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MAGNETIC RECORDING MEDIUM

BACKGROUND OF THE INVENTION:

Tpe present invention relates to a magnetic recording
mediun, and more particularly, to a magnetic recording medium
having as low a cobalt content as pcssigle, specifically a
molar ratio of cobalt to iron of not more than 0.06:1 and as
high & coercive force as possible, specifically not less than |
1,800 Oe, and exhibiting an excellent stability independent to
change in passage of time and a large output in a high
recording frequency region.

In recent vears, in magnetic recording apparatuses such
as a hard disc drive, there has been a remarkable tendency
that information devices or svstems used therewith are

. miniaturized and réqguired to have a high reliabkility. In
agsoclation 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 denéity.

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

As magnetic recording media having a large ccercive force,
thera are widely known those comprising a substrate and a

magnetic thin film formed on the substrate.
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practice, are generally classified into magnetic iron oxide
thin films composed of maghemite, efc. (refer to “Technical
Report of Electronic Telecommuniéation Institute®, published
by Elegtronic Telecomminication Institute, (1981) MR81-20, pp.
5 £o 12}, and alloy thin films composed ¢f 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
pagsage 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.

Whereas, the alloy thin films have a coercive force as
high as not less than about 2,000 O=. However, the alloy thin
£ilms 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 £ilms have been coated with a
ﬁrotective film, e.g., a carbon film having usually a
thickness of about 100 to about 200 A. However, in such a
case, a distance between a magnetic write head and a magnetic
recording laver becomes increased by the thickness of the

carbon film, resulting in large loss due to the magnetic



there are widely known those conprising a substrate and a nagnetlc thln
filmformed on the substrate.

The magnetic thin filns which have been al ready put | actlce are
generally classified into nmagnetic iron oxide thln f
maghem te, etc. (refer to "Technical Report of Elé ctr H
Tel ecommuni cation Institute", published by Electradnic tion

Institute, (1981) MR81-20, pp. 5 to 12), and alloy thin filns conposed of
Co-Cr alloy or the |ike. 3

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 reslistance and stability
independent to change in passage of time, by incorporating
cobalt or the like thereinto. The magnetic iron oxide thin
films containing cobalt, etc., ha&a been already put into
practice.

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

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

strongly demanded to improve properties of these magnetic iron



The magnetic iron oxide thin filnms are excellent in oxidation resistance
or corrosion resistance because maghemte 1is already oxidized. Therefore,
the magnetic iron oxide thin films can show an excel @Rkl h&

i ndependent to change in passage of time, i.e., less i C
properties with passage of tine. However, the coerC|v mpﬁm
magnetic 1iron oxide thin filnms is as Iom/as at nost a

Whereas, the alloy thin filnms have a coercive force as high as not Iess
t han about 2,000 Ce. However, the allgy thin filnms tend to be readily

oxi di zed, so that the stability independent to change in passage of tine
IS deterlorated In order to prevent nmagnetic properties of these

al | oy tFNQ¥LﬂFIﬁ§14r%%%FEe|ng deteriorated due to the oxidation, the

sur f aces of the allgy thin filnms have been coated with a
That i as described above, the magnetic iron oxide thin

films have been strongly required not only to have a high
coercive force even when the cobalt content therein is as low
as pogsible, but also to exhibit a large output in a high
recording frequency region.

Conventionally, as typical magnetic iron oxide thin f£ilms,
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(13893), and "CERAMICS®,
published by Japan Ceramics Institute (1986), Vol. 24, No. 1,
pp. 21 to 24).

More specifically, in Japanese Patent Publication
{KOKOKU} No. 51-4086(1876), 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° to produce the ferrite, and a cobalt-based spinel-type
ferrite film formed on the substrate and having a compesition
represented by the general formula of Co(j-x)Fe(2+x)04 where -
0.28x£0.3, the ferrite film being composed of fine crystalline
aggregates of the ferrite,

In Japanese Patent Publication (KOKOKU) No. 5-63%25{(1993),

there is described a process for producing a magnetic iron



protective film e.g., a carbon filmhaving usually a thickness of about
100 to about 200 A However, in such a case, a distance between a nmagnetic
wite head and a nagnetic recordlng | ayer becomes |néﬁ%&@ a %@m@hwd

t hi ckness of the carbon film resulting in |arge Ioss netic
3 spacing, which disables the magnetic recording nedl ed to
hi gh-density recordi ng. I n consequence, it has been® aitenp

enhance the coercive force and saturation magneti zation of the above-
menti oned magnetic iron oxide thin filsnms which are excell ent

oxide thin film having a high coercive force, comprising
reactive sputtering an iron alloy as a target in an
oxidization atmosphere of argon and oxygen to directly form

ferromagnetic oxide magnetite (Fe304) of a non-stoichiometric

composition having a resistivity of 1 x 10~ to 8 x 10~1 Q-em,
and heat-treating the ferromagnetic oxide magnetite (Fei04)
having the above-mentioned resistivity im an atmosphere at a

temperature of 280 to 350°C, thereby producing ferromagnetic

oxide y-Fe2031 having a high coercive force.

At the present time, as the magnetic recording media for
high-density recording which are suitable for use in current
macmetic recording systems using a ring-type magnetic write
head, there have bheen demanded those having a higher coercive
force, an excellent stabllity independent to change in passage
of time, and a large output in a high recording frequency
region. However, there have not been provided yet such
magnetic recording media having all of the above-mentioned
properties.

That is, the above-mentionead known cobalt-containing
maghemite thin £ilms are still unsatisfactory in coercive
force relative to the amount of cobalt contained. When it is
attempted to obtain a high coercive force, specifically not
less than 1,800 Ce, it is necessary to incorporate a large
amount of cobalt sc that the molar ratio of Co to Fe is more

than 0.06:1. In this case. such cobalt-containing maghemite



in oxidation resistance, corrosion resistance and stability | ndependent to
change in passage of tine, by incorporating cobalt aqr X }hs Rnk %£§ﬂnto

The magnetic iron oxide thin filnms containing cobaltjwhls
already put into practice. In the magnetic coba |ron
oxide thin films, the nore the cobalt content, the h| I ve

force thereof becones. However, with the increase of cobalt content, t he
stability independent to change in passage of tine of these nmagnetic iron
oxide thin films tend to be deterioratgd by adverse influences of heat or
the like. . Thus, at the present tinme, there has been a strong demand

for providin Qnetl recordi ng nedi g for. h density recordlng whi ch
are sui tabtfig%f ﬁ {']s%u&ﬁr@ugfgﬁt%ﬁ&ﬁegfEerlor ion 1in magne

properties with passage of time by adverse influences of heat

or the like.

Alsc, there is a problem that the Co-containing maghemite
thin ﬁilm camnnot show a sufficiently large output in a2 high
recording frequency region.

Az a result of the present inventors' earnest studies to
solve the above problems, it has been found that by forming a
Co-containing maghemite thin film on a substrate so as to
contrel a cobalt content of the Co-containing maghemite thin
£ilm ﬁo such an amount that the molar ratio of Co to Fe is not
more than 0.06:1, and to adjust 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, the obtained magnetic recording medium has a coercive
force as high as not less than 1,800 Ce, and exhibitsg an
excellent stability independent to change in passage of time
and a large output in a high recording frequency region. The
present invention has been attained on the basis of the

finding.

OF T I
It ig an object of the present invention to provide a
magnetic recording medium for high-density recording, which is
suitable for use in current magnetic recording systems using a

ring-type magnetic write head, and has a high coercive force
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and exhibits a large output in a2 high recording frequency
region.

To accomplish the aims, in an aspect of the present
invention, there is provided a magnetic recording medium
comprising a substrate and a cobalt-containing maghemite thin
£ilm formed on the substrate, containing cobalt at a molar
ratio of cobalt to iron of not more than 0.06:1, 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 a coercive

force of not less than 1,800 OQe.

DETAILED DESCRIPTION OF THE INVENTION

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

The magnetic recording medium according to the present
invention comprises a gubstrate and a cobalt-containing
maghemite thin £ilm as a magnetic thin film formed on the
substrate.

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

The magnetic thin film of the magnetic recording medium
according to the present invention is a cobalt-containing
maghemite thin film having a thickness of usually 0.005%5 to 1.0

um, preferably 0.01 to 0.5 pm.



filnms have been strongly required not only to have a high coercive force
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t he

maghemte filns. It is also known that cobalt can be inc
maghem te in order to enhance the coercive force thereof (Japanese Patent
Publ i cati ons (KOKOKU) Nos. 51-4086(1976) and 5-63925(1993), and

"CERAM CS", published by Japan Ceramics Institute (1986), Vol. 24, No. 1,
pp. 21 to 24). More specifically¥ in Japanese Patent Publication
(KOKOKU) No. 51-4086(1976), there is described a magnetic thin filmnmenory
conpri sing a cénagemersibshaghhaninrdeésofemrdusghed by the formula of

Y-Feg03. However, in the present invention, thers may alsc be

used such maghemite containing a small amount of Fel*. The
upper limit of the Fe?* content at a molar ratio of Fel* to
Feld+ is preferabiy 0.3:1.

