnetization film thickness product (Mr § ) and S/N ratio of the



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 a first vacuum chanber 12a. In this first vacuum chanber
12a, the glass substrate nmounted on the pallet 18 was heated to 300[err]C
for 1 mnute by a |lanp heater 19, and the pallet 18 was transferred at a
speed of 1.2 nmm nute between facing targets 15a and 16a and between facing
targets 15b and 16b in dischargi ng stat@ successively at an Ar gas pressure
of 5 nTorr. The targets consisted of Al and O in this -order in the

transferri ggsgi w&ed i Omiandelile fhel F¥AI11t42 aad shbinCin | ByieYe 2D togeehkor ned
on both sides of the glass substrate in this order according to the order

of the targets. tiRPaidnPoisi@iBaSa@ihee@h@tknéds i1 Whep Qvao sSlafe 30 ,Weher the
Al targets and 1.5 kWfor the C targets. Then, the pallet 18 was

t ransf er r edubstratecheid ngatemprabard emnalhe tir gaghpresgore i, dafiterenee
Substrate was heated again by a 14 heater 20 provided in the second

vacuum chanlgs, 12b- dhe, Hept oibgaivesd pef farbtachcadind/ HrgsthClfiae 1atkicee.
Then, the pallet 18 was passed between discharging targets 15c and 16c to
15e and 16epaddiiccBewered)coasesiofdtd dombblaysrgErem Bhataofl (002) CaddsCof
targets 15d and 16d and Cr targets 15e and 16e arranged in this order, at a
transf erri gge Sqrratrohadnet ikd Dhyei.e successively at an Ar gas pressure of
1.3 nlforr. As a result, the CrM |ayer 2c, CoPtCr magnetic |ayer 3 and
S/N ratio was evaluated as follows. A record reproducing
output at a linear recording density of 80 kfci was 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 5.4 m/second. Further, noiseé spectra of the magnetic disk
upon signal recording and reproducing were determined by a spectrum
analyzer at.a carrier frequency of 8.5 MHz and a measuring band of
20 MHz. The thin layer head used in this measurement had

specifications of a coil turn number of 60, track width of 4.8 um

and magnetic head gap length of 0.25y m.

Examples 2 to 25

In Examples 2 to 22, magnetic disks were produced in a manner
similar to that of Example 1 except that film composition and
thickness of the CrMo layer 2c, substrate heating temperature and Ar
gas pressure were changed as shown in Tables 1 and 2.

In Examples 23 to 25, magnetic disks were produced in a manner
similar to that of Example 1 except that the CrMo layer 2c had a
thickness of 50 A& and was composed of a CrMoZr alloy having a

composition shown in Table 2.



Cr first protective |ayer 4a were | am nated according to the order. of the
aligned targets. Spattering was carried out at input powers of 500 Wfor
the CrM targets, 1.2 kWfor the CoPtCr targets and 500 Wfor the Cr
targets. Final pressure (degree of vacuum in the first and second vacuum
chanbers was |less than 5 x 10-6 Torr. After the formation of filnms by the
spattering described above, the first protective |ayer 4a was made .
hydrophilic by washing with | PA (i soprdfyl al cohol). Then the substrate was
i mersed into a solution of organosilicon conpound (a m xture of water, |PA
and tetraet hoxysidou®e)rdsu1ti #Br&i bb€@imed P aunningstepast £l thsi@msksl00 A
) were dispersed, and sintered to formthe second protective |ayer 4b

conposed ofolliadhed Fadld,y whidie watbsédtiedweat diippes hdddao fayint et ght NGE
agent conprising perfluoropolyether to formthe lubricating |ayer 5 on the

second protesésvehhayel04by Mooduagaekis Woke cableairnede M HANNIMG idasd1 Of
t he di sk obtai ned above, which was carried out with a head flying hei ght of

| ess than (ndjtfetieation Nagmethtckoes<ipreahiot caud HE)), ahe@ss dualativgaetinat i on
filmthi ckness product (M [err] ) and S/INratio of the 15 di sk were
eval uat ed. disks esddd ewrlmadedwn isSINTahlkeos weget beteimied Hey ctgpasdnid On
and the thickness of the CrM |ayer 2c, the substrate heating tenperature
and the Ar mmamey asstineEgambld fif.er Ehéeresults are shown in Tables 1 and 2
together with the compositions and thicknesses of the CrMo layer 2c,
substrate:- heating temperatures, Ar gas pressures and differences
(dwozy — duio; ) obtained by subtracting a crystalline lattice
spacing of (110) faces of the layer contacted with the CoPtCr
magnetic layer from that of (002) faces of the CoPtCr magnetic

layer.

