WO 97/ 26650 . PCT/ US96/ 2015
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The present invention relates to a magnetic recordi ng medi um such
as a thin filmmgnetic recording di sk. The invention has -
particularly applicability to a 5 | ow noi se, high density, magnetic
recordi ng nedi um Background Art

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
5 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

10 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.

15 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

20 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

25 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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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

15 surface for polishing to provide the requisite surface
roughness or texture. The NiP coating is typically
applied by electroless plat:Lng to a thlckness of about 15

micrometers.
Werner et al., U.S. Patent No. 4,900,397, proposed
20 ' the use of Radio Frequency (RF) sputter etching to remove

surface deposits on a conventional NiP coatlng 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

25 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

30 - 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

35 materials which comprise a mixture of amofphous and

crystalline materials. Glass-ceramic materials do not
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surface for poI mh:mgpttmlqnure dehtire r copersi t €heur fsalpject of recent

1nvest1gatlons, due to an expected high coerc1v1ty, low

noise, and high remanent squareness. However, bicrystal

10 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,

15 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 simulaté a bicrystal structure (J. Appl. Phys., 75, p.

6135, | 1994) . However, the production of actual bicrystal

20 :?ﬂcluster 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.

25 (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

30 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

35 microstructure have not achieved any practical utility in
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Disclosure of the Invention

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

20

25

30

35

apparent to those having ordlnary sk;ll_ln the art’ upon

éﬁhbfcrj?ét gt fer Of

examination of the following or may he'learned 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 1nventlon, ‘the foregoing
and other objects are achieved in part by a magnetic
recording medium comprising: a substfete 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; wherein the magnetic
layer comprises a bicrystal cluStef'micrOétructure,
Another aspect of the pteéent invention is a
magnetic recording medium comprising: a substrate
comprising a glass or a giass-ceremic' material; a
surface-oxidized seed layer on 'the',substtate; an
underlayer, having a (200) crystallographic texture, on

t he
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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 Descrigt:.on of Drawzngs

Fig. 1 schematically dep:.cts 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
_n_tedium 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.
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“achi eved anyncpl%l%t pr@&pqg.imt@qqq:ss of about 15 dB, 1nclud1ng 1n

excess of about 20 dB measured at 127 KFCI. Such highly
10 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

15 microstructure is achieved in ‘a highly efficient,
inexpensive and simplified manner withédt the recjuirement
for a single crystal substrate. The present 1nventlon
provides a magnetic recording medlum comprlslng a
magnetic alloy layer exhibiting a blcrystal ‘cliister

20 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 '

25 . 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-

30 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

35 | magnetic alloy layer having a Dbicrystal " cluster
microstructure is formed employing a substrate made of a
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forth in partorientiftdon, induces a bicrystal cluster microstructure
in a magnetic alloy layer deposited and epitaxially grown
thereon. The underlayer, however, is not confined to Cr,
10 but can comprise a chromium vanadium alloy (CxV) or a
chromium titanium alloy (CrTi). If the underlayer
texture is (110) vis-a-vis (200), a bicrystal cluster
microstructure will not be developed in a magnetic alloy

layer deposited and epitaxially grown thereon.
15 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)
20 | .-"c:_rysta.llog_raphic texture or orientation. ~ Arrows 23
_designate_.“the C axes of the deposited Co-based alloy
microstructﬁre. The formation of an underlayer with a
(200) crystallographic orientation enables the obtainment
of a bicrystal cluster microstructure in a magnetic alloy
25 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
30 . 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
35 distributed along two orthogonal directions in the layer
plahe. Therefore, the present invention does not require
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surface-oxidized_  seed layer ~on the substrate; .underlayer

havi ng a (ZGﬁﬁde(?r]y?éf%ﬂ'l ographic texture, on . _
- In an embodiment of the present invention, an

underlayer having a (200) crystallographlc orientation is
10 ' 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

15 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_.'eriying

20 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

25 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

30 gaé and oxygen." | _ | _

' An embodiment of the present invention is
ijllustrated in Fig. 3, wherein a substrate 30' such as a
glass-ceramic substrate, is prov1ded ‘with an oxidized
seed layer, such as Ni,P or NiP. An underlayer 32, such

35 as Cr, is deposgited thereon, and magnetlc alloy layer 33,

such as a Co-alloy, is ep1tax1a11y grown on underlayer 32
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not as restrlctlv Descri ption of dg
substrates. An NiP platlng is provided on. Al-alloy

10 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 irivention,_ a seed layer is provided to reduce the

15 :efnissivity of the substrate and to affect the structure

" of the underlayer so that it exhibits a (200)
crystallographic orientatio_n. Thus, the seed layer of
the present invention need only have a thickness of about

“200A to about 2000A, such as about 5004 (0.05

20 .”-Tmz.crometers) , and. can be applied by physical vapor
deposition. | _

The substrates employed in the claimed invention can
advantageously comprise any of various glass or glass-
ceram:Lc materials, such as those which have been employed

25 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."

30 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 conventiocnally employed
as an underlayer in the production of magnetic recording

35 ' media, such as Cr, CrV or CrTi. The underlayer can be
deposited .in any conventional manner, as by chemical
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PCT/ US96/ 201%hat an underlayer thlckness of about 1OOA to about -