In addition, 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 tﬁereof, in such an amount
‘that the molar ratio of thess elements to Fe is usually about
0.005:1 to about 0.04:1.

The cébalt content in the maghemite thin film is usually
not more than 0.06:1, 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 recording medium having
a oeercive force as high as not less than 1,800 Qe. On the
sther hand, when the molar ratio of Co to Fe is more than
0.06:1, it becomes difficult to obtain a magnetic recording
medium having an excellent stability independent to change in
vassage 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 (311) plane is

not more than 2.510 A; a spacing of a (222) plane is not more



purity alumna ceram c material which has a high density and is free from
danmagi ng nenmory properties of ferrite due to the reaction thegewth even
at an elevated tenperature of 1,000 to 1,300[err]C to produgeaik GER Replaced
and a cobal t-based spinel-type ferrite filmfornmed on the s;gmm j T
having a conposition represented by the general formula of it Ui
Co[err]Fe[err]O4 where - 0.25[err]0.3, the ferrite filmbeing conposed of
fine crystalline aggregates of the ferrite. I n Japanese Patent
Publ i cati on ( KOKOKU) No. 5-63925(1993%, there is described a process for
produci ng a magnetic iron

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 satisfyv the other two conditions.

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 cannot exhibit a sufficiently
large cutput in a high recording fregquency region.

There is a close relationship between the spacing of the
{311} plane, the (222) plane or the (220) plane and the
coercive force of the cobalt-containing maghemite thin £ilm.
In the case where the molar ratio of Co to Fe is the same,
there is a tendency that the smaller the spacing, the larger
the coerdiva force becomes.

The spacing of the (311) plane is usually not more than
2.510 A, preferably not more than 2.509 A, more preferably not
more than 2.506 A. The lower limit of the spacing of the
(éll) 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, preferably not more than 2.943 A, more preferably not



oxide thin filmhaving a high coercive force, conprising reactive
sputtering an iron alloy as a target in an oxidization atnosphere of argon

and oxygen to directly form ferronagnetic oxide nagneh?%ﬁ&.ﬁgkg&ﬂ¢§%&ﬂr])

of a non-stoichionmetric conposition having a resistiv ‘ am§m “;r] to
tite
l ere at

8 x 10[err] [err] cm and heat-treating the ferromagne n
(Fe[err]derr]) having the above-nentioned resistivity

a tenperature of 280 to 350[err]C, thereby producing ferromagnetic oxide
[err]-Fe[err]derr] having a high cogﬂfive force. At the present

time, as the magnetic recording nedida for high-density recording which are
suitable for use in current magnetic recording systens using a ring-type
magnet i c WeEeetharead 340 ndr e Thaviouwssed inbhrenficdet ABaeinmwingha hi gher

coercive
plane (220) is prefexrably 2.920 A.

The magmetic recording medium of the present invention,
shows a saturation magnetization (magnetization value measured

at an ;pplied magnetic field of 15 kCe) of preferably 230 to

350 emu/cmd, more preferably 240 to 300 emu/cm’, and a
coercive force of usually not less than 1,800 Oe, preferably
not less than 2,000 Oe, more preferably not less than 2,200 Ce.
In the present invention, especially when the molar ratio of
Co to Fe iz 0.04:1, the upper limit of the coercive force of
the magnatic reéording medium is about 3,000 Os. Incidentally,
in the current magnetic recording systems using a ring-type
magmetic write head, the upper limit of the coefcive force is
preferably about 4,000 Oe, more preferably 3,000 Oe.

Besides, the upper limit of the coercive force of the
magnetic recording medium of the present invention, means a
value measured at an applied magnetic f£ield of 1% kOe which is
an upper limit of the coercive force measurable by “vibration
sample-tyvpe magnetometer" described in detail hereinafter. In
adaition, with respect to read-write properties of the
magnetic recording medium of the present invention when
measured by a tester described in Examples ﬁereinafter. the

Sp__p/Nrms ig preferably not less than 41 4B, more preferably

not less than 42 dB; the recording density whosge output is one

half of an output obtained at a recording density of 1kKFRPI,



force, an excellent stability independent to change in passage of tineg,
and a large output in a high recording frequency region. However, there

have not been provided yet such nmgnetic recording nedi d® ti§s Bgep Replacgdh e
above-nentioned properties. That is, the above-nentj ﬁ I

cobalt-containing maghemite thin filns are still unsati sf
coercive force relative to the anount of cobalt contained. Wien it is
attenpted to obtain a high coercive force, specifically not 1|less than
1,800 Qe, it is necessary to incorporate a |large anount of cobalt so that
the nolar ratio of Co to Fe is nmore than 0.06:1. In this case, such
cobal t-cont ai ni ng maghem te .

is preferably not less than 120, more preferably not less than

130; anﬁ the di-pulse ratio is 0.

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
mggnetite on the substrate by a so-called sputtering method
using Co-containing iron alloy as a target while controlling a
flow rate of oxygen {CCM} azs an amount of oxygen introduced
and a depogition rate {nm/min) of the cobalt-containing
magnetite, to form a cobalt-containing magnetite thin f£ilm on
the substrate; and then heat-treating the ohtained cobalt-
containing magnetite thin £ilm at a temperature of 200 to
450°C to transform the cobalt-containing magnetite thin £ilm
into a cobalt-containing maghemite thin film.

in order to obtain the aimed magnetic recording medium
according to the present invention, it is important to control
he flow rate of oxygen (CCM) relative to the deposition rate
{nm/min) of the cobhalt-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 to the present
invention, is varied depending upon various conditions having
an influence on the oxidation of the cobalt-containing
magnetite thin film, such as kind and construction of

apparatus used, a total gas ﬁressure, a substrate temperature



thin filmsuffers fromsevere deterioration in magnetic properties with
passage of time by adverse influences of heat or the |ike. Al so,
there is a problemthat the Co-containing maghente Tﬁhﬂﬁmimdmwm £ $how
a sufficiently large output in a high recording freq
a result of the present inventors' earnest studies toL\ im
probl ens, it has been found that by formng a Cb-cont |ng naghenlte thin
filmon a substrate so as to control a cobalt content of the Co-containing
maghemite thin filmto such an anount that the nolar ratio of Co to Fe is
not 12
or an area of target to be sputtered. Therefore, it is
difficult to specifically determine the preferred flow rate of
oxygern.
However, as a result of many experiments conducted by the
present inventors, it has been recognized that there is a
tendency that the less the flow rate of oxygen {(CCM) relative
to the deposition rate (nm/min} of the cobalt-containing
macnetite, the smaller the spacing of each of the (311)., (223)
and (220) planes of the obtained cobalt-containing maghemite
thin £ilm becomes.
Aeceordingly, by conducting various experiments to obtain
the flow rate of oxygen (CCM) relative to the deposition rate
{am/min) of the cobalt-containing magnetite at which the
spacing of each of {311}, (222) and (220) planes becomes
smailer than that of the bulk, the deposition rate (nm/min} of
the cobalt-~containing magnetite and the flow raﬁe of oxygen
may be respectively controlled so as to be smaller than the
ohtained values.
In accordance with the experiments conducted by the
present inventors, as described in Examples and Comparative
Examples hereinafter, when the depogition rate of the cobalt-
céntaining magnetite is 3.5 nm/min, the flow rate of oxygen
{ccM) is usuallf not more than 0.35, preferably not more than
0.27, more preferably not more than 0.25. The lower limit of

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

flow rate of oxygen is more than 0.353, hematite may tend to be



nore than 0.06:1, and to adjust a spacing of a (311) plane to not nore
than 2.510 A, a spacing of a (222) plane to not nore !ggggfgsﬁé§R§haﬁ

spacing of a (220) plane to not nore than 2.950 A t ) hetic
recordi ng medi um has a coercive force as high as not g’ i lJ 0 Ce,
and exhibits an excellent stability independent to c ! e of
time and a large output in a high recording frequency region. The present
i nvention has been attained on the basis of the finding. SUMVARY OF THE
| NVENTI ON It is an object of the present invention to provide a
magneti c recordi ng medi um for high-dehsity recording, which is suitable
for use in current magnetic recordi ng systens using a

formed in the obtained cobalt-containing maghemits thin £ilm,

resulting in decrease in saturation magnetization therecf. On

the other hand, when the flow rate of oxygen is less than (.18,

metal iron (Fe) or wustite (FeQ) may tend to be formed in the

obtained cobalt-containing maghemite thin film, resulting in

decrease in coercive force thereof.

