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BICRYSTAL CLUSTER MAGNETIC RECORDING MEDIUM

Technical Field _
The present invention relates to a magnetic

recording medium, such as a thin film magnetic recording
disk. The invention has particularly applicability to a
low noise, high density, magnetic recording medium.

Background Art :
The requirements for high areal recording density

impose increasingly greater requirements on thin film
magnetic recording media in terms of coercivity, remanent
squareness, low medium noise and narrow track recording
performance. It is extremely difficult to produce a
magnetic' recording medium satisfying such demanding
requirements, particularly a high density magnetic rigid
disk medium for longitudinal recording.

The linear recording density can ‘be increased by
increasing the coercivity of the magnetic recording
medium. However, this objective can only be accomplished
by deéreasing the medium noise, as by maintaining very
fine magnetically noncoupled grains. Medium noise is a
domihant factor restricting increased recording density
of high density magnetic hard disk drives. Medium noise
in thin films is attributed primarily to inhomogeneous
grain size and intergranular exchange coupling.
Therefore, in order to increase linear density, medium
noise must be minimized by suitable microstructure
control.

A con\}entional longitudinal recording disk medium is
depicted in Fig. 1 and comprises a substrate 10,
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typically an aluminum (Al) alloy, éuch as an aluminum-
magnesium (Al-Mg) alloy, plated with a'layér of amorphous
nickel -phosphorous (NiP). Substrate 10 generally
contains sequentially deposited thereon a chromium (Cr)
underlayer 11, a cobalt (Co)-based alloy magnetic layer
12, a protective carbon overcoat 13 and a lubricant 14.
Cr underlayer 11, Co-based alloy magnetic layer 12, and
protective carbon overcoat 13 are typically deposited by
sputtering teéhniques . The Co-based alloy thagnetic layer
typically comprises polycrystallites épitakially grown on
a polycrystal Cr underlayer. '

The conventional NiP plating on the Al-alloy
substrate is provided primarily to increase the hardness
of the Al-alloy substrate, thereby providing a suitable
surface for polishing to provide the requisite surface
roughness or texture. The NiP coating is typically
applied by electroless plating to a t;hickn‘és‘s of about 15

‘micrometers.

Werner et al., U.S. Patent No. 4,900,397, préposed
the use of Radio Frequency (RF) sputter etching to remove
surface deposits on a conventional NiP coating of Al-
alloy substrates, followed by oxidization, to improve
adhesion of a Cr underlayer. Doerner et al., U.S. Patent
No. 5,302,434, found it difficult to obtain high
coercivity on superpolished untex_tured NiP coated
substrates, and proposed annealing ‘in air to form a
nickel oxide film on the surface of the NiP coating for
enhanced coercivity. The s,mooth'surf.ace of the polished
NiP layer was maintained through subsequent layers. The
nickel oxide film was also said to reduce modulation by
altering the crystallographic orientation of the
underlayer and magnetic layer. ' '

Other substrate materials have been employed, such
as glasses, e.g., an amorphous glass, and glass-ceramic
materials which comprise a mixture of amofphous and
crystalline materials. Glass-ceramic materials do not
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normally exﬁiblt a crystalline surface. Glasses and
Iglass;ce_ramics genei‘al_ly exhibit high resistance to
shocks. The use of glass-based materials, such as glass-
ceramic materials, is disclosed by Hoover et al., U.S.
patent No. 5,273,834, | |
‘Magnetic films exhibiting.  a bicrystal cluster
microstructure have been the subject of recent

'invest'igations, due to an expected high coercivity, low

noise, and high remanent squareness. However, bicrystal
cluster magnetic films have not proved to be commercially
feasible. Wong et al. (IEEE Trans. Magn., ‘MAG-27, p.
4733, 1991), Mirzamaani et al. (J. Appl. Phys., 69, p.
5169, 1991), Min and Zhu (J. Appl. Phys., 75, p. 6129,
1994), Ding and Zhu (IEEE Trans. Magn., :MAG-30, p. 3978,
1994) and Futamoto et al. (IEEE Trans. Magn., MAG-30, p.
3975, 1994) successfully produced bicrystal media on
single crystal substrates. Ye and Zhu employed computers
to simulate a bicrystal structure (J. Appl. Phys., 75, p.

.6135, 1994). However, the production of actual bicrystal
:"‘cluster media corresponding to the computer generated
‘ideal microstructure of Ye and Zhu has been elusive.