20004, such as about SSOA is suff1c1ent
The magnetic 1ayer of the present J.nvent:l.on can
comprise any magnetic’ alloy conventlonally employed in
10 the production of magnetlc record:.ng med:l.a 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-
15 platinum ' (CoCrPt), cobalt nickel- platlnum (CoNiPt),
cobalt-nickel- chromium-platlnum (CoN1CrPt) and cobalt-
- chromium-platinum-boron (CoCrPtB) The thickness of the
" magnetic layer 1s con81stent with conventlonal practlces'
in manufacturing magnet::.c recordlng media. A Coibase
20 alloy having a thickness of about 1004 to ‘about "1000A
thick, such as about 200A to SOOA has been found
suitable. L _ '
Magnetic recordlng medJ.a manufactured 1n accordance
with the present 1nventlon exh1b1t hlgh coerc1v1ty and,
25 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
30 magnetization and film thickness (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
35 protective overcoat can be depos:.ted on the wmagnetic
layer by any conventional means, such as sputtering.
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provi des .a. ,WQH26630 r ecor di ng .~ smedi.um havi ng hi gh coerRENVSI620153 gh
remanent squareness and, signifi 032_“ y, |l ow nedi um noi se, suitable
for 5 commercial applications in n efficient and cost-

ef fective mann Magnet i & recordi medi rody i accordance
with the pr eseg{vel. nvene.él ognaéx%%éng%ﬂ%egna%g?gn' 'l%%qu‘d}r{’(ﬁ s%y?lﬁ?gsga:":ﬁ%
excess of aboutcarbaiB, sidciqey wgrbide (SiC) exdasonifumisouitde O Z1®,heasur ed

at 127 KFOl. Suchcdvighhh Vnifride (@R9L.Tabhie SpERELAE ikCGUNgdregia, are

achieved by -~ |, desposm,-l ng .and epit axi alliélﬁgrovm ng a nmagnetic all oy

| ayer - khjickgpess guitahle fo protecy pndergydngsdpyersre An

Signifisantly, dvrertwgv dﬁnﬁiﬁ?g/viat ReHiEcie 15 eoit éwt%m,tt;o about §oﬂ%9net :jC

alloy filmhaving,a_bicrysta ter m crostructure achi eve

noa hi ghly S A% out 1°Cdﬁi%e%é%°3$s*?% BeRP s W&f?‘éﬁt?r{aiﬁer wi t hout

t he requirenent As inf convest ighal maghet isulstormiing Wedia,eaebayer

i nvention r Qy,h netli cording dj coppri si a
o B g 2 poey eRGT ] | oS el bVekblEl Pl ure

magnetic alloy _|ayer exhibiting a bicr < I )
on a substrat e lbricanis£as ke @resided in angesuitablmtthickness. A

10 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
15 . two different. magnetic recording media produced- under
identical conditions with identical equipment except as
otherwise = indicated. Glass-ceramic substrates ‘were
.employed having' an average. sur__facé rdughness Ra of 10A on
'wﬂhich were sequentially sputter deposited a seed layer of
20 . 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
25 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
30 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
35 invention, the seed layer ~was oxidized; whereas, in



A bicrystal cluster mcrostructure, as forned in the pr esent

I nvent i oNg,d ,ﬁgﬁ{]act erized by clusters of “ multipl epm%bﬁs "
crystall i?veds?% each cluster epitaxially 25 grown on a single graln of
an underlayer. In bicrystal . clister |ayers, polycrystal magnetic
all oy layers exhibit a preferred orientation. In enploying a -

Co- based al | tGomparative] iSatplel 2neshe)drd tlayey ofeer ate okddiziedynnent
Do 2l €] 1 oytis s | B8 LAVER1 B 2Bfe L1G2AREELUBKEL: bRt aplle OO 30

based alloy subgrains I e Ectl ons.
The C axes of afbglteomRarat ive} eﬁéﬁple 2. Ph@F9§F9P§Sa|a@dr @rl@@ﬁryan

di stribut ed diffFeetidMPUAEMSHE Co- based! figghbofcedl Pby RRl4L s on

previously nentioned I.n, accordance wi_t-h the pr esent
invertion, &aWifss and rra‘&?é'm%ra e agg:éfe RavieFe a %GP&PFQ al
cl uster employingst rutdghir e résbdutkdnenptesinsgissiovhst r alectads of a

WO 97/ 26650

7 microscopy (HRTEM) . The Co-based allg}g%au_g%’cxmé 29 5a?irer of

Sample 1, according to the present invention, exhibited
a bicrystal cius’_cer mi'c,r_o_s_truc__tu‘ré,- whereas', the Co-base

10 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

15 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"f:'he boundary of the
image of the cluster and"subgrain’" “The diameter of the
plane view image of the subgraln is about S0A to about

20 200A. No such b:Lcrystal 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

25 of the present invention comprises a'Ci:_' 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

30 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 exhibit "a bicrystal cluster
microstructure, has a cfy's'ta_llographic' orientation of

35 (110) . | -



rel atively inexpensive gl ass or gl ass-cerani'c material . The
obt ai nnent WO 972668 yst al cluster mi crostructure in t REHESAeE013
al | oy Iayer i s achi eved by controlllng th 3 crystal |l ographic
orientation of the underl ayer. For exanple, it has been found_

that an underlayer, ,sueh agaég of . the Sidﬁgggga Entgghnqgf¥ng§PgrggQO)

crystal | ographic entati on, |cr sta
m crostruct urefrom Fig.i 6 uhnalgrmm%erawoay qmrmgft sheamdanpilt arpal | y

gr own - LR %E‘ TP e didardayele) m@a néﬁs@ogpéee%a ngg gam{;ne 10

but can conprise a n1vanad|un1allo um
titaniumalloy? eodT|(Fomparatiye ), Sammpley ér ea red P&x?eré Mgz(Yig¥

vis-a-vies (200HP 3s5BBAS gpbahmhushalyzer and GuziloIrepinesvahd ustinbe
devel oped in a T8

t hereon. 15 gngt By'r %%EF %?ﬁgt%ﬁ' g %Ehégngpgéﬁ >;§§£§%£¥ﬁgromn

present inventihead.s deplsal'epﬂen Big. ezhlh,htasel ra Cr bicrystalundeliager 20

I's shown with ?m%% egl%eoy Jl@ﬁ%ag,llugogparfg%ﬁggh@qr PINEH abkoy

| ayer 21 conprlses I Cry
under | ayer haVﬁnyxbuﬁuﬁnbxnrYStalcﬁ%@#%ﬁtc&ﬁ@@#ﬁ%rﬁéﬁﬁn¢e oFher nhaprawi on.