The important point of the present irnvention resides in

that in the case where the ccbalt content of the cobalt-

containing maghemite thin £ilm formed on the substrate is

adjusted so that the molar ratio of cobalt te iron is not mors

than 0.06:1, and 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 satisfled, there can be obtained a

magnetic recording medium having a high coercive force and a

large ocutput in a high recoxding frequency region.

The reason why the magnetic recording medium having such

axcaellent properties can be obtained by satisfving the above

requirements of the present invention, is considered as

follows. That is, due to the fact that the aimed magnetic

recording nedium cannot be obtained in any of the cases where

the cobalt-containing maghemite thin film has the specified

spacing but the cobalt content is out of the above-specified

range and where the cobalt content of the cobalt-containing

maghemite thin film is within the above-specified range but

the above-specified condition concerning the spacing is not



ring-type magnetic wite head, and has a high coercive force
7 and exhibits a large output in a high recording frequency region.
To acconplish the aims, in an aspect of the present mslg)(egai t here |s

provi ded a nagnetic record| ng medi um conprising a su @iﬁﬁ“
cobal t-contai ning maghemite thin filmformed on the taining
cobalt at a nolar ratio of cobalt to iron of not nor haV|ng
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 oaéa spacing of a
satisfied, there exists a synergistic effect based on the
specified cobalt content and the specified spacing in the
cobalt~containing maghemite thin film.
With respect to the spacing of the respective lattice
planeg of the cobalt-~centaining maghemite thin film according
to the present invention, even though the cobalt-containing
magnetite thin film is transformed into the cobalt-containing
maghemite thin £ilm at the same heating temperature, the
spacing of each of the (311), (222) and (220) planes is caused
to change by varving 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
between the substrate, and the cobalt-containing maghemite
upon the heat treatment, but is caused hy reduction in spacing
of the cobalt-containing maghemite thin £ilm itself.
The magnetic recording medium according te the present
invention can have a high coercive force even at less cobalt
content and exhibit a large output in a high recording
frequency region, and is, therefore, suitable as those for
high~density rscording and applicable to currant magnetic
recording svstems 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

cransformed into the cobalt-containing maghemite thin film at



(220) plane of not nore than 2.950A, and having a coercive force of not
| ess than 1, 800 Ce. DETAI LED DESCRI PTI ON OF THE | NVENTI ON First,
t he magnetic recordi ng nedium according to the present invention is
descri bed. The magnetic recording nedi um accorgisag, £9Q Qr esent

t h
I nvention conprises:a substrate and a cobal t - cont ai nj G ethiﬁ
filmas a magnetic thin filmforned on the substratgm!ium ubstriat e
used in the present invention may be nmade of materi used for

this purpose, such as glass or the Ilike. The magnetic thin film of
t he magnetic recording medi um 13

a temperature as low as not more than 450°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 economical advantages.

EXAMELES:

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.

{1} The magnetostatic proverties such as coercive force
and saturation magnetization (measured under an external
magnetic field of 15 kOe) of the magnetic recording medium,
ars expresssed by values measured by "Vibrating Sample
Magnetometer VSM® (manufactured by TOEI KOGYO CO., LID.}.

{(2) The X-rav diffraction spectrum of tﬁe magnetic
recording medium is expressed by values measured by "X-ray

Diffractometer RAD-IA* (manufactured by RIGAKU DENKI CO.,

LTD.}).

The measuring conditions of the X-ray diffraction
spectrum are as foliow: 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.



according to the present invention is a cobalt-containing maghemte thin
filmhaving a thickness of usually 0.005 to 1.0 [err]m preferably 0.01 to

0.5 [err]m 8 I n general,
maghemte is represented by the fornmula of [err]- Fe[err]qerr] However
in the present invention, there nay al so be used qugm,e emte

content at a molar ratio of Fe[err] to Fe[err] |s
I n addi tion, the cobalt-containing rraghem te thin fi

containing a small anount of Fe[err]. The upper wﬁ Eﬁ‘ T?dr] T;

The region corresponding to a diffraction angle (28) of

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

{3) The read-write properties such as reproduced ocutput
or di-pulse of the magnetic recording medium are evaluated as
follows.

That is, after a magnetic £ilm 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 XK. K.), an MIG head for VCR was run
on the resultant magnetic recording medium while contacting
therewith at a gap length of about 0.2 pm and a track width of
21 um. The respective read-write properties were svaluated by
usiﬁg "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.,
LTL.) at a velocity of 3.0 m/s.

The reproduced output (Sp,p) and di-pulse ratio were

analyzed by "Oscilloscope VPSS14A" (manufactured by PANASONIC
CO., LID.) at a velocity of 3.0 m/s. In the pregsent invention,

the di-pulse ratio of 0 {(zero) is degirable.

Example 1:

Using a high recording frequency high-rate sputtering



may further contain at |east one elenent selected fromthe group

consisting of M, Ni, Cu, Ti and Zn which may be usually wused to inprove
various properties thereof, in such an amount that the nolar ratio of :
these el enments to Fe is usually about 0.005:1 to aboisShd: Ddpl, The

cobalt content in the maghemite thin filmis usually ec’0.06.:?1
preferably 0.01:1 to 0.06:1, nore preferably 0.03:1 [@lj g nol ar
ratio of Co to Fe. Wen the nolar ratio of Co to Fe'i .01:1
it may becone difficult to obtain a magnetic recording nediumhaving a
coercive force as high as not |ess than 1,800 Ce. On the other hand, when
the nmolar ratio of Co to Fe is nore than 0.06:1, it becomes difficult to
obt ai n a apggmetis SRCASCH-AQS tediudarbanadhdpyallexe eIAPANt LB ahbi lai ty
I ndependent to change in
metal alloy target (Fe+dwt.%Co} was reactive sputtered at a
distance between & substrate and the targst to 80 mm, at a
temperature of 250°C in an atmosphere of argon and oxvgen flow
rate of 0.27 CCM, at an oxygen partial pressure of 0.23 mTorr
and at a total pressure of 9 mPTorr, thereby depositing a
cobalt-containing magnetite thin £ilm having a thickness of
0.1 pm on the substrate at a deposition rate of 4.0 nm/min.
The resultant f£ilm was heat-treated at 270°C for one hour
in an atmosphere, thereby obtaining a cobalt-containing
maghemite thin £ilm.
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 2.506 A and the
{111) plane having a spacing of 2.412 A, were observed.
The magnetostatic property of the cobalt-containing

maghemite was measured, so that it was determined that the

coercive force thereof waszs 3,000 Oe and the saturation
magnetization thereof was 255 emu/cm3.

The read-write properties of the cobalt-containing
maghemite f£ilm were measured, so that it was determined that

the Sp_p

/Nyme obtained upon reproduced signals recorded at a
recording density of L00KFRPI was 44 dB, and the recording
density whose reproduced ocutput was one half of a reproduced

cutput obtained upon reproduced signals recorded at a



passage of tine. The cobal t-contai ning maghemte thin filmaccording
to the present invention is controlled to satisfy at |east one of the
following conditions: i.e., a spacing of a (311) planﬁgkg }Qot nore t han
2.510 A; a spacing of a (222) plane is not nore yot vlas Been Replaced 17

9 than 2.415 A, or a spacing of a (220) plane is not ym 50 A
In this case, if any one condition can be satisfied, ired to
satisfy the other two conditions. When all of the above-nentioned
three conditions 18

recording density of 1kFRPI, Dsg was 133kFRPI.

In addition, the isolated reproduced waveform of the
cobalt~-containing maghemite obtained 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 unimodal pulse shape corresponding to a di-pulse

ratio of 0.

Examples 2 to 5 and Compearative Examples 1 to 3:

The sane Qrocedure as defined in Example 1 was conducted
axcept that cobalt contant of the cobalt-containing magnetite
thin film, oxygen flow rate and film-depositing speed upon
formation of the thin film, and heat-treating temperature and
time were changed variously, thereby obtaining magnetic
raecording media.

