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Technical Field
The present invention relates to the recording, storage -
and reading of magnetic data, particularly rotatable magnetic
10 recording media, such as thin film magnetic - disks having
'~ textured surfaces for contact with cooperating magnetic'.
transducing heads. The invention has particular applicability
to high densu:y magnetic recording med:La exhlbltlng low ncnse, )
reduced flylng heights and high coerc1v1ty.

15 Background Art
Magnetic disks and disk drives are conventionally

employed for storing data in trié.gnetizabl_e form. Typically,
one or'more,disks are rotated on a central axis in combination
with data transducing heads positioned in close proximity to
20 the recording surfaces of the disks and moved generally
fadially with respect thereto. Magnetic disks are usually
housed in a magnetic disk unit in a stationary state with a
magnetic head having a specific load elastically in contact
with and pressed against the surface of the disk. It is
25 extremely difficult to produce a magnetic recording medium for
ultra-high density recording having suitable magnetic
properties, such as high coercivity, e.g., greater than 2500
Oersteads, and a high overwrite, e.g., about 40dB, while at
the same time éxhibiting suitable mechanical properties for
30 read-write performance, such as a small glide height
avalanche, e.g., about 0.75 to about 0.85 u inch.
In operation, the magnetic disk is normally driven by
the contact start stop (CSS) method, wherein the head begins
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15 rotational speed of the disk decreases and the head begins to
 slide against the surface of the disk again and eventually ..
-stops in contact with and press:mg against the disk. Thus,;
the transducing head contacts the recording surface whenever
the disk is stationary, accelerated from a stop and during .

20 deceleration just prior to completely stopping. Each time the
head and disk assembly is driven, the sliding surface of the
head repeats the cyclic operation consisting of s'topping,_ .
sliding against the surface of the disk, floating in the air,”
sliding against the surface of the disk and stopping.

35 It is considered désirable during readlng and recording
operations to maintain each transducing head as close to its
associated recording surface as possible, i.e., to minimize
the flying height of the head. This objective becomes
particularly significant as the areal recording density '

30 increases. The areal density (Mbits/in*) is the recording
density per unit area and is equal to the track der}sity (TPI)

in terms of tracks per inch times (x) the linear density (BPI)
in terms of bits per inch. Thus, a smooth recording surface
is preferred, as well as a smooth oppoéing surfa}ce of the

35 associated transducing head, thereby permitting the head and
the disk to be positioned in closer proximity with an

attendant increase in predictability and consistent behavior
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15 surface of a disk substrate to provide a texture thereon prior
to subsequent deposition of coatings, such as an underlayer,
magnetic layer, carbon overcoat and lubricant to_pcoat-, wherein.
the textured surface on the substrate is reproduced on the
surface of the magnetic disk.

20 A typical longitﬁdinal recording medium is depicted in
Fig. 1 and comprises a substrate 10, typically aluminum (Al) _
or -an Al alloy, such as an alumlnum-magnes:Lum (Al Mg) -alloy, -
plated with a layer of amorphous nickel- phosphorus (NJ.P)
Alternative substrates include glass, ceramic, glass-ceramic

25 materials and graphite. Substrate 10 typically contains
sequentially deposited on each side thereof a chromium (Cr)
or Cr-alloy underlayer 11, 11’, a cobalt (Co) base alloy
magnetic layer 12, 12’, a protective overcoat 13, 13',
‘typically containing carbon, and a lubricant topcoat 14, 14°.

30 Cr underlayer 11, 11’ can be applied as a composite comprising
a plurality of sub-underlayers 11A, 11A’. Cr underlayer 11,
11, Co base magnetic alloy layer 12, 12’ and protectj.ve
overcoat 13, 13’ are typically sputter deposited in an
apparatus containing sequential deposition chambers. A

35 conventional Al-alloy substrate is provided with a NiP
plating, primarily to increase the hardness of the Al

substrate, serving as a suitable surface to provide a texture,



Is referred to as a "head crash.” Thus, there are conpeting goals of
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Al substrate, serving as a suitable surtace_to~provi tex ure,
15 is extremely difficult to provide a clean textured surface due

to debris formed by mechanical abrasions. Moreover, the
‘surface inevitably becomes scratched during mechanical
operations, which contributes to poor glide characteristics
and higher defects. In addition, various desirable substrates

20 are difficult to process by mechanical texturing. This
undesirably limiting facet of mechanical texturing, Virtual_.ly
excludes the use of many inexpensive substrates as well as
conductive graphite substrates which facilitate achieving higH'
coercivities. ' '

25 An alternative to mechanical texturing involves the use
of lasers to form a landing zone. See, for example, Ranjan
et al., U.S. Patent No. 5,062,021. Another alternative to
mechanical texturing is disclosed by Lal et al., U.S. Patent
No. 5,166,006, and involves chemical etching.

