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HIGH AREAL DENSITY MAGNETIC RECORDING MEDIUM
WITH DUAL MAGNETIC LAYERS

Technical Field _ _

' The present invention relates to the recording,
storage and reading of magnetic data, particuiarly
rotatable magnetic recording media, such as thin film
ﬁagnetic disks. = The invention has particular
applicability to.a high density magnetic recording medium
which exhibits high coercivity and coercivity squéreness
at a relatively low Mrt. '

ack ad_ Axrt _ : .
Thin film magnetic recording disks and disk drives

are conventionally employed for storing large amounts of

data in magnetizable form. Data are written onto and

‘read from a_fapidly_rotating recording disk by means of
~ a magnetic head transducer assémbly that flies closely
~over the surface of the disk. The escalating

requirements for high areal recording ‘density and
increasingly"smallez~_disk: drives impose incréasingly
demanding requirements on thin film magnetic recoxrding
media in terms of coerciﬁity, remanence coercivity
squareness, low medium noise and narrow track recbrding
performance. Considerable effort has been spent in_

. recent years to produce magnetic recording media having
"higher recording densities and satisfying such demanding

requirements, particularly for longitudinal recording.
A conventional longitudinal recording wmedium is
depicted in Fig. 1 -and comprises a substrate 10,
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typically an aluminum (Al)-alloy, such as an aluminum-
magnesium (Al—Mg):—alloy,_ 'pleted with a layer of amorphous
nickel —phosphorotis (NiP) . Alternat_ive'sﬁbstrates include -
glass and glass-ceramic materials -and graphites.

‘Substrate 10 ltypically contains sequentially deposited

thereon a chromium (Cr) or Cr-alloy 'underlayer 11, a

‘cobalt (Co)-base alloy magnetic layer 12, a protective

carbon overcoat 13 and a lubricant topcoat 14. Cr

underlayer 11, Co-base alloy magnetic layer 12 and

protective carbon_ overcoat 13 are typically deposited by

- sputtering techniques. A conventional Al-alloy substrate

is provided with a NiP plating, primarily to increase the’

- hardness of the Al substrate, serving as a suitable

surface for polishing to provide the requisite surface
roughness or texture, wh:Lch is substant:.ally reproduced
on the disk surface. o

In recent years, coneiderable effort has been

' expended to achieve high areal recording density. Among
. the recogn:.zed significant factors affecting recording

dens:.ty are magnet:.c remanence (Mr), coercivity,
coerc1v1ty -squareness = (S*), signal/noise ratio, and
flying height,  which is the distance at which a

read/write head floats above the spinning disk. Prior

approaches to achieve increased areal recording density
for longitudinal recording involve the use of dual
magnetic layers separated by a non-magnetic layer as in

‘Teng et al., U.S. Patent No. 5,462,796, and the use of a
" gradient magnetic layer interposed between two magnetic

layers as in Lal et al., U.S. Patent No. 5,432;012.

The achievement of a mwmagnetic recording medium
hav:xng an areal density of 2 giga bits (Gb) /in® on a
prototype 3.5 inch diameter hard disk drive was -

reportedly attributed to developments in magnetic head,

recording medium, positioning and signal processing
technologies. Futamoto et al., "Investigation of 2

Gb/in? Magnetic Recording at a Track Density of 17 kTPI,"
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IEEE Transactions on Magnetics, Vol. 27, No. 6, November
1991, pp. 5280-5285. The magnetic recording medium

réported by Futamoto et al. comprises a glass sﬁbstrate, '
and sequentially formed thereon a chromium underlayer, a
first magnetic layer comprising cobalt, ‘chromium,
platinum and silicon, which is magnetically isotropic
with lower saturation magnetization (Ms), a second
magnetically isotropic cobalt layer containing chromium
and platinum deposited on the first magnetic layer with
higher Ms, and a carbon overcoat.

