t her eon,

' [ C RECCRE& NG MEDI UM . Thisgn kbgmt;’ﬁelgjes to a magnetic
recordlng nedlunlconpr|5|ng a substrate MAﬂh

gnetic |l ayer forned
for use in a magnetic recording tape, disk, or the Ilike.

Met al f| | m medi a call ed continuous nedia that use a ferromagnetic materi al

such as

argeBI&sa2d nagnetic all oy have tecently been used as magnetic

recordi ng nmedia. However, such magnetic materials as are currently used,
if formed into a thin film do not inherently possess strong in-plane
magneti ¢ ani sotropy suitabl e fHWCNESHEIREGERTAG ¥YEXFMdi ng. Therefore, a
non- magneti c underl ayer is provided on a non-magnetic substrate, and a

This invention relates to a magnetic recording medium comprising a
substrate with a magnetic layer formed thereon, for use in a magnetic

recording tape, disk, or the like.

Metal film media called continuous media that use a ferromagnetic

material such as a Co-based magnetic alloy have recently been used as

magnetic recording media. However, such magnetic materials as are

currently used, if formed into a thin film, do not ihherently possess
strong in-plane magnetic anisotropy suitable for longitudinel recording.
Therefore, a non-magnetic underlayer is provided on a non-magnetic
substrate, and a magnetic layer is provided on the underlayer, so as to
obtain in-plane magnetic apisotropy. In these magnetic media, however,
the characteristics of the magnetic.layer vary with the film
configuration and the status of non-magnetic underlayer. Therefore, the

magnetic layer must be fabricated as carefully as the underlayer, which

complicates the control of the brocess for fabricating the underlayer

£ilm.
On the other hand, it is known that exchange coupling between
magnetized fine grains increases the magnetization transitional width
and causes_hedium noise. In order to increase the recording density, it
is important to suppress medium noise. JA PUPA 1-232516 and JA PUPA
1-23517 disclose techniques fo; reducing medium noise wherein a new
alloy of quaternary or higher degree is prepared bf adding an element or
elements (C, P, Bi,vand so forth) to a Co-based magnetic ternary alloy,

and'a film of the obtained alloy is fabricated on a substrate. However,

"because coupllng between magnetic alloy grains remains in the magnetic

layer; medium noise. is not suppressed sufficiently. Further, the
coercivity obtained may be less than 1000 {(Oe). 1In addition, a Cr
underlayer is still required.

Accordingly, the invention provides a magnetic recording medium

comprising a substrate and a magnetic layer formed thereupon, said
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npgnetic layer is provided on the underlayer, so as to obtain in-plane
magneti c ani sotropy. In these magnetic nedia, however, the characteristics
of the magnetic layer vary with the fil mconflguratlon and the status of
“non-magnetic underlayer. Therefore, the nmagnetic |ayer nust be fabricated
as car ef utdg9r9assizhe underl ayer, which conplicates the control of the
process for fabricating the underlayer film On the other hand, it

i s known that exchange coupling between magneti zed fine grains increases

t he magnetagretioniayransinbriviak aimdikbuen i causgse tridimatenicls end |an or der to

I ncr ease 3 . . SURRT I se.
JA PUPA 1}1&]'?5'%%@%% %HE% %@Uéﬁli %gg?cgﬁgé(%%s%g ée)lc'%nﬁgubga%%?or re u‘%?ng
medi um nops Feffachasied and faid albhoyedaykt i sceperndybeinthiaghetidgegf ee i s
prepared Ryraddi ng an el ement or elements (C, P, Bi, and so forth) to a

Co- based nmagnetic ternary alloy, and a filmof the obtained alloy is
fabricated on a substrate. However, because coupling between magnetic all oy

grains Such a magnetic recording medium is suitable for longitudinal
recording, with low medium noise and high coercivity, for example in
magnetic disks for computer disk drives, or in magnetic tapes. The
magnetic recording medium using a Co-based, Fe-based, or FeCo-based
magnetic alloy for its magnetic layer together with a non-magnetic
compound selected from a group consiéting of oxides and nitrides has
magnetic characteristics suitable for longitudinal magnetic recording,
without using an underlayer. This medium has a simple structure because
an underlayer is not necessary and the manufacturing process is

consequently simplified.

In the prior art the magnetic anisotropy of a single film composed

of magnetic alloys does not preferentially grow in the in-plane
"direction. Therefore, a non-magnetic underlayer has hitherto been
provided in order to obtain in-plane anisotropy of the magnetic layer.
However, in a mixture of a non-magnetic compound film and a magnetic
material film, the non-magnetic compqund, which is not fused into the
magﬁetic material, can exist in the magnetic layer, and thereby incline
the magnetic anisotropy direction of thé magnetic layer in a direction
parallel to the medium surface without an underlayer. This inclination
is assumed to be caused by a non-magnetic compound changing the crystal
growth orientation of the magnetic alloy and inducing an anisotropy
suitable for in-plane magnetic recording. It is also noted that a
'non—magnetic compound causes high coercivity and reduces medium noise

because it isolates and makes magnetic alloy grains finer.

In a preferred embodiment, the magnetic layer is formed directly on
the substrate (ie without an underlayer), although an underlayer may be
desired to adjust the magnetic characteristics of the magnetiéd layer. In

general, a protective layet will be formed on the magnetic layer.
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remaing.in the magnetic |ayer, mediumnoise is not suppressed sufficiently.
Further, the coercivity obtained my be | ess than 1000 (0Oe). In addition,

a O underlayer is still required. SUMVARY OF
THE | NVENTI ON It is an object of the present invention to
anel i or atmoBe-932 nore di sadvant ages of 3 the prior art. Accordi ng

to one aspect of the present invention there is provided a nagnetic
recordi ng medi um conprising a substrate and a nagnetic |ayer forned
t her eupon, thexamples of suitable Co-based magnetic materials for the magletic

layer are ternary alloys such as CoNiCr, CoNiPt, CoCrPt, and CoCrTa.
Examples of suitable non-magnetic compounds for the magnetic layer are
silicon oxide, zirconium oxide, tantalum oxide, silicon nitride, boron

nitride, titanium nitride, and aluminum nitride.