30 In copending U.S. Patent Application Serial .NO'
08/608,072 filed on February 28, 1996, a magnetic recording
medium is disclosed which has a textured surface formed by -
sputtering a metallic layer, such as titanium or a titanium
alloy, on a non-magnetic substrate, inclusive of a glass,

35 glass-ceramics materials and NiP chemically plated Al-Mg alloy
substrates. It has, however, been found difficult to produce

a magnetic recording medium having a suitably high coercivity
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The 1linear recording density can be increased by
increasing the coercivity of the magnetic recording medium.
However, this objective can only be accomplished by decreasing

20 the medium noise, as by maintaining very fine magnetically
noncoupled grains. ‘Medium noise is a dominant factor
restricting increased recording density of high_ denéity .
magnetic hard disk drives. Medium noise in thin films is
attributed primarily to inhomogeneous grain size and

25 intergranular exchange coupling.. Therefore, in order to |
increase linear density, medium noise must be minimized by
suitable microstructure control. '

It is recognized that the relevant magnetic properties,
such as remanent coercivity (Hr), magnetic remanence (Mr) and-

30 coercive squareness (S*), which are critical to the
performance of a magnetic alloy thin film, depend primarily
on the microstructure of the magnetic layer which, in turn,
is influenced by the underlayer on which it is deposited.
Conventional underlayers include Cr, molybdenum (Mo), tungsten

35 (W), titanium (Ti), chromium-vanadium (CrV) as well as Cr
alloyed with +various substitutional elements. It is
recognized that underlayers having a fine grain structure are
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mai ntai ning very fine magnetica grains rum n :
is a doni nahtduFedt oSince mﬁ@éﬁrrm$¢nqmerﬁgr@a@¢@1r1re@m§eagfmmqhmdw. gh -

density - and magnetostatic interactions -among - magnetic grains, *an
15 effective way to suppress such factors is to separate the_
7 magnetic grains either - physically or chemically, i-.e.,
segregate. Earlier efforts by researchers in this area have
concentrated primarily on the magnetic layer and the
underlayers However, there are limits as to the manner in
20 which such underlayer and magnetic layer can be grown.
In the past, substrate treatment or substrate related
‘approaches to ultlmately separate or segregate the magnetlc
grains to reduce exchange and magnetostatic interactions for
increasing Hr have not received significant attention. For
25 example, prior efforts in this area have involved high
precision photolithographic techniques,~whieh are extremely
time consuming and expensive. Accordingly, large volume
production is virtually impoSsible. '
Co-pending application Serial No. 08/699,759, filed on '
30 August 20, 1996, discloses that Cr films deposited on surface
oxidized NiP layers experience smaller grains than Cr films
deposited on non-oxidized NiP layers. Co-pending application
Serial No. 08/586,529, filed on January 16, 1996, discloses
a method of depositing Cr films on surface oxidized NiP films,
35 wherein the deposited Cr films exhibit a (200) -dominant
crystallographic orientation.
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M cromagnet i been~conducted ov t he past several years
to_increase a maghetamd recheosl ingli medbune Cqmrll§lrr¥§i:0§nlsf’é‘(§tﬁﬁattﬁt“red
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In co-pendlng appllcatlons Serial Nos. 08/972, 229

15 filed on November 17, 1997 (Our Docket No. 2674-072; 50103-.
'118) and Serial No. 08/955,448 filed on October 21,. 1997 (Our
Docket No. 2674-073; 50103-119), methods are disc¢losed for
employing a laser beam to texture a data zone.

U.S. Patent No. 5,470,636, issued to Wakui et al. on

20 November 28, 1995, discloses the formation of a landing zone
by anodlzlng an Al substrate or Al layer on a substrate,
filing the resultlng pores with a non- magnetlc ‘material
extending above the anodized surface and treating the anodized
layer with a fluorine reagent, acid or base.

