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ION:

MAGNETIC RECORDING MEDIUM

CK OF THE N

The present invention relates to a magnetic recording
medium, and more particularly, to a magnetic recording medium
for high-density recording, having a higher coercive force and
a higher saturation magnetization, exhibiting a less amount of
noise generated, a iarge output in a high recording frequency
region and a less distortion of a reproduced waveform, and
being suitable for use in current magnetic recording systems
in which a ring-type magnetic wr_ité head is used.

In recent .years, in magnetic recording apparatuses such
as a hard disc drive, there has been a remarkable tendency
that information devices or systems used ;herewith are

" miniaturized and z_'equired tc have a high reliability. In

,, association with such a recent tendency, in order to deal with
Q-“_"g’- a large capacity data, there is an increasing demand for

I, magnetic recording media on which information can be stored
hi.*‘ N with a high density.

: In order to fulfill such requirements, the magnetic
recording media have been _stfongly required to have as high a
coercive force as possiblei.

As magnetic recording média ha_ving a large coercive force,:

there are widely known those comprising a substrate and a

magnetic thin film formed on the substrate.
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bet ng suitable for use in current magnetic recordi ng systens i n which

,aring-type magnetic wite head is used. In recent years, in
“magneti ¢ recordi ng apparatuses such as a hard disc drive, there has
been a remarkabl e tendéncy " that information devices or systens used
therewith are m niaturized and required to have a high reliability. In
association with such a recent tendency, in order to deal with a |large
capacity data, there is an increasing denmand for magneti ¢ recording
medi a on which information can be stoyed with a high density.

In order to fulfill such reqwrenents2 t he nagnetlc recordi ng nedi a
have been strongly required to have as hig coerciye force as

possi bl e. The magnﬁ§1ﬁaﬁﬁkﬂ|ﬁiLN§CBFHthbﬁﬁﬁhb$QQa#lﬁga@¥IEHEy}HEQerC|ve

force,
practice, are generally classified into magnetic iron oxide

thin films composed of maghemite, etc. (refer to "Technical
Report of Electroﬁic Telecommunication Institute", published
by Electronic Telecommunication Instiéute, (1981) MR81-20, pp.
5 to 12), and alloy thin films composed of Co-Cr alloy or the
like. ' |

The magnetic iron oxide thin films are excellent in
oxidation resistance or corrosion resistance because maghemite
is already.dxidized. Therefore, the magnetic iron oxide thin
films can show an excellent stability indenendent to change in
passage of time, i.e., less change in magnetic properties with
passage of time. However, the coercive force of the magnetic
iron oxide thin films is as low as at most about 700 Oe and
the saturation magmetization of the magﬁetic iron oxide thin
films is 'as low as at most about 240 emu/cm’.

Whereas, the alloy thin films have a coercive force as

high as not less than about 2,000 Oe and a saturation

magnetization as high as not less than about 300 emu/cm’.
However, the alloy thin films tend to be readily oxidized, so
that the stability independent to change in passage of time is
deteriorated. |

In order to prevent magnetic properties of these alloy
thin films f£rom being deteriorated due to the oxidation, the

surfaces of the alloy thin £ilms have been coated with a
_ ) [
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there are widely known those conprising a substrate and a
thin filmfornmed on the substrate.

‘magnetic

=

"The magnetic thin filns which have been already put into practice, are

maghem te, etc. (refer to "Technical Report of Electronic
Tel ecommuni cation Institute", published by Electronic Tele
Institute, (1981)- MR81-20, pp. 5 to 12), and alloy thin films conposed of

generally classified into magnetic iron oxide thin fiInsTéﬂ Eﬂr

Co-Cr alloy or the |ike.

3

protective film, e.g., a carbon film having usually a
thickness of about 100 to about 200 A. However, in such a
case, a distance betwgen a magnetic write head and a magnetic
recording layer becomes increased by the thickness of the
carbon)film, ;esulting in large loss due to the magnetic
spacing.-which disables the magnetic recording medium to be
applied to high-density recording.

In consequence, it has been attempted to enhance the
coercive force and saturation magnetization of the above-
mentioned magnetic iron oxide thin films which are excellent
in oxidation resistance, corrosion resistance and stability
independent to changé in passﬁge of time, by incorporating
cobalt or the like thereinto. The magnet;c iron oxide thin
films containing cobalt, etc., have been already put into
practice. In addition, there.have been extensively developed
so-called perpendicular magnetic films which are free from
demagnetization because these films are mag;etized in
perpendicular to the surface thereof, and which can be,
therefore, recorded with a high density.

In the nmagnetic cobalt-containing iron oxide thin films,
the more the cobalt content, the higher the coercive force
thereof becomes. However, with the increase of cobalt content,
the stability independent to change in passage of time.of
these magnetic iron oxide thin films tend to be deteriorated
by adverse influences of heat or the like.

In the case where information recorded on the above-

i{l:ﬁliced



The magnetic iron oxide thin filnms are excellent in oxidation resistance
Lor corrosion resistance because maghemte is already oxidized—Therefore,
the magnetic iron oxide thin films can show an excellent stability

i ndependent to change in ~passage of tine, i.e., less ch cat aged
properties with passage of tinme. However, the coercive fi H
magnetic 1iron oxide thin filnms is as | ow as at nost abou he
saturation magnetization of the magnetic iron oxide thin films is as |ow
as at nost about 240 enu/cn8. Whereas, the alloy thin filnms have a
coercive force as high as not |ess than about 2,000 Ge and a saturation
magneti zation as high as not | ess than about 300 enu/cnB. . However, the
al [ oy t hi mentipsed PRIReRdicutapdmagRepicdEitas Lo readaouthusingad ity
I ndependent to change in passage of time is - ] L

magnetic recording system equipped with a ring-type magnetic

write head which have been currently extensively used, there

is caused the distortion of isolated reproduced waveform (i.e.,

a reproduced waveform of so-called "di-pulse"). For this

reason, it is necessary to conduct a specific signal

processing..

In order to avoid to conduct the specific signal

processing, a single-pole magnetic write head used in a

vertical magnetic recording system méy be used appropriately.

However, since the vertical magnetic recording system has not

been extensively uséd yet, the single-pole magnetic write head

is still very expensive.

Thus, at the present time,.there has been a strong demand

for providing magnetic recording media for high-density

recording which are suitable for use in current magnetic

recording systems equipped with a ;ing-type magnetic write

head. For this reason, various kinds of magnetic recording

media mentioned above have been extensively developed. Among

them, the magnetic iron oxide thin films having excellent

oxidation resistance and corrosion resistance have been

considered to be most useful, so that it have been more

strongly demanded to improve propérties of these magnetic iron

oxide thin films.

That is, as described above, the magnetic iron oxide thin

films have been strongly required not only to have a high



det eri or at ed. In order to prevent magnetic properties of these alloy
thin filnms frombeing deteriorated due to the oxidation, the surfaces of
"t he alloy thin films have been coated with a
3 protective film e.g., a carbonfilmhaving usuaIIyTﬁsmka kpess of
~about 100 to about 200 -A. However, in such a case, a d B@
magnetic wite head and a nagnetlc recordi ng | ayer bec by
the thickness of the carbon film resulting in large
magneti c .
coercive force and a large saturation magnetization, but also
to exhibit less noise and a large output in a high recording
frequency region, and to be free from the distortion of
isolated reproduced waveform,
Conventicnally, as typical magnetic iron oxide thin films,
there are known maghemite films. It is also known that cobalt
can be incorporated into the maghemite in order to enhance the
. coercive force thereof (Japanese Patent Publications (KOKOKU)
Nos. 51-4086(1976) and 5-63925(1993), and "CERAMICS",
published by Japan Cerémics Institute (1986), Vol. 24, No. 1,
pp. 21 to 24). | v

Further, iﬁ is known that the magnetic thin film composed
of cobalt-contaiping maghemite is a so-called perpendicular
magnetic film whose a (400) plane is p#edominantly oriented in _
paiallel with the surface of substrate (Japanese Patent
Publication (KOKOKU) No. 7-60768(1995) and Japanese Patent
Application Laid-open (KOKAI) No. 7-307022(i995)).

More specifically, in Japanese Patent Publication
(KOKOKU) No. 51-4086(1976), there is described a magnetic thin
film memory comprising a ceramic substrate made of a high-
purity alumina ceramic material which has a high density and
is free from damaging memory properties of ferrite due to the
reaction therewith even at an elevated temperéture of 1,600 to
1,300°C to produce the ferrite, and a cobalt-based_spinel-type

ferrite film formed on the substrate and having a composition

represented by the general formula of Co(j.x)Fe(2.x)0s where -



spaci ng, which disables the magnetic recording nediumto be applied to
i gh-density recording. I n consequence, it has been attenpted 10
enhance the coercive force and saturation nmagneti zat i,[rﬁn Sgge ﬁﬂ%e&%

menti oned nmagnetic iron oxide thin filnms which are exCol it %?ion
resi stance, corrosion resistance and stability indepen mu mum% in
passage of tine, by incorporating cobalt or the like t .

magnetic iron oxide thin filnms containing cobalt, etc., have been already
put into practice. In addition, there_ have been extensively devel oped
so-cal | ed perpendi cul ar magnetic filme which are free from demagneti zati on

because these filnség%e nggnetrzed I n, perpendicular to the surface

t hereof, An&S¥HR ch 53 lwefrlénﬂb?vs}ngem%&wwh%i@ws(}eﬁ;rl{l?.

aggregates of the ferrite. '

In Japanese Patent Publication (KOKOKU)} No. 5-63925(1993),
there is described a process for producing a magnetic iron
oxide thin film having a high coefcive force, comprising
reactive sputtering an iron alloy as a target in an
oxidization atmosphere of argon and oxygen to directly form

ferromagnetic oxide magnetite (Feids) of a non-stoichiometric

conmposition having a resistivity of 1 x 101 to 8 x 10-1 Q-cm,
and heat-treating the férramagnetic oxide magnetite (Fe;0q)

having the above-mentisned resistivity in an atmospheré at a
temperature of 280 to 350°C, thereby producing ferromagnetic

oxide Y-Fep0; having a high coercive force.

In Japanese Patent éﬁblication (KOKOKU) No. 7-60768(1995},
there is described a fixed magnetic disc comprising a
substrate, an oxide thin film formed on the substrate and
having an NaCl-type crystal structure composed of nickel-oxide

. cerystallographically predominantly oriented in the (100} plane,
and a magnetic cobalt-containing iron oxide thin film formed
on the nickel oxide thin film and having a spinel-type crystal ’
structure. ‘

Further, in Japaﬁese Patent Application Laid-open (KOKAI}
No. 7-307022(1995), there is described a magnetic recording
medium c?mprising:,a substrate; an NiO underlayer formed on

the surface of the substrate, whose a (200) plane is



In the magnetic cobalt-containing iron oxide thin films, the nore the
cobalt content, the higher the coercive force thereoi_beg_nns However ,
with the increase of cobalt content, the stability |ndependEﬁT_T6_Eﬁ5‘ge
in passage of tinme of 'these’ nagnetlc i ron oxi de thi n ThisShest H8

deteriorated by adverse.influences of heat or the ik case
where information recorded on the above- !

4 mentioned perpendicular magnetic filns is read out usi
recordi ng system equi pped with a ring-%ype magneti c

predominantly oriented in parallel with the surface of the
substrate; and a cobalt-containing maghemite thin film as a
perpendicular magnetic film formed on the surface of the NiO
underlayexr, whose a (400) plane is predominantly oriented in
parallel with the surface of a substrate  and which has a molar
ratio of Co tc.Fe of not less than 0.0l and less than 0.10 and
a spacing of the (400) plane of not more than 2.082 A.

At the.present'time,-as the magnetic recording media for
high-density recording which are suitable for use in current
magnetic recording systems using a ring-type mﬁgnetic write
head, there have. been demanded those having a higher coercive
force, a large saturation magnetization, an excellent’
stability independent to change in passage of time, less noise
and a large output in a high reéording frequency region, and
being free from-the distortion of isclated reproduced waveform.
However, there have not been provided yet sﬁcﬁ magnetic
recording media having all of the above-menkioﬁed properties.

That is, the above-mentioned conventional cobalt--
containing maghemite thin films are still unsatisfactory in
magnetic properties, especially coercive fprce thereof. When
it is attempted to obtain a high coercive force, especially
not less than 2,000 Oe, it i§ neceséary to iﬁcorporate a large
amount of cobalt thereinto. In this case, such cobalt-
containing maghemite thin film tend to be adversely affected
by heat and the like, resulting in considerable deterioration

in magnetic properties with passage of time.



wi'te head which have been currently extensively used, there is caused the
distortion_of isolated reproduced waveform (i.e., a reproduced waveform of
so-cal led "di-pulse”). For this reason, it is necessary to conduct a

speci fic si gnalSheepHABREN.

specific sign
vertical magn
si.nce the vertic

ol In order to avoid to conduct the
, a single-pole nmagnetic wite head used in a

ﬁ system nay be used appropriately. However,
recordi ng system has not been extensively used

yet, the single-pole magnetic wite head is still very expensive.

Thus, at the present time, there has béen a strong demand

for providing

magnetic recordi ng nmedia for high-density recording which.are suitable for
use in current M#@methere is a problem that the cobalt-containing

maghemite thin film cannot show a sufficiently large ocutput in

a high recoxrding frequency region. -

Further, the above-mentioned conventional perpendicular

magnetic £ilms composed of iron oxides have a problem

concerning the distortion of isolated reproduced waveform.

Therefore, the perpendicular magnetic films cannot be applied

‘=0 current magnetic recording systems using a ring-type

magnetic write head.

As a result of the present inventors' earnest studies to

solve the above problems, it has been found that by forming a

nickel oxide underlayer on a. substrate and then forming a

cobalt-containing maghemite thin film on the nickel oxide

underlayer so as to control a spacing of a (311) plane to not
more than 2.510 A,.a spacing of a (222) plane to not more than
2.415 A or a spacing of a (220) plane to not more than 2.950 A
and further to control the ratio of eifher=of X-ray
diffraction spectrum peak intensities.of the (311), (232} and
{(220) planes to an X-ray diffraction spectrum peak intensity
of a (400) plane, to more than 0.5:1, the obtained magnetic
recording medium has a higher coercive force, e.g., noe less
than 2,000 Oe, a larger saturation magnetization, e.g., not
less than 250 emu/cm?, exhibits less amount of noise and a
large output in a high recording frequency region, and is free
from distortion of isolated reproduced waveform. The present

invention has been attained on the basis of the finding.



recordi ng systens equi pped with a ring-type magnetic wite head. For this
reason, various kinds of magnetic recording nedia nentioned above have
"been ext ensivetydeveteoped-—Among them the magnetic iron oxide thin filns
havi ng exce Ie t OX|dat|on reS|stance and corrosion resistance have been
consi dered d  so that it have been nore strongly denmanded
to inprove p ﬂ ese magnetic iron oxide thin films. That
is, as descril magnetic iron oxide thin films have been
strongly requi red not onIy to have a hbgh

It is an object of the present invention to provide a
magnetic recording medium for high density recording, which is
suitab_le for use in current magnetic recording systems using a
»ing-type magnetic write head, has a high coercive force and a
large saturation magnetization, exhibits less noise and a
large ocutput in a high recording frequency region, and is free
from the distortion of reproduced waveform.