Comparative Examplgs 1 to6é6

In Comparative Example 1, a magnetic disk was produced in a
manner similar to that of Example 1 except that the non-magnetic
layer 2c was formed with Cr.

In Comparative Exampie 2, a magnetic disk was produced in a
manner similar to that of Example 1 except the composition of the
CrMo layer 2c.

In Comparative Examples 3 and 4, magnetic disks were produced
in a manner similar to that of Example 1 excep£ that substrate
heating temperature and Ar gas pressure used for the production of
the CrMo layer 2c Qere changed.

In Comparative Examples 5 and 6, magnetic disks were produced

in a manner similar to that of Example 20 except that substrate



[err] - [err] obtained by subtracting crystalline lattice spacing of (110)
faces of the CrMb |l ayer fromthat of (002) faces of the CoPtCr magnetic

| ayer. SINratio was evaluated as follows. A record reproducing output at a
| i near recording density of 80 kfci was determned utilizing a thin film
head having a magnetic head flying height of 0.060 g mat a relative speed
between the thin filmhead and the disk of 5.4 nisecond. Further, noise
spectra of the magnetic di sk upon signati7recording and reproducing were
determ ned by a spectrum anal yzer at a carrier frequency of 8.5 MHz and a
measuring band of 20 MHz. The thin |ayer head used in this neasurenent had
speci fi cat ihmasing emmsirathne mnduRkiegas fpré@sure adedwifdt htlef progugtigraed
magneti ¢ head gap length of 0.25g m Exanples 2 to 25 In Exanples 2 to 22,
magnet i ¢ ditdies Cvdo el ayeodee exbrenchamgedner simlar to that of Exanple 1
except that filmconposition and thickness of the CrM |ayer 2c, substrate
heati ng tenper at Goodamdsialtgagerns edsurimeaderia changed besthovh the Tdskss 1
and 2. In Exanples 23 to 25, magnetic di sks were produced in a nanner
sinmlar toabtained aboxeplwhikhewerptcariaedtdy @ikb 4 dped Plyimgdheighti ciness
of 50 A and was conposed of a CrMdZr alloy having a conposition shown in

Tabl e 2. leglgs than 0.075y m. Magnetic coercive force (Hc), residual
magnetization film thickness product (Mr & ) and S/N ratio of the
disks were evaluated. S/N ratio was determined by the same manner
as in Example 1. The results are shown in Table 2 together with the'
compositions and thicknesses of the layer 2c¢, substrate heating
temperatures, Ar gas pressures and differences (d (ss2)
d@10y ) obtained by subtracting crystalline lattice spacing of

(110) faces of the layer contacted with the CoPtCr magnetic layer

from that of (002) faces of the CoPtCr magnetic layer.



Good results were obtained in running tests of the disks obtai ned above,

which were carried out wwth a head flying height of
Magneti c coercive force (Hc),

resi dual

| ess than 0.075[err].
magneti zation filmthickness product

(M [err] ) and SINratio of the disks were evaluated. SIN ratios were

deternined by the same manner as in Exanple 1. The results are shown in

Tables 1 and 2 together with the corrpositilﬁns and t hi cknesses of the CrM

| ayer 2c,
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17 heating tenperature and Ar gas pressure used for the production of the
CrM | ayer 2c were changed. Good results were obtained in running tests of
t he di sks obt ai ned above, which were carried out with a head flying hei ght
of |l ess than 0.075g m Magnetic coercive force (Hc), residual nagnetization
filmthickness product (M [err] ) and S/Nratio of the disks were
evaluated. S/Nratio was determ ned by t{ig sane manner as in Exanple 1. The
results are shown in Table 2 together with the conpositions and thicknesses