Oﬁerall estimation of the magnetic characteristics, read/write.
characteristics, and reliability indicates that preferred compositions

for Co-based magnetic alloys can be expressed by the following general

formulas:

€0 1-x-y) () (y)

where x = 0.2 to 0.4 and y

0.05 to 0.1;

o 1-x-v) " () FE(y)

where x = 0.2 to 0.4 and y = 0.01 to 0.2; ‘

€ (1-x-v) () ()

where x = 0.1 to 0.3 and y 0.01 to 0.2, and

Cr Ta
C°(1-x-y) (x)" (y)
where x = 0.1 to 0.3 and y =0.01 to 0.05, (see A. Terada: Journal of the
Magnetics Society of Japan Vol. 13, No. 3, 493(1989))

The volume percentage of non-magnetic compound in the entire volume
of mixed magnetic alloy and non-magnetic compound (hereafter called the
mixed volume percentage) is preferably not less than about 2% and not s
more than about 30%. The maximum effect is obtained at about 5%.

Even if the Co-based alloy is'binary {for example, CoNi, CoP4,

CoCr, and CoPt), quaternary (for example, CoNiCrV and CoNiCrCu), or of
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magnetic recording |ayer not being essentially conposed of [err] and [err];
but conprising a mxture of a nagnetic material and a non-nmagnetic
compound, said magnetic naterial being Co-based, Fe-based, or FeCo-based
and sai d non-magnetic conpound being an oxide or a nitride, and said

medi um bei F@9cBhrdet eri sed in that the volune percentage of said
non-magnetic conpound in said mxture is between 2% and 30% .
According to another aspect of the present invention there is provided a
met hod f or highexAsignge a tragrmipiléng ettatas rgone diratim< AMPEhes icdgbassalibsisnt e
and a magnati G reppon, &h L.C r [dsing.a
m xture gf @z; lﬁﬁgﬁfﬁ%gt%@#gﬁ ig%ftlﬂgnd&% Q‘?\ol;n- ﬁ%gﬁ‘%? ?%:Iiycg%%%ﬁ'nd?gg%ég rﬁhgtﬁléat e
mat eri al beldTg EFGiScrre rERITASEdto be FuBsd s edxinnd sen-thagoet ivagompdund

conpound beiing eesexkURyal ardH thé dlme WRkEh D dBSt KRR, RET S @Efer.gs
sai d non-nagnetic %%gpound in %ﬁl d mxture i s between 2% and 30% sal

et hod conprics RETRE B EnGt “hp gnat 1y "atuisdt Fate; mixrd Fékhithg a

magnet i ¢ | ayparmagnetic compound is replaced by an Fe-based alloy (for example, -
Fe203 or FeNi), or an FeCo-based alloy (for example, FeCoCr).

Preferably the magnetic layer is formed by depositing a magnetic
material film and a non-magnetic compound film simultaneously, both
films being deposited by evaporation and/or sputtering. The important
factor in whatever technique is ﬁsed is the need to obtain the mixture

of a magnetic alloy and a non-magnetic compound in a magnetic film.

Thus the invention also provides a method for producing a magnetic
recording medium comprising the steps of:

providing a substrafe; and

forming a magnetic layer consisting of a mixture of a magnetic
material and a non-magnetic compound by depositing hoth simul{aneously
onto said substrate, the deposition process being performed by

evaporation and/or sputtering.

An embodiment of the invention will now be described by way of
example with reference to the following drawings: \

Fig. 1 is a cross~sectional view of a magnetic recording medium
according to the invention:

Fig. 2 is a cross-sectional view of a conventional magnetic
recording medium without a non-magnetic underlayer, which was prépared
for the purpose of comparison. |

Fig. 3 is a graph showing the relations between the thickness and
coercivity of a magnetic recording medium as shown in Figure 1 and of a

conventional magnetic recording medium.

Fig. _4 is a graph showing the relations between the mixed volume
percentage of the non-magnetic compound and the coercivity of the

magnetic recording medium.
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cpnsisting of said mxture of a magnetic material and a non-magnetic
conpound by depositing both sinultaneously onto said substrate, the
deposition process being performed by evaporation and/or sputtering.
According to still another aspect of the present invention there is

provi ded ﬁ“ %ﬁ%$§ I ¢ recording nmedium conprising: a non-magnetic substrate;
and a t hi "7 gnetic layer formed directl y upon said substrate, said
magnetic | ayer conprising a mxture of a magnetic alloy and a non-magnetic
compound, sai ¢ pranell ¢ ALLRY.DELAG -, BaSE, FE-DAsed. 0 FeCo-based and
sai d non-nagnet?é conpoﬁhgp erng-s l'ected Froﬁ*a group consi sting a

si |l i con oXxptmalzreuwisemabirsle oft amaghemooxeckerding |neddnm st shee® ibor on
nitride, Eibanl M bE deonlih s3h N abHe R FLdHRs nghRiashp. the vol ume
percentage of said non-magnetic conpound'ln the entire volune of said

m xture of a magnetic alloy and a non-magnetic conmpound is not |ess than

about 2% and nqy. DIsBohd dheabBlct 3 of diGhagnetic recording medium with a
magnetic layer 2 formed on a non-magnetic glass substrate 1. By using