25 There exists a continuing need for magnetic recordlng'
media suitable for high areal recording density exhibiting
high Hr, high SNR and high S* and improved £flying
characteristics. There also exists a continuing need for cost
effective, efficient methodology for manufacturing high areal

30 density magnetic recording media exhibiting high Hr, SNR and
S* and improved flying characteristics.

Disclosure of the Invention
An advantage of the present invention is a magnetic
recording medium suitable for high areal density longitudinal
35 magnetic recording which exhibits low medium noise, high Hr,
high S* and improved flying characteristics. '
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other advantages are achleved in part by a magnetlc recording
15 medium comprising: a non-magnetic substrate, a layer
| 'comprlslng Al or an Al alloy on the: substrate, the Al 'or Al
alloy hav:.ng a substantlally uniform pattern thereon; and a
magnetic layer; wherein, the pattern is substantially
replicated on the magnetic layer to form a data zone.
20 Another aspect of the present invention is a method of
manufacturing a. magnetic recording medium, the -method
comprising: forming a layer of Al or an Al alloy on a non-
magnetic substrate; forming a substantially uniform pattern
on the Al or Al alloy layer; and forming a magnetic layer;
25 whe'i'eiri,- the pattern is substantially replicated on ~the
magnetic layer to form a data zone. -

Embodiments of the present invention comprise anodizing
the Al or Al alloy layer to form a substantially uniform
honeycomb pattern cofnprising substantially hexagonal cells of

30 Al oxide. Embodiments of the present invention further
comprise texturing the surface of the substrate to form a
textured '~ area which 1is substantially replicated on
subsequently deposited layers, including the magnetic layer,
to form a recording data zone.

35 Additional advantages of the present invention will
become readily apparent to those skilled in this art from the
following detailed description, wherein the embodiments of the
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above the anodi zed surface and treating the anodized layer with a
fluorine reagent, acid or base. 25 There exists a continui ng need

for magneti BuizdiDismriptiomestf aDsarinde for hi gh areal recording density

exhi bi tyig hi gh. Hr, 5 hj .and.high S$* _and i nproved flyjn )
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suitabl e for high avipl Fensidy duygid ubiad BRrdRUWL | AFARL LAY dhieh
exhi bi tl | ow .nedi um noji.se, hbg? Hr, hllgh S* .and i nproved flying .
char acter | S\li\\l{l?e- 1 substrate ore and after anodizing in accordance with.
an embodiment of the present invention. |
Figs. 4A and 4B show the Hr and SNR, respectively, of
an embodiment of the present invention vis-a-vis a

conventional magnetic recording medium.

20 Description of the Invention .
The present invention addresses the problem of

increasing the data storage capacity of magnetic recording
media by increasing the Hr and lowering media noise. The
increased Hr narrows the pulse width and enables a reduction
25 of the bit length for increased recording density. Lower
media noise generates a higher SNR. Embodiments of the
present invention achieve the foregoing objectives by a -
physically segregating the magnetic grains of the magnetic
layer. Such physical segregation of magnetic grains is
30 achieved by forming a pattern on the substrate which initiates
magnetic film growth in patterns. Such patterns minimize the
irregularity of grain growth and narrow the magnetic grain
unit’s distribution, thereby reducing the origins of zigzag
transitions, consequently  suppressing magnetic grain
35 interactions and improving SNR. .



8 Anot her advantage of the present invention is a cost
effective, met hod of manufacturing a magnetic recordin _
medi um sui tg{)(f eﬁdfog{gt hi gh areal density |ongitudinal nagﬁ&ﬁ”@%ﬂgég’r di ng
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minimized and SNR increased.

15 In accordance with embodiments of the pres'ent
inve'rition; an Al or Al al loy is sputter deposited on a non=
magnetic substra;e, such as a NiP plated Al or Al alloy
substrate, or a glass, ceramic, or glass-ceramic substrate.
The Al or Al alloy fiilm can be sputter deposited to a

20 thickness of about S50A to about S5000A, e.g., about 500A to
about 1500A.. In accordance with embodiments of the. present _
invention, ‘a substantially uniform pattern is formed on the
sputter deposited Al or 21 alloy film to serve as a template
such that the magnetic grain clusters of the subsequently

25 deposited magnetic layer are separated by the patt-er_r{-
boundaries. The sputter deposited Al or Al alloy film is
anodized to form a pattern comprising aluminum oxide, such as
a. substantially honeycomb pattern. Anodization can be
effected in any conventional manner, as by treatment with a