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

and 2.



concerning the spacing of the (311), (222) and (220) planes are not
satisfied, it is not possible to obtain a magnetic regordi ng nmedi um havi ng

a high coercive force. Further, such a nmagnetic recor t cerReplagsdot 1
exhibit a sufficiently large output in a high recordi ” ﬁ egi on.
There is a close rel ationship between the spacing of t e, the

(222) plane or the (220) plane and the coercive force of the 1

cobal t-contai ning maghenmite thin film |In the case where the nolar ratio
of Co to Fe is the same, there is a tendency that the smaller the spacing,
the larger the coercive force becone$? The spacing of the (311)

pl ane is usually not nore than 2.510 A preferably not npre than 2.509 A,
nore preferably not nore than 2.506 A. The lower limt of the spacing of

t he Iable 1
Examples Cobkalt-containing magmnetite Heat treatment
and thin film
Comparative|{ Cobalt Oxygen Filme- Tampera Time
Examples content flow deposi- -ture {min)
{molar rate tion (°cy
ratioc of upon rate
Co to £ilm {rm/min}
Fe) formatio
n
Example 2 0.04 0.22 CCH 3.3 260 120
Exanmple 3 0.04 Q.30 CCM 5.0 290 80
Example 4 0.086 0.22 CCH 3.3 300 60
Example S 0.03 0.21 ccH 3.3 320 60
Comparative 0.04 0.26 cCM 3.3 320 60
Example 1 :
Comparative 0.04 0.22 CCi 3.3 .- -
Example 2
Comparative 0 0.22 ccm 3.4 320 60
Example 3
Table 2
Examples Magnetic recording medium
and Composition Cobalt Thicknes
Comparative content {1m}
Examples {molar ratio
of Co to Fe)
Example 2 |cobalt-containing 0.04 0.1
maghemite
Example 3 jcobalt-containing 0.04 0.1
maghemite
Example 4 |cobalt~containing 0.06 6.1
maghemite
Example 5 |cobalt-containing 0.03 0.1
maghemite
Comparativejcobalt-containingy . 0.04 0.1
Example 1 maghemite _
Comparative| cobalt~containing 0.04 0.1
Exarple 2 maghemite
Comparativel cobalt-containing 0 0.1
Example 3 maghemite




(311) plane is preferably 2.490 A The spacing of the (222) plane is
usual ly not nore than 2.415 A preferably not nore than 2.400 A nore

preferably not nore than 2.399 A still nore prefer i Sheddgls grOf L han
2.398 A. The lower Iimt of the spacing of the (222) ' i raBIy
2.385 A The spacing of the (220) plane is usua ﬂ”ﬁﬂﬂl&wﬁmhan
2.950 A, preferably not nore than 2.943 A, nore prefe

10 nore than 2.940 A. The lower |imt of the spacing of the
20

Table 2 {(continued)

Examples Magnetic recording medium
and Magnetic thin £ilm Magnetostatic
Comparative properties
Examples Spacing Saturation|] Coercive
(A) magnetiza- force
tion {Oe)
{311) (222) (220) (emu/cm3)
Example 2 | 2.507 - - 266 2850
Example 3 2.508 | 2.412 - 255 3000
Exanple 4 2.508 - 2.%40 287 34090
Example 3 2.506 2.411 - 248 2450
Comparative| 2.512 | 2.418 - 280 1500
Example 1 :
Comparative] 2.530 2.424 - 320 800
Example 2 .
Comparative] 2.508 - - 260 400
Example 3

Table 2 {(continued}

Examples Magnetic recording medium
and Read-write properties
Comparative Sp-p/Nmg Ds0 Di-pulse
Examples (dB) {kFRPI) ratio
Example 2 44 130 0
Example 3 44 132 0
Example 4 44 134 4]
Example 5 | 43 124 0
Comparative 40 118 0
Example 1
Comparative 39 110 0
Example 2
Comparative 38 100 0
Example 3




pl ane (220) is preferably 2.920 A The magnetic recordi ng nmedi um of
the present invention, shows a saturation magnetization (magnetization
val ue neasured at an applied nmagnetic field of 15 kGCe) of preferably 230
to 350 emu/cnierr], nore preferably 240 to 300 enu/cni ekfkpeARdpd, g
coercive force of usually not |ess than 1,800 Oe, prefer 3¢ an
2,000 Ce, nore preferably not less than 2,200 Ce. 1In th?j%ﬁ ﬂ
invention, especi ally when the nol ar ratio of Co to Fe

upper limt of the coercive force of the nagnetic recording nmediumis
about 3,000 Ce. Incidentally, in thélcurrent magnetic recording syst ens
using a ring- type nagnetlc wite head, the upper limt of the coercive
force is medertdly : 4:000 Ce, nore preferably 3,000 Ce.

Besi des, the upper I|n1t of the coercive force of the
Using a high recording frequency high-rate sputtering

apparatus SH-250H-T06 (manufactured by ULVAC JAPAN LTD.), a
metal alloy target (Fe+4wt.%Co) was reactive sputtered at a
distance between a glass substrate and the target to 80 mm, at
a temperature of 250°C in an atmospnere of argon and oxygen
flow rate of 0.27 Ccﬁ, at an oxygen partial pressure of (.23
mTorr and at a total pressure of 9 mTorr. thereby depositing a
cobalt-containing magnetite thin film having a thickness of
0.1 pm on the glass substrate at a deposition rate of 3.3
nm/min.

The resultant £ilm was heat-treated at 300°C for one hour
in an atmosphere, thersby obtaining a cobalt-containing
naghemite thin £ilm.

The cobalt-~containing maghemite film was subiected to the
meagsurement. of X-ray diffraction spectrum, so that diffraction
peaks of the {(311) plane having a spacing of 2.513 A and the
{222} plane having a spacing of 2.419 A, were observed.

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

coercive force thereof was 1,400 Qe and the saturation

magnetization thersof was 270 emu/cms.

The read-write properties of the cobalt-containing
maghemite film were measured, so that it was determined that
obtained upon reproduced sighals recoxded at a

tpe Sp~p/Nrms



magneti c recordi ng nedi um of the present invention, nmeans a value neasured
at an applied magnetic field of 15 kGe which is an upper Iimt of the
coercive force nmeasurable by "vibration sanple-typﬁf net gnet er " '
described in detail hereinafter. In addition, with IRpeeE dwite
properties of the magnetic recording nediumof the ig , i on when
neasured by a tester described in Exanpl es hereinaft ]/ N err]
is preferably not |ess than 41 dB, nore preferably not |ess than 42 dB;

the recording density whose output is,one half of an output obtained at a
recording density of 1kFRPI, '

recording density of 100kFRPI was 38 dB, and the recdrdinq
density whose reproduced output was one half of a reproduced
putput obtained upon reproduced signals recorded at a

recording density of 1kFRPI, DsQ was 1O08kFRPI.

In addition, the isolated reproduced waveform of the
cobalt-containing maghemite obtained 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.



Is preferably not |ess than 120, nore preferably not |less than 130; and
the di-pulse ratio is O. Next, the process for producing the magnetic
recording nediumaccording to the present invention ssﬁ ﬁcrl bed.

The magnetic recordi ng nmedi um according to the presen lasedh be
produced by depositing cobalt-containing negnetite o e by a
so-cal l ed sputtering nmethod using Co-containing iron rget
while controlling a flow rate of oxygen (CCM as an anDunt of oxygen

i ntroduced and a deposition rate (n g1n) of the cobalt-containing
magnetite, to forma cobalt-containing magnetite thin filmon the

substrate; and then heat-treating the obtained cobalt- containing
magnet i t e WHETh IEL CRARMED I8anperature of 200 to

1. A magnetic recording medium comprising:

a substrate; and

a cobalt-containing maghemite thin film formed on said
substrate, containing cobalt at a molar ratio of cobalt to
iron of not more than 0.08:1, 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
1mot more than 2.950A, and having a coercive force of not less

than 1,800 Qe.

2. A magnetic recording medium according to claim i,
wharein said cobalt-containing maghemite thin £ilm furthexr
containg 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 irom is 0.005:1 to 0.04:1.

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

containing maghemite thin film is 0.01:1 to 0.06:1.

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

thickness of 0.005 to 1.0 um.

TR AR



450[err]C to transformthe cobalt-containing magnetite thin film into a
cobal t-contai ning maghemite thin film In order to obtain the ained
magneti c recordi ng medi um according to the presentrmmma£B&@@mu&&m£§

inmportant to control the flow rate of oxygen (CCM HEE&H mume ’
The
E ) of the

deposition rate (nmmn) of the cobalt-containing
flowrate of oxygen (CCM relative to the deposition

cobal t-contai ning magnetite to obtain the ained nagnetic recordi ng nmedi um
according to the present invention, g§ vari ed dependi ng upon vari ous
conditions having an influence on thé oxidation of the cobalt-containing
magnetite thin film such as kind and construction of apparatus used, a
total gas presSurd maguaaist Faserdiagpapdiyr eccording to claim 1,

wherein the spacing of the (311) plane is 2.4%0 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 magnatization of said magnetic

recording medium is 230 to 350 emu/cw3.