DC magnetron sputtering for C°75.5cr12.5Pt11.5 (argon back pressure: 5

mTorr) and RF magnetron sputtering for compound SiO a magnetic alloy

2I
film and a non-magnetic film are fabricated at the same time. The mixed

volume percentage of Sio2 is set at 5%. On the magnetic layer 2 a ZrO2

film (30 nm thick) was formed as a non-magnetic protective layer 3 by RF

sputtering. Further, a medium using SiN instead of 8102 and a medium

using ZrO2 were prepared in the same conditions (composition of magnetic
alloy, mixed-volume percentage, and so on) as for SiO,. In addition,

for comparison purposes, a medium having a Co-based m;gnetic alloy layer
4 was prepared by forming a film consisting 9f Co7OCr14Pt16
non-magnetic glass substrate 1, the other conditions being identical

i

on a

with those in the foregoing cases (Fig. 2).
Fig. 3 shows the results obtained when ﬁhe coercivity was measured

by varying the thickness of the magnetic layer 2 or 4. It can be l
understood from the figure that the magnetic characteristics are
significantly improved throughout the entire thickness range by
admixture of a non-magnetic compound. 1In particular, the improvement is
remarkable in the thinner range. In Fig. 3, the values of coercivity. -
measured for a medium using BN (instead of) SiOZ, a medium using Taoz, a
medium using TiN, and a medium using ALN are also shown, although with
only one point for each medium. The conditions for preparing these
media (composition of magnetic alloy, mixed volume percentage, and so
on) were the same as for the medium using Sioz. In addition, a medium

as a magnetic alloy and

so™tag -
8102 as a non-magnetic compound. DC magnetron sputtering was performed

was prepared by using the binary alloy Co

for a film™of the former and RF sputtering for the latter. The other

conditions (mixed volume percentage, etc.) were the same as for SiOZ.



wherei p said non-nmagnetic conpound in said mxture is not fused into said
magnetic alloy. . According to still another aspect of the present
invention there is provided a nethod for fabricating a magnetic recording
medi um conprising the steps of: (a) providing a substrate; and (b) form ng
a magneti qgpoayerszponpri sing a m xture of ga

3 magnetic alloy and a non-nmagnetic conpound by depositing both

simul taneously onto said substrate, said magnetic all oy being Co-based,

Fe- based, K)iJ’g.FEC&l—sbaslﬁﬂrsaﬂda S‘aéldlﬂ’lalﬂ med¥BEINE] ithe CRIBROINMTLYC 66 aihasng at

| east one cort ’ c%c ql br po%eggglrﬁ consi sting of

Next, the magnitudes of the torque in the in-plane direction were
measured for the sample whose magnetic layer is a mixed film of
Co7s'5Cr12.9Pt11.6 and SiO2 (mixed volume percentage: 5 vol%) and the
sample whose magnetic layer consists of Co75.5Cr12.9Pt11.6 alone. The
thickness of the magnetic layer was 85 nm for both samples. The results
of the measurement are shown in Table 1. It can be understood from the
table that admixture of SiO2 gives a greater in-plane anisotropy.

TABLE 1
- _ 5
Sample Torque(x 10~ dyne-cm)
Co.ls.5(‘,1:.;2.991'_11.6 + Si02 9.75

€075.5%12.9 116 4.52

Next, in order to find the relation between the mixed volume
percentage 6f the non-magnetic compound and the coercivity of the
medium, an experiment was performed on media having the structure shown
in Fig. 1, with the substrate 1 being a glass substrate, the magnetic
layer 2 being 43 nm thick, and the protective layer 3 being a
30-nm-thick ZrO2 film. The result is shown in Fig. 4. In the figure,
black circles indicate data obtained from a medium in which the
non-magnetic compound in the magnetic layer 2 is Sioz, while. black
diamond shapes indicate data obtained from a medium whose non-magnetic
compound is SiN. It can be understood from the figure that excellent
characteristics are obtained when the mixed volume.percentage of the
non-magnetic compound is not less than about 2% and not more than about
30%. 1In particular, when the mixed volume percentage is about 5 vol%, a

coercivity~of as much as about 2000 (Oe) is obtained.



sjli-can oxide, zirconium oxide, tantalumoxide, silicon nitride, boron
nitride, titanium nitride, and aluniniumnitride, the deposition process
bei ng carried out by evaporation and/or sputtering so that the vol une

per centage of said non-magnetic conpound in the entire volune of said

m xture ofpg-dyaggeti c alloy and a non-magnetic conpound is not |ess than
about 2% and not nore than about 30% According to yet another
aspect of the present invention there is provided a nethod for fabricating
a nraggeti c remrndimg, rsadéwamﬁ@dtﬂwaetdwdoﬂmpéﬁ sdaag édﬁ@lstﬁﬁ%k@fshdwa) in
provi di ng u for yer, conprisin

m xture ofTa‘Sf ﬁaéﬁe Jin’d g%’ 5&95 & mﬁ%‘%e%gﬁ%gﬁ er}‘?&ﬁ’éoﬂ‘ﬁidm é?ua‘e%é ing both

si mul t ane@bel yotantonslaisdeed wiistireatidsis oat h3g00t hﬁn,vmhen&ecpedmbageerﬂ:f wasai d
non- magnetpg GIROUNG LNANC B o Wl WIBy F SYedoMXLULE DS Bngrmgnet ic
€ss t ()an

| al l oy and a non- gnetlc conpoun I'S not not nore
t han aboutresen)emsamﬁr@pé@r@rtlﬁo&s(mngls‘-ar@pmgn@uod Fa§ @eapirddu Y ngprying

the number of flux changes per millimeter. It can be understood from
the figure that the sample including a non-magnetic compound shows an

excellent S/N characteristic.

As explained above, disk with appropriate mixtures of magnetic and
non-magnetic compunds have excellent magnetic characteristics suitable
for longitudinal recording without an underlayer. However, such an
underlayer may be interposed between a substrate and a magnetic layer
for the purpose of adjusting the magnetic characteristic obtained by
mixing a magnetic alloy and a non-magnetic compound in the magnetic

layer, and the scope of the invention extends to such media.