To accomplish the aims, in an aspect of the present
invention, there is provided a magnetic recording medium
comprising: a substrate; a nickel oxide underlayer formed on
the substrate; and a cobalt-containing m;ghemite thin £film
Zormed on the nickel oxide underlayer, having either a spacing
of‘a (311) plane of not more than 2.510A, a spécing of a (222)
plane of not -mcre than 2.415A or a spacing of a (220) plane of
not more than 2.950A, and ﬁaving the ratio-of either of X-ray
diffraction spectrum peak intensities of the (311), (222) or
(220) planes of the cobalt-containing maghemite thin £ilm to
an X-ray diffraction spectrum peak intensity of a (400) plane

of more than 0.5:1.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows an isolated reproduced waveform upon
. reproduced signals recorded at a recording density of 1kFRPI

on a magnetic recording medium in Example 1; and



5 -coercive force and a |large saturation nmagnetization, but also to
exhibit less noise and a |arge output in a high recording frequency
“region, and to bBe free fromthe distortion of isolated repr oduced

~wavef orm msﬁgpﬁﬁﬁké kﬁ@ as typlcal magnetic iron oxide thin films,
there are kno : Is al so known that cobalt can be

I ncorporated i te |n order to enhance the coercive force

t her eof (Japan i cations (KOKOKU) Nos. 5L-4086(1976) and
5-63925(1993), and "CERANICS publ i shed by Japan Ceramics Institute
(1986), Vol. 24, No. 1, ~ pp. 21 to 2410 Further, it is known that the

magnetic thin filn1conposed of cobal t-containing naghenlte Is a so-called
per pendi cul ar Fig. 2 shcws an isolated reproduced waveform upon

reproduced'SLgnals recorded at a recording density of 1kFRPI
on a magnetic recording medium obtained in Comparative

Example 5.

DETAILED DESCRIPTION OF THE INVENTION
| First, the magmetic recording medium according to the
present invention is'déscribed.

The magnetic recording medium according to the preSent
invention compriség a substfate. a nickel oxide underlayerx
formed on the substrate and a cobalt-containing maghemite thin
£ilm formed on the nickel oxide underlayer. -

The substrate used in the present invention may be made
‘of materials ordinarily used for this purpose, such as glass
or the like. |

The nickel oxide underlayer of the magnetic recording
medium of the present invention has a thickness of usually
0.01 to 0.5 Hm, preferably 0.02 ﬁo 0;3 pm. When the thickness:
of the underlayer is less than 0.01 um, it may beccme
difficult to cobtain the aimed magnetic recording medium having
a hiéhar coercive force. On the other hand, when the
thickness of the underlayer is more than 0.5 um, the grain
size of the cobalt-containing maghemite particles of the
magnetic thin film formed on the nickel oxide underlayer may
hecome large, so that the noise from the resultant magnetic

recording medium tends to be increased.



magnetic fil mwhose a (400) plane is predom nantly oriented in parallel
wth the surface of substrate (Japanese Patent Publication (KOKOKU) No.

" 7-60768(1995) and Japanese Pgdt ent Application Laid-open (KOKAI) No.
7-307022( 199@@5heetHas e Specifically, in Japanese Patent Publication

( KOKOKU)  No. there is described a magnetic thin film menory
corrprlsmgac te made of a high- purity alumna ceramc

mat eri al whi ch' 'has a h| gh den5|ty and is free from damagi ng nenory
properties of ferrite due to the reaction therewith-even at an el evated
tenperature of 1,000 to 1, 300'Cto plléduce the ferrite, and a cobalt-based
spi nel -type ferrlte fllmforrred on the substrate and having a corrp05|t|on

represent ed byIthis gaeéegred cthal shef nipkel rgrdecunder kaver wicthe-

magnetic recording medium of the present invention be less
oriented in its (200) plane parailel with the surface of the
substrate, more preferably not oriented at all in the (209)
plane. When the orientation of the (200) plane becomes large, -
there is caused é. tendency that the (400) plane of the cobalt-
containing maghemite thin film is grown, so that the di-pulse
ratio is increased. Therefore, in view of the di-pulse ratio,
the ratio of an X-ray diffraction peak intensity of the (111)
plane to that of the (200) plane is preferably more than 0.5:1,
more preferably not less than 1.0:1.

The magnetic thin.film of the magnetic recording medium
according to the present invention is a c.o.ba'lt-containing
maghemite thin f£ilm having a thickness of usually 0.005 to 1.0
um, preferably 0.01 'to 0.5 pm.

In general, maghemite is represented by the formula of y-
Fey03. However, in the present invention, there may also be
used such maghemite containing a small amount of Fe?*. .The
upper limit of the Fe? content at a molar ra_\t:io of Fe? to
Fed* is preferably 0.3:1.

In adaition, the cobalt-containing maghemite thin f£ilm
may further contain at least one element selected from the
group consisting of Mn, Ni, Cu, Ti and Zn which may be usually
used to improve various properties thereof, in such an amount

that the molar ratio of these elements to Fe is usually about



6 ‘0.2[err]x[err]0.3,
aggregates of the ferrite.
No. 5-63925(1993),

i ron

and oxygen to directly form ferromagnetic oxi de magney
of a non-stoichionmetric conposition having a resistivi
8 x 10[err] [err] cnferr], and heat-{yeating the ferronagnetlc oxi de

the ferrite filmbeing conposed of fine crystalline
I n Japanese Patent _Publication_ ( KOKCKU)

oxide thin filmhaving a high coercive force, et HixBeerl
sputtering an iron alloy as a target in an OX|d|zat|o IJ E@
e

magnetite (Fe[err](err])

0.005:1 to about 0.04:1.

The cobalt content in the. maghemite thin film is usually
0.01:1 to 0.1;1; ﬁreferably 0.01:1 to 0.06:1, moreipreferably
0.03:1 to 0.06:1 at a molﬁr ratio of Co to Fe. When the molar
ratio of Co to Fe‘is less than 0.01:1, it may become difficult
to obtain a magnetic recording medium hawving a coercive force
as high as not ‘léss than 2,000 Oe. On the other hand, when
the molar ratio of Co to Fe is mofe than 0.1:1, it may become
difficult to obtain a magnetic recording medium having an
excellent stability independent to change in passage of time.

The cobalt-containing maghemite thin film according to

the present invention is controlled to satisfy at least one of

the following conditions: i.e., a spacing of a plane (311) is
not more than 2.510 A; a spacing of a (222) plane is not more
than 2.415 A; or a spacing of a (220) plane is not more than
2.950 A. In this case, if any one condition can be satisfied,
it is not required to satisfy the other tw& conditions.

When all of the above-mentioﬁed three conditions
concerning the spacing of thé {311), (222) and {220) planes
are not satisfied; it is not possible to obtain a magnetic
recording medium having a high coercive force. Fﬁrther, such
a magnetic recording medium undergoes a large amount of noise
and cannot exhibit a sufficiently large output in a high
recording frequency region.

There is a close relationship between the spacing of the

{311) plane, the (222) plane or the {220) plane and the

there is described a process for producing a nagnetic

argon
err])
rr] to



havi ng the above-nentioned resistivity in an atnosphere at a tenperature
of 280 to 350[err]C, _thereby producing ferromagnetic oxide
[err]-Fe[err]derr] having-a high coercive force. I n Japanese Patent
Publ i cat i on ThisCKé&KMDs Beler Refn@@768(1995), there is described a fixed

magneti c disc} substrate, an oxide thin filmformed on the
substrate and G -type crystal structure conposed of nickel

oxi de «crystallogra predom nantly oriented in the (100) plane, and
a magnetic cobalt-containing iron oxi thin filmformed on the nickel
oxide thin filmand having a spinel-type crystal structure. Furt her,
i n Japanese Pat.ent | i Lon_Laid- open (. KOKAI No., 7-307022(,1995), there
i s descri tfé%?rgi?fﬁgﬂég)% &:%ﬁd? ﬂrﬁf%r"&ﬁ‘ﬁ'ﬁbﬁ%r hepite E'Bb%t%a{lt“b; an Ni O
under | ayerxg Q:rhréegagg where the molar ratio of Co to Fe is the same,

there is a tendency that :-the'? smaller the spacing, the larger
the coercive force becomeé.

The spacing of the (311) plane is usually not more than
2.510 A, preferably not more than 2.509 A, more preferably not
mc;re than 2.506 A. The lower limit of the spacing of the
(311) plane is preferably 2.490 A. -

The spacing of the (222) plane is usually not more than
2.415 A, preferably not more than 2.400 A, more preferably not
more than 2.399 A, still more preferably not more than 2.398 A.
The lower ]..imit'; of the spacing of the (222) plane is
preferably 2.385 A. |

The spacing of the {220) plane is usually not more than
2.950 A, preferably not more than 2.943 A, more preferably not
more than 2.940 A. The lower limit of the spacing of the
{220) plane is preferably 2.920 A. :

The cobait-containing maghemite thin film of the magnetic
recording medium of the present invention is contrc;lled' to
satisfy such a condition that the ratio of either of X-ray
diffraction spectrum peak intensities of thé {311), (222) ;ar
{(220) planes to an X-ray diffraction specﬁmm peak intensity
of the (400) plane is usually more than 0.5:1, preferably not
less than 1:1. When the ratio is not moxe than 0.5:1, it is
not possible to obtain tf.he aimed'magnetic recording medium for

high density recording which is suitable for use in current



the surface of the substrate, whose a (200) plane is

7 predomnantly oriented in parallel with the surface-of-the substrate,
“and a cobal t-contai.ning maghemte thin filmas a perpendicular nagnetic
filmformed on the surface of the Ni O  underlayer, who%kis eds
predom nantly oriented in parallel with the surface of
which has a nolar ratio of Co to Fe of not |ess than O.
0.10 and a spacing of the (400) plane of not nore than 2. 082
the present time, as the magnetic recg;ding medi a for

. magnetic recording systems using a ring-type magnetié write
head.

The magnetic recording medium of the present invention,
has a saturation magnetization (magnetization value measured
at an applied magnetic field of 15 kde) of preferably 250 to
400 emu/cm3, more preferably 300 to 360 emu/cm3, and a
coercive force of uéually not less than 2,000 Oe, preferably
not less than 2,200 Oe, more preferably not less than 2,300 Oe.
In the present invention, especially when the molar ratio of
Co to Fe is 0.04, it has been determined tﬁat the upper limit
of the coercive force i§ about 6,500 Oe. Incidentally, in the
current magnetic recording systems usin§ a ring-tﬁpe magnetic
write head, the upper limit of the coercive force is
preferably about 4,000 Oe, wore preferably 3,000 Oe.

Besides,- the upper limit.of the coercive force of the
magnetic reéording medium of the present iqvention, also means
a value measured at an applied magnetic field of 15 kOe which
is an upper limit of the coercive force measurable by
"vibrating sample magnetometer" described in detail
ﬁereinafter. In addition, with respect to read-write
properties of the magnetic recording medium of the present
invention when measured by using a tester described in

Examples hereinafter, the sp-p/Nrms is preferably not less than

45 dB, more preferably not less than 47 dB; the recording

density whose ocutput is one half of an output obtained at a



hi gh-density recording which are suitable for use in current nmagnetic
recording systens using—a-+ing-type magnetic wite head, there have been
dermanded t hose having a higher coercive force, a large saturation

nagnetlzatlonThaﬁl lacS‘%a.blIlty i ndependent to change in passage of
time, less n0|s ‘T output in a high recording frequency region,
and being fre ortion of isolated reproduced waveform
However, there have not been provided yet such magnetic recording nedia
having all of the above- nentloned propertles That is, the
above-nenti oned conventlonal cobal t - éontalnlng maghem te th|n films are
still unsatisfactor netic properties, ecially coercive force

t her eof . \IREATAiRg| geH‘EP(?IobPan#i ePl?ﬁf@‘Fagélér%‘P'ﬁlelqsér &Banespeci al | y
not | ess than 2,000 CE, |t IS necessary to incorporate a |arge

130 kFRPI, more preferably not less than 140 kFRPI; and the

di-pulse ratio is 0 as shown in Fig. 1.

Next, the process for producing the magnetic recording
medium-éccording to the present invention, is described.

The magnetic recording medium according to the‘present
invention can be produced by depositing cobalt-conta;ning
magnetite on the substrate ér onn the nickel oxide undexlayer

~ formed by depositing nickel oxide on the subsﬁrate, by a so-
called sputtering method using cobalt-containing iron alloy as
a t#rget while controlling a flow rate of oxygen (CCM) as an
amount of oxygeﬁ introdu;ed and a deposition rate (nm/min} of
the cobalt-containing magnetite, to form a cobalt-containing
magnetite thin f£ilm on the nickel oxide underlayer; and then
heat-treatiﬁg the obtained cobalt-containiﬁg magnetite thin
film at a temperature of 200  to 450°C to't;ansform.the cobalt-
containing magnetite thin £ilm into a cobalt-containing
ma..ghemite thin £ilm.

In orxder to obtain the aimed magnetic recording medium
according to the present invention, it is important to control
the flow rate of oxygen (CCM) relative to the deposition rate
(nm/min) of the cobalt-containing magnetite.

The flow rate of oxygen (CCM) relative to the deposition
rate (nm/min) of the cobalt-containing magnetite to obtain the
aimed magnetic recording medium according te the present

invention, is varied depending upon various conditions having



amount of cobalt thereinto. In this case, such cobalt- containing
maghemte thin filmtend to be adversely affected by—heat—and—thet+ike;

‘resulting in considerable deterloratlon
passage of tine.

there is a problemthat the cobalt- contalnlng naghen1t "“
show a sufficiently large output in -a high recording f

t he above-nenti oned conventi onal perpendicul ar nagnetlc fllns
conposed of iron oxides have a problen116

Furt her,

an influence on the oxidation of the cobalt-containing
magnetite thin film, such as kind and construction of
apparatus used, a total gas pressure, a substrate temperature
or an area of target to be sputt;.ered. Therefore, it is
difficult to specifically determine the preferred flow rate of
oxygen. |

However, as a result of many experiments conducted by the
present inventors, it has been recognized that there is é
tendency that the less the flov}- rate of oxygen {CCM) relative

to the deposition rate (nm/min) of the cobalt-containing

'magnetite, the smaller the spacing of each,of the (311}, (222)

and (220) planes of the obtained cobalt-containing maghemite
thin f£film becomes.

Accordingly, by conaucting various experiments to obtain
the flow rate of oxygen (CCM) relative to the deposition rate
(mn/min) of the cobalt-contain:.ng magnet:.t:e at which the
spacing of each of (311), (222) and {(220) planes becomes
smaller than that of the bulk, the deposition rate (nm/min) of
the coﬁal;-containing magnetite and the flow rate of oxygen
may be respectively controlled so as to be smaller than the
obtained values.