- The goal of . achieving a rigid disk magnetic
recording medium having an areal recording density of
about 10 Gb/in?, however, has remained elusivé. - It has
been reported that informed spéculat:ion with respect to

advances in media technolog'y is required to achieve the

goal of 10 Gb/in? recording density. Murdock "Roadmap
for 10 Gbit/ in® Media: Challenges, " IEEE Transactions_ on
Magnetics, Vol. 28, No. 5, September 1992, pp. 3078-3083.
The conclusion expressed by Murdock is that revolutionary
improiiements will likely be required. Although several
candidate media systems in existence show promise, it was

~concluded that much work remains before they can be

practical. _ _
. Dual magnetic layer media are also disclosed by
Kodama, Japanese Patent 5-114128 ahd Tsuboi, Japanese

‘Patent 5-109041, wherein the magnetic layers exhibit

different coercivities. Dual layer magnetic recording

- medium are also disclosed by Morita et al., U.S. Patent
4,642,270, Chezel et al., U.S. Patent No. 3,508,887,

Eggenberger et al., U.S. Patent No. 3,047,423 and

Nakashima et al., U.S. Patent No. 4,622,273, ‘the latter

directed to a recording medium for perpendicular
magnetization. S _ _ '

| "According_l-y,' there exists a need for a magnetic
recording medium having an areal recording demsity in

excess of 2 Gb/in?, such as in the 10 Gb/in? range,
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pz_'efei'ably' up to 20-"Gb/in’,. exhibiting high coercivity

-and coerc_ivity ‘squareness and a relatively low Mrt

(magnetic remanence x thickness), ‘which can be employed
for hard disk drives using GMR (gié_nt magnetoresistance)
heads. ' ' |

_ Disclosure of the invent_ion

An object of the present invention is a magnetic
recording medium exhibiting _é high areal recording
density, high coercivity'an'd coercivity squareness, and
a low Mrt. _ ' -

A further 'o'bj.ect_ of the present invention is a

magnetic recording medium having an areal density of

about 3. to about. 20 Gb/in®?, high coercivity and

~ coercivity squareness, and a low Mrt.

- Additional objects and other features of the
invé,ntion will be set forth in part in the descr'iption
which follows and in part will become apparent to those
having ordinary skill in the art upon examination of the
following or may be learned from the practice of the

‘invention. The objects and advantages of the invention

may be realized and obtained as particularly peinted out

. in the appended claims.

According to the present invention, the foregoing
and other objects are achieved in part. by a magnetic
recording medium comprising: = a non-magnetic substrate;
a Cr or Cr-_é.lloy underlayer formed on the substrate; and

- a plurality of magnétic layers sequentially formed on the

Cr or Cr—alloy underlayer; wherein, the magnetic
recording medium has' an areal density of about 3 to about
20 Gb/in® and exhibits an Mrt of about 0.30 to about 0.60

memu/cm?.

~Another aspect of the present invention is a

- magnetic recording medium comprising: a non-magnetic

substrate; a Cr or Cr-alloy underlayer formed on the
substrate; a firSt.-magnetic layer, which is magnetically
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'a'nisotropic, formed on the Cr'or Cr-alloy underlayer; and

' a second magnetic layer, which is magnetically isotropic,

formed directly on the first magnetic layer; wherein, the

~ magnetic recording medium has an areal recording density

of about 3 to about 20 Gb/ln and exhlb:.ts an Mrt of
about 0. 30 to about 0.60 memu/cm .
A further aspect of the present . ;anent:.on is a

-magnetic recording medium comprising: a non-magnetic

substrate; a Cr .or Cr-alloy underla.yer' formed on the
substrate; a first magnetic layer comprising a cobalt-

base alloy conta:.n:l.ng chromjium and tantalum, ~which is
. magnetically anlsotropm, formed on the Cr or Cr-alloy

underlayer; and a second magnetic layer comprising a

cobalt-base .alloy contaihing chromium, platinum and

tantalum, which is magnetically isotropic, formed
directly on the first magnetic 1layer; wherein the
magnetic reco:r:ding medium has an areal recording density
of about 3 to about 20 Gb/:Ln and exhibits an Mrt of
about 0.30 to about 0.60 memu/cm?.