30 solution of hydrogen phosphate (H,PQ,) of about 1% to about
10%, e.g. 'about 4%, at about 1 to about 15mA/cm®, e.g. about
SmA/cm?, at room temperature for up to about 1 hour, e.g.
about 10 minutes. The resulting subst:antially honeycomb
pattern comprises substantially hexagonal cells of aluminum

35 oxide. Such substantially hexagonal cells serve as a suitable
template for the subsequently deposited magnet:ic_ layer such
that epitaxial growth is effective to produce a desired



honeyconb pattern conprising substantially hexagonal cells of 30 Al oxide.

Enbodi ment sWOf#4B¥Spr esent i nvention further’ conpri se t BLTWSPHP6Tthe
surface of the substrate to forma textured area which is
substantially replicated on subseqyant |y deposited | ayers, including
t he magnetic | ayer, to forma recording data zone. 35
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conventional magnetic recording medi unp structure. Fig. . 2 A
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underlayer, such as CrV, is sputter deposited on the NiAl

seedlayer, and a magnetic layer, such as a cobalt-chromium-

- platinum-tantalum (CoCrPtTa) alloy layer is sputter deposited

15 on the ﬁnderlayer. A protective overcoat, such as a carbon-

ng

containing protective overcoat, is sputter deposited on the

magnetic layer and a lubricant topcoat is formed on the
protective overcoat. The layers can be sputter deposited in
order to optimize magnetic properties, as by employing a base

20 pressure of 2 x 107 Torr with a substrate temperature of
about 200°C to 300°C and a substrate bias at about -250 volts,
employing a sputtering power density of between 2W/cm? to-
30W/cm® utilizing a sputtering gas flow rate of about 15 scem:

An embodiment of the present invention is schematically

25 illustrated in Fig. 2 and comprises a'non-magnetic substrate
| 20, such as NiP plated Al. On each side of substrate 20 is
sequentially formed an anodized sputter deposited Al layer 21,

21’ comprising a substantially uniform honeycomb pattern of
substantially hexagonal cells of aluminum oxide. Seedlayer-

30 22, 22', such as NiAl, is sputter deposited on the honeycomb
pattern. An underlayer 23, 23, such as CrV, is sputter
deposited on seedlayer 22, 22, and a magnetic layer 24, 24’,

such as CoCrPtTa, is sputter deposited on underlayer 23, 23'.
During epitaxial growth, an HCP pattern  is formed

35 substantially following the template of the patterned layer
21, 21’, such that the patterned boundaries separate the

magnetic grain clusters, thereby minimizing grain interactions



Figs. 4A and 4B show the H and SNR, respectively, of an enbodi rrent of
t he present wowakison vis-a-vis a conventional nmagnetic E:‘f‘

medi um 20 Description of the Invention The prese | nvent i on
addr esses the probl em of I ncreasi ng the data storage capaC| ty of
magnetic recording nmedi a by increasi A¢ the Hand | owering nedia
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deposit éd sutw}amlam t‘m@tucagomé aejhethaviny er depthf of niboutat®) Foand
' a diameter of about 5007, suitable for magnetic recording bit
size scales. A NiAl seedlayer was deposited on the anodized

- Al layer, a CrV underlayer was deposited -on the NiAl -
seedlayer, and a CoCrPtTa magnetic layer was deposited on the
15 CrV underlayer. A carbon-conta_ining protective overcoat was
deposited on the CoCrPtTa layer. The Al layer was anodized
in a 4% H,PO, solution and the results of anodization are
shown in Fig. 3, the left hand portion of Fig. 3 illustrating
the Al layer before anodization and xright hand portion
20 comprising the honeycomb structure subsequent to anodization.

- A comparison (regular) magnetic recording medium was
made employing substantially the same layers and suBStantially
the same deposition conditions as in forming the magnetic
recording medium representative of the present invention, :

25 except that an Al layer was not sputter depdsited on the
substrate and anodized. The magnetic properties of both media
were tested employing a non-destructive rotating disk
magnetometer. Recording characteristics and media noise was
measured at a linear density of 240kfci (kiloflux changes per

30 inch) employing a Guzik 1601 tester with a magnetorestive (MR)
head having a 0.35 pin gap length and flying at a nominal
height of 2.1 pin.