In accordance with the experiments conducted by.ghe
present inventors, as described in Examples and Comparative
Examples hereinafter, when the deposition rate of the cobalt-
containing magnetite is 3.5 nm/min, the flow rate of oxygen

{CCM) is usually not more than 0.35, preferably not more than

in rragnetIC pro rtf.;as%een ehl ced

nnot



coricerning the distortion of isolated reproduced waveform Therefore, the
perpendi cul ar magnetic filnms cannot be applied to current magnetic .
recordi ng systens usirg—a-ring-type nagnetic wite head. As a result

of the pr

and t hen forn1ng

esent inventors' earnest studies to solve the above problens,

it

taining naghemte thin filmon the nicke

has been f ound ThikShest Fﬂﬁ:m - nickel oxide underlayer on a substrate
oxi de underlaye trol a spacing of a (311) plane to not nore

than 2.510 A, a spacing of a (222) plane to not nore than

2.415 A or a

spacing of a (220) plane to not nore &fan 2.950 A and further to control
of either of X-rai;!e di ffraction spectrum peak intensities of the

the ratio
(311), (2
intensity

2297 anmerq FXeLeprh
the flow rate of oxygen (CCM) is preferably 0.18. When the

flow rate of oxygen is more than 0.35, hematite may tend to be
formed in the obtained cobalt-containing maghemite thin film,

resulting in decrease in saturation magnetization thereocf. On

the other hand, when the flow rate of oxygen is less than 0.18,

metal iron (Fe) or wustité (FeO) may tend to be formed in the
obtained cobalt-containing maghemite thin film, resulting in
decrease in coercive fofée thereof.

The important point of the present invention resides in
that in the case where the nickel oxide underlayer is formed
on the substrate, and the cobalt-containing maghemite thin

film formed on the nickel oxide underlayer is adjusted so that

~any of conditions of a spacing of a (311) plane of not more

than 2.510 A, a spacing of a (222) plane of not more than
2.415 A and a spacing of a (220) plane of not more than 2.950

A is satisfied, and the ratio of either of X-ray diffraction

spectrum peak intensities of the (311), (222) and (220) planes .

to an X-ray diffraction spectrum peak intensity of a (400)
plane is more than 0.5:1, there can be obtained a magnetic
recording medium having a higher coercive force.anq a larger
saturation magnetization, exhibits a less noise and a large
output in a high recording frequency region, and is free frxom
the distortion of isolated reproduced waveform.

The feason why the magnetic recording medium having such

excellent properties can be obtained by satisfying the above

iqto merexthay &id.r Sthe dmv@p;e éimien pleak



of 'a (400) plane, to nore than 0.5:1, the obtained nmagnetic recording
medi um has a hi gher coercive force, e.g., not less thanr2,000-Ce;—atarger
saturation magnetization, e.g., nhot | ess than 250 enu/cn{err exhibjts

| ess anount of noise and a large output in a high reco d
region, and is free fromdistortion of isolated reprodu H hhe
present invention has been attained on the basis of the

9 SUMMARY OF THE | NVENTI ON

18
requirements of the present invention, is considered.by éhe
present inventors as follows. That is, due to the fact that
the aimed magnetic recording medium cannot be obtained in any
of the cases where the cobalt-containing maghemite thin f£ilm
satisfies the specified spacing and the specified ratio
between the peak intensities but no nickel oxide underlayer is
formed,-wherg the nickel oxide underlayer is formed and the
specified spacing Qf the cobalt-containing maghemite thin film
is satisfied but the specified ratio between the peak
intensities is not satisfied, and where the nickel oxide
underlayer is formed and the specified ratio between the peak
intensities is satisfied but the specified spacing is not
satisfie&, there exiéts a synergistic effect based on the
pickei oxide underlayer, the specified spacing and the |
specified ratio,bet?eqn the peak intensities in the cobalt-
containing maghemite thiﬁ £ilm. .

With respect to the spacing of the respectlve lattice
planes of the cobalt-containing maghemlte thin f£ilm according
to the present invention, even though the cobalt-containing
magnetite thin film is transformed into the cobalt-contéining
maghemite thin film at the same heating temperatu?e, the
spacing of each of the (311), (222) and (220) planes is caused
to change by varying the flow rate of oxygen upon formation of
the cobait-containing magnetite thin film. Due to this fact,
it can be recognized that the change_of the spacing is not

caused by the difference  in thermal expansion coefficient



It is an object of the present invention to provide a magnetic recording
.medi um f or—hi-gh—density—-recording, which is suitable for use in current

magnetic recording systens using a ring-type magnetic wite head, has a
hi gh coerci VBis lacedir ge sat urati on nmagnetization, éxhibits |ess
noi se and a | n H n a high recording frequency region, and is free
‘fromthe dist oduced waveform To acconplish the ains,
in an aspect of the present invention, there is provided a magnetic
recording nmedium conprising: a substrate; a nickel oxide underlayer forned
on the substrate; and a cobal t - cont ait i ng maghemte thin film formed on

t he ni ckel oxide underlager, havi ng .ei ther a_spacin of a.(311) plane of
not nore PREWeSN sthy upptratenddienficked oxids undeghaver there t han

2.415[err] or.a s acing of a (220) pl ane of ,
cobalt-containing maghemite upon the heat treatment, but is

caused by reduction in spacing of the cobalt-containing
maghemite thin film itself.

The magnetic recording medium of the present invention
can have a hiéher coercive force and a larger saturation
magnetization, exhibits a less noise and a large output in a
high recording frequency region, and is frée from distortion
of isolated reproduced waveform and is, therefore, more
suitable for use.in current magpetic recording systems using a
ring-type magnetic write head. .

In addition, in the production of the magnetic recording
medium according to the present invention, since the cobalt-
containing magnetite thi;x film can be heat-treated and |
transformed into the cobalt-contaifiing maghemite thin £ilm at
a temperature as low as not more than 450°C, it is not
required to use a substrate having a heat-éesistance, and
ordinarily ﬁsed materials such as glass, resﬁltinq in good

productivity with industrial and economical advantages.

EXAMPLES:

The present invention will now- be described in more
detail with reference to the following examples and
comparative examples, but the present invention is not
restricted to those examples and various modifications are

possible within the scope of the invention.



not nore than 2.950[err], and having the ratio of either of X-ray
diffraction spectrumpeak intensities of the (311), (222) or (220) planes
of the cobalt-containing naghemte thin filmto an X-ray diffraction
spectrum peak intensity of a (400) plane of nore than Oggg dheet Has B2k Rfplaced

DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows an isolate
wavef orm upon reproduced signals recorded at a recording RP
on a nmagnetic recording nmediumin Exanple 1; and

20

(1) The macmetostatic properties such as coercive force

and saturation magnetization (measured under an extermal

magnetic field of 15 kOe) of the magnetic recording medium,
are expresséd by values measured by "Vibrating Sample
Magnetometer VSM" {manufactured by TOEI KOGYO CO., LTD.).
(2) The X-rav diffraction spectrum of the magnetic
recording mediuﬁ is eﬁpressed by values measured by "X-ray

Diffractometer RAD-I[A* (manufactured by RIGAKU DENKI CO.,

LTD.).

The measuring conditions of the X-ray diffraction
spectrum are as follow: lamp used: Fe; lamp voltage: 40 kV;
lamp current: 29 mA; sampling width of goniometer: 0.010°;
scamming speed: 1.000°/min; light-emitting (divergent) slit:

1°; scattering slit: 1°; 1ight~receiving slit: 0.30 mm.
The region corresponding to a diffraction angle (20) of

30.00° to 60.00° was measured under the above-mentioned
conditions. _

(3) The ;gad;m:i;g_n;gggggigs such as noise, reproduced
output or difpulse of the magnetic recording medium are
evaluated as follows. |

That is, after a magnetic film was formed on a glass disc
and then the surface of the magnetic film was coated with a
perfluoropolyether-based lubricant "FOMBLIN Z DOL" (trade
name: produced by AUSIMONT CO, LTD.), an MIG head for VCR was

run on the resultant magnetic recording medium while



10° Fig. 2 shows an isol ated reproduced waveform upon reproduced
Signals recorded at a recording density of 1kFRPI on a magnetic recording
medi um obt ai ned i n Comparative- Exanple 5. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON  This stk E tﬁe magneti c recordi ng medi um according to the

pr esent |nvent The magnetic recording nedi um

accordi ng to , nventlon conprises a substrate, a nickel oxide
under | ayer bstrate and a cobal t-contai ning maghenmte thin
filmfornmed on the ni ckel oxide undeplayer. The substrate used in the
present invention nmay be nmade

contacting therewith at a gap length of about 0.2 pm ‘and a
track width of 21 um. The respective read-write properties
were evaluated by gsing "Recording and Reproducing Tester M-
84v" (manufactured by FUJITSU AUTOMATION CO., LTD.).

Specifically, the noise value (N_.,) was analyzed by

“Spectrum Analyzer TR4171" {(manufactured by ADVANTEST CO.,
LTD.) at a velocity of 3.0 m/s.

The reproduced output (S ) and di-pulse ratio were

P-p
analyzed by “Oscilloscope'VP5514A“ (manufactured by PANASONIC
CO., LTD.) at a wvelocity of 3.0 m/s.

For example, the reproduced output is.expressed by a sum
of the "a®" value and the "b" value shown in Fig. 2, and the

di-pulse ratio is expressed by the ratio .of the "a" value to

the "b" wvalue shown in Fig. 2.

Example 1:

Using a high recording frequency high-rate sputtering
apparatus SH-250H-T06 -(manufactured by ULVAC JAPAN LTD.), a
metal target (Ni) was reactive sputtered at a distance between
a glass substrate and thé target to 80 mm, at a temperature of
220°C in an atmosphere of argon and oxygen flow rate of 0.18
'QCM, at an oxygen'partiai pressure of 0.15 mTorr and at a
total pressure of ¢ mTorr, thereby depositing an NaCl-type NiO
film as an underlayer having a thickpess of 0.1 yum on the

glass substrate at a deposition rate of 4.0 nm/min. The NiO



“of ‘materials ordinarily used for this purpose, such_as glass or the like.
.The ni ckel oxide underlayer of the magnetic recordinS‘N%EHTUnre#~Lh§\\N
present invention has a thickness of usually 0.01 tan@&@ﬂ[ rrlm
preferably 0.02 to 0.3 [err]m When the thickness ofimm dced S
magneti c recordi ng medi um having a higher coercive f ! lher
hand, when the thickness of the underlayer is nmore than 0.5 [err|m the

grain size of the cobalt-containing_nmaghemte particles of the magnetic

thin filmfornmed on thé nickel oxidezﬁnderlayer may becone |arge, so that

the noise fromthe resultant magnetic recording nmediumtends to be
i ncr easedilm was subjected to the measurement of X-ray diffraction

| ess than 0.01 [err]m it may becone difficult to- ob

spectrum, so that it was determined that the ratio.of the
diffraction peak intensity of the (200) plane to that of the
(111) plane was 1:1.

Further, a metal alloy target (Fe+4wt,%Co) was sputtered
at a temperature of 250°C in an atmosphere of argon and oxygen
flow rate of 0.27 CCM, at an oxygen partial pressure of 0.23
rTorr and at a total pressure of 9 mTorr, thereby depogiting a
cobalt-containing magnetite thin film having a thickness of
0.1 um on the NiO film at.a deposition rate of 4.0 nm/min.

The resultant two-layered £ilm was heat-treated at a
temperature of 270°C for one hour in an atmoﬁphere. thereby
obtaining a cobalt-contaiﬁing maghemite thin film formed on
the Ni0 underlayer.

The cobalt-containing maghemite film was subjected to the
measurement of X-ray diffraction spectrum, so that diffraction
peaks of the (311) plane having a spacing of 2.505 A and the
(220) plane having a spacing of 2.934 A were observed but no
diffraction peak was observed with respect to the (400) plane.

The magnetostatic properties of the cobalt-containing
maghemite were measured, so that it was determined that the
coerxcive forcé thereof was 3,400 Oe and the saturation
magnetization thereof was 300 emu/cmd.

The read-write properties of the cobalt-containing

maghemite film were measured, so that it was determined that



It is preferred that the nickel oxide underlayer of the magnetic recording
nmedi um of the present invention be less oriented in its (200) plane
parallel with the surface of the substrate, nore preferably not oriented

at all in the (200) plane. Wen the orientation of tQﬁs 0 Bl bqfones
large, there is caused a tendency that the (400) pt an Hﬁm

contai ning maghemte thin filmis grown, so that the d

i ncreased. Therefore, in view of the di-pulse ratio, X-ray
diffraction peak, intensity of t he (111) pl ane to that of the (200) pl ane
Is preferably nore than 0.5:

the Sp_p/ obtained upon reproduced signals recordéd at a

recording density of 100kFRPI was 49 dB, and the recording
density whose reproduced cutput was one half of a repi'oduced
output obtained upon reproduced signals recorded at a

recording density of 1kFRPI, Dsy was 1S50KFRPI.

In addition, the isolated reproduced waveform of the
coﬁalt-containing maghemite upon reproduced signals recorded
at a.reco::ding density of 1lkFRPI, was observed by the
oscilloscope, so that it was determined that the waveform

exhibited a unimodal pulse shape corresponding to a di-pulse

ratio of 0.

'I'he same p;o_cedure as defined in Example 1 was conducted
except that formation or noﬁ-formation and oxientation
condition of the nickel oxide underlayer, cobalt content of
the cobalt-containing magz;etite thin film, oxygen flow rate
and film—depé:{.ting rate upon formation of the thin film, and
heat-treating temperature and time were changed variously,
thereby obtaining magnetié recording media.

The production conditions used and various proéerties of
the obtained magnetic recording media are shown in Tables 1 |
and 2.