Bicrystal cluster structures were produced in Cr/Co
alloys deposited on NiP coated Al substrates by Nolan et
al. (J. Appl. Phys., 73, p. 5566, 1993), Peng et al.
(JA-01, Intermag Conference, San Antonio, Texas, April
1995) and Hosoe et al. (JA-02, Intermag Conference, San
Antonio, Texas, April 1995). See also Ding et al.
"Fabrication and Recording Performances of Bicrystal
Disks on GaAs Substrates", Journal of The Magnetics
Society of Japan, Vol. 18, Supplement, No. S1 (1994) and
'Ding et al., "BExperimental Study on Recording and Track
Edge Characteristics of Bicrystal Thin Film Media", IEEE
Trans. Magn., MAG-31, p. 2827, 1955. However, magnetic
recording wmedia comprising é. bicrystal cluster
microstructure have not achieved any practical utility in
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‘the marketplace, presumably due to costly 31ng1e crystal

substrates and complex productlon requlrements.

There exists a need to produce magnetlc rigid disk
media for longltudlnal recordlng with low medlum noise
and high coercivity. There also exists a need to

" implement the theoretical advantages of bicrystal cluster

media for commercial applications in a cost-effective
manner. '

Disclosure of the Inveptioh

The object of'the present invention is a magnetic
recording  medium ekhibitingﬁ low noise and high
coercivity. | ' | _

Another object of the present 'inventioﬁ is a
magnetic recording medium comprising a magnetlc layer
having a blcrystal cluster microstructure. _

Additional objects, advantaige's'and'other features of
the invention will be set forth in part 1n the
description which follows and in part will" become
apparent to those having ordlnary skill in the art upon
examination of the following or may he'ieerned from the-

practice of the invention. The objects and advantages of

the invention may be realized and obtained as
particularly pointed 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 substrete comprising a
glass or a glaSs-ceramic material; a seed layer on the
substrate; an underlayer on the seed layer, and a
magnetic layer on the underlayer; whereln the magnetic
layer comprises a bicrystal cluster mlcrostructure,
Another aspect of the preeent invention is a
magnetic recording medium comprising: a substrate
comprising a glass or a giass-ceremic' material; a
surface-oxidized seed layer on 'the',substrate; an
underlayer, having a (200) crystallographic texture, on
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the seed layer; and a magnetic layer on the underlayer;
wherein, the magnetic layer comprises a bicrystal cluster
microstructure, and the magnetic recording medium
éxhibits a.signal-to-noise ratio greater than about 15 dB
measured at 127 KFCI (thousand flux reversals per inch).

Additional 6bjects and advantages of the present
invention will become readily apparent to those skilled
in this art from the following detailed description,
wherein embodiments 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.

; rigf Descrigtzon of Drawzngs

Fig. 1 schematlcally'deplcts a conventional magnetic
recording medium structure.

Fig. 2 schematically depicts a bicrystal cluster
microstructure in accordance with the present invention.

Fig. 3 schematically depicts a magnetic recording
medium structure in accordance with an embodiment of the

present invention.

Fig. 4 represents an X-ray diffraction curve of a

.Cr/Co alloy film exhibiting a bicrystal cluster

microstructure in accordance with the present invention.
Fig. 5 represents an X-ray diffraction curve of a
Cr/Co alloy film which does not exhibit a bicrystal
cluster microstructure.
Fig. 6 represents a comparison of the signal and AC
erased noise spectra for samples with and without a
bicrystal cluster microstructure.

PCT/US96/20153
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Description of the Invention
The present invention prov:.des a magnetlc recordlng

"medium having high coercivity, high remanent squareness

and, significantly, low medium no_:Le, ' suitable for
commercial applications in an efficient and cost-
effective manner. Magnetic recording media produced in
accordance with the present invention exhlblt S1gnal -to-
noise ratios in excess of about 15 dB, 1nclud1ng in
excess of about 20 dB measured at 127 KFCI. Such highly
desirable magnetic recording wmedia are achieved by
depositing and epitaxially growing a magnetic alloy layer
having a bicrystal cluster microstructure.
Significantly, in accordance with the p_resent ihvention,
a magnetic alloy film having a bicrystal cluster
microstructure is achieved in ‘a hlghly efficient,

inexpensive and simplified manner w:.thout the requlrement
for a single crystal substrate. The present 1nventlon
provides a magnetic recording medlum comprlslng a
magnetic alloy layer exhibiting a blcrystal ‘cliister
microstructure on a substrate of a glass or a glass-
ceramic material.