L

* C L n
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12 “or an area of target to be sputtered. Therefore, it is difficult to
_specifically determne the preferred flow rate of oxygen. However,
“as a result of many experiments conducted by the prefgﬁiwrﬁzfg&ﬁgsigﬁféhas
been recogni zed that there is a tendency that the | eg $u§ 0]
oxygen (CCM relative to the deposition rate (nm mn)_ of t REPLAGED
cobalt-containing magnetite, the smaller the spacing of each of tHhe (311)

(222) and (220) planes of the obtained cobalt-containing maghemte thin
filmbecones.

25

ABSTRACT OF THE DISCLOSURE

A magnetic recording medium of the present invention
comprises:

a substrate; and

aécobalt-containing maghemite thin film formed on said
substrate, containing cobalt at a molar ratioc of cobalt to
iron of not more than 0.06:1, having either a spacing of a
{311) plane of.nﬁt 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 th#n 2.9504, and having a coercive force of not less
than 1,800 Oe.

Such a magnetic recording medium has as high a coercive
force as possible, specifically not less than 1,800 Oe, and
exhibits an excellent stability independent to change in
passage of time and a large output in a high recording

Zrequency region.

This, Sheet Has Been Repl

VT
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Accordi ngly, by conducting various experinents to obtain th@g@@gwgnale of
exygen (CCM relative to the deposition.rate (nm mn) of the

cobal t-contai ning magnetite at which the spacing of.8ag

and (220) planes becomes snaller than that of the Q
rate (nmmn) of the cobalt-containing magnetite ar
oxygen may be respectively controlled 40 as to be {

obt ai ned val ues. In accordance with the experi
present i ”i‘fﬁ%%rﬁ’ ﬁgd ffr8d.i n Exanpl es and Cong
her ei naf t et %%%%Trgﬁﬁ rate of the cobalt
Is 3.5 nm mn, I&znfm{ o. (CCM is ushekby.nqt. . nore thgn
0. 35, preferably ru)f#gﬁgg%Fﬁggkco. , nore preferably not nore than 0. 25.
The lower limt of

BACKGROUND OF THE IR ION:

The present invention relates to a magnetic recording
medium, and more particularly, to a magnetic recording medium
having as low a cobalt content as possible, specifically a
molar ratio of cobalt to iron of not more than 0.06:1 and as
high a coercive force as possible, specifically not less than
1,800 Ce, and exhibiting an excellent stability independent to
change in passage of time and a large output in a high
recording frequency region.

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 therewith are
miniaturized 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 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 a
coercive force 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.



the flow rate of oxygen (CCM is preferably 0.18. \Wen e
oxygen is nore than 0.35, hematite may tend-:to be

o

JdiSh Efﬂe

obt ai ned cobal t-contai ning maghenmite thin film resultling In decreége

saturation magnetization thereof. On the other hand, én % ReBEL a
oxygen is less than 0.18, netal iron (Fe) or wstite (§F8O nmay te t

formed in the obtained cobalt-containiqg maghem t e t hign ¥t+-m—r-esttii

decrease in coercive force thereof.

T

pr esent

e} of

be

gin
The inportang point of the 7

i nvention resides in
The magnetic thin films which have been already put into

practice, are generally classified into magnetic iron oxide
thin films composed of maghemite, etc. {(refer to "Technical
Report of Electronic Telecommunication Institute®, published
by Electronic Telecommunication Institute, (1981) MR81-20, pp.
S 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
péssage of time, i.e., less change in magnetic properties with
passage of time. However, the coercive force of the magmetic
iron oxide thin films is as low'as gﬁ most about 700 Oe.

Whereas,.the alloy thin £ilms have a coercive force as
high as not less than about 2,000 Oe. 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
protective film, e.g., a carbon f£ilm having usually a
thickness of about 100 to about 200 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 magmetic



that in the case where the cobalt content of the coba REPL#&EME%@WEET
e

faghemite thin filmformed on the substrate s adjusteg—so That the jmgl ar
ratio of cobalt to iron is not nore than 0.06:1, andjaRfy qg mq?ga ng of
saa ing o

a § 222)

a spacing of a (311) plane of not nore than 2.510 A {a
pl ane of not nore than 2.415 A and a sgacing of a (230}
than 2.950 A is satisfied, there can be’obtained a nggnetic recordin
medi um having a high coercive force and a |arge output—tm—aTign Fecor di ng
frequency &60i:0R. which dDSabBas hdisgree iBRgaebr@ingamsdliuag toedeum havi ng
such excellent "properties can be obtained by satisfying the above

requi reﬁer‘gqiﬂcy‘e& he Bgﬁﬁe@éngpyf@é%di@_consi dered as follows. That is,

due to the'fact that the ained magnetic Tecording nedium cannot be
obtained in anﬁnOfcoBQ%qﬁéﬁgé, WIENE s 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 change in passage of time, by incorporating
cobalt or the like thereinto. The magnetic iron oxide thin
films containing cobalt, etc., have been already put into
practice.

In the magnetic cobalt-containing iron oxide thin films,
+he more the cobalt content, the higher the coercive forxce
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.

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

strongly demanded to improve properties of these magnetic iron



the cobalt content is out of the above-specified ran
cobalt content of the cobalt-containing maghenmite thl
above-specified range but the above-specified conditi
spacing i s not 14
exists a synergistic effect based on t hé speci fied copa t contenL an(
specified spacing in the cobalt-containing maghenite
respect tooxike e fglek.the respective lattice plangs
cobal t-contai ning maghemte thin film according

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

films have been strongly required not only to have a high
coercive force even when the cobalt content therein is as low
as possible, but also to exhibit a large output in a high
recording frequency region.

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 (KOKOKU)
Nos. 51-4086(1976) and 5-63925(1993), and "CERAMICS",
published by Japan Ceramics Institute (1986), Vol. 24, No. 1,
pPp. 21 to 24).

More specifically, in Japanese Patent Publication
(KOKOKU) No. 51-4086(1976), there is described a magnetic thin
£ilm 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(1-x)Fe (2+x)04 where -
0.25x<0.3, the ferrite film being composed of fine crystalline
aggregates of the ferrite.

In Japanese Patent Publication (KOKOKU) No. 5-63925(1993),

there is described a process for producing a magnetic iron




to the present invention, even though the cobalt-containi pagnet.l.t.e.thi

filmis transformed into the cobalt-containing mghenmte 8 .
REPLAJEAIEP HEeT

sanme heating tenperature, the spacing of each of the (31 Pt Aol

P

(220) planes is caused to change by varying the flow ratg pf 3xﬁﬁﬁ2‘ on
formati on of the cobalt-containing magnetite thin film pDug ¢ 1S RBct],
it can be recognized that the change of ihe spacing is not [caused hy the

difference in thermal expansion coefficient between the pubstrate, and the

cobal t - coNntexidieN @hTRIHETH v iR highheabriisal fide, Ridridy .
reduction in spacing of the cobalt-containing maghemte thin ftilmitself.

The magnet ixe4ceq0edipg: FRAIAUN AL GO 89159 400 PEASRNL 54 nyention can have
-4 ft

a high coercive force even | ess coba content and exhibit a |arge
output in &iQhak86R" Hflphere of argon and oxygen to directly form

ferromagnetic oxide magnetite (Fe304) of a non-stoichiometric

composition having a resistivity of 1 x 1071 to 8 x 10-1 Q-cm,
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-Fe203 having a high coercive force.

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 magnetic write
head, there have been demanded those having a higher coercive
force, an excellent stability independent to change in passage
of time, and a large output in a high recording frequency
region. However, there have not been provided vet such
magnetic recording media having all of the above-mentioned
properties.

That is, the above-mentioned known cobalt-containing
maghemite thin films are still unsatisfactory in coercive
force relative to the amount of cobalt contained. When it is
attempted to obtain a high coercive force, specifically not
less than 1,800 Oe, it is necessary to incorporate a large
amount of cobalt so that the molar ratio of Co to Fe is more

than 0.06:1. In this case, such cobalt-containing maghemite



. | REPLAVEMIERT oritet
frequency region, and is, therefore, suitable as those {fdf high-densi
rrecordi ng and applicable to current nagnetic recordin yg%gnﬁEﬁsEﬁa
ring-type magnetic wite head. In addition, int roduction of jt he
magneti c recording nedium according to the present inv
cobalt- containing magnetite thin filmcan be heat-trefated and
transforned into the cobalt-containing faghenmte thin firmat a
tenperature as |low as not nore than 450[err]C, it is not required to use a

substrate gy Ngh 1By RRAFRESESbANSSre ) Beterioration in magnetic

properties with passage of time by adverse influenceé of heat
or the like.

Also, there is a problem that the Co-~containing maghemite
thin film cannot show a sufficiently large ocutput in a high
recording frequency region.