Incidentall?, in Example 2 and cOmparatiﬁe Examples 1 and

4.'no diffraction peak was observed with respect to the plane



nore preferably not |ess than 1.0: 1. The magnetic thin filmof the
magnetic recording nmedium according to the present invention is a

cobal t-contai ning maghemte thin f|In1haV|ng a_Lthkness—e#—HSﬂaffy 0. 005
to 1.0 [err]m preferably 0.01 to 0.5 [err] eneral , ghenm te

Is represented by the formula of [err]- Fe[err]Cﬂbﬁ pla t he
present invention, there may al so be wused such nag |ng a
smal | amount of Fe[err]. The upper limt of the Fe at a nol ar
ratio of Fe[err] to Fe[err] is prefﬁégbly 0.3:1. In addition, the
cobal t-cont ai ni ng maghemte thin fil may further contain at |east one

el ement selected fromthe group consisting of WMh, Ni, Cu. Ti and Zn which

may be usdéPPb' used to inprove various properties thereof, in such an
anmount :

Table 1
Examples Nickel oxide underlaver
and Formation ox Thickness Orientation
Comparative| non-formation {1m) of underlayer
Examples | of underlayer {111)/(200)
Example 2 Formed 0.15 8
Example 3 - Formed 0.1 1
Example 4 Formed 0.1 T
Example 5 Formed , 0.1 1
Example 6 Formed 0.1 1
Comparative Foxrmed 0.1 1
Example 1
Comparative Formed 0.1 1
Example 2
Comparative Formed 0.15 ' 8
|_Example 3
Comparative Formed 0.1 1
Example 4
Comparative Formed 0.15 0.03
Example 5




that the nolar ratio of these elenents to Fe is ‘usually about

12 0.005:1 to about 0.04:1. The cobalt content in the naghemte thin
filmis usually 0.01:1 to 0.1:1, preferably 0.01:1 to 0.06:1, nore
preferably 0.03:1 to 0.06:1 at a nolar ratio of Co to Fe. Wen the nolar
ratio of Co to Fe is less than 0.01:1, it nay becone difficult to obtain a
magneti c recordi ng medi um having a coercive force as high as not less than
2,000 Ce. On the other hand, when the nolar ratio of Co to Fe is nore than
0.1:1, it may becone

25
Table 1 (contipued)
Examples Cobalt-containing magnetite | Heat treatment
and thin film
Comparative| Cobalt Oxygen [ Film- Tempera | Time
Examples content £flow deposi- ~ture (min)
(molar . rate tion (°c)
ratio of upon rate
Co to film (nm/min)
Fe) formatio
. n .
Example 2 0.04 ] 0.23 ccoMm 3.5 « 300 60
Example 3 0.04 0.205 - 3.1 320 S0
CCM )
Example 4 |° 0.04 0.22 ccom 3.3 | 270 120
Example 5 0.03 0.315 3.0 260 120
CCM
Example 6 0.08 0.315 3.6 300 60
.. ’ CCM
Comparative 0.04 0.34 ccM 3.3 - -
Example 1 - .
Comparative ‘0 0.22 ccMm 4.0 300 60
Example 2 :
Comparative 0.04 0.37 CcCM 2.5 320 60
Example 3 )
Comparative 0.08 0.315 3.6 - -
Example 4 cCcM
Comparative 0.04 0.23 CCM 4.0 320 60
Example 5

This Sheet Has Been Rei aced




difficult to obtain a magnetic recordi ng nedi um havi ng an
stability independent to change in passage of tine.
cobal t-contai ning nmaghemte thin filmaccording to
is controlled to satisfy at
spaci ng of a plane (311)
pl ane is not nore
2. 950 A

t han
not

“above-nenti oned three conditions
(222) and (220) planes

magneti c

In this case,
required to satisfy the other two conditions.
conc¥s ni ng the spacing of the (311),
IS not possible to obtain a
Furt her,

S

| east one of
not nore than 2.510 A; a spacing of a (222)

than 2.415 A, or a spacing of a (220) plane is not nore

i f any one condition can be satisfied,

are not satisfied,
recordi ng medi um having a high coercive force.

It

VWhen al l

magneti ¢ recordi ng medi um undergoes a | arge anmount of noise

Table 2
Examples Magnetic recording medium
and Composition Cobalt Thickness
Comparative : content (Hm)
Examples {molar ratio
. : of Co to Fe)
Example 2 |cobalt-containing 0.04 0.1
) - maghemite
Example 3 }cobalt-containing 0.04 0.1
maghemite
Example 4 |cobalt-containing 0.04 0.1
maghemite
Example 5 |cobalt-containing 0.03 0.1
maghemite
Example 6 |cobalt-containing 0.08 0.1
maghemite
Comparative|cobalt-containing 0.04 0.1
Example 1 maghemite
Comparative|cobalt-containing 0 0.1
Example 2 maghemite
Comparative|cobalt-containing 0.04 0.1
Example 3 -maghemite
Comparative| cobalt-containing 0.08 0.1
Example 4 maghemite
Comparative|cobalt-containing 0.04 0.1
Example S maghemite '

. This Sheet Has Been Re|p1aced
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the follow ng conditions: i.e.,
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and cannot exhibit a sufficiently large output in a high recording
f.requency region. There is a close relationship between the spacing
of the (311) plane, the (222) plane or the (220) plane and the

13 coercive force of the cobalt- contai ning maghenite thin film In the
case where the nolar ratio of Co to Fe is the sane, there is a tendency
that the smaller the spacing, the larger the coercive force becones.

The spacing of the (311) plane is usually not nore than

27
Table 2 (continued)
Examples Magnet:.c recording medium.
and Magnetic’ thin film
Comparative Spacing
(A)
_Examples (311) (222) (220)
Exanmple 2 2.506 2.401 2.934
Example 3 2.504 - 2.933
Example 4 2.505 - 2.934
Example S 2.510 - ©2.938
Example 6 2.508 2.404 2.943
Comparative 2.530 - 2.973
Example 1
Comparative 2.508 - 2.936
Example 2
Comparative 2.518 2.418 -
|_Example 3
Comparative 2.530 2.424 2.973
| _Example 4
Conmparative - - -
Example 5

This Sheet Has Been Re ﬂaced
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t he present

than 2.506 A. The | ower
preferably 2.490 A
nore than
nmore than 2.399 A, s
limt of the spacing of the (222) plane is
spaci ng of the (220) plane is usually not nore than
not nore than 2.943 A, nore preferably not
limt of the spacing of the
cobal t-contai ning maghemite thin film of the magnetic
invention is controlled to

till

(220) pl &

2.510 A preferably not nore than 2.509 [err], nore preferably not
limt of the spacing of the _
The spacing of the (222) plane is usually not
2.415 A, preferably not nore than 2.400 A nore preferably not
nore preferably not nore than 2.398 A

(311) plane is

preferably 2.385 A

2.950 A preferably
nore than 2.940 A. The | ower
Is preferably 2.920 A
recordi ng nmedi um of

Table 2 (continued)
Examples Magnetic recording medium
and Magnetic thin £ilm Magnetostatic
Comparative properties
Examples Peak intensity ratio | Saturation| Coercive
magnetiza- force
: - tion (OCe)
(400) (400) {400) .
Example 2 4 3 2.5 311 2880
Example 3 1.5 0 1.1 300 3500
Example 4 0.8 0 3 293 3430
Exanple 5 L] - ) 272 2010
Example 6 1.2 1.1 1.5 " 351 3460
Comparative]| . oo - oo 345 930
Examnple 1
Comparative 1 - 6.5 . 287 450
Example 2
Comparative oo - oo 148 1160
| Example 3 |
Comparative] 1.4 ‘1 1.5 410 1370
Example 4
Comparative 0 0 0 345 2680
Example 5

This Sheet Has Been Reﬂlaced
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satisfy such a condition that the ratio of either of X-ray diffraction
spectrum peak intensities of the (311), (222) or (220) planes to an X-ray
diffraction spectrum peak intensity of the (400) plane is usually nore
than 0.5:1, preferably not Iless than 1:1. Wen the ratio is not nore than
0.5:1, it is not possible to obtain the ai ned nagrnetic recordi ng nedi um

for high density recording which is suitable for ?ﬁ?st‘igkﬁéﬁéeﬁﬁéplaced

14 magnetic recording systens using a ring-type magnn “mmr“nn ll‘vead.

29

Examples Magnetic recording medium
and - Read-write properties
Comparative Sp-p/Nems - Dsg : Di-pulse
Examples _ (aB) (kFRPI) ratio
Example 2 S0 140 0
Example 3 49 ' 151 0
Example 4 49 146 0
Example 5 47 : 135 v 0
Example 6 48 150 0]
Comparative 43 110 0
Example 1 : .
Comparative 39 100 : 0
Example 2
Comparative . 40 108 0
. Example 3
Comparative 44 115 0
Example 4 :
Comparative S0 150 0.2
Example 5




The magnetic recordi ng medium of the present invention, has a saturation
nagneti zati on (nmagnetization val ue neasured at an applied nmagnetic field
of '15 kCGe) of preferably 250 to 400 enu/cnB, nore prﬁfsghéph¥33&%ebgce§60
enmu/cnB, and a coercive force of usually not less tha
preferably not less than 2,200 Ce, nore preferably no“m Em M“HISOO Ce.
In the present invention, especially when the nolar ra Fe is
0.04, it has been determned that the upper limt of the coercive force is
about 6,500 Ce. Incidentally, in the current magnetic recording systens
using a ring-type magnetic wite head® the upper limt of the coercive
force is preferably about 4,000 Ce, nore preferably 3,000.Ce.
Besi des, DI d [Brampde Phe coercive force of the nagnetic recording
medi um of t he present |nvent|on, al so nmeans

Using a high recording frequency high-rate sputtering

apparatus SH-250B-T06é (manufactured by ULVAC JAPAN LTD.), a
metal target (Ni) was reactive sputtered at a distance between
a glass substrate and the target to 80 mm, at room temperature
in an atmosphere of argon and oxygen flow rate of 0.21 CCM, at
an oxygen partial pressure of 0.18 mTorr and at a total
pressure of 9 mTorr, thereby depositing an NaCl-type NiO £ilm
as an underlayer having a thickness of 0.1 pum on the glass
substrate at a deposition rate of 4.0 nm/min. The Nio film
was subjected to the measurement of X-ray diffraction spectrum,
80 that'it was determined that only one diffraction peak was
 observed with respect to the (200) plane.

Further, a.metal alloy target (Fe+d4wt.%Co) was sputtered
at a temperature of 250°C in an atmosphere of argon and oxygen
Zlow rate of 0.27 CCM, at an oxygen partzal pressure of 0.23
mTorr and at a total pressure of 9 mTorr, thereby depositing a
cobalt-containing magnetite thin f£ilm having a thickness of
0.1 pm an the NiO filﬁ at a deposition rate of 4.0 nm/min.

The resultant two-layered film was heat-treated at a
temperature of 300°C for one hour in an atmosphere, thereby
obtaining a cobalt-containing maghemite thin film formed on
the Ni0O underlayer.

The cobalt-containing maghemiﬁe film was subjected to the
measurement of x;ray diffraction spectrum, so that only one

diffraction peak was observed with respect to the (400) plane.



a val ue neasured at an applied magnetic field of 15 kOe which is an upper
limt of the coercive force neasurable by "vibrating sanple magnetoneter"”
described in detail hereinafter. In addition, with respect to read-wite
properties of the magnetic recording nmediumof the present invention when
measured by using a tester described in Exanples hereinafter, the
Slerr]/Nlerr] is preferably not |less than 45 dB, nore preferably not l|ess
than 47 dB; the recording density whose output is one half of an output
obt ai ned at a a1

The magnetostatic properties of thé cobalt-cont;ining
maghemite were measured, so that it was determined that the
coercive force thereof was 3,300 Oe and the saturation
magnetization thereof was 340 emu/cm3.

The read-write properties of the cobalt-containing
maghemite were measured, so that it was determined that the
Sp-p/Nems obtained upon reproduced signals recorded at a
recording density of 100kFRPI was 51 dB, and the recording
density whose reproduced output was one half of a reproduced
output obtained upon reproduced signals recorded at a
recording density of 1kFRPI, Dsq was 163kFRPI.

In addition, the isolated reproduced waveform of the
cobalt-containing maghémite upon repfoduced signals recorded
at a recording density of 1kFRPI, was observed by the
oscilloscope, so that it was determined that the waveform
exhibited a di-pulse shape corresponding to a di-pulse ratio

of 0.2, as shown in Fig. 2.
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recérding density of 1kFRPI, D50is preferably not |ess than

130 kFRPI,

nore preferably not | ess than 140 kFRPI; and the di-pulse ratiois 0O as
shown in Fig. 1. Next, the process for producing the magnetic
recordi ng nedlun1accord|ng to the present invention, is a“*érrbed—-—~—-—

The magnetic recordi ng nmedi um according to the present1hk@ an be
produced by depositing cobalt-containing nmagnetite on t don
the nickel oxide underlayer fornmed by depositing nickel

substrate, by a so- called sputtering nmethod using coba

i ron

alloy as a target while controlling a%1ow rate of oxygen (CCM as an

anount of oxygen introduced and a deposition rate (nnfm n), of

t he

cobal t - corEATIISyCRATMER i%Ss to form a cobal t-cont ai ni ng nagnetlte thin

filmon the nickel oxide underlayer; and then
1. A magnetic recording medium comprising:

a substrate:

a nickel oxide underlayer formed on said substrate; and

a cobalt-containing maghemite thin film formed on said

nickel oxide underlayer, and having either a spacing of a

(311) plane of not more than 2.5104, a spacing of a (222)

plane of not more than 2.415A or a spacing of a (220) plane of

not more than 2.950A, and having the ratio of either of X-ray

diffraction spectrum peak intensities of the (311), (222) or

(220) planes of said cobalt-containing magﬂemite thin £film to

an X-ray diffraction spectrum peak intensity of the (400)

plane of more than 0.5:1.

2. A magngtic recording medium according to claim 1,

wherein said cobalt-containing maghemite thln £film further

contains at least one element selected frcm the group

consisting of Mn, Ni, Cu, Ti and Zn in such an amount that the

molar ratio of said element to irom is 0.005:1 to 0.04:1.

3. A magnetic recording medium ac¢cording to claim 1,

wherein the molar ratio of cobalt to iron in said cobalt-

containing maghemite thin £ilm is 0.01:1 to 0.1:1.

4. A magnetic recording medium according te claim 1,

wherein said cobalt-containing maghemite thin film has a

thickness of 0.005 to 1.0 pum.

* [ L M S *



heat-treating the obtained cobalt-containing nmagnetite thin filmat a’
tenperature of 200 to 450[err]C to transform the cobalt- _containing
magnetite thin filminto a cobalt-containing naghemte thin film

order to obtain the -ainmed magneti ¢ recording’ rré‘hlsﬁhmtfalssanm ﬁedo the

present invention, it is inportant to control t mmm lf oxygen

(CCM relative to the deposition rate (nmmn) cont ai ni ng
magnetite. The flow rate of oxygen (CCM relative to the deposition
rate (nmimn) of the cobalt-containing nmagnetite to obtain the ained

magneti c recordi ng nedi'um accordi ng ta33the present invention, is varied
dependi ng upon various conditions having

5. A magnetlc recordlng medium according to clalm 1,

wherein the spacing of the (311) plane is 2.490 to 2.509 A.

6. A magnetic recording medium according to claim 1,

wherein the spacing of the (222) plane is 2.385 to 2.400 A.

7. A magnetic recording medium according to claim 1,

wherein the spacing of the (220) plane is 2.920 to 2.943 A.

8. A magnetic recording medium according to claim 1,
wherein the saturation magnetization of said magnetic

recording medium is 250 to 400 emu/cmd.

9. A magnetic recording medium according to claim 1,
wherein the coercive force of said magnetic recording medium

- is not less than 2,000 OQe.

10. A magnetic recording medium according to claim 1,
wherein the ratio of an X-ray diffraction spectrum peak
intensity of a (11l) plane of said nickel oxide underlayer to

that of a (200) plane thereof is more than 0.5.

11. A magnetic recording medium according to c¢laim 1,
wherein said nickel oxide underlayer has a thickness of 0.0l

to 0.5 pm.