The test results are depicted in Figs. 4A and 4B. Fig.
4A shows the magnetic properties of the comparison (regular)

35 medium and the medium in accordance with the present invention
(patterned sub). It is apparent from Fig. 4A that the use of
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invention can be easily integrated into existing production
facilities. The present invention enables the formation of
magnetic recording media suitable for high areal density
20 recording having improved Hr, imﬁroved SNR and 'S*. The
present invention also achieves a significant increase in SNR
by effectlng separation of magnet" c grain cells by the pattern -
boundaries, thereby suppressing magnetic interaction. The
present invention enables production of any of various types
25 of magnetic recording wmedia, particularly magnetic recording
media, such as thin film disks having improved £lying heights.
Only certain embcdiments of the present invention and
but a few examples of its versatility are shown and described
in the present disclosure. It is to be understood that the .
30 present invention is capable of use in various other
combinations and environments and is capable of changes and
modifications within the scope of the inventive concept as
expressed herein.



11 hexagonal cl ose packed (HCP) crystal structure. Mreover, the
boundari es @lpdo@smubst anti al |y hexagonal cells, due to Féﬁﬁ&@ﬁzkﬂ'

replication in the magnetic |ayer, serve to separate the magnetic
grain clusters thereby mnimzing grain 5éé interactions.and 1 nproving SNR
Subsequent to anodi zation, the magnetic recording I

by depositing an underl ayer and nmagnetic | ayer on {Tﬁ' Immuﬂmﬂrlmﬁlﬁ
replicating the patterns on the substrate. For exanple, ¢a 'seddl yet,
such as ni ckwhaal uei plEiiled iehi Al) is deposited on the anodi zed Al or Al
alloy layer. It is bel n ely filled.
An under| ayer, such ai %ﬁ@t’% %&%tg g}i gg‘épg‘glaé STcril g%m?%%hﬁ%d

seedl ayer, and a nagrmtmm+mmetmc$nub%tlaaté@balt chroom um
platinum tantal um (Colr £118) éb!nﬁhlsi‘)‘@r afl 3m$ Rtlint mqﬂew&a&ﬁqﬂﬂ%lmy tdre

underlayer. A protective overcoat, such as_ a car inip
protective o%BEcoBEPStEaERut tidhe ddFIET ehRBHNThe rrﬁ@‘??éf:?é‘tllégéﬁ’ AR Eorm

| ubri cants t opae@krihs therees ; o&nuhe prot ective overcoat. The | ayers can
be sputter deposited in dfr to optimze nmagnetic properties, as by_

enpl oyi ng a base 20 %r%%%%?"él‘a YT LOYRTTF Horr with a substrate
t enper at ure of athioelt ﬂﬁﬂieem] G4 o S}Gftentli@ldyd xeplbsatate bnasthe

about -250 volts p ri power density of between
2Wcenferr] tg‘agnbtlgoe\f’lé{%e%é r}'g)tr?f\ DSl o .

izing a sputterl ng gas flow rate of
about 15 sccm An enbodi nent- of the present invention is

schematically 25 il4ustrat [ E‘n%t 2 P S SRE3dRuR0 MRS
substrate 20, suéch as N"lﬂqe P2 A On eachémde gf S bstrategCZO is

sequeriti al | ycﬂéﬁﬁbé:aﬁ%ﬁé’ﬁrz&?“?ﬁi}ﬁlé}g depisSeref oAt UTgFe Lt apfing zongy.
conprising a substantially uniform honeyconb pattern-of - subst,ar,lt ially
hexagonal cells of alum num Qxi de. dl ayer 2 .. su ) i's
sputter deposited on The hon %ofﬂ‘?gne% cpeﬁ?cé‘?ﬁdln%nmﬁﬁagpl ayééérl)%rlgz%o
such as OV, cilaigpullt erwhereifeptisét ephtoreseedicaperis®d® 22' subatantiaghetic -
layer 24, 24honeycomb pattern of aluminum oxide formed by anodization.

4. The magnetic recording medium according to
claim 3, wherein the honeycomb pattern comprises substantially

hexagonal cells.

5. The magnetic recording medium accordirng to
claim 4, wherein the cells have a diameter of about 50A to
about 5000A and a depth of about 50A to about 10,000A.

6. The magnetic recording medium according to
claim 1, wherein the Al or Al alloy layer has a thickness of
about 50A to about 5000A.