Note that the protective layer is not limited to the ZrOz'f;lm

described above, but may be a film of any single material such as

amorphous carbon or Si0O, that is known to be suitable for protection of

2
a magnetic f£ilm.



tpe supsteps of (bl) DC magnetron sputtering a target to provide said
magnetic alloy, and (b2) RE magnetron sputtering a target to provide said
non- nagneti ¢ conpound sinultaneous to said subst

sputtering. DESCRI PTI ON OF THE PREFERREDSEMBODR [ -

An enbodi EE‘]_TQIQE:S% he i nvention will now é)e descri bed M : npl'e with
reference to the follow ng draw ngs: Fig. | ' &m u tiona
view of a magnetic recording nmedi um according to the .

Fig. 2 is a cross-sectional view of agppuentional magnetic recording
medi um w thout a non-magnetic underlayer, which was prepared for the
pur pose of conparison. Fig. 3.is a graph show ng the relations

between the thixckigetiantkh&RIA] WeburD bombr iTBEN&! sGp418GREd{ NY aRBCH UM as

shown in Figure 1 and of % conventi onal nagnetlc ) ..
magnetic layer (2) formed thereupon, said magnetic layer comprising a
mixture of a magnetic material and a non-magnetic compound, said
magnetic material being Co~based, Fe-based, or FeCo-based and said

non-magnetic compound being an oxide or a nitride.

2. The magnetic recording medium of claim 1 wherein the volume

percentage of said non-magnetic compound in said mixture is between 2%
and 30%. '

3. The magnetic recording medium of any preceding claim, wherein said

magnetic layer is formed directly on said substrate.

4. The magnetic recording medium of any preceding claim, further

comprising a protective layer (3) formed on said magnetic léyer.

i 5. The magnetic recording medium of any preceding claim, wherein said
non-magnetic compound contains at least one of silicon oxide, zirconium
oxide, tantalum oxide, silicon nitride, boron nitride, titanium nitride,

and aluminum nitride.

6. The magnetic recording medium of any preceding claim, wherein said
magnetic material is a ternary alloy selected from a group consisting of

CoNiCr, CoNiPt, CoPtCr, and CoCrTa.

7. The magnetic recording medium of claim 6, wherein the composition
of said Co-based ternary magnetic alloy is expressed by
Co Ni, .Cr, ., where 0.2<=x<=0.4 and 0.05<=y<=0.1.

(L-x-y) - (x) " (y) Y
8. The magnetic recording medium of claim 6, wherein the composition
of said Co based ternary magnetic alloy is expressed by

Co N . 2<=x<=0. .01<=y<=0.2.
(1-x-y) 1(x)Pt(y)’ where 0.2<=x<=0.4 and 0.01<=y<=0.2

L



rgcordi ng medi um 4
Fig. 4 is a graph showing the rel ations between the m xed vol une percent age

of the non-nmagnetic conpound and the coercivity of the nagnetic recording
medi um

JA9-91-532 9

9. The magnetic recording medium of claim 6, wherein the composition
of said Co-based ternary magnetic alloy is expressed by

Co Cr, .Pt, ., where 0.1<=x<=0.3 and 0.01<=y<=0.2.
(1-x-y) T(x) C(y)’ Where % an Y

10. The magnetic recording medium of claim'6, wherein the composition
of said Co-based ternary magnetic alloy is expressed by
Co Cr Ta , Wwhere 0.1<=x<=0.3 and 0.01<=y<=0.05.

(1-x-y) (%) (¥) " Y
11. The magnetic recording medium of any preceding.claim, wherein said
magnetic layer is formed by depositing a magnetic material film and a
non-magnetic compound film simultaneously, both films being deposited by

evaporation and/or sputtering.

12. A magnetic recording disk including the magnetic recording medium

of any preceding claim.

13. A method for producing a magnetic recording medium comprising the
steps of: f
provéding a substrate (1l); and
. forming a magnetic layer (2) consisting of a mixture of a magnetic
material énd a non-magnetic compound by depositing both simultaneously
onto said substrate, the deposition process being performed by

evaporation and/or sputtering.

This Sheet Has Been RTlaced
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JA9-91.532 . 5 Fig. 5is a graph show ng the
recordi ng char acteristics (signal -to-noise ratios) of a magnetic recording
medi um as shown in Figure 1 and of a conventional magnetic recording

medi um Fig. 1 shows the structure of a magnetic recordi ng nedi um
with a magnetic layer 2 formed on a non-magnetic gl ass substrate 1. By

usi ng DC magnetron sputtering for [err][err](argon back pressure: 5

[err] niTorpd9-andsF nmagnetron sputtering for conpound [err], a nagnetic
alloy filmand a non-magnetic filmare fabricated at the sanme tine. The

m xed vol unme percentage of [err] is set at 5% On the nmagnetic |layer 2 a
Zr@2 film (30 nmthick) was foMRSNEEE: RECCRDINGUMENTUM protective |ayer 3 by
RF sputtering. Further, a mediumusing SiN instead of SiOQ2 and a medi um
using ZrQ2 were prepared in the same conditions (conposition of magnetic
al | oy, m xabstnacime percentage, and so on) as for [err]. In addition, for
conpari son purposes, a nedium having a Co-based rragneti C aI | oy | ayer 4 was
prepared by formng a filmconsisti of [err] [err non-nmagneti c

gl ass substrate # mygRetif reroxHAgi 'E‘?‘g‘r‘fg’ prglvges derf E’éqat\ﬁn’c@“tdhésr@g“ﬁtf‘l’le
f oregoi ng Qé@%&SZ(fﬁﬁhedZ&n the substrate 1. The magnetic layer 2 consists of a

mixture of a magnetic alloy and a non-magnetic compound. The magnetic
alloy ié Co-based, Fe-based, or CoFe-based, and the noﬁ—magnetic
compound is selected from a group consisting of oxides and nitrides.
The volume percentage of the non-magnetic compound in the entire volume
of the ﬁixed magnetic alloy and non-magnetic compound is preferably
between about 2% and about 30%. The magnetic recording disk is suitable

for longitudinal recording, with low medium noise and high coercivity.

i



=033 -shows the results obtained when the coercivity was nmeasured by -
varyi ng the 'thickness of the nmagnetic layer 2 or 4. It can be understood
fromthe figure that. the magnetic characteristics are significantly

i nproved throughout the entire thickness range by adm xture of a

non- magneti.c .conpound. In particular, the inprovenent is remarkable in the
thinner range. In Fig. 3, the value P coercivity neasured for a nedium
using BN (instéead of) [err], a mediumusing [err] a mediumusing TiN, and a
medi um usi ng AI'N are al so shown, although with only one point for each

medi um The conditions for preparing these nmedia (conposition of magnetic
al l oy, mi xed vdél une percentage, and so on) were the same as for the nedi um
using [err]..In addition, a nmedi-.um was prepared by using the binary alloy
Co-[err] as a magnetic alloy and [err] as a non-magnetic conmpound. DC
magnetron sputtering was perforned for a filmof the fornmer and RF
sputtering for the latter. The other conditions (m xed vol une percentage,
etc.) were the sane as for [err].