L



16 “an influence on the oxidation of the cobalt- containing nagnetite thin

film such as kind and construction of apparatus used, a totat—egas—
pressure, a substrate tenperature or an area of t g uttered

Therefore, it is difficult to specifically determ °Q°° o f1 ow
rate of oxygen. However, as a result of many E, l I nduct ed
by the present inventors, it has been recognized t t endency
that the less the flow rate of oxygen (CCM relative to the deposi tion

rate (nmimn) of the cobalt-containing nagnetite, the smaller the spacing
of each of the (311), (222) 34

ABSTRACT OF THE DISCLOSURE

A magnetic recording medium of the present invention

comprises: |
- a substrate;

a'. nickel oxide underlayer formed on said substrate; and

a cobalt-containing maghemite thin film formed on said
nickel oxide underlayer, having either a spacing of a (3.11)
plane of not more than 2.510A, a spacing of a (222) plane of
not more than 2.415A or a spacing of a (220) plane of not more
than 2.950A, and having the ratio of eitl'ter of X-ray
diffraction spectrumepeak intensities.of the (311), (222) or
{(220) planes of said cobalt-containing maghemite thin film to
an X-ray diffraction spectrum pea:k intensity of the (400)
plane of more than 0.5:1.

Such a magnetic recording @ediummhas a higher coercive
Zoxce, a higher saturation magnetization, less amount of noise
generated, a large output in a high recording frequency region
and less distortion of a reproduced waveform, and is suitable
for use in current magnetie recording eyetems in which a ring-

type magnetic write head is used.



and (220) planes of the obtained cobalt-containing maghemite thin film
becones. Accordingly, by conducting various experinents to obtain
the flow rate of oxygen (CCM relative to the deposition rate (nm nin) of
the cobal t-contai ning magnetite at which the spacing of each of (311),

(222) and (220) planes beconmes snaller than thaﬂhjﬁh ﬁﬁmbuhmmWﬁﬁﬁ

deposition rate (nmmn) of the cobalt-containin the fl ow
rate of -oxygen may be respectively controlled so er than the
obt ai ned val ues. I n accordance with the experinents conducted by the
present inventors, as described in Exanples and Conparative Exanples

herei nafter, when the deposition rate of the cobalt- containing magnetite
is 3.5 nmfnmin, the flowrate of oxygen

FIG.1
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MAGNETIC RECORDING MEDIUM c6-9%0 é‘:'g.g_.@-—]
BACKGROUND OF 'I‘i-IE INVENTION:

The present invention rélates to a magnetic recording
medium, and more particularly, to a magnetic recording medium
for high-density recording, having é higher coerciwve force and
a higher saturation magnetization, exhibiting a less amount of
noise génerated, a large output in a high recording frequeney
region and a less distortion of a reproduced waveform, and |
being suitable for use in current magnetic recording systems
in which a ring-type magnetic write head is used.

In recent years, in magnetic recording apparatuses such
as a hard disc drive, there has been a remarkable tendency
that informatiﬁn devices or systems used therewith are
miniaturized and requi;ea to have a high reliability. In
association with such.a recent tendency, in order to deal with
a large capacity'data, there.is an increasing demand for
magnetic recording media on which information can be stored
with a high density.

In order to fulfill such requirements, the magnetic
recording media have been strongly required to have as high‘;
coercive forée as possible.

As magnetic recording media having a large coercive force;
there are widely known those comprising a substrate and a

magnetic thin film formed on the substrate. This is the replacement sheet
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decrease in coercive force thereof. The inportant point of the
present invention resides in that in the case where the nickel oxide
underl ayer is formed on the substrate, and the cobalt-containing nmaghemte
thin filmformed on the nickel oxide underlayer is adjusted so that any
of conditions of a spacing of a (311) plane of not nore than 2.510 A a
spaci ng of a (222) plane of not nore thg 2.415 A and a spacing of a (220)
pl ane of not nmore than 2.950 A is satiSfied and the ratio of either of
X-ray diffraction ctrum peak |ntenS|t|e he (311), .(222) and (220)
planes to an ?h¢a9aﬁm$$+%cﬁ oh Sdas Ml g@ﬁ§lﬁ}r89dﬁ PUBOIREP| ane

Is nore than 0.5:1, there can be obtalned a mag netlc recordi ng nmedi um
having a BFRELCEoCRERVEeReFRkly flasifies m§9t TRITRSACTAEABt PEAER ON,

exhibits a |l ess noise and a_large - oL
thin films composed of maghemite, etc. (refer to "Technical

Report of Electronic Telecommunication Institute", published
by Electronic Telecommuﬁication Institute, (1981) MRSl-ZO, PP .
5 to 12), and alloy thin films composed of Co-Cr alloy or the
like.

The magnetic iron oxide thin films are excellent in
oxidation resistance or corrosion resistance because maghemite
is already oxidized. Therefore, the magnetic iron oxide thin
films can show an excellent stability independent to change in
passage of time, i.e., less change in magnetic properties with
passage of time. However, the coerCive foice of the magnetic
iron oxide thin films is as low as at most about 700 Oe and
the saturation.magnetization of the magnetic iron oxide thin
films is as low as at most about 240 emu/cmd.

Whereas, the alloy thin films have a coercive force as
high as not less than about 2,000 Oe and a saturation
magnetization as high as not leSs than about 300 emu/cm3.
However, the alloy thin films tend to be readily oxidized, so
that the stability independent to change in passage of time is
deteriorated.

In order to prevent magnetic properties of these alloy
thin films from being deteriorated due to the oxidation, the

surfaces of the alloy thin films have been coated with a

This is the replacement sheet
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outbut in a high recording frequency region, and is free from the

distortion of isolated reproduced waveform . The reason why the
magneti ¢ recordi ng medi um having such excellent properties can be obtained
by satisfying the above 18 :

requi renments of the present i nvention, is considered by the present

inventors as follows. That is, due to the fact that the ainmed magnetic
recordi ng nedi um cannot be obtained in aﬁb of the cases where the

cobal t-contai ni ng maghenite thin film_ satisfies the specified spacing and
the specif B® iye film, e.g., a carbon film having usually a

thickness of about 100 tg'about-ZOO A. However, in such a
~case, a distance between a magnetic write head and a magnetic
recording layer becomes increased by the thickness of the
carbon film, resulting in large loss due to the magnetic
' spacing, which disables the magnetic recording medium to be
applied to high-density recording.

In consequence, it has been attempted to enhance the
coerciéé force and saturation magnetization of the above-
mentioned magnetic iron oxide thin films which are excellent
in oxidation resistance, corrosion resistance and stability
independent to change in passage of time, by incorporating
cobalt or the like thereinto. The ﬁagnetic iron oxide thin
films containing cobalt, étc., have beeﬁ already put into
practice. In addition, there have béen extensively developed
so-called perpendicular magnetic films which are free from
demagnetization because these films are magnetized in
perpendicular to the surface thereof, and which can be,
therefore, recorded with a high density.

In the magnetic cobalt-ééntaining iron oxide thin films,
the more the cobalt content, the higher the coercive force
thereof becomes. However, with the increase of cobalt content,
the stability independent to change in passage of time of
these magnetic iron oxide thin films tend to be deteriorated
by adverse influences of heat or the like.

In the case where information recorded on the above-
This is the repiacement sheet
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bet ween the peak intensities bufJnQ ni ckel oxi de underlayer is formed,
where the nickel oxide underlayer is formed and the specified spacing of
the cobal t-containing maghenmite thin film is satisfied but the specified
rati o between the peak intensities is not satisfied, and where the nickel
oxi de underlayer is forned and the specified rati o between the peak
intensities is satisfied but the specified spacing is not satisfied, there
exi sts a synergistic effect based on t hé ni ckel oxide underlayer, the
speci fied spacing and the  specified ratio between the peak intensities in
t he cobal mentignedi RERPeRALFEeIAL dagnetia |fhlms is weald pu§pusingoat he
spacing of the respective lattice planes of the cobalt-containing
magheni t e Melgnetic] Keaerdiuy ngystem te¢miipnssh i thnee ntingrtypeemaghetih t he
cobal t - cont ai ni ng ,

write head which have been currently extensively used, there

is caused the distortion of isolated reproduced waveform (i.e.,.

a reproduced waveform of so-called "di-pulse"). For this

reason, it is necessary to conduct a specific signal

processing.

In order to avoid to conduct the specific signal

processihg, a single-pole magnetic write head used in a

vertical magnetic recording system may be used appropriately.

However, since the vertical magnetic recording system has not

been extensively used yet, the single-pole magnetic write head

is still very expensive. |

Thus, at the present time, there has been a strong demand

for providing magnetic recording media for high-density

recording which are suitable for use in current magnetic

recording systems equipped with a ring-type magnetic write

head. For this reason, various kinds of magnetic recording

media mentioned above have been extensively developed. Among

them, the magnetic iron oxide thin films having excellent

oxidation resistance and corrdsion resistance have been

considered to be most useful, so that it have been more

strongly demanded to improve properties of these magnetic iron

oxide thin films.

That is, as described above, the magnetic iron oxide thin

films have been strongly required not only to have a high
This is the replacement shet

= 6 JAN 1093

Date:



magnetite thin filmis transformed into the cobalt-containing maghenite
thinfilmat the sane heating tenperature, the spacing of each of the
(311), (222) and (220) planes is caused to change by varying the flow rate
of oxygen upon formation of the cobalt-containing magnetite thin film Due
to this fact, it can be recognized that the change of the spacing is not
caused by the difference in thermal expansion coefficient

19 between the substrate, the nickel oxide underlayer and the

coercive force and a large saturation magnetization, but also

~ to exhibit less noise and a.large outpuﬁ in a high recording
frequency region, and to be free from the distortion of
isolated reproduced waveform.

Conventionally, as typical magnetic iron oxide thin films,
there are known maghemite films. It is also known that cobalt
can be incorporated into the maghemite in order to enhance the
coercive force thereof (Japanese Patent Publications (KOKéKU)
Nos. 51-4086(1976) and 5-63925(1993), and "CERAMICS",
published by Japan Ceramics Institute (1986), Vol. 24, No. 1,
pp. 21 to 24).

Further, it is known that the magnetic thin film composed
of cobalt-containing maghemite is a éo—called perpendicular
magnetic £ilm whose a (400) plane is predominantly oriented in '
parallel with the surface of substrate (Japanese Patent
Publication (KOKOKU) No.'?-60768(1995) and Japanese Patent
Application Laid-open (KOKAI) No. 7-307022(1995)).

More specifically, in Japanese Patent Publication
(KOKOKU) No. 51-4086(1976); there is described.a'magnetic thin
film memory comprising a ceramic substrate made of a high-
purity alumina ceramic material which has a high density and
is free from damaging memory properties of ferrite due to the
reaction therewith even at an elevated temperature of 1,000 to
1,300°C to produce the ferrite, and a cobalt-based spinel-type
ferrite film formed on the substrate and having a composition

represented by the general formula of Co(i-x)Fe€(24x)0¢ Where -
This is the replacement sheet
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cobal t - cont ai ni ng maghenite upon the heat treatment, but is caused by

. Feduction in spacing of the cobalt-containing maghemte thin filmitself.:
The magnetic recordi ng medi um of the present invention can have a higher
coercive force and a | arger saturation magnetization, exhibits a |ess

noi se and a large output in a high recording frequency region, and is free
fromdistortion of isolated reproducedgwaveformand is, therefore, nore
suitable for use in current magnetic recording systens using a ring-type

magnet i c w;rg,gs&efd s ferpibs Kk 9kl HBoREAIHE" Eofo oL Lhea rRaREt  ©

recordi ng un1accor o the p

contalnlng % ?ﬁ |r12§ﬂ an be heat-treated and transformed into
the cobal gebh¢ ﬁ?n ﬂﬁ&h Td™in film at
| In Japanese Patent Publication (KOKOKU) No. 5-63925(1993),

there.is described a process for producing a magnetic iron
oxide thin film having a high coercive force, comprising
reactive sputtering an irgn alloy as a target in an
oxidization atmosphere of argon and oxygen to directly form

fer:_:‘omagnetic oxide magnetite (Fe304) of a non-stoichiometric

composifion having a resistivity of 1 x 101 to 8 x 101 Q-em,
and heat-treating the ferromagnetic oxide magnetite (Fe304)
having the above-mentioned resistivity in an atmosphere at a

temperature of 280 to 350°C, thereby producing ferromagnetic

oxide Y-Fe;03 having a high coercive force.

In Japanese Patent Publication (KOKOKU) No. 7-60768(1995),
there is described a fixed magnetic disc Comprising a
substrate, an oxfde thin film formed on the substrate and
having an NaCl-type crystal structure composed of nickel oxide
crystallographically predominantly oriented in the (100) plane,
and a magnetié cobalt-containing iron oxide thin film fqrmed
on the nickel oxide thin film and having a spinel-type crystal
structure.

Furthef, in Japanese Patent Applicatiqn_Laid—open (KOKAI)
No. 7-307022(1995), there is described a magnetic recording
medium comprising: a substrate; an NiO underlayer formed on

- the surface of the substrate, whose a (200) plane is

This is ihe replzcemem sheet
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a tenperature as low as not .nore than 450[err]C, it is not required to use
a substrate having a heat-resistance, and ordinarily used materials such
as glass, resulting in.good productivity with industrial and econoni cal
advant ages. EXAMPLES: The present invention will now be descri bed
in nore detail with reference to the follow ng exanples and conparative
exanpl es, but the present invention is got restricted to those exanpl es
and various nodifications are possible'wthin the scope of the invention.

predominantly oriented in parallel with the surface of the
substrate; and a cdbalt-contéining maghemite thin film as a
perpendicular magnetic film formed on.the surface df the NiO
underlayer, whose a (400) plane is predominantly oriented in
parallel with the surface of a substrate and which has a molar
ratio of Co to Fe of not less than 0.01 and less than 0.10 and
a spacing of the (400) plane of.not more than 2.082 A.

At the present time, as the magnetic recording media for
'high-deﬁéity recording which are suitable for use in current.
magnetic recording systems using a ring-type magnetic write
head, there have been demanded those having a higher coercive
force, a large saturation magnetization, an excellent
stability independent to change in passage;of time, less noise
and a large output in a high recording frequency region, and
-being free fréﬁ the distorﬁion of isolated reproduced waveform.
However, there have ﬁot been provided yet such magnetic 
recording media having all of the above-mentioned properties.

That is, the above-mentioned conventional cobalt-
containing maghemite thin films are still unsatisfactory in
magnetic properties; especially coercive force thereof; When
it is attempted to obtain a high coercive force, especially
not less than 2,000 Oe, it is necessary to incorporate a large
amount of cobalt thereinto. In this case, such cobalt-
;ontaining maghemite thin film tend to be adversely affected
by heat and the like, resulting in considerable deterioration

in magnetic properties with passage of time. This is the replacement sheet
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20 (1) The magnetostatic properties such as coercive force and
saturation magnetizati on (measured under an external nmagnetic field of 15
kCe) of the magnetic recording medium are expressed. by val ues measured by
"Vi brating Sanple WMgnetoneter VSM (manufactured by TCEI KOGYO CO.,

LTD.) . (2) The X-ray diffraction spectrum of the nmagnetic recordlng
medi umis expressed by val ues neasured gy "X-ray Diffractoneter RAD-IIA"
(manuf actured by RI GAKU DENKI CO., LTD.). The measuri ng conditions

of the X-ray djffract, on ectru are | ow: np used Fe; lanp
vol tage: 40 k { rﬁp?iﬁr {2 Qﬁ? §§ﬁﬁl?h§ ﬁPB? er: 0.010;

maghemite thin f£ilm cannot show a sufficiently large output in
a high recording frequency regioﬁ.
Further, the above-mentioned conventional perpendicular

" magnetic films composed of iron oxides have a problem
conéerning the distortion of isolated reproduced waveform.
Therefore, the perpendicular magnetic films cannot be applied
to current magnetic recording systems using a ring-type
magnetic write head.