A bicrystal cluster microstructure, as formed in the
present invention, is characterized by clusters of
multiple magnetic crystallites, each cluster 'epitaﬁcially
grown on a single grain of an underlayer. 1In bic'rystal
cluster layers, polycrystal magnetic aliéy layers exhibit
a preferred orientation. In employing a Co-based alloy,
(11.0) planes exhibit a preference for alignment parallel
to the layer plane. In each cluster, the C axes of Co-
based alloy subgrains lie along two orthogonal
directions. The C axes of subgrains of different
clusters are randomly distributed in the film plane. See
the Ding et al. publication previously mentioned.

In accordance with the present  invention, a thin
magnetic alloy layer having a Dbicrystal " cluster
microstructure is formed employing a substrate made of a
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relatively iﬁexpensive glass or glass-ceramic material.
The obtainment of a bicrystal cluster miérostructure in
the magnetié alloy layer is achieved by controlling the
crystallographic orientation of the underlayer. For
example, it has been found that an underlayer, such as a

Ccr underlayer, formed with a (200) crystallographic

orientation, induces a bicrystal cluster microstructure
in a magnetic alloy layer deposited and epitaxially grown
thereon. The underlayer, however, is not confined to Cr,
but can comprise a chromium vanadium alloy (CxV) or a
chromium titanium alloy (CrTi). If the underlayer
texture is (110) wvis-a-vis (200), a bicrystal cluster
microstructure will not be developed in a magnetic alloy
layer deposited and epitaxially grown thereon.
A'bicrystal cluster microstructure obtained in the
present invention is depicted in Fig. 2, wherein Cr
underlayer 20 is shown with a Co-based alloy layer 21
formed thereon. Co-alloy layer 21 comprises bicrystal

_.'._.'_'clusters 22 formed on the Cr underlayer having a (200)
.'c:_rysta.llog_raphic texture or orientation.  Arrows 23
designate the C axes of the deposited Co-based alloy

microstructure. The formation of an underlayer with a
(200) crystallographic orientation enables the obtainment
of a bicrystal cluster microstructure in a magnetic alloy
layer epitaxially grown on the underlayer. For example,
by 'providing a Cr underlayer with a  (200)
crystallographic orientation, a Co-based alloy magnetic
layer epitaxially grown thereon exhibits a preferred
orientation, i.e., (11.0) planes exhibit a preference to
be parallel to the layer plane. Cr (200) planes also
prefer to be aligned parallel to the layer plane. Thus,
a Co-based alloy layer consisting of polycrystallites is
epitaxially grown on a polycrystal Cr underlayer with the
C axes of the subgrains of different clusters randomly
distributed along two orthogonal directions in the layer
plahe. Therefore, the present invention does not require
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‘a single crys'tal substrat’:e’ Rather, a glass or glass—

ceramic material can be employed and a seed layer

"provided thereon which enables the depos:.t:.on of an

underlayer hav1ng a (200) crystallographlc orlentatlon
which, in turn, enables the formation of a magnetic layer

"exhibiting a bicrystal cluster mlcrostructure on the

underlayer. _ _

In ah embodiment of the present invention, an
underlayer having a (200) cryst'allo'g'i'aphic orientation is
achieved by providing a seed layer on a glass or glass-
ceramic substrate, ‘which seed 1ay_éf' induces a (200)
crystallographic orientation in the uhderiayer. The seed
layer can be any material capable"of inducing a (200)
crystallographic orientation in an uhdeflayer deposited
thereon. For example, the seed layer can comprise a
material such as Nl,P NiP, or tantalum (Ta).

It has been found advantageous to prov:.de the seed
layer with a surface roughness to- fac_llltate 1nducement
of a (200) crystalllographic orientation of the'ov_.'er_iying
underlayer. The seed layer can be provided with an
appropriate surface roughness by roughening, as by acid

"etching or oxidation. Thus, in an embodiment of the

present invention, a seed layer' is dépios’ited on a glass
or glass-ceramic material substrate and oxidized in
accordance with the techn:.que dlsclosed in copending
application serial no. 08/586,529, the entlre disclosure
of which is incorporated herein by r.e_ference. For
example, oxidation can be conducted in an oxidizing
environment, such as air, oxygezi or a mixture of an inert
ges and oxygen." | _ | _