A further aspect of the present invention is a

‘magnetic recording medium comprising: a non-magnetic

substrate; a Cr or Cr-alloy underlayer formed on the
substrate; a first magnetic layer, which is_magnetic'a.'lly
anisotropic, formed on the Cr or Cr-alloy underlayer; a

: second_magnetié' layer, which is magnetically isotropic,

formed directly on the first magnetic layer; a first
chromium or chromium-alloy intermediate layer formed on
the second magnetic layer; a thi.:'rd magnetic layér, which
is wagnetically anisotropic, formed on the first
intermediate layer; and a fourth magnetic layer, which is
magnetically isétropic,' formed directly on. the third
magnetic layer; whérein the magnetic recording medium has
an areal recording density ‘of about 3 to about 20 Gb/in?

and exhibits an Mrt of about 0.30 to about 0.60 memu/cm?®.
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Another aspect of the present invention is a

magnetic recording medium comprising: a non-magnetic

substrate; a Cr or Cr-alloy underlayer formed on the
substrate, a first magnetic layer, which is magnetlcally
anisotropic, formed on the Cr or Cr-alloy underlayer, a
second magnetic layer, which is magnetically 1sotrop:|.c,
formed directly on the first magnetic layer; a first
chromium or chromium-alloy intermediate layer formed on
the second magnetic layer; a third magnetic layer, which
is magnetically anisotropic, formed on the first
intermediate layer; .a fourth magnetic layer, which is
magnetically' isotropic, formed directly on the third

‘magnetic layer; a second chromium or chromium-alloy
interlayer formed on the fourth magnetic layer; a fifth

magnetic layer, which is magnetically anisotropic, formed
on the second intermediate layer; and a_'sikﬁh.magnetic
layer, which is magnetically isotropic, formed directly
on the fifth magnetic .layer; wherein the magnetic
recording medium has an areal recording density of about
3 to about 20 Gb/in® and exhibits an Mrt of about 0.30 to
about 0.60 memu/cm?. o .
Additional objects and advantages of the present
invention will become readily apparent to those skilled

in this art from t:he foilowing detailed description,

wherein embodiménts of the invention are described,
simply by way  of illustration of the best mode
contemplated for carrying out the invention. As will be
realized, the invention is capable of other and different
embodiments, and its several details are capable of
modifications in various obvious respects; all without
departing from the invention. Accordingly, the drawings

'and-description_ are to be regarded as illustrative in

nature, and not as restrictive. .
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Brief Deacrlgtion of Drawings

Fig. 1 schematically depicts a conventional magnetlc
recording medium structure.
~ Fig. 2 schematlcally deplcts a magnetic recordlng
medlum in accordance with an embodiment of the present
invention. S
Fig 3. schematically depicts a magnetic recording
medium in accordance with another embodiment of the
present invention. _
Fig. 4 schematically depicts a magnetic recording

- medium in accordance with yet another embodiment of the

present invention.

Fig. 5 represents a superlmposed hystere51s curve
and switching: field distribution (SFD) of dual magnetic
layers in accordance with the present invention.

Fig. 6 is a graph showing the coercivity dependence
of a dual layer magnetic recording medium of the present

invention on the total Mrt of the magnetic layers.

Fig. 7 is a graph showing the dependence of S* and

the SFD of the dual magnetic layer medium of the Fig. 2

embodiment on the total Mrt.

: Descrigtien for the Invention

The present invention provides a magnetic recording
medium having a high. areal recording density, .for
longitudinal recdrding, in the range of about 3 Gb/in? to
about 20 Gb/in?, heving'a high coercivity and S*; at a
relatively low Mrt. Such high areal recording density in
conjunction with desirable magnetic properties is
achieved by the strategic use of dual magnetic layers.

In accordance with the present invention, a magnetic
recording medium is formed comprising at least one pair -
of sequentlally formed magnetic layers. In one
embodiment, a Cr or Cr-alloy underlayer is deposited on
a non-magnetic substrate, a first magnetic layer, which
is magnetically anisotropic, is deposited on the Cr or
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C_r-alloy underlayer, and a second magnet'ic layer, whiéh
is magnetically isotropic, is formed directly on the
first magnetic layer. 'Each magnetic layer of ' the

"magnetic recording medium of the present invention can
_ typically be deposited at a thickness of about 5A to
~about 200A and, together, the first and second magnetic
- layers constituting a first pair of magnetic layers

exhibit a substantially single coercivity.
Advantageously, .the magnetic recording medium in
accordance with the present invention exhibits an Mrt of
about 0.30 to about 0.60 memu/cm?, such as about 0.40 to
about 0.50 memu/cm’ for an areal recording de'nsity of

_about 5 to about 10 Gb/in?. The present invention easily

provides a magnetic recording medium having an areal
recording density of about 10 Gb/in?, an Mrt of about

©0.40 memu/ém, a coerc:.v:.ty in excess of about 3,000

Oersteds, and an S* of about 0.70 to about 0.895.