As a result of the present inventors' earnest studies to
“solve the above problems, it has been found that by forming a.
nickel oxide underlayer on a substrate and then forming a
cobalt-containing maghemite thin film on the nickel oxide
underlayer so as to control a spacing of a (311) plane to not
more than 2.516 A, a spacing of a (222) plane to not more than
2.415 A or a spacing of a (220) piane to not more than 2.950 A
and further to control the ratio of either of X-ray
diffraction spectrum peak intensities of the (311), (222) and

(220) planes to an X-ray diffraction spectrum peak intensity
of a (400) plane, to more than 0.5:1, the obtained magnetic
recording medium has a higher coercive force, e.g., not less
than 2,000 Oe, a larger saturaﬁion magnetization, e.g., not
less than 250 emu/cm?, exhibits less amount of noise and a
large output in a high recording frequency region, and is free
from distortion of isolated reproduced waveform. The present
invention has been attained on the basis of the finding.

This is the replacement sheet
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scanni ng speed: 1.000/min; light-emitting (divergent) slit: 1[err];
scatteringslit: 1; light-receiving slit: 0.30 mm- The region
corresponding to a diffraction angle (20) of 30.00 to 60.00 was neasured
under the above-nentioned conditions. (3) The read-write properties
such as noi se, reproduced output or di-pulse of the magnetic recording
medi um are eval uated as foll ows. gThat is, after a magnetic filmwas
formed on a glass disc and then the surface of the nagnetic filmwas
coated with a perfluoropolyether-based |ubricant "FOVBLIN Z DOL" (trade
nanme: produced by AUSI MONT CO LTD.), an MG head for VCR was run on the
resul t ant [ 3 um whi | e

It is an object of the present invention to provide a
magnetic :ecording medium for high density recording, which is
suitable for use in current magnetic recording systems using a
ring-type magnetic write head, has a high coercive force and a
large saturation magnetization, exhibits less noise and a
large output in a high recording frequency region, and is free
from the distortion of reproduced waveform.

To accomplish the aims, in an aspect of the present
invention, there is provided a magnetic recording medium
comprising: a substrate; a nickel oxide underlayer formed on
the substrate; and a cobalt-containing maghemite thin film
formed on the nickel_oxide underlayer, having either a spacing
of a . (311) pléﬁe of not more than 2.510A, a spacing of a (222)
plane of not more than 2.415A or a spacing of a (220) plane of
not more than 2.9504, and having the ratio of eithér of X-ray
diffraction spectrum peak intensities of the (311), (222) or
(220) planes of the cobalt-containing maghemite thin film to
an X-ray diffraction spectrum peak.intensity of a (400) plane

of more than 0.5:1.

R DESCR N OF T RAWT
Fig. 1 shows an isolated reproduced waveform upon
reproduced signals recorded at a recording density of 1kFRPI

on a magnetlc recording medlum in Example 1; and
This is the replacement shoeot

Date: .; b JAN 1999



21 ;contacting therewith at a gap length of about 0.2 [err]mand.a track
width of 21 [err]m The respective read-wite properties were eval uated by
usi ng "Recordi ng and Reproduci ng Tester M 84V' (manufactured by FUJI TSU

AUTOMATION CO., LTD.). Specifically, the noise value (N[ err]) was
anal yzed by "Spectrum Anal yzer TR4171" (manufactured by ADVANTEST CO.,
LTD.) at a velocity of 3.0 nis. T- reproduced output (S[err]) and

di-pul se ratio were analyzed by "Oscilloscope VP5514A" (manufactured by

PANASONI C Fig. 2 shows an isolated reproduced waveform upon

reproduced signals recorded at a recording density of 1kFRPI
on a magnetic recording medium obtained in Comparative

Example 5.

DETAILED TION OF N

First, the magnetic recording medium according to the
present invention is described.

The magnetic recording medium according to the-present.
invention comprises a substrate, a nickel oxide underlayér
formed on the substrate and a cobalt-containing maghemite thiﬁ
film formed on the'niékel oxide underlayer.

The substrate used in the present invention may be made
of materials ordinarily used for thiélpurpose, such as glass
or the like.

The nickel oxide underlayer of the magnetic recording

‘medium of the present invention has a thickness of usually
0.01 to 0.5 um, preferably 0.02 to 0.3 um. When the thickness
of the underlayer is less than 0.01 um, it may become
difficul; to obtain the aimed magnetic recording medium having
a highér coercive force. On the other hand, when the
thickness of the underlayer is more than 0.5 um, the grain
size of_the cobalt-containing maghemite partiéles of the
magnetic thin film formed on the nickel oxide underlayer may
become large, so that the noise from the resultant magnetic

recording medium tends to be increased. L :
This is the replacement sheet
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CO., LTD.) at a velocity of 3.0 nis. For - exanpl e, the reproduced
output is expressed by a sum of the "a" value and the "b" value shown in
Fig. 2, and the di-pulse ratio is expressed by the ratio of the "a" val ue
to the "b" value shown in Fig. 2. ExanDl e 1: Usi ng a high

recordi ng frequency high-rate sputtering apparatus. SH 250H T06

(manuf actured by ULVAC JAPAN LTD.), a tal target (Ni) was reactive
sputtered at a distance between a gl as:,L substrate and the target to 80 mm

o 2 tempenatuge of LAZLSL) St Sh aToselere gl Shdom and svaen, |1 ov

total preﬁiéﬁgtfi Eééggﬁfﬁgtﬂgﬁﬁiﬂyo%eﬂﬁiiEiggeﬁg Eﬁglﬁéggg giciess
oriented in its (200) plane'parallel with the surface of the
substrate, more preferably not oriented at all in the (200)
plane. When the orientation of the (200) plane becomes large,
there is caused a tendency that the (400) plane of the cobalt-
containing maghemite thin film is grown, so that the di-pulse
ratio is increased. Therefore, in view of the di-pulse ratio,
the ratio of an X-ray diffraction peak intensity of the (111)
plane to that of the (200) plane is preferably more than 0.5:1,
more preferably not less than 1.0:1.

.The' magnetic thin £ilm of the magnetic recording medium

according to the present invention is a cobalt-containing

maghemite thin film having a thickness of usually 0.005 to 1.0

Mm, preferably"0.0I to 0.5 um.

In generall, maghemite is represented by the formula of Y-
Fej03. .Howeve'r, in the presént invention, there may also be
used such maghemite containing a small amount of Fe2*. The
upper limit of the Fe£+ content at a molar ratio of Fe?* to
Fed* is preferably 0.3:1.

In addition, the cobalt-containing maghemite thin film
may further contain at least one element selected from the
group consisting of Mn, Ni, Cu, Ti and Zn.which may be usually
used to improve various properties thereof, in such an amount

that the molar ratio of these elements to Fe is usually about
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fil'mas an underl ayer having a thickness of 0.1 [err]mon the glass
substrate at a deposition rate of 4.0 nmmn. The N O _

22 filmwas subjected to the neasurenent of X-ray diffraction spectrum
so that it was determned that the ratio of the diffraction peak intensity
of the (200) plane to that of the (111) plane was 1:1. Further, a
netal alloy target (Fe+4wt.%Co) was sp E%ered at a tenperature of
250[err]C in an atnosphere of argon ang' xygen flowrate of 0.27 CCM at

an oxygen partial pressure of 0.23
.005:1 to about 0.04:1.

The cobalt content in tﬁe maghemite thin film is usually
0.01:1 to 0.1:1, preferably 0.01:1 to 0.06:1, more preferably
0.03:1 to 0.06:1 at a molar ratio of Co to Fe. wWhen the molar
ratio of Co to Fe is less than 0.01:1, it may become difficult
to obtain a magnetic recofding medium héving a coercive force
as high as not less than 2,000 Qe. On the other hand, when
the molar ratio of Co to Fe is more than 0.1:1, it may become
difficulrt to obtain a magneﬁiclrecording medium having an
excellent stability independent to change in passage of time.

The cobalt-cdntaining maghemite thin film according to
;he present invgntion is controlled to satisfy at least one of
the following conditions: i.e., a spacing of a plane (311) is
not more than 2.510 A; a spacing of a (222) plane is not ﬁore
than 2.415 A; 6r a spacing of a (220) plane is not more than
2.950 A. In this case, if any one condition can be éatisfied,
it is not required to satisfy the other two conditionms.

When all of the above-mentioned three conditions
concerning the spacing of the (311), (222) and (220) planes
are not satisfied, it is not possible to obtain a magnetic
recording medium having a high coercive force. Further, such
a magnetic recording medium undergoes a large amount of noise
and cannot exhibit a sufficiently large output in a high
recording frequency region.

There is a close relationship between the spacing of the

(311) plane, the (222) plane or the (220) plane and the
This is the replacement sheet
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mlforr and at a total pressure of 9 niorr, thereby depositing a _

cobal t-containing magnetite thin filmhaving a thickness of- 0.1 [err]mon
the NOfilmat a deposition rate of 4.0 nm mn. The resul tant
two-layered filmwas heat-treated at a tenperature of 270[err]C for one
hour in an atnosphere, thereby obtaining a cobalt-containing mghemte
thin filmformed on the N O underl ayer.13 The cobal t-cont ai ni ng
maghem te filmwas subjected to the neasurenent of X-ray diffraction

Zpgggrfg}rfggﬁ é?ﬁgfé%228§fq?3ne avF%%o%ﬁgégg%%ém%%ﬁ%ﬁb@%W?@%k?Eﬁﬂgggpgegf
B ok S5, G SRR PG A DECPECo!fe [F Dl re
measur ed, %Re&ga&sig ¥@§Héﬁgfﬂﬂﬂégulﬂ%h%ma&&er the spacing, the larger

the coercive force becomes. |

The_spacing of the (311) piane is uéually nét more than
2.510 A, breferably-not more than 2.509 A, more preferably not
more than 2.506 A. The lower limit of the spacing of the
(311) plane is preferably 2.490 A.

The spacing of the (222) plane.is usually not more than
2.415 A, preferably not more than 2.400 A, more preferably not
more than 2.399 A, still more preferably not more than 2.398 A.
The lower limit of the spacing of the (222) plane is

preferably 2.385 A.

The spacing of the (220) plane is usually not more than
2.950 A, preférably not more than 2;943 A, more preferably ﬁot
more than 2.940 A. The lower limit of the spacing of the
(220) élane is preferably 2.920 A.

The cobalt-containing maghemite thin film of the magnetic
recording medium of the present invention is controlled to
satisfy such a condition that the ratio of either of X-ray
diffraction spectrum peak intensities of the (311), (222) or
(220) planes to an x-ray diffréction spectrum peak intensity
of the (400) plane is usually more than 0.5:1, preferably not
less than 1:1. When the ratio is not more than 0.5:1, it is
not possible to obtain the aimed magnetic recording medium for
high density reco;ding which is suitable for use in currenﬁ
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coercive force thereof was 3,400 Ce and the saturation nagnetfzation
~thereof was 300 emu/cnferr]. The read-wite properties of the
cobalt-containing maghemite filmwere neasured, so that it was determ ned

t hat

23 the S[err]/Nerr] obtained

upon reproduced signals recorded at a recording density of | OCkFRPI was 49
dB, and the recording density whose. rgproduced output was one half of a
reproduced output obtained upon reproduced signals recorded at a

recordi”9m9838££¥ §gc§48?ﬂg’ng@%ﬁgaﬁsiggkER?knthype magnetic write

head.
The magnetic recording medium of the present invention,
has a saturation magnetization (magnetization value measured

at an applied magnetig field of 15 kOe) of preferably 250 to

400 emu/ém?, more preferably 300 to 360 emu/cm3, and a
coercivelforce of usually not less than 2,000 Oe{ preferably
not less than 2,200 Oe, more preferably not less than 2,300 Oe.
In the present invention, especially when the molar fatio of
Co to Fe is 0.04, it has been determined that the upper limit
of the coercive force is about 6,500 Oe. Incidentally, in the
current magnetic recording s&stems using a ring-type magnetic
write head, the upper limit of the coercive force is
preferébly about 4,000 Oe, more preferably 3,000 Oe.
Besides,'ﬁhe upper limit of the coercive force of the
magnetic recording medium of the present invention, also means
a value measured at an applied magnetic field of 15 kOe which
is an upper limit of'the.coercive force measurable by
"vibrating sample magnetometer" described in detail
hereinafter. In addition, with respect to read-write
properties of the magnetic recording medium of the present
invention when measured by using a tester described in

Examples hereinafter, the Sp_p/Nrms is preferably not less than

45 dB, more preferably not less than 47 dB; the recording

density whose output is one half of an output obtained at a
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In addition, the isolated reproduced waveform of the cobalt-containing
maghem te upon reproduced signals recorded at a recording density of

| KFRPI, was observed by the oscilloscope, so that it was determ ned that

t he waveform exhibited a uni nodal pul se shape corresponding to a di-pul se
rati o of O. Exanples 2 to 6 and Conparative Exanples 1 to 5: The
same procedure as defined in Exanple 1 y@s conducted except that formation
or non-formation and orientation condition of the nickel oxide-underlayer,

o condition of the nickel oxide underl:
are | and TIURASR S rr A o o St A SRRy ok piks HEE" T O

heat-treating tenperature and tine were changed vari ously,
130 kFRPI, more preferably not less than 140 kFRPI; and the

di-pulse ratio is 0 as shown in Fig. 1.

Next, the process for producing the magnetic recording
medium according to the present invention, is described.

The magnetic recording medium according to the present
invention can be produced by depositing cobalt-containing
magnetite on the substrate or on the nickel oxide underlayer
formed By depositing nickel oxide on the substrate, by a so-
called sputtering method using cobalt-containing iron alloy as
a target while controlling a flow rate of oxygen (CCM) as an
amount of oxygen introduced and a deposition rate (am/min) of

- the cobalt-containing magnetite, to form a cobalt-containing
magnetite thin film on the nickel oxide underlayer; and then
heat-treating fhe obtained cobalt-containing magnetite thin
film at a temperature of 200 to 450°C to transform the cobalt-
containing magnetite thin film into a cobalt-containing
maghemite thin film.

Ig order to obtain the aimed magnetic recording medium
according to the present invention, it is important to control
the flow rate of oxygen (CCM) relative to the deposition rate
(nm/min) of the cdbalt-containing magnetite.

The flow rate of oxygen (CCM) relative to the deposition
rate (nm/min) of the cobalt-contaiﬁing magnetite to obtain the
aimed magnetic recording medium according to the present

invention, is varied depending upon various conditions having
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t her eby obtai ni ng magnetic recordi ng nedi a. The production conditions
used and various properties of the obtained magnetic recording nedia are
"shown in Tables 1 and 2. - Incidentally, in Exanple 2 and Conparative
Exanples 1 and 4, no diffraction peak was observed with respect to the

pl ane

24 (400)
16

an influence on the oxidation of the cobalt-containing
magnetite thin £ilm, such aé kind and construction of
apparatus used, a total gas pressure, a substrate temperature
or an area of target to be sputtered. Therefore, it is
aifficult to specifically determine the preferred flow rate of
oxygen.