7. The magnetic recording medium according to
claim 6, wherein the Al or Al alloy layer has a thickness of
about 500A to about 1500A.

8. The magnetic recording medium according to

claim 1, further comprising:



such as CoCrPtTa, is sputter deposited on underlayer 23, 23'. ‘Duri ng

epi taxi al  JVBRP/HOS7 ﬂm ] : is formed 35  subst artivesdopz67o
foll owi ng the tenpl a“* “Hﬂm'"m”ﬂmed | ayer 21, 21', such that the
patterned boundaries separatetht * magfetic grain clusters, thereby

m nimzing grain interactions 12

and inproving SNR Az C@ReantyeraliReetat! bhetAXepaeekbrald Al or2Rl: 2 BYEGP
as a.carbon-cont ai ni ng pr otective overcoat, 1S sput ter dep03| te% (6]

the magnetic T&Y®Fi 24, 24' and a conventional |ubricant topcoat 26,
26" formed thereon. arbund@fllayer on the seddl@BgHetaredy ecordi ng nmediumin

accordance with the resent. . nuention made, by, sputter depositing an
Al | ayer on an Ni ﬁpﬁp“?gﬁlsettrlﬁ T 8 r’fﬁ“ﬁ%l%?e’f'ayer to forma
substantially honeyconmb Al oxide pattern conprising 10 substantially
hexagonal cells having a deptgd, of g?g : K0 I QEFI . i:eyg;]I:ﬁr f
about 500[err], sui ta%l'e fortﬂn?%aegnrgt célélé(gor ?%grhbl medlgt?z% sca esn.go 5&0
Ni Al seedl aye‘Fim Blep¥Be¥ednton t he anodi zed Al layer, a CrV underlayer

was deposited -on thepd Albstrate S6GFIHEE. a AEKR1IPHRPHdARIBERLEA RY €T
was deposited IQnAi he éS CrV under | ayer. A carbon-containing protective

overcoat was © S¥fed on the CoCrPtTa | ayer. The Al |ayer was :

anodi zed s . in a 4%HeeselddDbyed Wonptiaus tdiekels W hdmiHumnodi zation are

shown in Fig. 3, the Itft h ndlportion of- .Fiq%.o %ﬁij)ll.u'stratin N tclge Al

| ayer before anodizati SHGHE T SRS £ 2N Eh it i

honeyconb structure sthseqmeghetdcanddyeati oomprises a cobalt-chromium-
platinum-tantalum alloy.

10. The magnetic recording medium according to
claim 1, wherein the substrate comprises nickel-phosphorus
plated aluminum or aluminum alloy, or a glass, ceramic or
glass-ceramic material.

11. A method of manufacturing a magnetic recording
medium, the method comprising: )

forming a layei‘ of aluminum (Al) or Al alloy on " a
non-magnetic substrate; |

5 forming a substantially uniform pattern on the Al or

Al alloy layer; and

forming a magnetic layer; wherein,

the pattern is substantially replicated on the
magnetic layer to form a data zone.

12. The method according to claim 11, comprising
forming the pattern by anodizing the Al or Al alloy layer,
wherein the pattern comprises aluminum oxide.

13. The method according to claim 12, comprising
anodizing the Al or Al alloy layer to form a substantially
honeycomb pattern containing substantially hexagonal cells.



A conparison (regul i ng nmedi um was made errpl oyi ng

subst ant i aIWsttghesﬁ lﬂﬂ,’bst antially t he sa ~ggosr tion
conditions as in form n recordi ng medi um QP48 i ve
of the present invention, 25 excépt that an Al |ayer was not sput ter

deposited on the substrate and anodi 28d. The nagnetic properties of
both nedi a wer e _t ested y| ng, a non-destructive rotating disk
magnet onet er. Recor ditfy char %cécé’rﬂ?qﬁ@'r fon6itadmpdd, whergimsihed
at a linear clehlsstlyamé &@idmtékrdbfdhbumrmwe& ABouB0500bACANd ATILPHHT 2
GQuzi k 1601 t st §o$ PRODEL ﬁbsitrve (MR head having a 0. 35
[err]in gap Iyrnga a nhom nal hei ght of 2.1 [err]in.