of the layer 2¢; subs{.atelfea*infi Herpefrat ur es—Ar—gasTpressures—and
differences [efrd - [grr]l ohtailne blg spubtyactisng crystalljne L’attlce
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20 As seen fromthe results shown in Tables 1 and 2, the magnetic recording
nmedi a of Exanples 1 to 22 where the | ayer 2c was conposed of a CrM all oy
showed hi gher nagnetic coercive forces (Hc), residual nagnetization film

t hi ckness products (MJ[err] ) and S/N ratios conpared with the nagnetic
recordi ng nmedi um of Conparative Exanple 1 where the |ayer 2c was conposed
of Cr. Further, the magnetic recordi n% nmedi a of Exanples 23 to 25 where the
| ayer 2c¢ was conposed of a G MZr all 9/ showed hi gher nagnetic coercive
forces (Hc), residual magnetization filmthickness products (M[err] ) and
SIN ratios conpaSedesd tEFORhEharagRalts shewerid RgbiesiiluAnd 2 cihpapaaneric
Example 1 where the |ayer 2c was conposed of Cr. In_particular, S/Nratio
was nar kedrgcongingyeedimef Branplesadder 120 vheee Ghl%lé}’?lby?é’ BBE SRPOSRE

noi se reduction effect was particularly enhanced by the addition ﬁr to
the CrM aPfogsCrip gahoBes Bﬁﬂéfis%‘bﬁﬂefhﬂf‘%‘ﬁél?r %SﬁFéﬁF ffgrﬁf*’ﬁf Z'r"ﬁ

about 2 to 5 at%in order to obtain this effect. Further arlng
the resul t sepfdualappgnatizatipp£ifphickpess (ﬂroéﬂ?ﬁ)%\r gflav ﬁz’?{ {50 6,
it can be understood that the difference, (d obt ai ned by
subt r act i n§oBP3Ead MithctheMmagpgtip goRgding ?Ecq%“ af"h‘ée Expmple

contacting with the CoPt magnetic | ayer fromthat of (002) faces of the
CoPt magneti¥hgrgy Ehe ddyeraly "lfép@ﬂ’&ﬁ"%/?& doff tHe conposition of the Iayer 2c,

Further, the magnetic recording media of Examples 23 to 25
where the layer 2c was composed of a CrMoZr alloy showed higher
magnetic coercive forces (Hc), residual magnetization film
thickness products (Mrg ) and S/N ratios compared with the magnetic
recording medium of Comparative Example 1 where the layer 2c was
composed of Cr. In particular, S/N ratio was markedly improved
when 2Zr wés added to the CrMo alloys because the noise reduction
effect was particularly enhanced by the addition of Zr to the CrMo
alloys. It can be understood that the Zr content is preferably
about 2 to 5 at% in order to obtain this effect.

Furthermore, by comparing the results of Examples 1 to 25 with
those of Comparative Examples 2 to 6, it can be understood that the
difference (d (o023 — d(110) ) obtained by subtracting
crystalline lattice spacings of (110) faces of the layer contacting
with the CoPt magnetic layer from that of (002) faces of the CoPt
magnetic layer may vary depending on the composition of the layer 2c,
the substrate heating temperature and the Ar gas pressure.

For example, the magnetic recording medium of Comparative
Example 2 which had a Mo content in the CrMo alloy of the layer 2c

of 25 at% showed the difference (d(eo2y - d (110)) of -0.014



the substrate heating tenperature and the Ar gas pressure. For exanple,
magneti c recordi ng nmedi um of Conparative Exanple 2 which had a Mo content
in the M alloy of the layer 2c of 25 at % showed the difference [err]

[err] ) of

-0.014 21 and, as a result, showed a S/Nratio | ower than

those of the nedia of Exanples 1 to 25. These results indicate that, in

order to obtain a difference (d [err] - d [err] ) within the desired range
of the present invention, the CM allgy of the layer 2c preferably has a