As a result of the present inventors' earnest studies to
solve the above problems, it has been found that by forming a
Co-containing maghemite thin film on a substrate so as to
control a cobalt content of the Co-containing maghemite thin
film to such an amount that the molar ratio of Co to Fe is not
more than 0.06:1, and to adjust a spacing of a (311) plane to
not more than 2.510 A, a spacing of é {222) plane to not more
than 2.415 A or a spacing of ‘a (220} plane to not more than
2.950 A, the obtained magnetic recording medium has a coercive
force as high.as not less than 1,800 Oe, and exhibits an
excellent stability independent to change in.passage of time
and a large oﬁtput in a high recording frequency region. The
present invention has been attained on the basis of the

finding.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
magnetic recording medium for high-density recording, which is
suitable for use in current magnetic recording systems using a

ring-type magnetic write head, and has a high coercive force
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ordinarily used materials such as glass, resulting in

wth industrial and econom cal advant ages. EXAMPLES: The present
invention will now be described in nore detail with rdfdrengeDES 1968 |
fol | o ng exanpl es and conparative exanples, but the present inventioh §s
not restricted to those exanpl es and varlous nodi fi cat} are"

posST bl B
within the scope of the invention. 7 (1) The magnetpstatic ertiep
such as coercive force and saturation nmagnetization (neasured under an

external gRa@neihbidselad 18frgkd olsEBht Ofn th er iy Reicoe diagoEtedageriggdi um  are
expressed by val ues nmeasured by "Vibrating Sanple Magnetoneter VSM
(manuf act ugggiby . TOEI KOGYO CO., LTD.).

To accomplish the aims, in an aspect of the present
invention, there is provided é magnetic recording medium
comprising a substrate and a cobalt-containing maghemite thin
film formed on the substrate, containing cobalt at a molar
ratio of cobalt to iron of not more than 0.06:1, 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 a coercive

force of not less than 1,800 Oe.

DETATIL.ED DESCRIPTION OF THE INVENTION

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

The magnetic recording medium according to the present
invention comprises a substrate and a cobalt-containing
maghemite thin film as a magnetic thin film formed on the
substrate.

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

The magnetic thin film of the magnetic recording medium
according to the present invention is a cobalt-containing
maghemite thin £ilm having a thickness of usually 0.005 to 1.0

um, preferably 0.01 to 0.5 upm.



(2) The X-ray diffraction spectrumof the magnetic rege '
expressed by val ues neasured by "X-ray D'ffractoneter‘ﬂﬁﬁlﬂfdﬁEﬁT SﬁEfg
(rmanufactured by RI GAKU DENKI CO., LTD.). The -a>ur|ng condit
of the X-ray diffraction spectrumare as follow |anp]us 2 Hgﬁp
vol tage: 40 kV; lanp current: 25 nmA; %@npllng width o ibnete
0.010[err]; scanning speed: 1.00[err] light-emt¢gi “ fﬂlvcrgcnt,
slit: 1[err]; scattering slit: 1[err]; light-receiving slit: 0.30 nm
16 In general, maghemite is represented by thé—feormutzof

Y-Fep03. However, in the present invention, there may also be

used such maghemite containing a small amount of Fe2*., The
upper limit of the Fe2* content at a molar ratio of Fe2* to

Fe3* 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
0.005:1 to about 0.04:1.

The cobalt content in the maghemite thin film is usually
not more than 0.06:1, preferably 0.01:1 to 0.06:1f more
preferably 0.03:1 to 0.06:1 at a molar 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 having
a coercive force as high as not less than 1,800 0e. On the
other hand, when the molar ratio of Co to Fe is more than
0.06:1, it becomes 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 (311) plane is

not more than 2.510 A; a spacing of a (222) plane is not more
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60. 00 was neasured under the above-nentioned condltlo
read-wite properties such as reproduced output or

: - RE
The region corresponding to a diffraction angle (2[err]b
magnetic recordi ng nedium are evaluated as foll ows. %

~af-tl en
magnetic filmwas forned on a glass disc and then the surface of the
magnetic filmwas coated with a perfludropol yet her - basee-—+ubrtcant

"FOMBLIN Z DOL" (trade nane: produced by AUSI MONT K. K ), an MG head for
VCR was T UBhafn2 {95 1eS Wt @nkpaBIRGIAE 4 600 BYaRRd EMYE V&hﬁ:ﬁ%@ctl ng

therewith at a gap Iength of about 0.2 [err]mand a track

[err]m The, ggépgct' e theads %ét fﬁ%ph% ngo}gggg%saaéda@tb%d Ui s¥§LAY

"Recording a Repr oducli ng ester n ure
it is not required to satisfy the other two conditions.

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 camnot exhibit a sufficiently
large ocutput 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
coercive force of the cobalt-containing maghemite thin film.
In the case 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 becomes.

The spacing of the (311) plane is usually not more than
2.510 A, preferably 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, preferably not more than 2.943 A, more preferably not



by FUJI TSU AUTOVATION CO., LTD.). Specifically, the noise val ue

{N err]) was anal yzed by "Spectrum Anal yzer TR4171" (nep F .
ADVANTEST CO., LTD.) at a velocity of 3.0 nis. rﬁzp-gﬁﬁgﬁﬁfp@{%gﬁ put
and di-pulse ratio were analyzed by "Gscill ¢s¢ope VPS5514A"
LTD.) at a velocity off 3.@ & BEC 1808
i nvention, the di-pulse ratio of 0 (zero) is desirable.
Using a high recording frequenty high-rate spyttering

(Slerr])

(manuf act ured by PANASONIC CO.,

pr esent
1:

Ex 4p|e

more than 2.940 A. The lower limit of the spacing of the

plane (220} is preferably 2.920 A.

The magnetic recording medium of the present invention,

shows a saturation magnetization (magnetization value measured

at an applied magnetic field of 15 kOe) of preferably 230 to

350 emu/cm3, more preferably 240 to 300 emu/cm3, and a

coercive force of usually not less than 1,800 Oe, preferably

not less than 2,000 Oe, more preferably not less than 2,200 Oe.

In the present invention, especially when the molar ratio of

Co to Fe is 0.04:1, the upper limit of the coercive force of

the magnetic recording medium is about 3,000 Oe. Incidentally,

in the current magnetic recording systems using a ring-type

magnetic write head, the upper limit of the coercive force is

preferably about 4,000 Oe, more preferably 3,000 Oe.

Besides, the upper limit of the coercive force of the

magnetic recording medium of the present invention, means a

value measured at an applied magnmetic field of 15 kOe which is

an upper limit of the coercive force measurable by "vibration

sample-type magnetometer' described in detail hereinafter.
addition, with respect to read-write properties of the

magnetic recording medium of the present invention when

measured by a tester described in Examples hereinafter, the

In

Sp-p/Nrms is preferably not less than 41 dB, more preferably

not less than 42 dB; the recording density whose output is one

half of an output obtained at a recording density of 1kFRPI,



17 'apparatus SH- 250H TO6 (manufactured by ULVAC JAPAN

al l oy target (Fe+4wt.% o) was reactive sputtered at a dR&PEAeE\éiE Tv@éEETa

substrate and the target to 80 mm at a tenperature of {250T&rTTCT T 0 an
at nosphere of argon and oxygen flow rate of 0.27 CCM at -alzﬁ Er‘i%r
ereby

pressure of 0.23 mforr and at a total pressure of 9 nmrqr
depositing a cobalt-containing magnetittle thin film havijn
0.1 [err]mon the substrate at a depositlon rate of 4.0 {nnf m n.

i

of

The

al

resul tant ié' reby 0%[ nbteaLed éPi Oioer%{oal nﬁﬂ:e@@?aﬂﬁérﬁxqﬂ iﬁlgntpﬁflm

at nosphere, talning a CO con

The cobal tlwﬁt&w'em ﬁ&gasﬂéeriewlvga%.subl ected (0 the

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 by a so-called sputtering method
using Co-containing iron alloy as a target while controlling a
flow rate of oxygen (CCM) as an amount of oxygen introduced
and a deposition rate (mm/min) of the cobalt-containing
magnetite, to form a cobalt-containing magnetite thin film on
the substrate; and then heat-treating the obtained cobalt-
containing magnetite thin £ilm at a temperature of 200 to
450°C to transform the cobalt-containing magnetite thin film
into a cobalt-containing maghemite thin film.

In 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 cobalt-containing magnetite.