Arrows ;@3 bandie%cm@ e tAeidh axes dud hecdepoget eele£@u9éseefal Loy
n1crostructure The fornmation_of.an underl ayer with_a

crystalIographﬁ?hﬁﬁ?ﬁﬁ%ﬁﬂoﬁn@nﬁﬁ?eflqﬂﬁ} ?EP%%EHF both Saméf%s are

basically the same. The medium transition noises,
however, are significantly different. The signal-to-
medium noise ratio (SNR) of Sample 1 and (Comparative)
15 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 5 dB, which reflects '_a_' 78%
1mprovement in performance. o
In conductlng the comparative testing, the
20 .déposition 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
25 deposition temperature.  Both samples have_ similar
coercivity (Hc) and the product of remanent magnetization
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
30 (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:
35 80% Ar and about 20% oxygen for about one minute.



of a bicrystal cluster mcrostructure in a magnetic alloy 25 | ayer

epi taX| al 2?&% on the underlayer. For exanple, sgg,ﬂﬁgjjl ng
a 6VY)d"w ayer W th a (200) crystall ograp?:

ori ent ation, a Co-based alloy magnetic 14 I ayer epitaxially grown

t her eon exh| bits a preferred orientation, e., (11.0) pl anes-

exhibit a prefercfakleol3@hows the mqnéicmr@nerta?er of| SaopleCrl (200)
planes al so ang ﬁCorriﬁa?xféac"n;@ bsaabl@neﬂ mﬁdfédt%%e 4 A%RImaeHie. Thus,

a Co-based alloy |ayér consisti ng polycrystallites is
epi t axi al | y BPBARE cRRINBEPPEEGEL FM@ ‘underi ayer with the C axes of
t he subgrains of different clusters randonly 35 distributed al ong two
orthogonal directions in the |ayer T pl ane. Therefore, the present
I nventi on does not require ' A%EQ}/ 26650 _
PCT/ lg896/ 20153 _ 8
: Sample Her (Oe) Mrt (memu/ cm_’)
Sample 1 2395 " 0.80
10 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

15 alloy and exhibit a similar ceerciyit;y and Mrt. The
dilffere_nce in medium noise of these two media is
attributable to the microsti:ucture of '_the Co-based alloy
magnetic layer. The mediiim noise of the Co-based alloy
magnetic layer exhibiting a bicrystal cluster

20 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.

25 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

30 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 inv_e_ntj_.en enjoy u_tility in various
applications, particularly 't_hose epplications wherein

35 high density is required, such as a megnetic rigid disk

medium for longitudinal recording.



a single crystal substrate. Rather, a glass or glass- ceramc

mat eri.al . gwo w2668l oyed and a seed | ayer provi ded tHEER2MBch
enabl es the deposition of an ' underlayer havi ng a (200)
crystal l ographic orientation 5 mhlcﬁ in turn, enables the formati_on

of a magnetic Iayerrqrg%rcert?clm%l °‘QL“??&§?@Z%€ gh%herﬁdyt (as%léctaure

on the ~unde odi esent
i nvention, anfew exampﬂehndﬁnmnsruamsgﬁzdiQ®0?r€r§h@unlégda@ﬁﬁ@rled

orientation is 10 di ng- a: se a r
it the su%rﬁy %?l V\%’é@%é P 3 seed EQYGﬁdQQSEOBH) that

gl ass- ceram Seed |ayer induces a (20
cryst al | ogr aphitdheor ii@ventiom | ia heapard apf  UPge dBedvarious pkher can

be any gateri a'c&&%&&{s'm%ﬁ%ﬁoﬁaéﬂt)s and 1s eapabaél egr ahjamges

orientation in an underl er depos d or exa

seed | ayer can onpprdéigation Pr%?‘éﬁ thguc‘F\C%%e Nﬂ r FPS ”%&lve
tanta|Um(Ta)-concept as expredsed Heereinund advant ageous to prOV|de t he
seed | ayer with a surface roughness to facilitate inducenent

of a (200) crystallographic orientation of the overlying 20

under | ayer. The seed | ayer can be provided with an - appropriate
surface roughness by roughening, as by acid et chi ng or oxidation.
Thus, in an enbodi nent of the present invention, a seed |layer is

deposited on a gl ass



or glass-ceramic material substrate and oxidized in 25 accordance wth

t he technggjbn., spCl osed i n copendi ng : application sedm
08/ 586, 52 ﬁg entire disclosure of which is |ncorporat§§)ﬁ%re|n
by reference. For exanpl e, oxildati on can be—conducted TN an
oxi di zi ng environment, such as air, oxygen or I nert
30 gas and oxygen. " AnCLAEMSdi nent |Lﬂglﬂmiiﬁ g ml
i nvention is illustrated in Fig. 3, mhereln such
as a gl ass- cer am c substrate, is provided with an oxidized
seed layer, such as Ni[err]P or NiP. An underlayer 32, such 35 as Cr,
i s deposited thereqn, raRfhgrRAIRS irecdddihd aﬁ@h&é’: comprlsln%UCh as a
Co-alloy, is epltaX|mg9/égowm on underlager 7/ 26650
PCT/ US96/ 20153 ehee eShpris thg A *g135s §r a glassiRPERMBits a
bi crystal clmaterisilgrostructure. As in t he conventional nagnetic
recording medi a SQOQQ dplFV%r on the substrate;

5 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.

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
5 less than 10.

This Sheet Has Been RTlaced
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1, an overcoat 34, such as carbon, is prbvided on magnetic allo
on overcoat 34FCT/US9620

L T MR 5

gl ass-ceram c substrate*isttotalMy sdi fferent ~fromthe use of a  _

conventional NP pl a&' ng: %nmébnéltlleyrecordlnéLthé&i@theéccof@lﬁ\& RPlading is

provided on Al-alloy 1 ubstrates prinarily I ncreased hardness
and to p]fowlé!%r%l% u\ahfacéea«ﬁetaanﬁé FEMPEARLEr azmﬁgermér sed egred
subsequent |y defw«ht@decgﬂéaﬁwabnéaaeiﬁgeagenﬂgﬁ aNiP and Tgsired external
surface roughness . However, in th present invention, a seed

| ayer is provided to reduce the 15 em ssivity of the substrate and to
affect the structures. The maghetticerevordihgymedism adcdwtding teexlidiimts a
(200) crys, C e o] h e |