The reason unde:_:ly:Lng the achievement of a high
areal recording density, high coercivity and S*, and low
Mrt, by virtue of employing dual magnetic layers in
accordance with the present invention is. not known. It
is believed, however, that such a high areal recording
density and advantageous 't_nag_netic properties are
attributed to employing a pair of magnetic alloy layers
comprising a- magnetically isotropic 1layer deposited

directly on a magnetically anisotropic layer, wherein the
pair of magnetic layers, together exhibit a substantially

coercivity. A state of magnetic anisotropy is considered -

‘to exist when the orientation ratio, i.e., ratio of the

circumferential ‘coercivity to radial coercivity, is
greater than 1. - A state of magnetic 1sotropy is.
considered to exist when the orientation ratio is about

The magnet:.c 1ayers of ‘the present 1nvent10n can be
formed of conventlonal magnetlc materlals, such as Co-
base alloys. In an embodiment.of the present invention,
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the fi'rs't ma_ghétic' layer, which . exhibits magnetic
anisotropy, 'com_prises- cobalt, or an alloy of coba'lt,
chromiuin and tantalum (CoCrTa). The second magnetic
layer, which exhibits magnetic isotropy, comprises a
cobalt-base alloy layer, such as cobal_t-chromium-plat_inum
alloy (CoCrPt} or a_'c_obalt-chromium—platinum-tantalum
alloy (CoCrPtTa). _ _ |

According to present invention, an underlayer is
provided between the sub_strate- and the first magnetic
layer. The underlayer can comprise Cr or a Cr-alloy such
as chromium-vanadium (CxrV), or chromium-titanium (CrTi),
oxygen-doped chromium (CrO,), tungsten (W) or a W-alloy.
Any of various substrates conventionally employed in
producing magnetic recording media can be employed in the
maghetic recording media of the present invention. Such
conventional substrates include NiP-plated Al-alloys,

_ glass, giass-ceramic materials and carbon substrates,
e.g., electrically conductive graphite. Glass-ceramic

materials are typically formed by heat treating the
surface to form a thin crystallized layer of ceramic
thereon. Elect_r’ically' conductive graphites are desirable
for higher coercivities. In an embodiment of the present
invention, a NiP-plated Al-Mg alloy is utilized as the

"substrate.

The magnetic recording wmedium of the present
invention typically comprises a carbon overcoat on the
magnetic layers, and a lubricant topcoat on the carbon

- overcoat. The Cr or Cr-alloy underlayer, magnetic

layers, and . carbon overcoat can be applied in a
conventional manner, as by any of various sputtering
techniques employed in the production of magnetic

- recording media.

In a conventional magnetic recording medium, such as

that depicted in Fig. 1, the coercivity typically reaches
~a maximum. in the vicinity of an Mrt of 0.8 to 1.1

memu/cm’.  As the Mrt decreases from the coercivity
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maximum, coercivity and S* decrease' sharply and are

. simply not high enough for magnetic recording with an

areal recording density in excess of 3 Gb/in’. In
accordance with the present invention, a magnetic
recording medium with an areal recording density of about
3 to about 20 Gb/in? is achieved having high coercivity
and S* at a relatively low Mrt of about 0.30 to about
0.60 memu/cm?, such as about 0.40 to about 0.50 memu/cw?
for an areal density of about 5 to about 10 Gb/in?.

In order to achieve high areal density, it is
necessary to provide a magnetic recording medium

exhibiting a low Mrt. In accordance with the present

invention, a magnetic recording medium exhibiting a
relatively low Mrt with high coercivity is provided,
thereby enabling areal densities from 3 to 20 Gb/in? as

shown in Table 1 below.