An embodiment of the present invention is
jllustrated in Fig. 3, wherein a substrate 30', such as a
glass~ceramic substrate, is p_rovided'wi'th an oxidized
seed layer, such as Ni,P or NiP. An underlayer 32, such
as Cr, is deposgited thereon, and lﬁag'ne'ti'c alloy layer 33,
such as a Co-alloy, is epitaxi'aliy grbw_n on underlayer 32
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and exhibitsna bicrystal cluster microstructure. As in
the conventional magnetic recording media shown in Fig.
1, an overcoat 34, such as carbon, is provided on
magnetic ailoy layer 33, and a lubricant 35 is provided
on overcoat 34. _ |

| The use of a seed layer 31 in connection with a
glass or glascheramic substrate is totally different
from the use of a conventional NiP plating on Al-alloy
substrates. An NiP plating is provided on. Al-alloy
substrates primarily for increased hardness and to
provide a surface amenable for texturizing, wherein the
subsequently deposited conformal layers engender a
desired'external surface roughness. However, in.the
present invention, a seed layer is provided to reduce the
:emissivity of the substrate and to affect the structure

‘of the underlayer so that it exhibits a (200)

crystallographic orientation. Thus, the seed layer of
the present invention need only have a thickness of about

"200A to about 20004, such as about 5004 (0.05
iﬁicrometexs),_ and . can be applied by physical vapor

deposition. .

The substrates employed in the claimed invention can
advantageously comprise any of various glass or glass-
ceramic materials, such as those which have been employed
as substrates for magnetic recording media. . Glass-
ceramic materials are typically formed by a heat
treatment .of the surface to form a thin crystallized
layer of ceramic thereon. Some forms of conventional
glass-ceramic material are referred to as "Ohara glass."
The substrate can have a surface average roughness Ra of
about 2A to about 100A, such as about 5A to about 20A.

The underlayer employed in the present invention can
comprise any of various materials conventionally employed

as an underlayer in the production of magnetic recording

" media, such as Cr, CrV or CrTi. The underlayer can be

deposited in any conventional manner, as by chemical
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' vapor d‘epo'sit'ion, physical vapor ' depos:.tlon, or

sputtering. ‘The thn.ckness of the underlayer 'should be

sufficient to affect the c,rystallog_raphlc orientation of

the magnetic alloy layer deposited thereon, and can be
optimized in a particular situatiOn. It has been found
that an underlayer thlckness of about 1OOA to about-
2000A; such as about SSOA is suff:.c:.ent

The magnetic 1ayer of the present J.nvent:l.on can
comprise any magnetic’ alloy conventlonally employed in
the production of magnetlc record:.ng med:La. Such alloys
include, but are not llmlted to, Co- base alloys such as
cobalt-chromium (CoCr) ' cobalt chromium-tantalum
(CoCrTa), cobalt- nlckel chromlum ' (CoN1Cr) cobalt-
chromlum—platlnum-tantalum (CoC’rPtTa) , cobalt- chromium-
platinum ' (CoCrPt), cobalt nickel- platlnum (CoNiPt),
cobalt-nickel- chromium-platlnum (CoN1CrPt) and cobalt-

- chromium-platinum-boron (CoCrPtB) The thickness of the
" magnetic layer J.S con81stent with conventlonal practlces'

in manufacturing magnet::.c recordlng media. A Coibase
alloy having a thickness of about 1004 to ‘about "1000A
thick, such as about 200A to SOOA has been found
suitable. L i '

Magnetic recordlng medJ.a manufactured 1n accordance
with the present 1nventlon exh1b1t hlgh coerc1v1ty and,
significantly, low medlum noise. In accordance with the
present invention, coercivities can be achieved ranging
from 1000 to 10000 Oersteds, such as 1700 to 3000
Oersteds. In addition, magne'tic recording media are
obtained wherein the E151:o<:it.1c_t: " of the remanent
magnetization and f£ilm 'thickn'e'és (Mrt) is about 0.4 to
about 3.0 memu/Cm?, such as about 0.6 to about 1.2
memu/cm?® for magnetores:.st medJ.a, and about 1.8 to about
2.8 memu/cm® for inductive medla.

As in conventional magnetlc recordlng medla, a
protective overcoat can be depos:.ted on the wmagnetic
layer by any conventional means, such as sputtering.
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Overcoats can comprise carbon, including hydrogenated
carboﬁ}_éilig n carbide (8iC), zirconium oxide (ZrO,) or

‘a carbon nitride (CN) . The overcoat is provided in a

thickness suitable to protect the underlying layers. 2an
overcoat having a thickness of about 50A to about 3004,
such as about 1004 to 200A has been found suitable.