(e hresent i nvbnitaR SERaPL oRRa Thab  Phlag L0bRspllipsBoet LRKER Yooh
about 2000A, twmckbout 2880kt 500A (0.05 20 m croneters), and can
be applied by physical vapor deposi tion. The substrates
enpl oyed in the clained invention can advant ageousl y conpri_se any
of various glass or 3t adhe magneticcregardingtBeaing AceRFAERI tihsdaim ch

gave been enpl oyedyiRérein tife SHITknRIRS oﬁoth@igééalpa?@ﬁoiéjldlﬁ)d’ﬁe@@A
ass-

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 magnet ic 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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ceram c materi al s—are—typt L,d.iiy forrred by a heat treatrrent of t he
surface %;ﬁ a E | ayer of cerarp «~Some
forms of “conven io 'Im -ceramc material are re re o as
"Chara gl ass.” srate cas have a surface average roughness Ra

of about 2A to about 100A such as about 5A to about 20A. -

The under| gyeupenpbogdédtingt hef premsEnt Dthar,onConCr, CoCrBbTRLi se any
of vari ouscga_:]:%rl al ve y I ©das. an underlayer in -
t he production of n%&ﬁ?ﬁ crl.'rdebfciorbr314 tg gg ('qy@]gprredr a, such as &, CGVor CTi.
The underlayer can be deposited in any conventional manner, as by
chem cal 17. WOT9¢/ Zrﬁéé:hgetlc recording medium according to

PCT/ US96/ 20153 10 vapor

deposi ti on€ alﬂh}?vc&'ﬁ‘ex\?&ﬁ’oFhed‘ébégr‘f‘?o"’ﬁ of ghe magnetig,lay¥eri #§. The

t hi ckness aboUnellmrmderﬂanoutshmﬂu_ﬁ.be . sufficient to affect the

crystal l ographic orientation of

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 't'ned'iur'n according to
claim 1, wherein the magnetic film has a coerc1v1ty 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 recd_rding medium aeeording to
claim 21, wherein the wmedium is a niagnetoresist medium
and the product of remanent magnetization and film
thickness Mrt is about 0.6 to _abeut 1.2 rnemu/cm“’_.

23. The magnetic recording medium according to
claim 21, wherein the medium is an inductive medium, and
the product of remanent magnetlzat:r.on and f:r.lm 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. '

Sheet Has Been Re‘ilaced
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the magnetic all oy | ayer deposited thereon, and can be 5 optimzed in
a particul ayweiareeesoon. ' und. - that an un&EF(USHER01S3
t hi ckness of about 100;““ " E ]mr" m % 000A, such as about 550A, is
« ke ay

sufficient. pagmets C * of the present invention can
conprise any magnetic alloy conventionally enployed in 10 t he
production of magnetic recording nedia. Such alloys I ncl ude, but

are not linited to, 260- baghea| hageesich rezording medbumt agipayding to

fis

(CoCr), COb@%ta'i‘ﬂhrﬁrfi '“('Hc%ﬁi ot overi'coat( @Qgﬁlﬁtered deposited.

cobal t - ni ckel - chrom um ), cobalt-

chrom um pl ati numtantal um (CoCrPt Ta), cobalt-chromum 15 pl ati num
(CoCrPt), cobalt-nixkel -aiati et f8Nfdording medium according to
cobal t - ni ckel - chr om um pl at.i num ( ColNi Cr Pt% and,_cobal t -. . .
chroni um pl at i Fd@iFor 68+ ( ¥REEFH) . EhROVAFERRES CPPRIREs a matgrial ¢
| ayer is consi gledrictdd franvdid i ahp ptensistsng of carbonpasdfCactand,ng

magneti c recordi dﬂsdi a. A Co-base 20 al l oy having a thickness of
about 100A to %’%t *1000A t hi ck, such as about 200A to 500A, has
been found suitable. . _ Magneti c recordi ng nedi a

manuf actured in accoydancey M £ D A8 RI6SE Nhe d SMA N A B RHHPT Eohi gh
coercivity and, 25 4 Si grﬁ ftln%%ll’i]? | ow n%&% n%dlise. I'n accoré(;ange

with the clagme 2dnt wheredn she ébélcmﬁssi ef thr s¥ereAptvéd 2hAYFng
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.

-"fhis Sheet Has.Been Reﬁaced
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from 1000 to 10000—CeTsteds, such as 1700 to 3000 Cersteds. In
addi ti on, re obt ai ned el ., the
pr oduct wgﬁg}lgﬁ% jﬂi‘mwmmmm .magneti zation and fi ?ﬁrl‘&m c“%“&é;s.'s

(Mt) is about 0.4 L ®"apout’ 3.@omermu/ Cn2, such as about. 0.6 to

about 1. 2 menmu/cnferr] for magnetoresist media, and about 1.-8 to
about 2. 84nemu/The? hagnebhilacthemrdEtia. medium accordAsg i Bo
conventi ona etqi € r‘ﬁ,fe[q_r g [ otegti at can
be deposi te% ogﬁq{]hel magne é{r{‘ &?éj a‘?%g/@eé%y any %%nvg%tl%ﬁuﬁg%éﬁs, such
as sputteri fgposited. WD 97/ 26650

PCT/ US96/ 20153 11 Overcoats can
conpri se carbon, _including hydr 1gj(‘anat ed : carbon, silicon carbide

(Si O, zirconi um3&i de T8 (p3gngtic recording ppadium, ﬁfé’c(@il)ng Re
overcoat i scfiladwi ded havang a 51ghB&Gk06&&1Swtfﬁﬂfbtﬂnméﬁéééstbf

underlying | S er.c LNg a thickness of about 50A to
about SOOA,a 15A%B measur at(¥§7rfﬁ%f. |

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 comprising a glass or a glass-ceramic
material; _
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
CxXTi. ' o '

39. The magnetic recording medium according to
claim 37, wherein the seed layer comprises 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.