TABLE 1
Areal Density 1 -
(Gb/in?) 3 5 10 | 20
Mrt - | -
{(memu/cm?) - o 0.6 0.5 0.4 0.3

A magnetic recording medium in accordance with one"

‘embodiment of the present invention is depicted in Fig. .

2 and comprises substrate 20, such as NiP-plated Al-Mg,
an underlayet 21, such as Cr or a Cr-alloy ﬁnderlayer,
héving a suitable thickness, such as about 100A to about
2000A. A pair of magnetic layers is provided on
underlayer 21 and comprises a first magnetic layer 22,
which is magnetically'-anisotropic,- such as a CoCrTa
alloy, and a second  magnetic layer 23, which is
magnetiéally isotropic,' such as_'a CoCrPtTa alloy,
deposited directly on first-mégnetic layer 22. A carbon
overcoat. 24 and a lubricant topcoat 25 are sequentially

deposited on the second magnetic layer 23. The carbon
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overcoat is deposited at a suitable thickness, such as

about 75A to about 200A, The lubricant topcoat is

-deposited at a suitable thickness, such as about 104 to

about 30A. Magnetic layers 22 and 23 each have a
thickness of ~about 5A to about 200A. The pair of
magnetic -layers 22 and 23, together, exhibits a

~ substantially single coercivity.

In another embodiment of the present invention, a
second pair of magnetic layers is deposited over the

' first pair of magnetic layers with a Cr or Cr-alloy

intermediate layer therebetween. Each pair of magnetic
layers comprises a magnetically isotropic layer deposited
directly on a magnetically anisotropic layer. One such
an embodiment is schematically depicted in Fig. 3 and
comprisee substrate 30, typically NiP-plated Al-Mg,
underlayer 31, such as a cr or Cr-alloy, first magnetic
layer 32, which is magnetically anisotropic, such as
CoCxTa, formed on underlayer 31, ‘and second magnetic
layer 33, which is magnetically isotropic, such as
CoCrPtTa, formed directly on lfirst magnetic layer 32. In
accordance with the Fig. 3 embodiment, an intermediate
layer 34, such as Cr or. a Cr 'alloy layer, is fdrm_ed on
the first pair _o_f'- dual magnetic layers 32 and 33, The
thickness .of the Cr intermediate layer 34 can range from
about 5A to about 100A. A second pair of magnetic layers
is then formed on intermediate layer 34 and comprises
third magnetic 1layer 35, which is wmagnetically
anis'otlropic, such as' a CoCrTa alloy, and a fourth
magnetic layer 36, which is magnétically isotropic, such
as CoCrPtTa, formed directly on third magnetic layer 35.

- Ae in the Fig. 2 embodiment ,' a carbon overcoat 37 and

lubricant topcoat 38 are provided s,equentia]_.ly over the
magnetic layers. ' |

- Bach m’agnétic' 1ayef 32, 33, 35 and 36, of the Fig.
3 embodiment can have a thickness of about 5A to about

- 200A. First magnetic iay_er 32 and second magnetic layer
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33 together exhibit a substantially single coercivity,
and third-magnetic layer 35_and fourth magnetic layer 36
toéether also exhibit a substantially single coercivity.
The thickness.of underlayer 31, carbon overcoat 37 and
lubricant topcoat 3B can be the same as the thickness of )

- the corresponding layéx in the Fig. 2 embodiment.

In the embodiment comprising two pairs of magnetic
layers, as depicted in Fig. 3, Cr interlayer 34 tends to
reduce media noise and S*. However, the second pair of
magnetic layers, 35 and 36, tends to increase coercivity
and S*. If s* is too low, the read-back sighal-and
overwrite. performance will suffer. If S* is tooc high,
media noise increases. By providing intermediate layer
34 and the second pair cf'magnetic.layers 35 and 36,
media performance is optimized. '

In another embodiment of the present invention,
three pairs of magnetic 'layers are provided with
intermediate layers deposited therebetween. Such an
embodiment is schematically depicted in Fig. 4 and
comprises substrate 40, typically NiP—plated Al-Mg, and