FIG. 1

NON-MAGNETIC PROTECTIVE LAYER |} 3

Co-BASED ALLOY AND NON-MAGNETIC
COMPOUND MIXED LAYER N\ 2

NON-MAGNETIC SUBSTRATE | — 1

'

FIG.?

NON-MAGNETIC PROTECTIVE LAYER 7~ 3

Co-BASED MAGNETIC ALLOY LAYER b —~— 4

NON-MAGNETIC SUBSTRATE

L~ 1




fA9-9T-532 . 6 Fig. 3 also shows the result of
nmeasuring the coercivity for this nmedium although with only one point.
Next, the magnitudes of the torque in the in-plane direction were neasured
for the sanple whose nagnetic layer is a mxed filmof [err] [err] and
[err] (m xed volume percentage: 5 v IZ@ and the sanpl e whose nagnetic | ayer
consists of [err] [err] alone. The {ti ckness of the magnetic | ayer was 85
nm for both sanples. The results of the neasurenment are shown in Table 1.

It can be understood fromthe table that adm xture of [err] gives a greater
i n-pl ane ani sot r opy. TABLE 1 Sanpl e
Torque(x 10[err] dyne-cm [err]

FIG.3
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, Next,, in order-to find the relation between the m xed vol une percentage of
t he 'non- magneti ¢ conpound and the coercivity of the medium an experinent
was performed on nedia having the structure shown in Fig. 1, with the
substrate 1 being a glass substrate, the nmagnetic |ayer 2 being 43 nm
thick, and the protective |ayer 3 ba a 30-nmthick Zr@2 film The result
is showmn in Fig. 4. In the figure, Black circles indicate data obtained
froma mediumin which the non-magnetic conpound in the magnetic |ayer .2 is
[err], while black di anond shapes indicate data obtained froma nedi um
whose non-magnetic conmpound is SIiN. It can be understood fromthe figure
that excellent characteristics are obtained when the nixed vol une
per cent age of the non-.nagnetic conpound is not |ess than about 2% and not
nore than about 30% In particular, when the m xed vol ume percentage is
about 5 vol % a coercivity-of as nmuch as about 2000 (Oe) is obtained.

FIG. 4
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*JA9-91-532 . 7 Finally, an experinment was
performed on each sanple (disk) shown in Table-1 to find the relation
between wite density and medi um noi se. The rotational speed of the disk
was 3600 rpm the recording current was 100 mAp-p, and a thin film head was
used as a recordi ng head. The recordhgg characteristic (signal-to-noise
rati o) was neasured by varying the n @r of flux changes per mllineter.

It can be understood fromthe figure that the sanple including a

non- magneti c conmpound shows an excellent S/ N characteristic. As
expl ai ned dbove, disk with appropriate m xtures of magnetic and '

non- magneti ¢ conpunds have excellent magnetic characteristics suitable for

| ongi tudirnal recording without an underlayer. However, such an underl ayer
may be interposed between a substrate and a nagnetic |ayer for the purpose
of adjusting the magnetic characteristic obtained by m xing a nmagnetic

al loy and a non-magnetic conpound in_the nagnetlc | ayer, and the scope of
the invention extends to such nedla]? I (}
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.Note ' that the protective layer is not limted to the [err] filmdescribed
above, but may be a filmof any single material such as anorphous carbon or

[err] that is known to be suitable for protection of THis IR HE dplacemdht sheet

CLAIMS 1. A magnetic recording
rredl um conprising a substrate and a magnetic | ayer forrred th i t he
magnetic recording |ayer not being essenfally conpdsdia ﬁ d[err]-

Fe2@8, but conprising a nlxture of a magnetic nateri al and a non-magnetic -
conpound,

MAGNETIC RECORDING MEDIUM

ABSTRACT

- A magnetic recording medium includes a substrate (1) and a magnetic layer (2)
formed on the substrate (1). The magnetic layer (2) consists of a mixture of a magnetic
alloy and a non-magnetic compound. The magnetic alloy is Co-baséd, Fe-based, or CoFe-

| based, and the non-magnetic compound is selected from a group consisting of oxides and
nitrides. The volume percentage of the non-magnetic compound in the entire volume of the
mixed magnetic alloy and non-magnetic compounci is preferably between about 2% and

about 30%. The magnetic recording disk is suitable for longitudinal recording, with low i

medium noise and high coercivity.