The test results are depicted in Figs. 4A and 4B. Fig. 4A shows the

magnetic properties gfs the Pl (a(c?&%c?{r%gp:ﬁ% acgd&t %)ndcot“%tqerl]rredr um
efn

I n accordance with the present I nvent1 o
appar ent frofPgFEer depegiting the A¥ or Al alloy layer to a thickness of

13 a pabdet sk taY8hoRR theoAubstrate resulted in an increase
in Hr. Fig. 4B illustrates that the nmagnetic recordi ng nmedi um

in accordance with the present invention exhibits an 5
i nproverment in SNR afs.aboutrya &tdwoﬁﬂta&cdldﬁﬁg‘ d &drdiw it dmprising

t I d
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fornmed on a n@@n@b@ctsubemkate for increased areal recording
density. The anodi zed pattern 10 can be fornmed on any non-nagnetic
substrate, and typically exhibits. a substantially hexagonal
honeyconb - structure17 'I'he method accordlng to claim 13, comprlslng

anodlzlng with a solutlon comprlslng about 1% to about 15%”
hydrogen phosphate for about 1 to about 15 minutes.

18. The method according to claim 11, comprising
laser texturing the substrate to form a textured area which
is substantially replicated on the magnetic layer to form a
landing zone. |

19. The method according to claim 11, comprising:
sputtering depositing a seedlayer directly~on the
patterned Al or Al alloy layer;
sputter depositing an underlayer on the seedlayer;
5 and - '
sputter depositing a magnetic layer on the
underlayer.

20. The method according to claim 19, wherein:
the substrate comprises nickel-phosphorous plated Al
or an Al alloy;
. the seedlayer comprises nickel aluminum;
5 the underlayer comprises chromium vanadium; and
the magnetic layer comprises an alloy of cobalt-
chromium-platinum-tantalum.



conprising a single hexagonal unit cell ranging from about 50A to
about 5000[ eVPP9578i anet er and about 50A to about 10, 000[ er r pctAisosn2670
depth. Conventional magnetron -sputtering techni ques can be 15 enpl oyed
to produce magnetic recording nedia in accordance with the present

i nvention. Accordingly, the present i nvention can be easily
integrated into existing production fqacilities. The present invention
enabl es the formation of magneti c reégfding medi a suitable for high
areal density 20 recordi ng having inproved Hr, inproved SNR and S*. The
present invention also achieves a significant increase in SNR by
effecting separation of magnetic grain cells by the pattern

boundari es, thereby suppressing magnetic interaction. The pr esent

i nvention enabl es production of any of various types 25 of magnetic
recording nedia, particularly magnetic recording -~ media, such as thin
fil mdisks having inproved flying heights. Only certain

enbodi mrents of the present invention-and but a few exanples of its
versatility are shown and descri bed in the present disclosure. It is
to be understood that the 30 present invention is capable of wuse in
various ot her conbi nati ons and environnents and i s capabl e of changes
and nodi fications within the scope of the inventive concept as
expressed herein. . ' 14 - Wat is
clained is: 1.- A magnetic recordi ng nmedi um conpri si ng:

a non-nmagneti c substrate; a layer conprising alumnum (Al) or an
Al alloy on 14
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the substrate, the |ayer having a substantially uniform5 pattern thereon;

and WO oglagERgneti c | ayer; wherein, ) the pattern is
substantially replicated on the magnetic layer to form a d&CA/UB3%E2670
2. The magnetic recordi ng medi um according to claim1l, further
conprising a |laser textured |anding zone. 3. The magnetic
recordi ng medi um according to claim1, wherein the pattern conprises a
substantial ly honeyconb pattern of al @M num oxi de formed by anodi zati on.
4, The magnetic recordi ng medi um according to claim 3, wherein the
honeyconb pattern conprises substantially hexagonal cells.
5. The magnetic recordi ng nedi um according to claim4, wherein the
cells have a dianeter of about 50A to about 5000[err] and a depth of
about 50[err] to about 10,000[err]. 6. The magnetic
recordi ng nmedi um according to claim1l1, wherein the Al or Al alloy |ayer
has a thickness of about 50A to about 5000[err]. 7. - The
magneti c recordi ng medi um according to claim6, wherein the Al or A
al l oy layer has a thickness of about 500[err] to about 1500A.
— 26
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8. The magnetic recordi ng medi um according to clain11, further

conpr i si ng:WO 99/40575 15 PCT/USYR6TH ayer
directly on the patterned Al or A alloy | ayer; 5 an under| ayer
on the seedl ayer and; t he magnetic | ayer on the underl ayer