L_—-—————'_‘_’—'—'_’_—_——
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such as about 100A to 200A has been found suitable. As in
conventi onat WRRJRE8Pc recording nedia, a |ayer of a PEPUISIGRMST an
be applied on the overcoat. The | ubri cant can be provided in any
suitabl e thickness. A 10 | ubri cant thickness of about 5A to 50A, such
as about 10A to about 20A, has been found suitable. )
EXAMPLE : In order to denonstrate the effectiveness of the
present invention, conparison testing was conducted on 15 t wo

di fferent magnetic recording nmedi a produced under i dentica
conditions wth identical equipnment e éept as ot herwi se indicated.
@ ass-ceranm c substrates were enpl oyed havi ng an average surface
roughness Ra of 10A on whi ch were sequentially sputter deposited a
seed | ayer of 20 Ni[err]p, a C underlayer, a Co-based magnetic all oy
and a carbon overcoat. The Co-based magnetic alloy conprised

15 at. % Cr, 11 at. % Pt, 4 at. % Ta, and the bal ance Co. The
Ni[err]P seed |layer had a thickness of about 500A the Cr under | ayer
a thickness of about 550A, the Co-based 25 magnetic alloy a

t hi ckness of about 240A and the protective carbon | ayer a

t hi ckness of about 190A. The

LUBRICANT 14
CARBON OVERCOAT {13

Co MAGNETIC ALLOY | _42

Cr UNDERLAYER |11

NiP PLATTED AIMg |10

FIG. 1
PRIOR ART

SUBSTITUTE SHEET (RULE 26)



seed | ayer, underlayer and magnetic alloy |ayers were Sputtered

deposi ted @ioeiaesde 10m Torr of argon pressure. The POIHSOEROISHWE T
density of Ni[err]P was 10.3 Watts/cnierr]; the 30 sputter power
density of the C underlayer was 7.3 Watts/cnferr]; and the sputter
power density of the Co-based magnetic alloy was 13.2 Watts/cnR.

In all cases, no substrate bias was enpl oyed. I n
Sanple 1, representative of the present 32/6 i nvention, the seed |ayer
was oxi di zed; whereas, in WD 97/ 26650

PCT/ US96/ 20153 _ 12 (Conpar ati ve)
Sanple 2, the seed | ayer was not oxidi zed. This was essentially the
only difference between Sanple 1 and (Conparative) Sanple 2.
Phot ogr aphs and el ectron diffraction patterns of Co-based magnetic
alloy layers of 5 Sample 1 and (Conparative) Sanple 2 were
obt ai ned

2 '22
2. \_ 4/ '(21

—20

(1 (200) PLAN

FIG. 2
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enpl oyi ng hi gh resolution transm ssion el ectron m cr oscopy
(HRTEM . , Thewbo7hessed al | oy magnetic layer of Sanpl e PCTUSSE2MSH ng
to the present invention, exhibited a bicrystal cluster

m crostructure; whereas, the Co-base 10 magnetic all oy of (Conparative)
Sample 2 did not exhibit a bicrystal cluster mcrostructure. '
The di aneter of the plane view inage of }he bi crystal cluster of
Sanple 1 was neasured at about 150A- 3/6 300A. Although the shape of
the image is not a perfect 15 circle, the term"dianeter” of the
cluster and the subgrain is enployed to represent the length of the
l'i ne connecting the farthest two points in the boundary of the

i mge of the cluster and subgrain. The dianeter of the pl ane vi ew
i mge of the subgrain is about 50A to about 20 200A. No such

bi crystal clusters are apparent from (Conpar ative) Sanple 2.

Fig. 4 and Fig. 5 are X-ray diffraction curves of Sanple 1 and
(Conparative) Sanple 2, respectively. It is apparent fromFig. 4
that the magnetic recordi ng medi um 25 of the present invention
conprises a Cr underlayer having a (200) crystall ographic
orientation and a Co-based all oy magnetic | ayer thereon having a
Q[?;§Stal cl uster : nltluimhkhhure. ~The uuiy_Q%Speak found in the

CARBON OVERCOAT ™-34
(o ALLOY 33

Cr UNDERLAYER ~3

SEED LAYER .

GLASS CERAMIC SUBSTRATE

~ 30

FIG. 3
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diffraction pattern of the bicrystal cluster nedia shown 30 in Fig. 4

s (200); ‘%6'8’%6% ) Cr peak is not visible. Howev e¥cTraseeapsar ent
fromFig. 1 Cr under|l ayer of (Conparative) Sanple 2,
wherein the Co-based alloy magnetic |ayer did not exhibit a
bi crystal cluster m crostructure, has a crystall ographic
orientation of 35 (110) 4/6\\O 97/ 26650
PCT/ US96/ 20153 13 Advant ages
of the present invention are apparent fromFig. 6 which presents a
conpari son of the signal and alternating current (AC) erased noi se
spectra of S@”rp 1 and_{ Conp aratlve) Sampl e 2 nmeasured at 30.4 Mz
'with ab HP%SSSEspeﬁrum‘anal 3zer Bnd Buzi k312 Spi ncstand usi ng
an |nduct|&‘ 'Te nead and a nmagnetore VR pr aybDack g head.
Sanple 1 efhibits a bi crystal cl uster m Cr oSk Cct ur e;
wher eas, (Cofparative) Sanple 2 does not -2
& =22
=<4 = S
= = 3
L g A-:‘: e -
hay - NN Q
— s =
= ~ W
— —3
=
2 L -
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- =<
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S = o
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exhibit a bicrystal cluster mcrostructure. The narrow 10 band noi se,

which .is, (WO9YIR66S0the texture of the subst r at es PCAR$I/PMS3
signal output of both sanples are basically the sane. The nmedi um
transition noises, however, are significantly different. The
si gnal -t o- medi um noi se rag (SNR) of Sanple 1 and (Conparative)
15 Sanple 2 are 20.2 dB and 15.2 respectively. Thus,
Sample 1 in accordance with the present |nvention enj oyed an
i mprovenment in SNR of 5 dB, which reflects a 78% i nprovenent in
per f or mance. In conducting the conparative testing, t he
20, deposition conditions of the N J[err]P seed layer, O
under| ayer, Co-base alloy magnetic | ayer and carbon over coat of
Sanmpl e 1, such as target power, argon pressure, pallet transfer
speed, are identical with those of (Conparative) Sanple 2,
respectively, %xce fogthQZS S g@posigi ong ter@eradire., Both
sanpl es havg Tsinmiliar L coerciviity LHo) —akd—the oraduc f§em&1nent
magnet i zat i Onh and film thickness (hﬁt) The substr =il enperature
was slfightly different due to an adjustnent to obtai~ada
simlar coercijvity for each Sanple. The Cr underl ayer of 30 =&
(Conpar ative) [Sanple 2 was grown on a freshly deposited < Nferr]P
seed | ayer; whereas, in Sanple 1 representative of S
= _ . =l
K A = o
= 5 O
= s u
= = O
= N o = Sy
= s 2 W
g o~
2 i
& A = =
- e _
S e |
N . — —————— =1 e
& S S = S S 22 = s =
X-RAY COUNT