As in conventional magnetic recording media, a layer:
of a lubricant can be applied on the overcoat. The
lubricant can be provided in any suitable thickness. A
lubricant thickness of about SA to 50A, such as about 10A
to about 20A, has been found suitable.

EXAMPLE o _

In order to demonstrate the effectiveness of the
present invention, comparison testing was conducted on
two different. magnetic recording media produced-under
identical conditions with identical equipment except as
otherwise = indicated. Glass-ceramic substrates ‘were

employed having an average_su:facé roﬁghness Ra of 10A on

which were sequentially sputter deposited a seed layer of
Ni,P, a Cr underlayer, a Co-based magnetic alloy and a
carbon_bvercoat. The Co-based magnetic alloy comprised
15 at. $ Cr, 11 at. % Pt, 4 at. % Ta, and the balance Co.
The Ni,P seed layer had a thickness of about 500A, the Cr
underlayer a thickness of about 550A, the Co-based
magnetic alloy a thickness of about 240A and the
protective carbon layer a thickness of about 190A. The
seed layer, underlayer and magnetic alloy layers were
sputtered deposited at about 10m Torr of argon pressure.
The sputter power density of Ni,P was 10.3 Watts/cm?; the
sputter power density of the Cr underlayer was 7.3
Watts/cm?; and the sputter power density of the Co-based
magnetic alloy was 13.2 Watts/cm?®. In all cases, no
substrate bias was employed.

In Sample 1, representative of the present
invention, the seed layer‘_was oxidized; whereas, in
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(Comparative) -Sample 2, the seed layer was not ox1d12ed
This was essentially the only dlfference between Sample

-1'and (Comparative) Sample 2. Photographs and electron

diffraction patterns of Co-based magnetlc alloy layers of
Sample 1 and (Compara_tlv_e) Sample 2 were obtained
employing high resolution transmission electron
microscopy (HRTEM) . The': Co-based alloy tﬁagnetic layer of
Sample 1, accoxrding to the present inifeﬁtion, exhibited
a bicrystal cluster m:.crostructure, whereas the Co-base
magnetic alloy of (Comparative) Sample 2 did not exhibit
a bicrystal cluster microstructure.

The diameter of the plane view image of the
bicrystal cluster of Sample 1 was measured at about 150A-
300A. Although the shape of the 1mage is not a perfect
circle, the term "diameter" of the cluster and the
subgrain is employed to represent the length of the line
connecting the farthest two points i"n"the boundary of the
image of the cluster and"subgrain’". “The diameter of the
plane view image of the subgraln is about S0A to about
200A. No such bicrystal clusters are’ apparent “from
(Comparative) Sample 2. “ '

Fig. 4 and Fig. 5 are X-ray 'diffraction curves of
Sample 1 and (Comparatlve) Sample 2, respectlvely It is
apparent from Fig. 4 that the magnetic _recordlng medium
of the present invention comprises a'Cr underlayer having
a (200) crystallographic orientation and a Co-based alloy
magnetic layer thereon having 'a bicrystal cluster
microstructure. The o'nl'y' Cr peak found in the X-ray
diffraction pattern of the b1crystal cluster medla shown
in Fig. 4 is (200); the (110) Cr peak is not visible.
However, as apparent from Fig. S, ‘the Cr ‘underlayer of
(Comparative) Sample 2, wherein the Co-based alloy
magnetic layer did not ex_hibit "a bicrystal cluster
microstructure, has a cry's'ta_llographic' orientation of
(110). '
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Advantages of the present invention are apparent

ich presents a comparisen.of the signal and

alternating current (AC) erased noise spectra of Sample
1 and (Comparative) Sample 2 measured at 30.4 MHz with a
HP 3588A spectrum analyzer and Guzik 312 spin stand using
an inductive write head and a magnetoresist (MR) playback
head. @™  Sample 1 exhibits a bicrystal cluster
microstructure; whereas, (Comparative) Sample 2 does not
exhibit a bicrystal cluster microstructure. The narrow
band noise, which is due to the +texture of the
substrates, and the signal output of bdth samples are
basically the same. The wmedium transition noises,
however, are significantly different. The signal-to-
medium noise ratio (SNR) of Sample 1 and (Comparative)
Sample 2 are 20.2 dB and 15.2 dB, respectivély. Thus,
Sample 1 in accordance with the present invention enjoyed
an improvement in SNR of S5 dB, which reflects l_a_' 78%
improvement in performance. -