The flow rate of oxygen (CCM) relative to the deposition
rate (mm/min)} of the cobalt-containing magnetite to obtain the
aimed magnetic recording medium according to the present
invention, is varied depending upon various conditions having
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



measur enent of X-ray diffraction spectrum so that dif{rgctien—peaks. of
the (311) plane having a spacing of 2.506 A and the (1R §iﬁﬂﬁﬁ§m%q%§ a
spacing of 2.412 A, were observed. The magnet ost pt [ ¢ property
cobalt-containing naghemte was neasured, so that it maséﬂgt '@@g hat
the coercive force thereof was 3,000 Ce and the saturifatj 2@%% zatjon
t hereof was 255 enu/cnfierr]. The,pead-write pr oger#+es—of.t he

cobal t-containing naghenmte filmwere neasured, so that it was determn phed
that the S[err]/Nerr] obtained upon reproduced signal STTET

recor di ng %¥eAsi By CUATIRN tRadessrubtered « ABeFeESF i n ifensity whose
repr oduced out put was one half of a reproduced output obtained upon

r epr oducedififgmuls teceperifimrldy 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 a
tendency that the less the flow rate of oxygen (CCM) relative
to the deposition rate (mm/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 film becomes.

Accordingly., by conduéting various experiments to obtain
the flow rate of oxygen (CCM) relative to the deposition rate
(nm/min)} of the 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 (mm/min) of
the cobalt-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 the
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
0.27, more preferably not more than 0.25. The lower limit of
the flow rate of oxygen (CCM} is preferably 0.18. W#When the

flow rate of oxygen is more than 0.35, hematite may tend to be



18 'recording density of 1kFRPI, Dlerr] was 133kFRPT.
the isolated reproduced waveformof the cobalt-conta

ekt k. 0
REPLAGEMBAIT BHEET

obt ai ned upon reproduced signals recorded at a recor
1kFRPI, was observed by the oscilloscope, so that it jwd
t he waveform exhibited a uni nodal pul se shape corresgorn
rati o of O. Exanples 2 to 5 and Conpggative Exanpl

| RU~OeTTST Tyt

ahd BECRE [T

1.ta0.3:

The

sanme procedure as defined in Exanple 1 was conducted

formed in the obtained cobalt-containing maghemite thin £ilm,
resulting in decrease in saturation magnetization thereof. On
the other hand, when the flow rate of oxygen is less than 0.18,
metal iron (Fe) or wustite (FeO) may tend to be formed in 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 cobalt content of the cobalt-
containing maghemite thin film formed on the substrate is
adjusted so that the molar ratio of cobalt to iron is not more
than 0.06:1, and 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, there can be obtained a
magnetic recofding medium having a high coercive force and a
large output in a high recording frequency region.

The reason why the magnetic recording medium having such
excellent properties can be obtained by satisfying the above
requirements of the present invention, is considered 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 has the specified
spacing but the cobalt content is out of the above-specified
range and where the cobalt content of the cobalt-containing
maghemite thin film is within the above-specified range but

the above-specified condition concerning the spacing is not



except that cobalt content of the cobalt-containing magrietifte  fhin film

oxygen flow rate and fil mdepositing speed upon formatiidt [
film and heat-treating tenperature and tine were chang ,gﬁﬁﬂﬁﬂﬂ?SWFET
t her eby obtai ning magnetic recordi ng nedi a. The pr dgg& g%
conditions used and various properties of the obtained Le8384di n
media are shown in Tables 1 and 2. 14

satisfied, there exists a synergistic effect ba
specified cobalt content and the specified spacing in the
cobalt-containing maghemite thin film.

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 £ilm 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 oxygen upon formation of
the cobalt-containing magnetite thin f£ilm. Due to this fact,
it can be recognized that the change of the spacing is not
caused by the difference in thermal expansion coefficient
between the substrate, and the 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 according to the present
invention can have a high ¢coerciwve force even at less cobalt
content and exhibit a large output in a high recording
frequency region, and is, therefore, suitable as those for
high-density recording and applicable to 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 f£ilm can be heat-treated and

transformed into the cobalt-containing maghemite thin film at
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Table 1 Exanpl es Cobal t - contai ni ng magnetite
thin film Conparative Cobalt Oxygen Film

cont ent fl ow deposi - -ture (mn)

tion ([err] O rati o of upon

film (nm m n) Fe) formatio

Exanpl e 2 0.04 0.22 CC™M 3.3 5260 120

0.30 Cc™M 5.0 290 80 Exanpﬁe 4 0 06

300 60 Example 5 0.03 0.21 CC™M 3.3 Sl
Conpar ati vé@ t@rgaratupe &5 GaW as zog more ghan 450%D lExaﬁphetl
Conparative 0.04 0.22 CCM 3.3 - Exanple 2

Conpar at i v&equiged toouge xEubstrats hav1n32@ heat 8fesiStampokee 3nd
ordinarily used materials such as glass, resulting in good

productivity with industrial and economical advantages.

EXAMPTL,

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.

(1) The magnetostatic proverties such as coercive force
and saturation magnetization (measured under 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 diffraction spectrum of the magnetic
recording medium is expressed by values measured by "X-ray

Diffractometer RAD-IA" (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.




Table 2

Exanpl es Magneti c recordi ng nmedi ghee———airch e
Conposi ti on Cobal t Thi ckness Conparati ve REPLACEMENT SHEET
cont ent ([err]m Exanples ar-ratio
of Co to Fe) Exanple 2 cobalt-containing 0. 04 24 BE@-@@@
maghem te Exanple 3 cobalt-containing 0.04 0.1
maghem te Exanple 4 cobalt-containings 0. 06 5 51
maghem te Exanple 5 cobalt-containing 0. 03 0.1
maghem te Conparative,cobalt-contaj,nin ...Q.04 | anp
Tghen t6 Conpai FFBLEBnEPET ST OG0 2 ALfdrgdtion angle (GO BRanpl e 2
maghem t e Conparati ve cobal t-containing 0 0.1 Exanple 3
maghem te 30.00° to 60.00° was measured under the above-mentioned

conditions.

(3) The read-write properties such as 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 K. K.), an MIG head for VCR was run
on the resultant magnetic recording medium while contacting
therewith at a gap length of about 0.2 um and a track width of
21 pm. The respective read-write prdperties were evaluated by
using "Recording and Reproduéing Tester M-84V" (manufactured
by FUJITSU AU'fOﬁATION CO., LTD.).

Specifically, the noise value (Nomg) was analyzed by
"Spectrum Analyzer TR4171" (manufactured by ADVANTEST CO.,
LTD.) at a velocity of 3.0 m/s.

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

analyzed by "Oscilloscope VP5514A" (manufactured by PANASONIC
CO., LTD.}) at a wvelocity of 3.0 m/s. In the present invention,

the di-pulse ratio of 0 (zero) is desirable.

Example 1:

Using a high recording frequency high-rate sputtering

1



20 Tabl e 2 (continued) Exanpl es

Magnetic recordi ng nmedi um and Magnetic thin film

Magnet ost ati ¢ Conparati ve —properties.- Exanpl es
Spaci ng Saturation Coercive REPLACAMENT Stickr s
magneti za- force rt-ton )
(311) (222 (220) (enu/cnferr]) Exanple 2 2.507 5 -

266 2850 Example 3 2.506 2.1412 - é%q BEC Eﬁgooo
Exanple 4 2.508 - 2. 940 287 3400 50

2.411 - apgaratu@%-ZSOH—TO@‘l@QanuMe@l bgeUL@AéiﬁAPﬁ\l 4.y, -
280 1500 Exanple 1 Conparative 2.53 2.42 32

800 Exanphgrdl alloy target (Fe+dwt.%Co) was reactive sputtered at a

distance between a substrate and the target to 80 mm, 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 (.23 mTorr
and at a total pressure of 9 mTorr, thereby depositing a
cobalt-containing magnetite thin film having a thickness of
0.1 pm on the substrate at a deposition rate of 4.0 nm/min.

The resultant film was heat-treated at 270°C for one hour
in an atmosphere, thereby obtaining a cobalt-containing
maghemite thin f£ilm.

The cobalt-containing maghemite f£ilm was subjected to the
measurement of X-ray diffraction spectrum, so that diffraction
peaks of the (311) plane having a spacing of 2.506 A and the
(111) plane having a spacing of 2.412 A, were observed.

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

coercive force thereof was 3,000 Oe and the saturation
magnetization thereof was 255 emu/cm3.

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

the Sp_p/Nrms obtained upon reproduced signals recorded at a

recording density of 100kFRPI was 44 dB, and the recording
density whose reproduced output was one half of a reproduced

output obtained upon reproduced signals recorded at a



Conparative 2.508 - - 260

Tabl e 2 (conti nued) Exanpl es Magneti c
and Read-wite properties Conparativ
Dl err] Di - pul se Exanpl es (dB)
rati o Exanple 2 44 130

44 132 0 Exanpl gg4

0 Exanple 5 43 124

6 Beanpl o FoCoTOARS; donSity SFMFRET 050 was ipyer

400 Exanple 3.

(KERPI)

jo2 %&Emlmas

Conparat ve
110

134

0 Exanpl

In addition, the isolated reproduced waveform of the

cobalt-containing maghemite obtained upon reproduced signals

e 3

recorded at a recording density of 1kFRPI, 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.