- underlayer 41, typically Cr or a Cr-alloy. The first

pair of magnetic layer comprises first magnetic layer 42,
which is magnetically anisotropic, such as CoCrTa, and
second magnetic layér 43, which is magnetically
isotrbpic, such CoCrPtTa, deposited directly on first
magnetic layer 42. A fifst intermediate layer 44, such
as Cr or a Cr-alloy, is provided on second magnetic'layer
43. A second 'pair':of magnetic 'layeré is then
sequentially deposited'comprising third magnetic layer
45, which is magnetically anisotropic, such as CoCrTa,
and fourth magnetic layer:46, which is nagnetiéally
isotropic, such as CoCr?tTa;'deposited directly on third
magnetic layer 45, A_secdnd intermediate layer 47, such

'as Cr or Cr-base alloy, is deposited'on-fourth magnetic

layer 46. A third pair of magnetic layers is then
deposited and comprises fifth magnetic layer 48, whiéh_is
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magnetically  anisotropic, such as CoCrTa, and s:.xth_.
magnetic layer 49, which is magnet:.cally isotropic, such )

' as CoCrPtTa, deposited directly on the fifth magnetic

layer 48. As in the Fig. z_end Fig. 3 embodiments, a
carbon overcoat 50 and lubricant topcoat 51 can be
applied. |

The thlckness of each magnetic layer, 42, 43, 45,
46, 48 and 49, can range from about 5A to about 200A.
First magnetic layer 42 and second magnetic layer 43,
together exhibit a substantially single coercivity; third
magnetic layer 45 and fourth magnetic layer 46, together,
also exhibit a Substantially'single coercivity; and fifth
magnetic layer 48 and sixth magnetic layer 49 also
exhibit.a substantially single coercivity. The thickness
of each intermediate layer 44 and 47 can range from about B
5A to about 100A. The thickness of underlayer 41, carbon

- overcoat 50 and lubricant topcoat 51 can be'the same as

the thickness of the correspondlng layer in the Fig. 2
embodiment. . '
The dual layer structure of the present invention is

~ believed to enable the obtainment of an areal recording

density of about 3 to about 20 Gb/in?. Each pair of
magnetic layers comprises a magnetically isotropic layer
deposzted dlrectly on a magnetlcally anlsotroplc ‘layer,
each having a suitable thickness, such as about S5A to
about 2004, so that each pair of magnetic layers exhibits
a substantially single coercivity. As shown in Fig. 5,

the dual 1layer. structure of the preeent 1nventlon
exhibits a substantlally single coerc1v1ty as shown by
the superimposed hysteresis curve and SFD as measured on .
a vibrating sample magnetometer (VSM).

: EXAMPLE
A magnetic.recording medium corresponding to the
embodiment depicted in Fig. 2. was prepared'having a first
magnetic layer of CoCrTa and a second magnetic layer of
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CoCrPtTa - deposited directly thereon. The substrate
comprised a textured NiP-plated Al-Mg. A Cr underlayer
was deposited on the textured substrate. The graph

depicted in Fig. 6 shows the coercivity dependence on the
total Mrt of the first and second magnetic layérs
measured with a VSM and a remanent moment magnetometer
(RMM) along the circumfefential direction of the disk.
It should be apparent that the coercivity of the dual -
layer medium;is at least 3,000 Oersteds in a range of 0.3
to 0.6 memu/cm®. L | _

The graph in Fig. 7 shows the dependence of S* and
the SFD of the dual layer magnetic recording medium
embodiment of the present invention depicted in Fig. 2 on
the -total Mrt, measured with a VSM along the
circumferential direction of the disk. It is apparént
that S* is suitably high even at an Mrt of 0.3 memu/cm?.

. Thus, in accordance with the present invéntion, a
magnetic recording medium is pfovided having an areal
recording density of about 3 to about 20 Gb/in?, high
coercivity of at least 2,500 Oersteds, typically above
3,000 Oersteds,'and high S*, typically about 0.70 to
0.95, Magnetic recording_media'in accordance with the
present invention can be advantageously employed for hard
disk drives using GMR heads. The nmgnetic recording

media of the present invention are not limited to any

particular substrate material, underlayer, interlayer,
protective overcoat or lubricant layer, or to any
particular magnetic alloy. | _

Only certain embodiments of the invention and but a

few examples of its versatility are shown and described

in the present invention. It is to be understood that
the invention is capable of use in various other
combinations and environments and is capable of changes
or modifications within the scope of the inventive
concept as expressed herein. ' | .
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1. A magnetic recordlng medlum comprlslng

a non- magnetlc substrate;

a chromium or chromium-alloy underlayer formed on
. the substrate; and _ ' :

5 - a plurality of magnetic layers sequentially formed

on the chromium or chromium-'_allo_y underlayer; wherein,
the magnetic recording medium has an areal recording
density of about 3 to about' 20 Gb/in? and exhibits an Mrt
of about 0.30 to about 0.60 memu/cm?.