Mo cont ent
Exanpl es 3
significant

of 2 to 20 at% Further, fromthe results of Conparative

%ﬁ) 6’asJ ta 9@&1% léﬂgxgé tO%th p;?‘f,l(; I'l%wL?r’Ellan t[h%rsé] o% Efpeymegi?he

y vary dependi’ng on he substrate heating tenperature a

Ar gas presgyr S d that this is caused because l|attice
St Examplies S ac yEe

distortions are g

and t hgage | ALLY16E Fhéf Qe ‘P.H%tarfn k‘i‘ﬁé?“&ﬂ %b@%ﬁﬂrﬁﬂ#@}%ﬂ%”g

on the substrate heating tenperature an

condi ti ons

suggests th the [err) - 8 ot

i nventi on ng§ Be’ ottalned "by gdﬁhg%ﬁﬁlE%ﬁedNb g%ﬁ?ent of 1 @;gp%%§%?
as vell as ipe-sthsh alife q ‘é“i '%‘ii tztl,e ?Efgi?ﬁbﬁ?ﬂreﬁégrg MJhe
magnetic recording nedia o Cbnpar tive 4

nerate In the filnms depending on their production

gas pressure

content of 2 to 20 at%.

Further, from the results of Comparative Examples 3 to 6, it
can be understood that the (d(so2, - d(i110; ) may significantly
vary depending on the substrate heating temperature and the Ar gas
pressure. It is assumed that this is caused because lattice
distortions are generated in the films depending on their
production conditions and these lattice distortions are variously
deforﬁed depending on the substrate heating temperature and the Ar
gas pressure. This suggests that the (d@ozy — d @10y ) within

the range of the present invention may be obtained by adjusting the

- Mo content of the CrMo layer 2c as well as the substrate heating

temperature and the Ar gas pressure.

The magnetic recording media ef Comparative Examples 3 and 4
and Example 1 were produced by using the same composition and film
thickness of the layer 2c, while using different substrate heating
temperatures and Ar gas pressures. In Comparative Example 3,
because of the use of a lower substrate heating temperature, the
(@ (002y — 4 (110) ) became 0.035 and, as a result, Hc and S/N
ratio were lowered.. In Comparative Example 4, because of the use
of an increased Ar gas pressure, the (d (oo02y —= d (110, ) became

0.037 and, as a result, Mr§ and S/N ratio were lowered.

t he

d



and Exanple 1 were produced by using the sane conposition and film
t hi ckness of the |ayer 2c, while using different substrate heating
tenperatures and Ar gas pressures. In Conparative Exanple 3, because of the
use of a | ower substrate heating tenperature, the (d [err] - d [err] )
becane 0.035 and, as a result, Hc and S/INratio were |lowered.. In
Conpar ati ve Exanple 4, because of the use of an increased Ar gas pressure,
the (d [err]) - d [err] ) becane 0.0322and, as a result,. M[err] and S/N
rati o were | owered. 22 The magnetic recording nmedia of Conparative
Exanpl es 5 and 6 Tahedmé&gmsatilce r@BovEing meaik aed Coyipasatiyet Brafmpes Goapaséti on
and filmthickness of the |ayer 2c, while using different substrate heating
t enper at ur eendmtanple ) pees spifcdnced NnbyCmspag athey cahz aopipesitibdecadsEibh t he
use of a higher substrate heating tenperature, the (d ( [err] J[err] )
becone - 0. Othickmetssasf acheedaker M| ehile wichgSAMNffetent wabstiaveehedtihg
Conpar ati ve Exanple 6, because of the use of a |lower Ar gas pressure, the
[err] 2 ) -témpetatwred andbeoamms @PreGcGuaed,. a3naCoapakbtille AramBI& $atio
were | owered. Exanples 26 to 43 In Exanples 26 to 35, magnetic di sks were
produced i nberawgenef themibaroft @ higtterofulstarpkeechdatdxngepempdratutde the (d
conposition of the magnetic layer 3 and the CrM conposition of the | ayer
2c were chapged.— d(110y, ) become -0.004 and, as a result, Mr§ and S/N

ratio were lowered. In Comparative Example 6, because of the use

of a lower Ar gas pressure, the (d(o2y — d(110) ) became -0.006

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

Examples 26 to 43

In Examples 26 to 35, magnetic disks were produced in a manner
similar to that of Example 1 except that the composition of the
magnetic layer 3 and the CrMo composition of the layer 2c were
changed.