SUBSTITUTE SHEET (RULE 26)



the present invention, the surface of the Ni[err]P |l ayer was

oxi di zed. ®WoxAEésON was conducted at a tenperature of PCT/POLS3 « ~
100[err]C in an atnosphere of about 10m Torr of about 35 80% Ar and
about 20% oxygen for about one m nute. WO 97/ 26650
PCT/ US92/ 20153 14 Tabl-e 1
shows - t he nagneti c-properties of Sarrpl‘é6 1. .and (Conparative)
Sanpl e 2 neasured with a renanent nonent magnet oneter (RWM.
TABLE 1 5 Sanpl e Her (Ce) Mt (menu/cnierr])
- Sanple 1 2395 0. 80 '
1.00£-01
100€-02 §
= ——— SAMPLE 2
= f - - - SAWPLED
= _
2
S
1.005-03}
100£-04 -+ ) +
S 8 %8 2 8 E ¢ §E % 3 &
FREQUENCY IN MHz

FIG. 6
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exhibits a 5 dB i nprov
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all oy and exhibit a simlar coercivity and

of

these

Mt. in medi umq goi se
attributable to the mcrostructure of the Co-based all oy

two nedia is
magneti c

| ayer

| ayer. The medi um noi se of the Cb-basggégbggy magneti c
exhi biting a bicrystal . cluster 20 mGrostructure, i s
significantly reductd VisMagpeEigpgecording

Bedd Uy QRRRIdE S4By magnet i ©

| ayer which does noa subkbrate comprimibicrysgbass! vet &r Jliagstéabaniice.

The present i
di scl osed her
recordi ng ned
variousg types
.types of nmagn

nedia i s not

-

o

exanpl es
The magnetic
conpri se any of
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' is not limted to the specific
g%%g%#fgﬁécific mat eri al s enpl oyed. 25

i a of aheepdedayeri auehheosubatrate;

of 0l gas Gadlpsse

etic a ayers,

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.

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 ratio of peak intensity of Cr (200) peak
to that of Cr (110)
diffractometer (XRD)
less than 10.

peak,
in the theta-2 theta mode,

measured with an X-ray
is not

6.
1, wherein the seed layer comprises a material selected
from the group consisting of Ni,P, NiP and Ta.

The magnetic recording medium according to claim

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

{ y
magnetic | ayer@rlqpeation, onygher pagdr laverthie amdesent magnetic recording

[
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30 * limited To O, but can conprise various ot her 9%\/&% 01%37?
including netals cubi ¢ polycrystal - I C
such as CV or H"m mmﬂmﬂ'# recordi ng medi a of the present

Il nventi on enjoy uttlidy u nsvasi oUs applications, particularly those
appl ications wherein 35 hi gh density;gs required, such as a magnetic
rigi-d disk medi um for | ongitudinal recording. WO 97/ 26650

PCT/ US96/ 20153 8. The magnetlc recordlng mediﬁm accord:.ng tOntYagfrtain

nbodi t f.th t
\e/ergalt |mls|nt;sl gr% %\flnngrhnaglgeg tg} jpss of the ?ﬁ&dpiég’gﬁt lﬁl PPB?U?QOAH is

to be understood that the invention is capable of use in various

ot her 5 Conu 3 Y RAbRId Q0SB b P RERLE AT ol " I8 R 1m

or nodifications w fhi cope of thén
- expressed heretn, wherein the substrate has a surface average roughness

Ra of about 2 to about 100A.

10. The magnetic recording medium according to
claim 9, wherein Ra is about 5 to about 20A.

11. The magnetic recording médium according to
\A claim 1, wherein the underlayer comprises Cr, CrV, or
"“’ CrTi.

12. The magnetic recording medium according to

claim 11, wherein the thickness of the underlayer is
about 100& to about 2000A.

13. The magnetic recording medium according to

claim 12, wherein the thickness of the underlayer is
about 550A.
‘“‘ 14. The magnetic recording medium according to
:/_ claim 1, wherein the magnetic layer comprises a Co-based
alloy.
15. The magnetic recording medium according to

claim 14, wherein the Co-based alloy is selected from the
group consisting of CoCr, CoCrTa, CoNiCr, CoCrPtTa,
CoCrPt, CoNiPt, CoNiCrPt and CoCrPtB.

16. The magnetlc recording medium according to
claim 14, wherein the thickness of the magnetlc 1ayer is
about 100A to about 1000A.

17. The magnetic recording medium according..to.

|  [REPLACEMENT SHEET
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GLAFMB = - —— 1. M magnetic recording med umrh”ub 72%2/ 01 J

a'substrate (30) conprising a glass or a glass ceram 01997

a seed | ayer (3£ llm M at e; an under | ayer (32)
havi ng a (200) EI ﬂw [mllorl entation on said seed | ayer,

wherein a surface of the'sedd fayer  adj ag@ent said underlayer is
roughened: and 10 a magnetic layer (33) on said underlayer
conpri sing a dliatysté wherstior the thickness ot i megneathie aa¥ey sbd in

that: about 200A to about 500A.

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

19. The magnetic recording medium according to
claim 18, wherein the coercivity is about 1700 to about
3000 Oersteds.
M 20. The magnetic recording nédium according to
i claim 1, wherein the product of remanent magnetization
and film thickness (Mrt) is about 0.4-3.0 memu/cm?.