2. The magnetic recording medium according to claim
1, which has an areal recording density of about 3 to
about 10.Gb/in® and exhibits an Mrt of about 0.40 to
-about 0.60 memu/cm?.

3. The magnetic recording medium according to claim
2, which has an areal recording density of about 5 to
about 10 Gb/in? and exhibits an Mrt of about 0.40 to
.about 0.50 memu/cm

4. The magnetic recofding medium according to claim
i1, comprising a _first -magnetic layer formed on the
chromium or chromium-alloy underlayer and a second
magnetic layer formed d:.rect:ly on the first magnetlc.

5 layer. '

5. The magnetic recording medium according to gléitﬁ
4, wherein the first magnetic -layer is magnetically
anisotropic and the éecbnd-magnetic layer is magnetically
isotropic. | '

is Sheet Has Been R laced
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6. The magnetic recording medium according to claim
4, wherein the first and second magnetic layers together
exhibit a substantially single coercivity. '

7. The magnetic recording medium according to claim
5, wherein the first and second magnetic layers together
exhibit substantially . a single coercivity.

8. Thé_ magnetic recording medium according to claim
7, wherein the first and second magnetic layers each have
" a thickness of about 5& to about 200A.

9. The magnet:l.c record:.ng medium according to claim
7. whereln -each of the first and second magnetlc layers
comprlses cobalt. o

10. The - magnetié recording medium according to
claim 9, wherxrein the f:Lrst magnet:.c layer consists
essentlally of cobalt:

11. The magnetic recording medium according to
‘claim 9, wherein the first rriagnetic_: layer comprises a
.cobalt-base alloy containing chromium and tantalum.

12. The magﬂetic recording medium according to
claim 11, wherein the second magnetic layer comprises a
cobalt-base alloy containing chromium and platinum.

13. The magnetic reco'rdihg medium  according to
claim 11, . wherein the s’eCond'magnetic layer comprises a
cobalt-base alloy conta:.nlng chromlum, platinum and
“zantalum. o ' '

14. The magnetic recording medium according to
claim 1, wherein the substrate comprises nickel-

This Sheet Has Been qul ced
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phosphoroﬁs.pleted'aluminum, a niekel—phosphorous plated
aluminumrbase_allpy, a glass or a glass ceramic material.

15.. The magnetic recording medium according to

claim 14, further comprising a carbon overcoat on the

- second magnetic layer end3a.1ubricant topcoat on the
‘carbon overcoat.

-16. The nagnetlc recording medium accordlng to
clalm 1, which exhibits a coerc1v1ty in excess of about
2,500 Oersteds and a coerc1v1ty squareness of about 0.70
to about 0. 9s.

17. The magnetic recording medium according to
claim 16, which exhlblts a coerc1v1ty of about 3,000 to
about 3,500 Oersteds.

18. The nmgnetic'recording'uwdium according to
clalm 5, further comprising: - :
a first chromium or chromlum-alloy intermediate
layer on the second magnetic layer;
5 a third magnetic layer, which is magnetically
anisotropic, formed on the first intermediate layer; and
a fourth maghetic layer, which is 'magnetically'
isotropic, formed directly on the third magnetic layer.

is9. The magneticfreeording medium according to
claim 18, further comprising:
a chromlum underlayer formed on the non-magnetlc
substrate, ' ' '
5 - 1 a carbon overcoat formed on the fourth magnetic
' 'iayer ; and |
a lubrlcant topcoat formed on the carbon overcoat.