However, as a result of many experiments conducted by the
present inventors, it has been recpgnized that there is a
tendency that the less the flow rate of oxygen (CCM) relative
to the deposition rate (mm/min) of the cobalt-containing
magnetite; the sméller.the spacing pf each of the (311), (222)
and (220) planes of the obtained cobalt-containing maghemite
thin film becomes.

Accordingly, by conducting various experiments to obtain
the flow rate.of éxygen (ccM) relative to the deposition rate
(nm/min) of thé cobalt-containing magnetite at which the
spacing of each of (311), (222) and (220) planes becomes
smaller than that of the bulk, the deposition rate (nm/min) of
the cobalt—conﬁaining magnetite and the flow rate of oxygen
may be respectively controlled so as to be smaller than the
obtained values.

In accordance with the experiments conducted by the
present inventors, as described in Examples and Comparative
Examples hereinafter, when the deposition rate éf the cobalt-
containing magnetite is 3.5 nm/min, the flow rate of oxygen
(CcMm) is uéually not more than 0.35, preferably not more than
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Table 1 Exanpl es Ni ckel oxide underl ayer and

Formation or Thi ckness Orientation Conparative non-formation
([err]m of underl ayer Exanpl es of underl ayer

(111)/(200) Exanple 2 Forned : 0. 15 8 Exanple 3
For ned 0.1 .1 Exanple 4 For ned 0.1

1 Exanple 5 For ned 0.1 19 1 Exanple 6 For ned
0.1 1 Conparative For med 0.1 1

Exanpl e 1 mple 2 -
Gompar at 1 96277 Mgty ok Eerably o oronpge than'0:25. g3 iy LR e

For ned For ned

0.15 _the fl@worgat@(a%ﬁgqgen (CCM) ?.s pre%eragR 8t ¥e When the
flow rate of oxygen is more than 0.35, hematite may tend to be
formed in the obtained cobalt-containing maghemite thin film,
resulting in decrease in saturation magnetization thereof. On
the other hand, when the flow rate of oxygen is less thag 0.18,
metél iron (Fe) or wustite (FeO) may tend to be formedwin the
obtained cobalt-containing maghemite thin film, resulting in
decrease in coercive force thereof.

The important point of the present invention resides in
that in the case where the nickel oxide underlayer is forméd _
on the substrate, and the cobalt-containing maghemite thin
film forﬁed on the nickel oxide underlayer is adjusted so thatl
any of condiﬁions of a spacing of a (311) plane of not more
than 2.510 A,-é spacing of a (222) plane of not more than
2.415 A and a spacing of a (220) plane of not more than 2.950
A is satisfied, and the ratio of either of X-ray diffraction
spectrum peak intensities of the (311), (222} and (220) planeé
to an X-ray diffracﬁion spectrum peak intensity of a (400)
plane is more than 075:1, there can be obtained a magnetic
recording medium having a higher coercive force and a larger
saturation magnetization, exhibits.a less noise and a large
oﬁtput in a high recording frequency region, and is free from
the distortion of isolated reproduced waveform.

The reason why the magnetic recording medium having such
excellent properties can be obtained by satisfying the above
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25 ' Table 1 (continued) Exanpl es

Cobal t - cont ai ni ng magnetite Heat treat nent and thin film
Conpar ative Cobalt Oxygen Film Tenpera  Time Exanples content
flow deposi- -ture (mn) - (nol ar rate tion
([err]Q -

18

requirements of the present invention, is considered by the
preseﬁt inventors as follows. That is, due to the fact that
the aimed magnetic recording medium cannot be obtained in any
of the cases where the cobalt~containing maghemite thin film
satisfies the specified spacing and the specified ratio
between the peak intensitiés but no niékel oxide underlayer is
formed, where the nickel oxide underlayer is formed and the
specified spacing of the cobalt-containing maghemite thin film
is sati;fied but the specified ratio between the peak
intensities is not satisfied, and where the nickel oxide
underlayer is formed and the specified ratio between the peak
intensities is satisfied but the specified spacing is not
satisfied, there exists a synergistic effect based on the
nickel oxide underlayer, the specified spacing and the
specified ratio between the peak- intensities in the cobalt-
containing maghemite thin £ilm.

-With respect to the spacing of the respective lattice
planes of the cobalt-containing maghemite thin film according
to the present invention, even though the.cobalt—containing !
magnetite thin film is transformed into the cobalt-containing
maghemite thin film at the same heating temperature, the
spacing of each of the (311), (222) and (220) planes is caused
to change by varying the flow rate of bxygen upon formation of
the cobalt-containing magnetite thin ﬁilm. Due to this fact,
it can be recognized that ;he change of the spacing is not

caused by the difference in thermal expansion coefficient
This is the replacement sheet
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ratio of upon .rate Co to film (nm mn)

Fe) formatio n Exanple 2 0.04 0.23 CCM 3.5 300 - 60

Example 3  0.04 0. 205 3.1 320 50

CCM Example 4 0.04 0.22 cCM 3.3 ' 270 120 Exanple 5. 0. 03

0. 315 3.0 260 120 CCM Exampl e 6 :
- 0.08 0. 315 - 3.6 300 CCM Conpar ati ve

0.04  0.34 COM 3.3 Exanple 1 Corrpa?'%ltlve 0 0.22 CCM 4.0

300 60 Exanple 2 Conparative 0.04 0. 37 CCM 2.5 320

60 Exanpl é:%:v@gﬂ)m isupstrgteg the nigkel soxide wnderlayer and the .

Exanpl e 4 : CCNICOnparatlve 0.04 0.23 CC™M 4.0 320

60 Exanpl eedpalt-containing maghemite upon the heat treatment, but is
caused by reduction in spacing of the cobalt-containing |
maghemite thin_ﬁilm itself.

The magnetic recording medium of the present invention
can have a higher coercive force and a.larger saturation

_'magnetization, exhibits a less noise and a large output in a
high recording frequency region, and is free from distortion
of isolated reproduced wavefo:m and is, therefore, more
suitable for use in current magnetic recording systems using a
ring-type magnetic write head.

In addition, in the production of the magnetic recording
medium according to the present invention, since the cobalt-
containing magnetite thin film can be heat-treated and
transformed iﬁto the cobalt-containing maghemite thin f£ilm at
a température as low as not more than 450°C, it is not
required to use a substrate having a heat-resistance,.and
ordinarily used materials sucﬂ as glass, resulting in good

productivity with industrial and economical advantages.

EXAMPLES:

The present invention will now be described in more
detail with reference to the following exaﬁples and
comparative examples, but the present invention is not
restricted to those examples and various modifications are

possible within the scope of the invention. = .= . .
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26 ‘Table 2 Exanpl es

Magneti c recordi ng nedi um "and Conposi tion Cobal t
Thi ckness Conparati ve cont ent ([err]m
Exanpl es - (molar ratio of
Co to Fe) Exanple 2 cobalt-containing 0.04 0.1
maghem te Exanple 3 cobalt-containing 0.04 0.1
0.1

maghenite Exanple 4 cobalt-containi ng20 0.04
(1) The mgggg;gg;g;ig_p;gng;;igg such as coercive force
and saturation magneﬁization (measured ﬁnder an external
magnetic field of 15 kOe) of the magnetic recording medium,
are expressed by'values measured by "Vibrating Sample
Magnetometer VSM" (manufactured by TOEI KOGYO CO., LTD.).
(2) The X-rav diﬁgrag;iég sgectruﬁ of the magnetic
recording medium is ekpressed by values measured by "X-ray

Diffractometer RAD-I[A* (manufactured by RIGAKU DENKI CO.,

LTD.).

The measuring conditions of the X-ray diffraction
spectrum are as follow: lamp used: Fe; lamp voltage: 40 kV;
lamp current: 25 mA; sampling width of goniometer: 0.010°;

.scanning speed: 1.000°/min; light-emitting (divergent) slit:
1°; scattering slit: 1°; light-receiving slit: 0.30 mm.

The region corresponding to a diffraction angle (29) of

30.00° to 60.00° was measured under ﬁhe above-mentioned
conditions.

(3) The read-write properties such as noise, reproduced
output or di-pulse of the magnetic recording medium are
evaluated as follows.

That is, after a magnetic film was formed on a glass disc
and then the surface of the magnetic film was coated with a
perfluoropolyether-based lubricant "FOMBLIN Z DOL" (trade
name: produced by AUSIMONT CO, LTD.), an MIG head for VCR was
run on the resultant magnetic récording medium while
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maghenmite Exanple 5

maghem te Exanple 6

maghem te Conparative
maghem te Conparative
maghem te Conparative
maghem te Conparative
maghem te Conparative
maghem t e

cobal t - cont ai ni ng 0.03 0.1

cobal t - cont ai ni hg 0.08 . 0.1

cobal t - cont ai ni ng 0. 04 0.1 Exanmple 1
cobal t - cont ai ni ng 0 0.1 Example 2
cobal t - cont ai ni ng 0.04 0.1 Exanmple 3
cobal t - cont ai ni ngq 0.08 0.1 Exanple 4
cobal t - cont ai ni ng 0. 04 0.1 Exanmple 5

contacting therewith at a gap length ofngout 0.2 um and a

track width of 21 um. The respective read-write properties

were evaluated by using "Recording and Reproducing Tester M-

84V" (manufactured by FUJITSU AUTOMATION CO., LTD.).

Specifically, the noise value (Nons) was analyzed by

"Spectrum Analyzer TR4171"

(manufactured by ADVANTEST CO.,

LTD.) at a velocity of 3.0 m/s.

The reproduced output (S,_,) and di-pulse ratio were

analyzed by "Oscilloscope VP5514A" (manufactured by PANASONIC

CO., LTD.) at a velocity of 3.0 m/s.

For example, the reproduced output is expressed by a sum

of the "a" value and the "b" value shown in Fig. 2, and the

di-pulse ratio is expressed by the ratio of the "a" value to

the "b" value shown in Fig. 2.

Using a high recording frequency high-rate sputtering

apparatus SH-250H-T06 (manufactured by ULVAC JAPAN LTD.), a

metal target (Ni) was réactive sputtered at a distance between
a glass substrate and the target to 80 mm, at a temperature of
120°C in an atmosphere of argon and oxygen flow rate of 0.18
CCM, at an oxygen partial pressure of 0.15 mTorr and at a
total pressure of 9 mTorr, thereby depositing an NaCl-type NiO
film as an underlayer having a thickness 6f 0.1 Um on the

glass substrate at a deposition rate of 4.0 nm/min. The NiO
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Tabl e 2 (conti nued) Exanpl es Magneti c recordi ng medi um and

Magnetic thin film Conparative , " Spaci ng .
([err]) Exanples (311) (222) (220) Exanple 2

2. 506 2.401 2.934 Exanple 3 2.504 ' -
2.933 Exanpl e 4 2. 505 . - 2.934 Example 5
2.510 - 2.938 Exagale 6 2.508 2.404
2.943 Cowparative 2.530 2 973 Exanmple 1

Conparatlvg Im was séLJected to the measurement % X- ray dlfgractlon
spectrum, so that it was determined that the ratio of the
diffraction peak intensity of the (200) plane to that of the
(111) plane was 1l:1. .

Further, a metal alloy target (Ee+4wt.%Co) was sputtered
at a temperature of 250°C in an atmosphere ef argon and oxygen
flow rate of 0.27 CCM, at an oxygen partial pressure of 0.23
mTorrxr amd at a total pressure of 9 mTorr, thereby depositing a
cobaltséontaining magnetite thin film having a thickness of-
0.1 uym on the NiO £ilm at a deposition rate of 4.0 nm/min.

The resultant two-layered film was heat-treated at a
temperature of 270°C for one hour in an atmosphere,'thereby
obtaining a cobalt-~containing maghemite thin film formed on
the NiO underlayer.

The cobait-containing maghemite film was subjected.to the .
measurement of X-ray diffraction spectrum, so that diffraction
peaks of the (311) plane having a spacing of 2.505 A and the
(220) plane having a spacing of 2.934 A were observed but no
aiffraction peak was observed with respect to the (400) plane.

The magnetostatic properties of the cobalt-containing
maghemite were measured, so that it was determined that the

coercive force thereof was 3,400 Oe and the saturation

magnetization thereof was 300 emu/cm3.
The read-write properties of the cobalt-containing

maghemite £ilm were measured, so that it was determined that
This is the replacement shedt
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Conparative 2.518 2.418 . - Exanple 3 Conparative
2.530 2.424 2.973 Exanple 4 Conparative -

- - Example 5 _ 28
Tabl e 2 (continued)

.23

the Sp_p/N'rms obtained upon reproduced signals reco;ded at a

recording density of 100kFRPI was 49 dB, and the recording
density whose reproduced output was one half of a reproduced
output obtained upon reproduced signals recorded at a -

recording density of 1kFRPI, Dsg was 150kFRPI.

In addition, the isolated reproduced waveform of the
cobalt-containing maghemite upon reproduced signals recorded
at a recording density of 1kFRPI, wés observed by the
oscilldécope, so that it was determined that the waveform
exhibited a unimodal pulse shape corresponding to a di-pulse

ratio of 0.

Exampl 6 _and Compa ‘v. to

The same procedure as defined in Example 1 was conducted
except that formation or non-formation and orientation
conditién of the nickel oxide underlayer, cobaltlcontent of
the cobalt-containing magnetite thin film, oxygen flow rate
and film-depositing rate upon formation of the thin film, and
heat-treating temperature and time were changed variously,
thereby obtaining magnetic recording media.

The production conditions used and various properties of
the obtained magnetic recording media are shown in Tables 1
and 2.