Fig. 1
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said magnetic material being Co-based, Fe-based, orEfEMCmﬁassectmgm/éamctagedg‘
non- magnetic conpound being an oxide or a nitridg ;I/Cuu 5(s) aqﬁlgscﬂkﬂ t@qﬁg .....
bei ng characterised in that the vol une percent agewﬁawmg@n—pdg&am@ Ifhged ...

conpound in said mxture is between 2% and 30% Abstth& MegRgtd L4to paged T
recordi ng medi umof claim1, in which the thicknegs of the magnet I C g

Is in the range from50nmto 250nm 3. The map -

any preceding claim wherein said nagnetic | ayer--@&g.t-éggﬁE P}iﬂg\,ﬁm

sai.d substrate. 4. TheMARGNETIC RECORDING MEDIUMOf any precedi ng
claim further conprising a protective |layer fornmed on said magnetic

| ayer. 5. This imeetien relateetroa diaguetivardcarding fmalym pomprsing g substrate wither ei n
said non- nmagnetic conpound contains at |east one of silicon oxide,
zi r coni una mageesic layertfatmgd thereon, for use in a magnetic recording tape, disk, or the hke
Metal film media called continuous media that use a ferromagnetic material such as
- a Co-based magnetic alloy have recently been used as magnetic recording media.
However, such magnetic materials as are currently used, if formed into a thin film, do not
inherently possess strong in-plane magnetic anisotropy suitable for longitudinal recording.
Therefore, a non-magnetic underlayer is provided on a non-magnetic substrate, and a
“magnetic layer is provided on the underlayer, so as to obtain in-plane magnetic anisotropy.
In these magnetic média, however, the characteristics of the magnetic layer vary with the
film configuration and the status of non-magnetic underlayer. Therefore, the magnetic
layer must be fabricated as carefully as the underlayer, which complicates the control of
| the process for fabricating the underlayer film.
On the other hand, it is known that exchange coupling between magnetized fine
grains increases the magnetization transitional width and causes medium noise. In order to
increase the recording density, it is important to suppress medium noise. JA PUPA 1-
- 232516 and JA PUPA 1-23517 disclose techniques for reducing medium noise wherein a
new alloy of quaternary or higher degree is prepared by adding an element or elements (C, -
P, Bi, and so forth) to a Co-based magnetic ternary alloy, and a film of the obtained alloy
is fabricated on a substrate. However, because coupling between magnetic alloy grains
remains in the magnetic layer, medium noise is not suppressed sufficiently. Further, the
coercivity obtained may be less than 1000 (Oe). In addition, a Cr ﬁnderlayer is still
required.
SUMMARY OF THE INVENTION
It is an object of the present invention to ameliorate one or more disadvantages of
the prior art. |
According to one aspect of the present invention there is provided a magnetic

recording medium comprising a substrate and a magnetic layer formed thereupon, the
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by

- oxi de, silicdn nitride, boron nitride, titaniumnitride, and al um ni um

nitride. 6. The magnetic recordi ng nedi um of any preceding claim
wherein said nagnetic material is a ternary alloy selected froma group
consisting of CoNNCr, CoNiPt, CoPtCr, and CoCrTa. 7. The magnetic

recordi ng medi um of claim®6, wherein thgbconposition of said Co- Dbased
ternary nmagnetic alloy is expressed by [err], where 0.2<x<0.4 and
0. 05<y<0.1. 8. The magnetic recordi ng nmedi umof claim®6, wherein the

conposi t i pagmdticsretetding labasest Bdﬁﬁgléfsﬂnﬁm@ﬂ@imcfibséd bpy-He308 00t as-FesOhybut
Co([err])Ni([err])[err]), where 0.2<x<0.4 and 0.01 <y<0. 2.
comprising a mixture ofa magnetic material and a non-magnetic compound said magnetic
material being Co-based, Fe-based, or FeCo-based and said non-magnetic compound being
an oxide or a nitride, and said medium being characterised in that the volume percentage
of said non-magnetic compound in said mixture is between 2% and 30%. ‘

According to another aspect of the present invention there is provided a method for
producing a magnetic recording medium comprising a substrate and a magnetic layer
formed thereupon, the magnetic layer comprising a mixture of a magnetic material and a
non-magnetic compound, said magnetic material being Co-based, Fe—bé,sed, or FeCo-based
and said non-magnetic compound being an oxide or a nitride, wherein the volume
percentage of said non-magnetic compound in said mixture is between 2% and 30%, said
method comprising the steps of: providing a substrate; and forming a magnetic layer
consisting of said mixture of a magnetic material and a non-magnetic compound by
depositing both simultaneously onto said substrate, the deposition process being performed
by evaporation and/or sputtering.

According to still another aspect of the present invention there is provided a
magnetic recording medium comprising: a non-magnetic substrate; and a thin film
magnetic layer formed directly upon said substrate, said magnetic layer comprising a
mixture of a magnetic alloy and a non-magnetic compound, said magnetic alloy being Co-
based, Fe-based, or FeCo-based and said non-magnetic compound being selected from a
group consisting a silicon oxide, zirconium oxide, tantalum oxide, silicon nitride, boron
nitride, titanium nitride, and aluminium nitride, wherein the volume péréentage of said
non-magnetic compound in the entire volume of said mixture of a magnetic alloy and a
non-magnetic compound is not less than about 2% and not more than about 30%, and
wherein said non-magnetic compound in said mixture is not fused into said Iﬁagnetic alloy.

According to still another aspect of the present invention there is provided a
method for fabricating a magnetic recording medium comprising the steps of: (a)
providing a substrate; and (b) forming a magnetic layer comprising a mixture of a