In Examples 36 to 43, magnetic disks were produced in a manner
similar to that of Example 1 except that the material and the
composition of the magnetic layer 3 and the CrMo composition of the
layer 2c were changed.

Good results were obtained in running tests of the disks
obtained above, which were carried out with a head flying height of
less than 0.075yu m. Magnetic coercive force (Hc), residual
magnetization film thickness product (Mr & ) and S/N ratio of the
disks wére evaluated.

Measurement of S/N ratio was performed in the same manner as

in Example 1. Results are shown in Table 3 together with the



In Exanples 36 to 43, magnetic disks were produced in a manner simlar to
that of Exanple 1 except that the material and the conposition of the
magnetic |ayer 3 and the CrM conposition of the |ayer 2c were changed.
Good results were obtained in running tests of the disks obtai ned above,
whi ch were carried out with a head flying height of [ess than 0.075g m
Magnetic coercive force (Hc), residual gggneti zation filmthickness. product
(M 6 ) and SINratio of the disks were“gval uated. Measurenent of S/Nratio
was performed in the same nmanner as in Exanple 1. Results are shown in
Tabl e 3 togempesittibhst B the Adaqrafies iliayers 39f théecompoet t Tonsaiymd Thet he
conpositions and the thicknesses of the CrM |ayer 2c, the substrate
heati ng t erthdchhenses, of htheACrgaslayee Sk &he afitbsitiheteliHdating ctesipkeatyres,
[err] obtained by subtracting crystalline lattice spacings of (110) faces
of the | ayeheont agdedpreshuirbe €nBt Chemdgfdtdrerdayer(d (om { hesa of . (002)
faces of the CoPtCr nmgnetic | ayer. [err] 24

obtained by subtracting crystalline lattice spacings of (110) faces

of the layer contacted with the CoPtCr magnetic layer from those of

(002) faces of the CoPtCr magnetic layer.



25 As seen fromthe results of Exanples 26 to 35 shown in Table 3, when a
| ayer 2c conposed of CrM alloy having a Mo content of 5 to 10 at% and a
magnetic | ayer conposed of a CoPtCr alloy are used, a Co content of 60 to
90 at% Pt content of 4 to 20 at% and Cr content of 3 to 30 at%can yield a
high Hc and high S/Nratio. Further, to obtain a further higher Hc and SIN
ratio, it is suitable to use a Co conter®* of 64 to 84 at% Pt content of 5

to 18 at% and Cr content of 5 to 25 at% Further, as seen fromthe resu|ts
of Exanpl es ghl Hd arld High SIN fat| o can bd obtailnedl by a
CoPt Ta al | oy er haviind a|Qofcontent pf BQ tQ |90 |al $on Cont ent
of 5to 15 at enk ~of o1 &9 o |at Yo- Furt her nore,| @4 s¢en|fr pr | he
results of B 43| =g fi|gh [He |and hi gh| S/ N°rijati|o® deh | Bt | 6bt & ped
by a CoPtCr T c| balyer| bavd ng= a £p Lprt pat| off 4§ 4 ¢ B0 <al % | Pt
content of 5 F +cpmt lent| of hd [Ta |[content* off L*tp 7
at% Accordi Een i Inveant i b&pr vi-dedlradnetic
di sks showi n ent gnet 0s I s sugh_ds_nagmnet i ¢
coercive for al- pEghet|i zg cknelss {pr.qdugt, fand .
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output and a snall nedium noise at a surface recording density exceedi ng
500 Mb/in2. In the above nentioned exanples, the resulting disks have Cr
first protective |ayer 4a and second protective | ayer 4b conposed 26 of
Si 2. Layer 4b nmakes the surface of the disk uneven so that the adsorption
of a head to the surface of the disk is prevented. In order to provide a
disk with an uneven surface, the following texture technique is also
applied to in the present invention. Instead of Al underlayer film2a, an
al umi num (Al) or alumnumnitride (A N#3underlayer 2d with an uneven