20.. The magnetic recording medium according to
claim 18, wherein: the first and second magnetic layers
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together exhibit a su'bstantially.single coercivity; aﬁd
_ ' ‘the ‘third. and fourth magnetic layers together exhlblt a
5 : substant:.ally sz.ngle coerc:.v:.ty '

_ 21. The magnetic recording medium according to
claim 20, wherein the first, second, - third and fourth
magnetic layers each have a thlckness of about SA to
about 200A. '

22. The magnetic recording -medium according to
cla:Lm 13, further compr:.s:.ng )

a first chromium or chromlum alloy :Lntermed:.ate
layer formed on the second magnetic layer;

5 -a - third magnet:.c layer comprising a cobalt base
' alloy containing  chromium and tantalum, which is
magnetically “anisotropic,  formed on the first

intermediate layer, and
a fourth magnetic layer comprls:mg a cobalt-base
10 ~ alloy containing chromium, platinum and tantalum, which
is magnetically isotropic, formed direotly on the third
magnetic layer. '

23, The magnej:ilc recording medium according to
claim 22, further oomprising a chromium or chromium alloy
underlayer formed 'bet;Ween the non-magnetic substrate and
the first magnetic layer, a carbon overcoat formed on the

5 - fourth magnetzc layer, and a lubrlcant topcoat formed on
' the carbon overcoat.

24. The 'magnetlic recording medium according to
claim 18, further comprising: _
a second chrom:l.um or chromium-alloy 1ntermed1ate
layer formed on the fourth magnetic layer;
5 a fifth_magnetic layer, which is magnetically
an:i._sotrop'ic,'form_e_d ‘on the 'secon.d. intermediate layer; and
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a sixth ‘magnetic _layef,' which is -magnetiéally

isotropic, formed directly.oh,the fifth wagnetic layer.

25, The:magnetic recording medium according.to
claim 24, further comprising a chromium or chromium alloy
underlayer formed between the non-magnetic substrate and
first magnetic layer, a carbon overcoat formed on the
sixth magnetic layer and a lubricant topcoat formed on:
the carbon overcoat._ ' '

26. The magnetic recording medium according to
claim 24, wherein: _ _

‘the first and second magnetic layers together
exhibit a substantially single coercivity; o

the third and fourth magnetic layers together

~exhibit a substantially single coercivity; and .

fifth and sixth magnetic layers together exhibit a

substantially single coercivity.

27. The magnetic recording medium according to
claim 26, whereln the first, second, third, fourth, flfth
and sixth magnetic layers each have a thickness of about

'5A to about 200A

28. The nagnetlc recording medium accordlng to
claim 22, further compr1s1ng

a second chromium or chromlum alloy intermediate
layer formed on the fourth magnetlc layer,

a - fifth nﬁgnetlc layer comprising a cobalt-base
alloy containing chromium and tantalum, - which is

magnetically anisotropic,f- formed on the second

intermediate layer; -and
a sixth magnetic layer cbmprising a cobalt-base -
alloy containing chromium, platinum and tantalum, which

is magnetically 1sotrop1c, formed directly on the fifth
magnetic layer.
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"29. " The magnetic recordlng medium accordlng to
claim 28, further compr:.s:l.ng a ‘chromium or chromium alloy
underlayer formed between the non magnetic substrate and
the first magnetic layer, a carbon overcoat formed on the

5 sixth-magnétic.layer, and a lubricant topcoat_formed on
the carbon overcoat. ' ' '

. 30. The magnetic recording medium éccording to
claim 22, wherein the first intermediate layer has a
thickness of about sA to about 100A.

31. The magnetic recording wmedium according to

‘claim 24, wherein each of the first and - second

. intermediate layers has a thickness of about SA to about
100A. '

32, A disk drive system comprising. a giant
magnetorestrlctlve recording head and the magnetlc
recording medium according to claim 1.

33. A magnetic recording medium comprlslng._

'~ a non-magnetic substrate; '
an-underlayer.formed on the substrate; and
a'plurality of magnetic layers segquentially formed

5 on the underlayer; wherein, the magnetic recording medium
has an-areal recbrding dénsity of about 3 to about 20
Gb/in?® and exhlblts an Mrt of about 0.30 to about 0.60
memu/cm?.

34. 'The magnetid recording medium according to
“claim 1, wherein the underlayer comprises chromium, a
- chromium-alloy, oxygen—dbpgd_'chromium, tungsten or a

tungsten-alloy. ' '
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