Ex: s 2 to an ative Ex

The same procedure as defined in Example 1 was conducted

3:

except that cobalt content of the cobalt-containing magnetite

thin £ilm, oxygen flow rate and film-depositing speed 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.

40



21 Conparative Exanple 4: Using a high recordi
sputtering apparatus SH 250H TO6 (nmanufactured by UL
nmetal alloy target (Fe+d4wt.% o) was reactive sputtere
bet ween a gl ass substrate and the target to 80 nm at
250[err]C in an atnosphere of argon and oxygen flow
an oxygen partial pressure of 0.23 niford%nd at a to

BEPLAGENEN] SHER-
t fzgﬁrpggg:i%%eof |

prgssﬁre of 9

nmrorr, thereby depositing a cobalt-containing magneti
thickness of 0.1 [err]mon the glass substrate at a deposition rate of
Table 1
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 0.22 CcM 3.3 280 120
Example 3 0.04 ¢.30 ccM 5.0 290 80
Example 4 0.06 0.22 CCM 3.3 300 60
Example S 0.03 0.21 CCM 3.3 320 60
Comparative 0.04 0.26 CccM 3.3 320 60
Example 1
Comparative 0.04 0.22 CCM 3.3 - -
Example 2
Comparative 0 1 0.22 ccM 3.4 320 60
Example 3
Table 2
Examples Magnetic recording medium _
and Composition Cobalt Thicknes
Comparative content {ptm)
Examples {molar ratio
of Co to Fe)
Example 2 |cobalt-containing .04 0.1
maghemite
Example 3 |[cobalt-containing 0.04 0.1
maghemite
Example 4 |cobalt-containing 0.06 0.1
maghemite
Example 5 |cobalt-containing 0.03 0.1
maghemite
Comparative| cobalt-containing 0.04 0.1
Example 1 maghemite
Comparative|cobalt-containing 0.04 0.1
Example 2 maghemite
Comparative| cobalt-containing 0 0.1
Example 3 maghemite



nm m n. The resultant filmwas heat-treated at 3@0 one hou
I n an atnosphere, thereby obtaining a cobalt-containind T =y
film The cobal t-contai ning maghenite filmwas subf®eth it he
measurenent of X-ray diffraction spectrum so that diffr@ciion peaks"6ﬂ
the (311) plane having a spacing of 2.513 A and the (229) pﬁénéﬁﬁag@gg a
spaci ng of 2.419 A, were observed. The nagnetostat'q_propertiesrgL
the cobalt-containing naghenmte were neasured, so that §t WwasS determred
that the coercive force thereof was 1,400 Ce and the saluration

magneti zati on thereof was 270 e%gﬂeerz;]{.con! inueége read-wite properties
of the cobalt-containing nmaghem red, so that it was
det ermi ned t hat

Examples Magnetic recording medium
and Magnetic thin film Magnetostatic
Comparative properties
Examples Spacing Saturation{ Coercive
(A) magnetiza- force
tion {Qe)
(311) (222) (220) (emu/cm3)
Example 2 | 2.507 - - 266 2850
Example 3 2.508 2.412 - 255 3000
Example 4 2.508 - 2.940 287 3400
Example 5 2.506 2.411 - 248 2450
Comparative| 2.512 | 2.418 - 280 1500
Example 1
Comparative] 2.530 | 2.424 - 320 800
Example 2
Comparative| 2.508 - - 260 400
Example 3

Table 2 {continued}

Examples Magnetic recording medium
and Read-write properties
Comparative Sp_p/N'rmS Dso Di-pulse
Examples (dB) {(kFRPI) ratio
Example 2 44 130 0
Example 3 44 132 0
Example 4 44 134 0
Example S5 43 124 0
Comparative 40 116 0
Example 1
Comparative 39 110 0
Example 2
Comparative 38 100 0
Example 3
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the S[err]/Nerr] obtained upon reproduced signals recopged-at
22 recording density of 100kFRPI was 38 dB, and the religel;
whose reproduced output was one half of a reproduced olit
reproduced signals recorded at a recording density of 1k
108kFRPI . In addition, the isolated reproduced waye
cobal t-cont ai ni ng maghem te obtai ned upon reproduced Slmn
recording density of 1kFRPI, was observ&H by the

&

opr SRS

ﬂm@ﬁé?

e Wpon
was

 at

] iv ample 4:

Using a high recording frequency high-rate sputtering
apparatus SH-250H-T06 (manufactured by ULVAC JAPAN LTD.), a
metal alloy target (Fe+d4wt.%Co) was reactive sputtered at a
distance between a glass substrate and the target to 80 mm, 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
mTorr and at a total pressure of 9 mTorr, thereby depositing a
cobalt-containing magnetite thin film having a thickness of
0.1 pm on the glass substrate at a deposition rate of 3.3
nm/min.

The resultant film was heat-treated at 300°C for one hour
in an atmosphere, thereby obtaining a cobalt-containing
maghemite thin £ilm.

The cobalt-containing maghemite f£film was subjected to the
measurement of X-ray diffraction spectrum, so that diffraction
peaks of the (311) plane having a spacing of 2.513 A and the
(222) plane having a spacing of 2.419 A, were observed.

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

coercive force thereof was 1,400 Oe and the saturation

magnetization thereof was 270 emu/cm3.

The read-write properties of the cobalt-containing
maghemite f£ilm were measured, so that it was determined that

the Sp_p/Nrms obtained upon reproduced signals recorded at a



oscilloscope, so that it was determi ned that the wa qf‘
di - pul se shape corresponding to a di-pulse ratio of v
23 WHAT IS CLAIMED | S: 1. A magnetic recordi

a substrate; and a cobal t-containing maghenmtejt
said substrate, containing cobalt at a nolar ratio

22

recording density of 100kFRPI was 38 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 108kFRPI.

In addition, the isolated reproduced waveform of the
cobalt-containing maghemite obtained 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.



iron of not nore than 0.06:1, having either a spacin
not nore than 2.510A, a spacing of a (222) plane o
or a spacing of a (220) plane of not nore than 2.9
coercive force of not less than 1,800 Ce. : rdi ng
medi um according to claiml1, wherein said cobal t-cén a@ﬁi%@ﬁ%ﬁﬁg 1 tie thin
filmfurther contains at |east one el enent sel ected
consisting of M N, Cu, Ti and Zn in sugh an anount} that the nolar fatio
of said elenent to iron is 0.005:1 to 0.04:1. 3eA—FRGIETTT

recordi ng nmedi um according_to claiml1, wherein the nolar ratio of cobalt
to iron in SRR IHUAAIMED 1S:

1. A magnetic recording medium comprising:

a substrate; and

a cobalt-containing maghemite thin £ilm formed on said
substrate, containing cobalt at a molar ratio of cobalt to
iron of not more than 0.06:1, 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 a coercive force of not less

than 1,800 Oe.

2. A magnetic recording medium according to c¢laim 1,
wherein said cobalt-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 0.06:1.

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.

R




contai ning maghemte thin filmis 0.01:1 to 0.06:1
r.ecordi ng medi um according to claiml1, wherein said
maghemte thin filmhas a thickness of 0.005 to 1.0
24 5. A magnetic recordi ng nmedi um according to
spacing of the (311) plane is 2.490 to 2.509 A
recordi ng nmedi um according to claiml, 24

5. A magnetic recording medium according to claim 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 magmetic

recording medium is 230 to 350 emu/cms .




wherei n t he spacing of the (222) plane is 2.385 to 2400ﬁ£pLACEMEN]7S§iQ§

T

magneti c recordi ng nmedium according to claiml1l, wherein spaettg—of tWe
(220) plane is 2.920 to 2.943 A 8. A mmgnetic réc rgﬂg Egdilgégé’n
according to claim1l1l, wherein the saturation nmagneti zat itor sg

magnetic recording mediumis 230 to 35205 enu/ cnB.

MAGNETIC RECORDING MEDIUM
ABSTRACT OF THE DISCLOSURE

A magnetic recording medium of the present invention
comprises:

a substrate; and

a cobalt-containing maghemite thin f£ilm formed on said
substrate, containing cobalt at a molar ratio of cobalt to
iron of not more than 0.06:1, 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 a coercive force of not less
than 1,800 Oe. |

Such a magnetic recording medium has as high a coercive
force as possible, specifically not less than 1,800 Oe, and
exhibits an ekcellent stability independent to change in
passage of time and a large output in a high recording

frequency region.
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