21. The magnetic recording medium according .to
qlaim 20, wherein the medium is a magnetoresist medium
and the product of remanent magnetization and film
thickness Mrt is about 0.6 to about 1.2 memu/cm?.

22. | The magnetic recording medium according to

claim 20, wherein the medium is an inductive medium, and

i~ the product of remanent magnetization and film thickness
Mrt is about 1.8 to about 2.8 memg/cnﬁ. '

23. The magnetic recording medium according to
claim 1, further comprising an overcoat on the magnetic
layer.

24. The magnetic recording medium according to
claim 23, wherein the overcoat is sputtered deposited.

25. The magnetic recording medium according to
claim 23, wherein the overcoat comprises a material
selected from the group consisting of carbon, SiC, Zro0,

and ON. | REPLACEMENT SHEET

12 DEC 1997
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et ?fﬁﬁﬁfﬁiﬁﬁéﬁ?&?& e e m ane SYEARUS, L2.0EG 199

| ayer- has a th ntially 20x10[err] m (200A) to substantially

200x10[ err] * 060A) A magnetic recording
mediumas claimed in claim2, wherein sgd t hi ckness i s about
50x10[err]m (500A). 20 4. A magnetic recording nmedium as cl ai ned

in any preceding2el ai nThe magnetM&erﬁé@oﬁdSﬁgf aﬁéﬂnfm sacdoxedthd ayer

adj acent sai d, underlayer is, o et L.c rdi ng
medi um as CI%}ﬂ%ﬂ #% e{ﬁﬁ? 5%%%&#39?% of EEF overggggr%%naﬁgégrface
of said seedsOAyeo ahpate&UOAald under |l ayer is roughened by

et chi ng. 6. A magnetic recording medi um as clained in any

precedi ng claim wherein the ratio of peak intensity of C (200)
peak to that of CR7¢110Theeaigr@kic reﬁ@ﬁé&ngdWﬁdﬁﬂhna%QQ£ﬁlng to

di ffractomet ef{ fRE% , | PhdPEih NEh& thibehesBVIE thé HPbrcoat is about
100A to about 200A. |

28. The mégnetic recording medium according to
claim 23, further comprising a lubricant layer having a
thickness of about 5A to about 50A om the overcoat.

N

~ 29. The magnetic recording medium according to
claim 28, wherein the thickness of the lubricant is about
10A to about 20A.

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

31. The magnetic recording medium according to
claim 30, for longitudinal recording. '

'1;; 32. The magnetic recording medium according to

claim 1, wherein the seed layer is sputtered deposited.

33. The magnetic recording medium according to

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

claim 1, having a signal-to-noise radio in excess of
about 15 dB measured at 127 KFCI.

35. The magnetic recording medium according to
claim 34, having a signal-to- n01se ratio in excess of

- _ | REPLACEMENT SHEET
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- | 576/2ULD7
I~ess than'le\\-\ 17- HEG 3%7
recor di ng nedlun1as claimed in any precedlng claim
substrTate has“ mmnmunr roughness Ra of substant ially 5
0. 2xX0[err]m ally 10xI O[err] m (100A). : : A
magneti c recordlng medi®'umtas* cl ai ned inoglaim7, wherein Ra is
substantially 0.5x10[err] m (5A) to subStantially 2x 10[err] m (20A).

about 20 dB measured at 127 KFCI.

36. A magnetic recording medium comprising: _
a substrate comprising a glass or a glass-ceramic
material; '
a surface-oxidized seed layer on the substrate;
S 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
Fvﬂ 10 signal-to-noise ratio in excess of about 15 dB measured
~ at 127 KFCI. /

37. The magnetic recording medium according to

claim 36, wherein the underlayer comprises Cr, CrV or
CrTi.

38. The magnetic recording medium according to
claim 36, wherein the seed layer comprises a material
selected from the group consisting of Ni,P, NiP and Ta.

”“; 39. The magnetic recording medium according to
k;' claim 36, having a signal-to-noise ratio in excess of
about 20 dB measured at 127 KFCI.

40. A magnetic récording medium comprising;
a substrate comprising a glass or a glass-
ceramic material;
‘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 seed layer comprises a material

10 selected from the group consisting of Nﬁﬁ?—xﬁiLand_IéL_w
| . | PLACEMENT SHEET
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10 , - REP}«A%@H cgﬂfg i lg~nmedi um as ¢l ai med | n &S prece m—,
tlaim . | O Desqgidion; pag §%é’%gyg onprises Cr, QV, orﬁ’SCIrOTl q 59
10. "Amagnt® €laigydr di:m3s (ﬁ'r

_diffed in any prece :
wher &i nist he B Mrewingé® drRgehe (RREFQyer Ji s substantial | 3%%@6?2&\]455”' SHEET
(100A) to [L51 Abstractsubspaghd i-al'PyP2EBOX 14 er r] m (20004) . 11. A

' aim 10 whereinm the
t hi ckness

rngne: o PR PR e o ek | MMM

wherei n the magnet CLAIM®r conprises a Co-based all oy

magnetic recording mediumas clainmed in claim 12, V\/nerel n the Co

based alloy is selected fromany one of CoCr CoCr Ta, CONI Cr, CoCrPtTa, 25
CoCrPt, CoN Pt, CoNi CrPt and CoCr Pt B. .

1. A magnetic recording medium comprising:
5 a substrate (30) comprising a glass or a glass ceramic material;
a seed layer (31) on said substrate; ' ,
an underlayer (32) having a (200) crystallographic orientation on said_

seed layer, wherein a surface of the seed layer adjacent said underlayer is
- _roughened; and - |
10 a magnetic layer (33) on said underlayer comprising a bicrystal ciuster
microstructure, characterised in that:

said seed layer comprises any one of Ni;P, NiP and Ta.

2.  _A magnetic recording medium as claimed in claim 1, wherein said seed

15 layer has a thickness of substantially 20x10° m (200A) to substantially 200x10° -
m (2000A).

3. - A magpetic recording medium as claimed in claim 2, wherein saxd

thlckness is about 50x10° m (5004).
20

_4. A magpetic recording medium as claimed in any ﬁreceding claim,
wherein a surface of said seed layer adjacent said underlayer is oxidised.