Incidentally, in Example 2 and Comparative Examples 1 and

4, no diffraction peak'was observed with respect to the plane
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Exanpl es. - Magneti c recordi ng medi um and Magnetic thin

film Magnet ostati ¢ Conparative
properties Exanpl es Peak intensity ratio Saturation Coercive
magneti za- force : tion - (Ce) (311)/
(222)/ (220)/ (enmu/cnferr]) (400) (400) (400) Exanple 2
4 3 2.5 311 2880 2kxample 3 1.5 0 1.1
300 3500 Exanple 4 0.8 0 3 293 3430
Example 5  ({dyy] - [err] 272 - 2010 Exanple 6 1.2
1.1 1.5 351 3460 Conparative [err] - [err]
345 930 Exanple 1 Conparative 1 - 6.5 287
450 Exanple 2 Conparative - [err] - [err] 148 1160
Exanple 3 Conparative 1.4 1 1.5 410 1370 Exanpl e
4 Conparative 0 0 0 345 2680 Exanple 5
Table 1
Examples | Nickel oxide underlayer
and Formation or Thickness - Orientation
Comparative| non-formation (pm) - of underlayer
Examples of underlayer (111)/(200)
Example 2 Formed 0.15 8
Example 3 Formed 0.1 1
Example 4 Formed 0.1 1
Example 5 Formed 0.1 1
Example 6 Formed 0.1 1
Comparative Formed 0.1 1
Example 1
Comparativel Formed 0.1 - 1
Example 2 '
Comparative Formed 0.15 8
Example 3 :
Comparative Formed 0.1 1
Example 4
Comparative Formed 0.15 0.03
Example 5
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29° Tabl e 2 (continued) Exanpl es

Magnetic recordi ng medi um and Read-wite properties
Conparative Slerr]/ N err] Derr] D - pul se Exanpl es
(dB) (kFRPI) rati o Exanple 2 50 140
0 Exanple 3 49 : 151 0
25
Table 1 (continued)
Examples Cobalt-containing magnetite Heat treatment
and thin film
Comparative} Cobalt Oxygen Film- Tempera | Time
Examples content flow deposi- -ture (min)
- (molar rate tion (°c)
ratio of | upon rate
Co to film (nm/min)
Fe) formatio
Il
Example 2 0.04 0.23 ccM 3.5 300 60
Example 3 0.04 0.205 3.1 320 50
cCM
Example 4 0.04 0.22 CCM 3.3 270 120
Example S 0.03 0.315 3.0 260 120
) CCM
Example 6 0.08 . 0.315 3.6 300 60
Comparative 0.04 0.34 CCM 3.3 - -
Example 1
Comparative 0 0.22 CcM 4.0 300 60
Example 2
Comparative 0.04 0.37 ccM 2.5 320 60
Example 3
Comparative 0.08 0.315 3.6 - -
Example 4 CCM
Comparative 0.04 0.23 ccMm 4.0 320 60
Example 5
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Exanpl e 4 49 146 0 Exanple 5 47
135 0 Exanmple 6 48 150 0 Conparative
43 110 0 Exanple 1 Conparative 39 100
0 Exanple 2 Conparative 40 ' 108 0 Example 3
Conmparative 44 . 115 0 Exanple 4 Conparative
50 150 0.2 Exanple 5 :
30 26
Table 2
Examples Magnetic recording medium
and Composition Cobalt Thickness
Comparative ' content (um)
Examples (molar ratio
) of Co to Fe) |
Example 2 |cobalt-containing 0.04 0.1
maghemite
Example 3 |cobalt-containing 0.04 0.1
: ' maghemite '
Example 4 | cobalt-containing 0.04 0.1
maghemite
Example 5 |cobalt-containing 0.03 0.1
maghemite
Example 6 }|cobalt-containing 0.08 0.1
maghemite .
| Comparative|cobalt-containing 0.04 0.1
Example 1 - maghemite
Comparative| cobalt-containing 0 ' 0.1
Example 2 maghemite : :
Comparative| cobalt~containing 0.04 0.1
Example 3 maghemite
Comparative| cobalt-containing 0.08 0.1
Example 4 maghemite
Comparative) cobalt-containing 0.04 0.1
Example 5 maghemite
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Conpar ati ve Exanple 6: - Using a high recording frequency high-rate
Sputtering apparatus SH 250H TO6 (manufactured by ULVAC JAPAN LTD.), a
netal target (Ni) was reactive sputtered at a distance between a gl ass
substrate and the target to 80 mm at roomtenperature in an atnosphere of
argon and oxygen flow rate of 0.21 CCM at an oxygen partial pressure of
0.18 nmlorr and at a total pressure of 9 nlorr, thereby depositing an

NaCl -type NO film as an underl ayer havi2iy a thickness of 0.1 [err]mon
the glass substrate at a deposition rate of 4.0 nmimin. The NOfilm was
subjected to the neasurenent of X-ray diffraction spectrum so that it was
determ ned that only one diffraction peak was observed with respect to the

(200) pl ane. Further, a netal alloy target (Fe+4wt.% o) was sputtered
c inued
Examples Magnetic recording medium
and Magnetic thin £ilm
Comparative Spacing
(A)

Examples (311) (222) (220)
Example 2 2.506 2.401 2.934
Example 3 2.504 - 2.933
Example 4 2.505 - 2.934
Example 5 2.510 - 2.938
Example 6 2.508 2.404 2.943
Comparative 2.530 - 2.973
Example 1 :
Comparativel- 2.508 - 2.936
Example 2
Comparative 2.518 2.418 -
Example 3 '
Comparative 2.530 2.424 2.973
Example 4 :
Comparative - - -
Example 5
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at a tenperature of 250[err]C in an atnosphere of argon and oxygen flow:
rate of 0.27 CCM at an oxygen partial pressure of 0.23 niorr and at a
total pressure of 9 mflorr, thereby depositing a cobalt-containing
magnetite thin filmhaving a thickness of 0.1 [errlmon the NOfilmat a
deposition rate of 4.0 nm m n. The resultant two-layered filmwas
heat-treated at a tenperature of 300[errdda for one hour in an atnosphere,
thereby obtaining a cobalt-containing maghemite thin-filmformed on the
Ni O under| ayer. The cobal t-contai ning maghemte fil mwas subjected to
the neasurenent of X-ray diffraction spectrum so that only one
diffraction peak was observed with respect to the (400) plane.

Table 2 (continued)
Examples Magnetic recording medium
and Magnetic thin £ilm Magnetostatic
Comparative properties
Examples Peak intensity ratio | Saturation| Coercive -
) magnetiza- force
tion (Oe)
(311)/ | (222)/ | (220)/ | (emu/cm3)
(400) (400) (400) :
Example 2 4 3 2.5 311 2880
Example 3 1.5 | O 1.1 300 3500
Example 4 0.8 | 0 3 293 3430
Example 5 oo - o0 272 2010
Example 6 1.2 1.1 - 1.5 351 3460
Comparative| oo - o 345 930
Example 1
Comparative 1 : - 6.5 287 450
Example 2
Comparative oo - oo 148 1160
Example 3 '
Comparative 1.4 1 1.5 410 1370
Example 4 .
Comparative 0 0 0 . 345 2680
Example 5
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31 The magnetostatic properties.of the cobalt-containing mnmaghemte
were neasured, so that it was determned that the coercive force thereof
was 3,300 Ce and the saturation nagnetization thereof was 340 enu/cnierr].
The read-wite properties of the cobalt-containing naghemte were
measured, so that it was determned that the S[err]/Nerr] .obtained upon
reproduced signals recorded at a recordipg density of 100kFRPI was 51 dB
and the recording density whose reproduced output was one half of a
reproduced output obtained upon reproduced signals recorded at a
recording density of 1kFRPI, D err] was 163kFRPI

Table 2 (continued)
Examples Magnetic recording medium
and Read-write properties
Comparative Sp_p/N'rms _ Dsg Di-pulse
Examples (dB) (kFRPI) ratio
Example 2 50 140 0
Example 3 49 - 151 0
Example 4 49 146 0
Example S. 47 135 0
Example 6 48 150 0
Comparative 43 110 0
Example 1
Comparative 39 : 100 0
Example 2 . .
Comparative. 40 108 _ 0
Example 3 .
Comparative 44 115 0
Example 4
Comparative ' 50 150 0.2
Example 5 '
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In addition, the isolated reproduced waveform of the cobal t - contai ni ng
magheni te upon reproduced signhals recorded” at a recording density of
1kFRPI, was observed by the oscilloscope, so that it was deternined that
t he waveform exhibited a di-pulse shape corresponding to a di-pulse ratio

of 0.2, as shown in Fig. 2. . _ _ 32
VWHAT IS CLAIMED | S: 1. A nagnetifbrecordlng medi um conpri si ng:

Using a high recording frequency high-rate sputtering
apparatus SH-250H-T06 (manufactured by ULVAC JAPAN LTD.), a
metal target (Ni) was reactive sputtered at a distance betweén
a glass substrate and the target to 80 mm, at room temberature
in an atmoéphere of argon and oxygen flow rate of 0.21 CCM, at
an oxygen partial pressure of 0.18 mTorr and at a total
pressure of 9 mTorr, thereby depositing an NaCl-type NiO film
as an uﬁaerlayer'having a_thickness of 0.1 um on the glass
subétrate at a deposition rate of 4.0 nm/min. The NiO film
was subjected to the measurement 6f X-ray diffraction spectrum,
so that it was determined that only ohe diffraction peak was
observed with respect to the (200) plane.

Further, a metal élloy target.(Fe+4wt.%C§) was sputtered
at a temperatufe of 2§0°c in an atmosphere of argon and oxygen
flow rate of 0.27 CCM, at an o#ygen partial pressure of 0.23
mTorr and at a total pressure of 9 mTorr, thereby depositing a
cobalt-containing magnetite thin film having a thickness of
0.1 um on the NiO film at a deposition rate of 4.0 nm/min.

The reéultant two-layered film was heat-treated at a
temperature of 300°C for one hour in an atmosphere, thereby
obtaining a cobalt-containing maghemite thin film formed on
the NiO underlayer.

The cobélt-containing maghemite film was subjected to the
measurement of X-ray diffraction spectrum, so that only one

diffraction peak was observed with respect to the (400) plane.
This is fhe replacement sheot
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a substrate; a ni ckel oxide underlayer forned on said substrate; and
a cobalt-containing maghemte thin filmfornmed on said nickel oxide

underl ayer, and having either a spacing of a (311) plane of not nore than
2.510A, a spacing of a (222) plane of.not nore than 2.415A or a spacing of
a (220) plane of not nore than 2.950A, and having the ratio of either of
X-ray diffraction spectrum peak intensighes of the (311), (222) or (220)
pl anes of said cobalt-containing nmaghemte thin filmto an X-ray

2 magneti o 1 o AR ER B BEPRPRLLED oF ctie SobRhG AR g
Ponent o AR BT igainda, ' 58" LHAEEE oSSl dinfed T Yhe
coercive force thereof was 3,300 Oe and the saturation
magnetization thereof was.340 emu/cm3.
The read-write properties of the cobalt-containing
maghemite were measured, so that it was determined that the

Sp-p/Nims obtained upon reproduced signals recorded at a

recording density of 100kFRPI was 51 dB, and the recording
density whose reproduced output was one half of a reproduced
output obtained upon reproduced signals-recorded at a

recording density of 1kFRPI, Dsg was 163kFRPI.

In addition, the isolated reproduced waveform of the
cobalt-containing maghemite upon reproduced signals recorded
at a recording density of 1kFRPI, was observed by the
oscilloscope, so that it was determined that the waveform
exhibited a di-pulse shape corresponding to a di-pulse ratio

of 0.2, as shown in Fig. 2.
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consisting of Mh, Ni, Cu, Ti and Zn in such an anount that the nolar ratio
of said elenent toironis 0.005:1 to 0.04:1. 3. A magnetic
recordi ng medi um according to claiml1, wherein the nolar ratio of cobalt
toiron in said cobalt- containing maghemte thin filmis 0.01:1 to 0.1:1.
4. A magnetic recordi ng medium according to claim1, wherein said

cobal t-contai ni ng maghemte thin filmhas a thickness of 0.005 to 1.0
[err]m 32

WHAT IS CLAIMED I15:

1. A magnetic recording medium comprising:

a substrate; |

a nickel oxide underlayer formed onlsaid substrate; and.

a cobalt-containing maghemité thin f£ilm formed on said
nickel oxide underlayer, and having either a spacing of a
(311) plane of not more than 2.510A, a spacing of a (222)
plane of .not more than.2.415A or a spacing of a (220) plane of
not more than 2.950A, and having the ratio of either of X-ray
diffraction spectrum peak intensities of the (311), (222) or
(220) planes of said cobaLt-containing maghemite thin film to
an X-ray diffraction spectrum peak intensity of the (400)

plane of more than 0.5:1.

2. A magnétic recording medium according to claim 1,
. wherein saidlcobalt-containing maghemite thin film further
contains at least one element selected from the group
consisting of Mn, Ni, Cu, Ti and Zn in such an amount that the

molar ratio of said element to iron is 0.005:1 to 0.04:1.

3. A magnetic recording medium according to claim 1,
wherein the molar ratio of cobalt to iron in said cobalt-

containing maghemite thin film is 0.01:1 to 0.1:1.

4. A magnetic recording medium according to claim 1,
wherein said cobalt-containing maghemite thin film has a

thickness of 0.005 to 1.0 pm.
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33 ° 5. A magnetic recording mediumaccording to claim1, wherein the

spacing of the (311) plane is 2.490 to 2.509 [err]. 6. A magnetic
recordi ng medi um according to claim1, wherein the spacing of the (222)
plane is 2.385 to 2.400 [err]. 7. A magnetic recordi ng nmedi um
according to claim1l1l, wherein the spacing of the (220) plane is 2.920 to
2.943 [err]. 8: A magnetic recording nediumaccording to claiml, .
wherein the saturation magnetization of ffid magnetic recording nediumis
250 to 400 emu/cnferr]. 9. A magnetic recording nediumaccording to

claim1l1, wherein the coercive forg¢e of said nagnetj.c recorging gediUn1
. 5. A magnetic recording medium according to clai '

wherein the spacing of the (311) plane is 2.490 to2.509 A.

6. A magnetic recording medium according to claim 1,

wherein the spacing of the (222) plane is 2.385 to 2.400 A.

7. A magnetic recording medium according to claim 1,

wherein the spacing of the (220) plane is 2.920 to 2.943 A.

8. A magnetic recording medium accdrding to claim 1,
wherein the saturation magnetization of said magnetic

recording medium is 250 to 400 emu/cm3.

9. A magnetic recording medium according to claim 1,
wherein the coercive force of said magnetic recording medium

is not less than 2,000 Oe.

10. A magnetic recording medium according to claim 1,
wherein the ratio of an X-ray diffraction spectrum peak
intensity of a (111l) plane of said nickel oxide underlayer to

that of a (200) plane thereof is more than 0.5.

11. A magnetic recording medium according to claim 1,
wherein said nickel oxide underlayer has a thickness of 0.01

to 0.5 um.
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is not less than 2,000 Ce. - 10. A magnetic recordi ng medi um accordi ng
to claiml, wherein the ratio of an X-ray diffraction spectrum peak _
intensity of a (111) plane of said nickel oxide underlayer to that of a

(200) plane thereof is nore than 0.5. 11. A magnetic recording
medi um according to claim 1, wherein said nickel oxide underlayer has a
thi ckness of 0.01 to 0.5 [err]m 34 '

MAGNETIC RECORDING MEDIUM
ABSTRACT OF THE DISCLOSURE

A magnetic recording medium of the present inventién
comprises:

a substrate;

a nickél oxide underlayer formed on said substrate; and

a cobalt-containing maghemite thin film formed on said
nickel oxide underlayer, having either a spacing of a (311)
plane of-not more than 2.510A, a spacing of a (222) plane of
not more than 2.415A or a spacing of a (220) plane of not more
than 2.950A, and having the ratio of either of X-ray
diffraction spectrum peak intensities of the (311), (222) or
(220) planes of said cobalt-containing maghemite thin film to
an X—ra& diffraction spectrum peak intensity of the (400)
pléne of more thap 0.5:1.

Such aimagnetic recording medium has a higher coercive
force, a higher saturation magnetization, less amount of noise
generated, a large output in a high recording frequency region
and less distortion of a reproduced waveform, and is suitable
for use in current magnetic recording systems in which a ring-

type magnetic write head is used.

No figure suggested
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