This is the replacement sheet

Date: 10 NOV 1997



>

9 o. The magnetic recordi ng mediumof claim®6, wherein the conposition
of said Co- based ternary magnetic alloy is expressed by Co([err]), where
0. 1<x<0.3 and 0.01 <y<0.2. 10. The magnetic recordi ng medi umof claim
6, wherein the conposition of said Co- based ternary magnetic alloy is
expressed by Co([err])[err][err]), wherg 0.1<x<0.3 and [err]. 11 The
magneti c recordi ng nedium of any preceding claim wherein said nagnetic
| ayer is formed by depositing a magnetic material filmand a non-magnetic
conpound mhagnetic alloguhiidaromislagnetivaiompgouhdby deposiingehods simttaiigouslyagme sdid on
and/ or sputtering. 12. The magnetic recordi ng medi um of any precedi ng
clai m wisebssrate, tdail magnetingaldayi being Co-based, Fe-based, or FeCo-based and said non-
magnetic compound containing at least one compound selected from a group consisting of
silicon oxide, zirconium oxide, tantalum oxide, silicon nitride, boron nitride, titanium
nitride, and aluminium nitride, the deposition process being carried out by evaporation
and/or sputtering so that the volume percentage of said non-magnetic compound in the
entire volume of said mixture of a magnetic- alloy and a non-magnetic compound is not
less than about 2% and not more than about 30%.
According to yet another aspect of the present invention there is provided a method
for fabricating a magnetic recording medium, said method comprising the steps of: (a)
providing a substrate; and (b) forming a magnetic layer comprising a mixture of a
magnetic alloy and a non-magnetic compound by depositing both simultaneously onto said
substrate so that the volume percentage of said non-magnetic compound in the entire
volume of said mixture of a magnetic alloy and a non-magnetic compound is not less than
about 2% and not more than about 30%, said step of forming said magnetic layer including
the substeps of (b1) DC magnetron sputtering a target to provide said magnetic alloy, and
(b2) RF magnetron sputtering a target to provide said non-magnetic compound
simultaneous to said substep of DC magnetron sputtering.
DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
An embodiment of the invention will now be described by way of example with
reference to the following drawings:
Fig. 1 is a cross-sectional view of a magnetic recording medium according to the
invention.
Fig. 2 is a cross-sectional view of a conventional magnetic recording medium
without a non-magnetic underlayer, which was prepared for the purpose of comparison.
Fig. 3 is a graph showing the relations between the thickness and coercivity of a

magnetic recording medium as shown in Figure 1 and of a conventional magnetic

recording medium.
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conpound is not fused into the magnetic material. 13. A magnetic
recordi ng disk including the magnetic recording nmedi um of any preceding
claim 14. A met hod for producing a magnetic recordi ng nmedi um conpri si ng
a substrate and a magnetic |ayer forned thereupon, the nagnetic |ayer
conprising a mxture of a magnetic matgrial and a non-magnetic conpound,
said magnetic material being Co-based, Fe-based, or FeCo-based and said
non- magneti ¢ conpound being an oxide or a nitride, wherein the volune

per cent age of Hgi4lisnograptashoeting theanjatiomchetweshathe mited wolwme peroerdtugesf theo and
30% said nethod conprising.the steps of: provi di ng a substrate,;
and non-rhagnetin gompowyhand the tegreivity ofithe sudgngtiofecerding meditiow: e of . a
magnetic material and a non-nmagnetic conpound by depositing both

si mul t aneously onto said substrate, the
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deposition process being performed by evaporation and/or sputtering.
A magnetic recordi ng nedi um conpri si ng: a non-magneti c substra

and

athin filmmagnetic |ayer formed directly upon said subst

said magnetic |ayer conprising a mxture of a nmagnetic alloy and a
non- magneti c conpound, said magnetic a§loy being Co-based, Fe-based,
FeCo- based and sai d non-nagneti c conpound bei ng

10

selected froma group consisting a silicon oxide, zirconium oxide,

tant al um oxi de, silicon CLAIMS

1. A magnetic recofding medium comprising a substrate and a magnetic layer formed
thereupon, the magnetic recording layer not being essentially composed of y-Fe,03 and o~
FepO3, but comprising a mixture of a magnetic material and a non-magnetic compound,
said magnetic material being Co-based, Fe-based, or FeCo-based and said non-magnetic
compound being an oxide or a nitride,

and said medium being characterised in that the volume percentage of said non-
magnetic compound in said mixture is between 2% and 30%. .
2. The magnetic recording medium of claim 1, in which the thickness of the magnetic
layer is in the range from 50nm to 250nm.
3. The magnetic recording medium of any preceding claim, wherein said magnetic
layer is formed directly on said substrate.
4. The magnetic recording medium of any preceding claim, further comprising a
protective layer formed on said magnetic layer.
5. The magnetic recording medium of any preceding claim, wherein said non-
magnetic compound contains at least one of silicon oxide, zirconium oxide, tantalum
oxide, silicon nitride, boron nitride, titanium nitride, and aluminium nitride.
6. The magnetic recording medium of any preceding claim, wherein said magnetic
material is a ternary alloy selected from a group consisting of CoNiCr, CoNiPt, CoPtCr,
and CoCrTa.
7. The magnetic recording medium of claim 6, wherein the composition of said Co-
based ternary magnetic alloy is expressed by Co(yx.y)NixyCry) wheré 0.2<x<0.4 and
0.05<y<0.1.
8. The magnetic recording medium of claim 6, wherein the composition of said Co
based ternary magpetic alloy is expressed by Co(; y.yyNiex)Pt(y), where 0.2<x<0.4 and 0.01
<y<0.2. .

15.
te,

rate,

or
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nitride, boron nitride, titaniumnitride, and alum niumnitride, wherein
the vol une percentage of said non-magnetic conpound in the entire vol une
of said mxture of a magnetic alloy and a non-nagneti c conpound is not

| ess than about 2% and not nore than about 30% and wherein said

non- magnetic conpound in said mxture ig not fused into said nmagnetic
alloy. 16. The magnetic recordi ng nedi um according to claim15 wherein
said magnetic layer is forned by depositing said magnetic alloy and said
non- magne®.i c cThpmagdeticsiecoddirpnmedisiny of caind 6revherein the aonpysiben ofj saidpOs- t ed
by DC magnetron sputtering and said non-magnetic conpound bei ng deposited
by RF naghased tsinarywmagaetingloy is expressed &y agney i Rigp ﬂﬂlmo-dévﬁ(m%naad &dMtdi ng
to claim15, wherein the volunme percentage of said non-nmagnetic conpound
in the enfY¥®2vol une of said nixture of a magnetic alloy and a