9. The magnetic recordi ng medi um according to claim 8, wherein

the substrate conprises a nickel phosphorus plated Al or Al alloy; 5

t he seedl ayer conprises nickel alum num t he underl ayer
conprises chrom um vanadi um and the magnetic |ayer conprises a
cobal t-chrom um pl ati numtantal um al | oy. 10. The
magneti c recordi ng nedi um according to 2Iain11, wherein the substrate
conpri'ses nickel - phosphorus pl at ed aléélnun1or al um num al |l oy, or a

gl ass, ceram c or gl ass-ceram c materi al . 11. A et hod of
manuf acturi ng a magnetic recording medi um the nethod conpri sing:
formng a layer of alumnum (Al) or Al alloy on a non- magneti c
substrate; :

0 1.0um 0 1.0um
FIG.3
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5 - forning a substantially uniformpattern on the Al or Al all oy

| ayer; and WO 99140875 form ng a magnetic layer; wherein, PCT/US99/026581€
pattern is substantially replicated on the magnetic |ayer to forma data
12

zone. : The met hod according to claim 11, conprising
form ng the pattern by anodizing the Al or Al alloy |ayer, wherein the
pattern conprises al um num oxi de. 4/4 13. The met hod accordi ng
to claim 12, conprising anodi zing the Al or Al alloy layer to forma

substantially honeyconb pattern containing substantially hexagonal
cells. 16 14. The
nmet hod according to claim 13, wherein the cells have a dianeter of about
50[err] to about 5000[err] and a depth of about 50[err] to 10,000[err].
15. The net hod according to claim11, q9163i§%zq sputter depositing
the Al or Al alloy layer to a thickness of abaddt* 50[ err] to about

5000[ err]. 16. The met hod according to claim15,

conpri sing sputter depjiLLLng{hc A—or—Atr—attoy t0 a thi ckness of |about
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S00[err] M t 1500[err]. 17. The gg-&—ggdw@cgorg@g [’cm’—*‘\ 2AQ
conpri si ng anodi zing with a sol ution conpfising about ~1% tges [15% =
hydr ogen phosP@‘lé for abommmnqbu RIY ORGABISATION

\»} fj

The. met hod according to claim 11, conprisin | aser texturi ng t he

subst rw&mn@w SIGATIOY BIRLISHER UNDER BABEN R RODRERATIONTREATE (PCTNh

t hel 5B #ahdtbnal %fcm'icfi@‘l . a | andi rQllFﬂElﬁmml Publication Number: 19. woWuosrs
met od@ﬁ %ng to claim1l, conpfjgilng: sputtering depoSiting
a seedl ayer |rectly on the pat err@d)menﬂﬁonﬂlpumcd:ﬂyndtayer 12 August 1999 (12.08.99)
Sputter—deposttng—amrundertayer—on—tHerseedtayer—5—and

S pul &8 MnterfBRHAS Afplidafon NambFRL g NETRCT/USHIRYED | (D Desifnaded Statest! DE| &38| RYKH, SG, US.

20. The met hod according to claim 19} wherein: the substrate
conp‘??’é@%‘“%@'l‘k@l‘%ﬁh%’sphoi"o‘%@aﬁ’l BRI | ar an Al alloy; t he
seefll ayer conprises nickel aluminum 5 [ w,,hin,e;ngﬁ,wgg,g,{)eﬁxer conpri ses
chr o) eartapas um  and the magnetic layer conprises an all oy of
cobpl t - 6007&RB oM ,unt 19 Febram (498 (18.62.98) unUS

8 4 ‘t ut
nmmanona? urean
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(57) Abstract

Magnetic recording media exhibiting improved Hr, SNR and S$%, suitable for high area recording density, are obtained by forming
a substantially uniform pattemed Al or Al alloy layer (21, 21") on a_non-magnetic substrate (20) which is substantially replicated in
subsequently applied layers (22, 22°, 23, 23", 24, 24", 25, 25°, 26, 26") to form a data zone., Embodiments include sputtering depositing
an Al or Al alloy layer (21, 21°) on the substrate (20) and anodizing the sputtered layer (21, 21°) to form a plurality of substantially
| uniforrn hexagonal cells comprising aluminum oxide. The hexagonal pattern is replicated in a subsequently deposited and epitaxially grown
magnetic layer (24, 24") such that the magnetic grains are separated, thereby reducing magnetostatic interactions therebetween.