_3. A magnetic recording medium as claimed in any one of tlaims 1 to 3,-

25 wherein_a surface of said seed layer adjacent said underlayer is roughened by

etching.

6. A magnetic recording medium as claimed in any preceding claim,

sy

wherein the ratio of peak intensity of Cr (200) peak to that of Cr (110) peak,
30 measured with an X-ray diffractometer (XRD) in the theta-2 theta mode, is not

fess than 10. |REPLACEMENT SHERT

12 JUL 1999

|



14. ': gnetlc recording nediumas clainmed in any precedi ‘\@(S
wherei n the t hi ckness of the nagnetic |ayer is SW \\&é %F‘err] m
(100A): to _‘__,,_ubsi_a.ni_u;!rl-ly 100xI O[err]m (1

19 - -~ netic recording nmediumas clainmed in claim 21,
wherein the c”“‘“u“lul““ﬁ‘lﬁ I.s sputtered deposited. - 23. A
magnetic rec Ialmedlnpjalm21 or claim22, 5 o
wher ei n t he' over ¢oat” c8 rrprl ses a material selected from any one of carbon,
Si C, ZrJerr] and CN. '

~ —_—

<~ 2y ' _A magnetic recording medium as claimed in any prw&h&claim

wherein the substrate has a surface average roughness Ra of substanually
5 0. 2x10"m(2A) to substantially 10x10°m (100A).

_8..  _A magnetic recording medium as claimed in claim 7, wherein Ra is

Substantially 0.5x10?m (5A) to substantially 2x10°m (2QA).

10 9.  _A magnetic recording medium as claimed in any preceding claim,

_wherein the underlayer comprises Cr, CrV, or CrTi.

10. _A magnetic recording medium as claimed in any preceding claim,
wherein the thickness of the underlayer is substantially 10x10° m (100A) to
15 substantially 200x10° m (2000A).

Al. A magnetic recording medium as claimed in claim 10, wherein the
thickness of the underlayer is about 55x10° m (550A).

20 Jd2. A magnetic recording medium as claimed in any preceding claim,

wherein the magnetic layer comprises a Co-based alloy.

13. A magnetic recording medium as claimed in claim 12, wherein the Co
based alloy is selected from any one of CoCr, CoCrTa, CoNiCr, CoCrPtTa,
25 CoCrPt, CoNiPt, CoNiCrPt and CoCrPtB.

14. _A magnetic recording medium as claimed in any preceding claim,
wherein the thickness of the magnetic layer is_substantially 10x10° m (100A) to

substantially 100x10°m (1000A).
30 REPLACEMENT SHEET
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24. A magnetic recordi ng nedium as clai med in any of claims 21 to 23,
-Wne); e| n t-he over coat i's subst ant lally 5x10[ err] m (50A)
subst ant i al IigSOxlO[ err] m (300A). A magnetic

to
" recérdi-ng me HM jmt cl ai m 24, wherein the R % _.
t he overcoat(“ Hw I IO<10[err] m (100A) to su MQEMEM%}%{EET
20x10[err]m (200 Algagnet ic recording nmedium as
clainmed in any of clalnB 21 to 25 further conprising a | ubricant
|'ayer having a thickness of substantially 0.5xl|0[err] m (5A) to

- substanti al I 225x 1% sraghetic(Sogmding-medismasiaimed in clajm 21, wherejiythe A magneti
recordi ng medi um cla I m 26, wherein the t hi ckness of
the | ubri cantovF'écogttfﬁgP' ”Ecg#;&sﬁéflo[ err] m(10A) to substantially :

- 2x10[err] ' m ( 20A) . _ 28. A magnetic recor di ng nmedi um as
claimed in any preceding claim 25 wherei.n he nedi fzathlanm
magnetic rec | ng}_g;agnenc recording medium as claimed in claim 21 or ¢ a1m

5 wherein the overcoat comprises a material selected from any one of carbon, SiC,
ZrO, and CN. '

24. A magnetic recording medium as claimed in any of claims 21 to 23,

wherein' t"he_. thi;kneSs of the overcoat is substantially 5x10° m (SOA)_ to
10 substantially 30x10° m (300A).

25. _A magnetic recording medium as claimed in claim 24, wherein the
thickness of the overcoat is substantially 10x 10° m (100A) to substantially
20x10° m (200A).

15
26. A magnetic recording medium as .claimed, in any of claims 21 to 25,
further comprising a lubricant layer having a thickness of substantially 0.5x 10?
_m (5A) to substantially 5x10°m (50A) on the overcoat.
20 27. A magnetic recording medium as claimed in claim 26, wherein the
thickness of the lubricant is_substantially 1x10° m (10A) to §ubstant1allx 2x10'9
-m (20A)
28. _A magnetic recording medium as claimed in any preceding claim,
25 wherein the medium is a thin film magnetic recording disk.
29, _A maguetic recording medium, as claimed in claim 28, wherein said disk
is for longitudinal recording.
30 30. A magnetic recording medium as claimed in any preceding claim,

wherein the seed layer is sputtered deposited.
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29, A nagnetlc recordi ng nedlun1as clalned in claim28. wherein sald sk
is for. |1 éngi tudi nal recording. 30

. as clainmed i h—ﬂ-ﬂ%—pLeC.eﬂm_Cl aim » V\herwwmﬁ‘gyer S

sput‘ter‘ed deposit ed.
magneti c recorE wmimmnﬂ m!al med in any preced| ng claim
wherein the nma putteredsgeposited. —

31. A magnetic recording medium as claimed in any preceding claim,
‘wherein the magnetic layer is sputtered deposited.

5 32. _A magnetic recording medium as claimed in any preceding claim, having
. a signal-to-noise ratio in excess of about_31.6 (15 dB) measured at 5x10° flux
reversals per meter_(127 KFCD).

-33.. A magnetic recording medium as claimed in claim 32, having a signal-to
10 noise ratio in excess ‘of about 100 (20 dB) measured at Sx 10° flux reversals per
_metre (127 KFCI).
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