: ; : o
non magneid.c CREY ?n%rg]geticsre%gr%%g x?leghum of claim 6, wherein the composition of said Co-

based ternary magnetic alloy is expressed by Co(;x.y)Crx)Ta(y), Where 0.1<x<0.3 and
0.01<y<0.05. '
11.  The magnetic recording medium of any preceding claim, wherein said magnetic
layer is formed by depositing a magnetic material film and a non-magnetic compound film
simultaneously, both films being deposited by evaporation and/or sputtering,
12. The magnetic recording medium of any preceding claim, wherein the non-magnetic
compound is not fused into the magnetic material. .
13. A magnetic recording disk including the magnetic recording medium of any
preceding claim. |
14. A method for producing a magnetic recording medium comprising a substrate and
a magnetic layer formed thereupon, the magnetic layer comprising a mixture of a magnetic
material and a non-magnetic compound, said magnetic material being Co-based, Fe-based,
or FeCo-based and said non-magnetic compound being an oxide or a nitride, wherein the
volume percentage of said non-magnetic compound in said mixture is between 2% and
30%, said method comprising the steps of:

providing a substrate; and )

forming a magnetic layer consisting of said mixture of a magnetic material and a
non-magnetic compound by depositing both simultaneously onto sa.'id substrate, the
deposition process being performed by evaporation and/or sputtering.
15. A magnetic recording medium comprising:

a non-magnetic substrate; and

a thin film magnetic layer formed direcﬂy upon said substrate, said magnetic layer
comprising a mixture of a magnetic alloy and a non-magnetic compound, said magnetic

alloy being Co-based, Fe-based, or FeCo-based and said non-magnetic compound being

his is the replacement sheet |
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18. A nmethod for fabricating a magnetic recordi ng nedi um conprising the
steps of: (a) provi ding a substrate; and (b) formng a
magnetic | ayer conprising a mxture of a magnetic alloy and a non-magnetic
conpound by depositing both sinultaneously onto said substrate, said
magnetic all oy being Co-based, Fe-basedyy or FeCo-based and said

non- magnetic conpound containing at |east one conpound selected froma
group consisting of silicon oxide, zirconium oxide, tantalum oxide,

si | i con nselectadefronor gnoupicondisting 4 silicon omide)izinconiem axide, tadtaloinmnoxide, rsiliconde,

t he deposition process being carried out by evaporation and/or sputtering
so that tmhigride| kaven pritridenttiariumf nifedel m%gxm chitristep ovlegeinntheheolamei r e
vol une of said mxture of a magnetic alloy and a no -nag?etic conmpound i s
not | ess PHEENIagenoR, al9 MORrHagNSIC FoMmP A0 & gRtirg geplume @f saidamigiare, of oy

Fabricating. &aT3H05 ahd a S5 it SESboiNd i Abdefh A P90 4 4 more than
about 30%, and wherein said non-magnetic compound in said mixture is not fused into
said magnetic alloy.

16.  The magpetic recording medium according to claim 15 wherein said magnetic layer
is formed by depositing said magnetic alloy and said non-magnetic compound
simultaneously, said magnetic alloy being deposited by DC magnetron sputtering and said
non-magnetic compound being deposited by RF magnetron sputtering.
17. The magnetic recording medium according to claim 15, wherein the volume
percentage of said non-magnetic compound in the entire volume of said mixture of a
magnetic alloy and a non-magnetic compound is about 5%.
18. A method for fabricating a magnetic recording medium comprising the steps of:
(a) providing a substrate; and

. (b) forming a magnetic layer comprising a mixture of a magnetic alloy and a
non-magnetic compound by depositing both simultaneously onto said substrate, said
magnetic alloy being Co-based, Fe-based, or FeCo-based and said non-magnetic
compound containing at least one compound selected from a group consisting of silicon
oxide, zirconium oxide, tantalum oxide, silicon nitride, boron nitride, titanium nitride, and
aluminium nitride, the deposition process being carried out by evaporation and/or
sputtering so that the volume percentage of said non-magnetic compoﬁnd in the entire
volume of said mixture of a magnetic alloy and a non-magnetic compound is not less than
about 2% and not more than about 30%.
19. A method for fabricating a magnetic recording medium, said method comprising
the steps of:

(a) providing a substrate; and

This.is the replacement sheet

10 NOV 197 | ) O A

Date:



the steps of: (a) provi ding a substrate; and (b)
formng a magnetic |ayer conprising a mxture of a nmagnetic alloy and a
non- magneti ¢ conpound by depositing both sinultaneously onto said substrate
so that the volunme percentage of said non-neEgnetic conpound in the entire
volume of said mxture of a magnetic aljjoy and a non-nagnetic conpound is
not | ess than about 2% and not nore than about 30% said step of formng
said magnetic |ayer including the substeps of (b 1) DC nagnetron
sputtering a tdbpet formimgonmdgnetiwi ldyerepnatrisingad migtureasfa magnetic alloy and a

non-magnetic compound by depositing both simultaneously onto said substrate so that the
volume percentage of said non-magnetic compound in the entire volume of said mixture of
a magnetic alloy and a non-magnetic compound is not less than about 2% and not more
than about 30%, said step of forming said magnetic layer including the substeps of

(b1) DC magnetron sputtering a target to provide said magnetic alloy, and

(b2) RF magnetron sputtering a target to provide said non-magnetic compound

simultaneous to said substep of DC magnetron sputtering.
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(b2) RF magnetron sputtering a target to provide said non-nmagnetic conpound
- simultaneous to said substep of DC nmagnetron sputtering.

12 - -

MAGNETIC RECORDING MEDIUM

- ABSTRACT

A magnetic recording medium .includes a substrate (1) and a magnetic layer (2)
formed on the substrate (1). The magnetic layer (2) consists of a mixture of a magnetic
alloy and a non-magnetic compound. The magnetic alloy is Co-baséd, Fe-based, or CoFe-
based, and the non-magnetic compound is selected from a group consisting of oxides and

. nitrides. The volume percentage of the non-magnetic compound in the entire volume of the
mixed .magnetic alloy and non-magnetic compounci is preferably between abou.t 2% and
about 30%. The magnetic recording disk is suitable for longitudinal recording,' with low
medium no-ilse and high coercivity. |

Fig. 1

This is the replacement Sheet

Date: g gy 1997