surface (clusterasskesfttioR) thé fIsaNes sk B¥a { @61 1§ 38NsBowH awsTabhsty,ate
1. Then on the above uneven underl ayer 2d, Mo underl ayer 2c and the

nmagnetic | ayeh 3 Mdyieeh23r Sonigteda8E @Md A236y desamgbadms edritendbeFes to
exanples are lamnated. On the magnetic |ayer 3, a protective |ayer

conposed ofiocatdaihd 3 haghewiledaPyr Seidosetngf i) qelpace Hf1dyharabayed Cra
first protective |ayer 4a and second protective |ayer 4b. Then | ubricating

| ayer 5 iscpreqstedd 6f étheoCad s, protatitene dfaeto hatynavemressntdnt he
above underlayer 2d is reflected to each layer on it, and a disk with an
uneven surb@c® € 3oubts cadn Riell@yemighcad did abglkigyad radio ! hiFartheyerto
surface prevents a disk fromadsorbing to a head.
obtain a further higher Hc and S/N ratio, it is suitable to use a
Co content of 64 to 84 at%, Pt content of 5 to 18 at% and Cr
content of 5 to 25 at%.
Further, as seen from the results of Examples 36 to 39, a high
Hc and high S/N ratio can be obtained by a CoPtTa alloy magnetic
layer having a Co content of 80 to 90 at%, Pt content of 5 to 15 at$
and Ta content of 1 to 7 at$%.
Furthermore, as seen from the results of Examples 40 to 43, a
high Hc and high S/N ratio can be obtained by a CoPtCrTa alloy
magnetic layer having a 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%.
According to the present invention, there can be provided
magnetic disks showing more excellent magnetostatic properties such
as magnetic coercive force and residual magnetization film thickness
product, and recording and reproducing properties such as S/N ratio
and OW compared with conventional magnetic disks comprising a Cr
underlayer and CoPt alloy magnetic layer, and they show a high
output and a small medium noise at a surface recording density
exceeding 500 Mb/in? .

In the above mentioned examples, the resulting disks have Cr

first protective layer 4a and second protective layer 4b composed



REPLACEMENT SHEETS  SG 27 1. A magnetic recordi ng nmedi um conprising a
non-magneti ¢ underlayer and a CoPt nagnetic |ayer provided on a substrate
in this order, wherein the CoPt magnetic layer is a magnetic |ayer
consisting of an alloy conprising Co and Pt and wherein the non-nmagnetic
under | ayer conprises one or nore non-magnetic |ayers, one of the
non-magnetic layers which is in contact with the CoPt nagnetic | ayer
consists mainly of Cr and M, and difRérence (d (002) - d (110) ) obtained
by subtracting a crystalline lattice spacing of bcc (110) faces in the
non- magnet b€ $ixyer caysd bl ngkemitheys@ffdce apdtid disknuseveny sb atHatnehe
| attice spacing of hcp (002) faces in the nagnetic layer falls within a
range of fa@seftioR 66 HDhR3d to Zhe sudbhw-aragntiie Aikkchs diregrenreed um of cl aim
1 wherein the difference of lattice spacings (d (002) - d (110)) falls
wi thin a range ofinfpeded. 6b4provd838 di8k witlhenmagaeencsuefacei nghaedi um
of claim1 wherein the nedium conprises one or nore non-magnetic |ayers
bet ween t héohdawimgne¢xtutayesclotitpisting I rppldfedCtoand bbeapdeshnt
substrate, and one of the non-nmagnetic layers which is in contact with the
non- magnet iovérehien.consi sting mainly of C and M is conposed of a netal
havi ng a body-centered cubi c cl ose-packed crystalline structure.

Instead of Al underlayer film 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 and the
magnetic layer 3 which are the same as those described in the above
examples are laminated. On the magnetic layer 3, a protective layer
composed of carbon is laminated by spattering in place of the above
Cr first protective layer 4a and second protective layer 4b. Then
lubricating layer 5 is prepared on the carbon protective layer.