In t:onducting the comparative testing, the

.dépositiori' conditions of the Ni,P seed 1layer, Cr

underlayer," Co-base alloy magnetic layer and carbon
overcoat of Sample 1, such as target power, argon
pressure, pallet transfer speed, are identical with those
of (Comparative) Sample 2, respectively, except for the
deposition temperature.  Both samples have similar
coercivity (Hc) and the product of remanent magnétization
and film thickness (Mrt). The substrate temperature was
slightly different due to an adjustment to obtain a
similar coercivity for each Sample. The Cr underlayer of
(Comparative) Sample 2 was grown on a freshly deposited
Ni,P seed layer; whéreas, in Sample 1 representative of
the present invention, the surface of the Ni,P layer was
oxidized. Oxidation was conducted at a temperature of
about 100°C' in an atmosphere of about 10m Torr of é.bout:
80% Ar and about 20% oxygen for about one minute.
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Table 1 ‘shows the magnetlc propertles of Sample 1
and (Comparative) Sample 2 measured w1th a remanent
moment magnetometer (RMM). '

TABLE 1

Sample Her (Oe) Mrt (memu/cm?)
Sample 1 2395 " 0.80

Sample 2 2440 © L 0.79

Sample 1 exhibits a 5 dB improvement in signal-to-
medium-noise ratio vis-a-vis (Comparative) Sample 2,
although both Samples contain the same Co-based magnetic
alloy and exhibit a similar ceerciyit;y and Mrt. The
dilfference in medium noise of these two media is
attributable to the microstructure of the Co-based alloy
magnetic layer. The medium noise of the Co-based alloy
magrietic layer exhibiting a. blcrystal cluster
microstructure is significantly reduced vis- a;vis the
same Co-based alloy magnetic 1ayer whlch does not exhibit
a bicrystal cluster mlcrostructure

The present invention 1s not llmlted to the specific
examples disclosed herein or spec:.f:.c mater:.als employed.
The magnetic recording media of the present invention can
comprise any of various types of glass or glass- ceramic
substrates, and varioue types of magﬁet_ic alloy layers,
including various Co-based alloy megn_etic_ layers. The
underlayer of the present magnetic recording media is not
limited to Cr, but can comprise varlous other materials,
including metals exhlb:l.t_lng a cublc polycrystal
structure, such as CrV "_or CrTi. The magnetic recording
media of the present inve_ntj_.en enjoy u_tility in various
applications, particularly 't_hose epplications wherein
high density is required, such as a megnetic rigid disk
medium for longitudinal recording.
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Only certain embodiments of the invention and but a
few exampleskgg its versatility areﬂghown and described
in the preseﬂEmdisclosure. 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 recording medium comprising:

a substrate comprising a glaés or a_glaSS-ceramic
material; | '

a seed layer on the substrate;

an underlayer on the seed layer; and

a magnetic layer on the underlayer; wherein the
magnetic layer comprises a bicrystal cluster
microstructure.

2. The magnetic recording medium according to claim
1, wherein the surface of the seed layer adjacent the
underlayer is roughened.

3. The magnetic recording medium according to claim
2, wherein the surface of the seed layer adjacent the
underlayer is oxidized. 0

4. The magnetic recording medium according to claim
2, wherein the surface of the seed layer adjacent the
underlayer is roughened by etching.

5. The magnetic recording medium according to claim
1, wherein the underlayer has a (200) crystallographic
orientation.

6. The magnetic recording medium according to claim
5, wherein the ratio of peak intensity of Cr (200) peak
to that of Cr (110) peak, measured with an X-ray
diffractometer (XRD) in the theta-2 theta mode, is not
less than 10.
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7. The dagnetic recording medium according to claim

1; wherein the seed layer comprises a material selected
from the group consisting of Ni,P, NiP and Ta.

8. The_magnetic recording medium according to claim
7, wherein the seed layer has a thickness of about 2004
to about 2000A.

9. The magnetic recording medium according to claim
8, wherein the thickness of the seed layer is about 500A.

10. The magnetic recording medium according to
claim 1, wherein the substrate has a surface average
roughness Ra of about 2 to about 100A.