The unevenness of the above underlayer 2d is reflected to each
layer on it, and a disk with an uneven surface of lubricating layer
5 can be obtained and this uneven surface prevents a disk from

adsorbing to a head.



4. The magnetic recordi ng medi um of claim3 wherein the non- magnetic
| ayer conposed of a netal having a body-centered cubic This is the

repl acenent sheet 28 cl ose-packed crystalline str er.
5. The. magnetic recording nedi umof claim1 wherei .th CoPt nmagnetic
| ayer is a CoPtCr alloy layer/or a CoPtCrTa all oy Iayg S

of 60 to 90 at% Pt content of 4 to 20 at% and Cr cont at %
7. The neti.c recordi ng mediumof claim1 wherein the substrate is a

gl ass subst e.lSSC.lealmetheg'rragnet ic recording nediumof claim1 wherein the
non- substrate nagnetic underlayer is an uneven | ayer between the substrate
and tge magnetic | ayer, and a protective | ayer conposed of carbon is

provi ded on,the netic .l ayer. . A o] -p:oduc A iC
recordi ng medi unggﬁagpgﬁrhcl \ﬁr?éarrgqlnngatmﬁ({]egél? gﬂé%%%}% g?\de?)lq)cglhgaer gelc
consisting mainly of Cr .and and_ t ' r d; by a
spattering Wé‘i?ﬁ#?lféf Sgldna gol\/gﬁblg%grnaet@glcﬁggp Fggg?g‘?r%ger%fyurr?ea \?\inru? ﬁiftggggréﬁge

of 250 to 429l erfl{e,ANfed0; A +HESdH-SRYNeE W hHEOr Pad @D Woririded bRellr

mlorr .

IS et Has B epkgerhet i c
recordi ng nmediumof claim$5 wherein thg;CoPtCr all oy | jm ul"ﬂ” ont ent

more non-magnetic layers, one of the non-magnetic layers which is
in contact with the CoPt magnetic layer consists mainly of Cr and
Mo, and difference (d (so2) — d (110, ) Obtained by subtracting a
crystalline lattice spacing of bcc (110) faces in the non-magnetic
layer consisting mainly of Cr and Mo from a crystalline lattice
spacing of hcp (002) faces in the magnetic layer falls within a

range of from 0.002 to 0.0324 .

2, The magnetic recording medium of claim 1 wherein the
difference of lattice spacings (d (oo2y — d (110)) falls within

a range of from 0.014 to 0.0304 .

3. The magnetic recording medium of claim 1 wherein the medium
comprises one or more non-magnetic layers between the non-magnetic
layer consisfing mainly of Cr and Mo and the substrate, and one of
the non-magnetic layers which is in contact with the non-magnetic
layer consisting mainly of Cr and Mo is composed of a ﬁetal having a

body-centered cubic close-packed crystalline structure.

4. The magnetic recording medium of claim 3 wherein the non-

magnetic layer composed of a metal having. a body-centered cubic

* [+ L M S *
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close-packed crystalline structure is a Cr layer.

5. The .magnetic recording medium of claim 1 wherein the CoPt

magnetic layer is a CoPtCr alloy layer.

6. The magnetic recording medium of claim 5 wherein the CoPtCr
alloy layer has a Co content of 60 to S0 at%, Pt content of 4 to 20

at% and Cr content of 3 to 30 at%.

7. The magnetic recording medium of claim 1 wherein the substrate

is a glass substrate.

8. The magnetic recording medium of claim 1 wherein the non-
magnetic underlayer is an uneven layer between the substate and the
magnetic layer, and a protective layer composed of carbon is

provided on the magnetic layer.

9. A method for producing the magnétic recording medium of claim
1 wherein at least the non-magnetic layer consisfing mainly of Cr
and Mo and the CoPt magnetic layer are formed by a spattering
technique using a substrate heating temperature within a range of
250 to 425°C and an Ar gas pressure within a range of 0.5 to 10

mTorr.
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