11. The magnetic recording medium according to
claim 10, wherein Ra is about 5 to about 20A.

12. The magnetic recording medium according to
claim 1, wherein the underlayer comprises Cr, CrV, or
CrTi.

13. The magnetic recording medium according to
claim 12, wherein the thickness of the underlayer is
about 100A to about 2000A.

i4. The magnetic recording medium according to
claim 13, wherein the thickness of the underlayer is
about S50A.

15. The magnetic recording medium according to

claim 1, wherein the magnetic layer comprises a Co-based

alloy.

16. The magnetic recording wmedium according to
claim 15, wherein the Co-based alloy is selected from the

This Sheet Has Been Reﬂlaced
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group consisting of CoCr, CoCrTa,' CoNiCr, CoCrPtTa,
CoCrPt, CoNiPt, CoNiCrPt and CoCrPtB.

17. The maénetic recording medium according to
claim 15, wherein the thickness of the magnetic layer is
about 100A to about 1000A.

18. The magnetic recording medium according to
~claim 17, wherein the thickne$s'of the magnetic layer is
about 200A to about 500A.

19. The magnetic recording'medium according to
claim 1, wherein the magnetic film has a coercivity of
about 1000 to about 10000 Oersteds. ' | '

20. The magnetic recording medium according to
claim 19, wherein the coercivity is about 1700 to about
3000 Oersteds. ' '

'21. The magnetic recording medium according to
claim 1, wherein the product of remanent magnetization
and film thickness (Mrt) is about 0.4-3.0 memu/cm’.

22. The magnetic recordlng medium accordlng to
claim 21, wherein the wmedium is a magnetore51st medium
and the product of remanent magnetization and film
thickness Mrt is about 0.6 to abbut 1.2 hemu/cnﬁ,

23. The magnetic recording medium according to
claim 21, wherein the medium is an inductive medium, and
the product of remanent magnetization and film thickness
Mrt is about 1.8 to about 2.8 memu/cm’{

24. The magnetic recording medium according to
claim 1, further comprising an overcoat on the magnetic
layer. '
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25. The magnetlc recording medlum according to
claim 24, whereln the overcoat is sputtered deposited.

26. The magnetic recording medium according to
eiaim 24, wherein the overcoat comprises a material
selected from the group consisting of carbon, SiC, Zr0,
and CN.

27. The magnetic recording medium according to
claim 24, wherein the thickness of the overcoat is about
50A to about 300A.

28. The magnetic recording medium according to-
claim 27, wherein the thickness of the overcoat is about
100A to about 200A.

29. 'The magnetic recording medium according to
claim 24, further comprising a lubricant layer having a
thickness of about 5A to. about 50A on the overcoat.

30. The magnetic recording medium according to
claim 29, wherein the thickness of the ]._ubricant is about
10A to about 20A.

31. The magnetic recording medium according to
claim 1, wherein the medium is a thin film magnetic
recording disk.

32. The magnetic recording medium according to
claim 31, for longitudinal recording.

33. The magnetic recording medium according to
claim 1, wherein the seed layer is sputtered deposited.
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34. The magnetic recording medium according to
claim 1, wherein the magnetic layer is sputtered
deposited. ' '

35. The magnetic recording medium according to
claim 1, having a signal-to-noise rad:x.o in excess of
about 15 dB measured at 127 KFCI.

36. The magnetic recording medium according to
claim 35, hav1ng a signal-to- -noise ratio in ‘excess of
about 20 dB measured at 127 KFCI. '

37. A magnetic recording medium comprising:
a substrate coﬁprising a glass or a glass-ceramic
material; ' o
a surface-oxidized seed layer on the substrate;
5 an underlayer having a (200) crystallographic
orientation on the seed layer; and
a magnetic layer on the underlayer; wherein,-the
magnetic layer comprises a bicrystal cluster-
microstructure, and the magnetic recording medium has a
10 signal-to-noise ratio in excess of abgut 15 dB measured
at 127 KFCI. |

38. The magnetic recording medium according to
claim 37, wherein the underlayer comprises Cr, CrV or
CrTi. ' o '

39. The magnetic recording medium according to

claim 37, wherein the seed layer Cbmprises a material
selected from the group consisting of Ni,P, NiP and Ta.

40. The magnetic recording medium according to
claim 37, having a signal-to-noise ratio in excess of
about 20 dB measured at 127 KFCI.

-_4_____#_______,_____
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