1 PERPENDICULAR MAGNETIC RECORDING MEDIA WITHOUT SOFT
MAGNETIC UNDERLAYER AND METHOD OF FABRICATING SAME
FIELD OF THE DISCLOSURE [0001] The present invention relates to
improved perpendicular magnetic recording media and methods for
fabricating same. The invention hag particular utility in the manufacture of
very high to ultra-high areal recording density media, e.g., hard disks,
utilizing granular perpendicular-type magnetic recording layers.
BACKGROUND OF THE DISCLOSURE [0002] Magnetic media are
widely used in various applications, particularly in the computer industry
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i.e., bit density of the magnetic media. Conventional thin film thin-film type magnetic media,
wherein a fine-grained polycrystalline magnetic alloy layer serves as the active recording
layer, are generally classified as "longitudinal" or "perpendicular", depending upon the
orientation of the magnetic domains of the grains of magnetic material.

[0003] Perpendicular recording media have been found to be superior to longitudinal
media in achieving very high bit densities without experiencing the thermal stability limit
associated with the latter. In perpendicular magnetic recording media, residual magnetization
is formed in a direction ("easy axis") perpendicular to the surface of the magnetic medium,
typically a layer of a magnetic material on a suitable substrate. Very high to ultra-high linear
recording densities are obtainable by utilizing a "single-pole" magnetic transducer or "head"
with such perpendicular magnetic media.

[0004] At present, efficient, high bit density recording utilizing a perpendicular

magnetic medium requires interposition of a relatively thick (as compared with the magnetic



recording layer), magnetically "soft" underlayer ("SUL"), i.e., a magnetic
layer having a relatively low coercivity below about 1 kOe, such as of a
NiFe alloy (Permalloy), between a non-magnetic substrate, e.g., of glass,
aluminum (Al) or an Al-based alloy, and a magnetically "hard" recording
layer having relatively high coercivity, typically about 3 - 8 kOe, e.g., of a
cobalt-based alloy (e.g., a Co-Cr alloy such as CoCrPtB) having
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magnetic transducer head 9. The relatively thin interlayer 5, comprised of
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[0006] layer 6§ﬂlihr%femng to FIG. 1, reference numerals 9» and 9,4, respectively, indicate
the main (writing) and auxiliary poles of the magnetic transducer head 9. The relatively thin
interlayer 5, comprised of one or more layers of non-magnetic materials, serves to (1) prevent
magnetic interaction between the magnetically soft underlayer 4 and the at least one
magnetically hard recording layer 6; and (2) promote desired microstructural and magnetic
properties of the at least one magnetically hard recording layer 6.

[0007] As shown by the arrows in the figure indicating the path of the magnetic flux
¢, flux ¢ emanates from the main writing pole 9y of magnetic transducer head 9, enters and
passes through the at least one vertically oriented, magnetically hard recording layer 6 in the
region below main pole 9y, enters and travels within soft magnetic underlayer (SUL) 4 for a

distance, and then exits therefrom and passes through the at least one perpendicular hard




region below main pole 9M, enters and travels within soft magnetic
underlayer (SUL) 4 for a distance, and then exits therefrom and passes
through the at least one perpendicular hard 3 magnetic recording layer 6
in the region below auxiliary pole 9A of transducer head 9. The direction
of movement of perpendicular maggetic medium 21 past transducer head
9 is indicated in the figure by the arrow in the figure. [0008] Completing
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comprises an up to about 300 A thick layer or layers of non-magnetic material(s), such as Ru,
TiCr, Ru/CoCr;7Pts, RuCr/CoCrPt, etc.; and the at least one magnetically hard perpendicular
recording layer 6 is typically comprised of an about 50 to about 250 A thick layer(s) of Co-
based alloy(s) including one or more elements selected from the group consisting of Cr, Fe,
Ta, Ni, Mo, Pt, V, Nb, Ge, B, and Pd.

[0010] A problem associated with the fabrication of perpendicular media, such as
medium 1 described above, is difficulty in forming perpendicular, magnetically hard
recording layers 6 with a desired crystallographic orientation and film quality for
perpendicular orientation of the magnetic easy axis, e.g., an hcp (0002) orientation. More
specifically, perpendicular magnetic recording layers 6 fabricated according to conventional

methodology without an underlying magnetically soft underlayer (SUL) 4 having (0002)
orientation frequently exhibit a very large crystallographic distribution resulting in generation




recording layers 6 with a desired crystallographic orientation and film
guality for perpendicular orientation of the magnetic easy axis, e.g., an
hcp (0002) orientation. More specifically, perpendicular magnetic
recording layers 6 fabricated according to conventional methodology
without an underlying magnetically goft underlayer (SUL) 4 having (0002)
orientation frequently exhibit a very large crystallographic distribution
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SUMMARY OF THE DISCLOSURE

[0013] An advantage of the present disclosure is improved perpendicular magnetic
recording media.

[0014] Another advantage of the present disclosure is improved perpendicular
magnetic recording media without a magnetically soft underlayer (SUL).

[0015] Still another advantage of the present disclosure is an improved method of
fabricating perpendicular magnetic recording media.

[0016] Additional advantages and other features of the present disclosure will be set
forth in the description which follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or may be learned from the
practice of the present invention. The advantages of the present disclosure may be realized

and obtained as particularly pointed out in the appended claims.



[0015] Still another advantage of the present disclosure is an improved
method of fabricating perpendicular magnetic recording media. [0016]
Additional advantages and other features of the present disclosure will be
set forth in the description which follows and in part will become apparent
to those having ordinary skill in thesart upon examination of the following
or may be learned from the practice of the present invention. The

[0017] advam%%érﬁfrrfgec@rﬁ?%@ﬁéﬁ?%@%ﬁéeﬂ%é(nl?ed{?ﬁﬁg&@ 3he AHYBRE %d other

particularly pointed out in'the appended claims. 5 [0017] According'to an _
advantagep age obiAwGdBaH R RIS impraveddrependicaly siagnetigvesniting medium,
compriﬁﬂé@ined in part by an improved perpendicular magnetic recording

medium, comprising: (a) a non-magnetic substrate having a planar

Eirface BRMIBERCEG SWbsalchAKINGA BIDaY svRfasssthdplanar surface of
{8y substaik FTAnACHHNG AR BRRPHO PGS RIrTAAIBE ke SEOSHIRY and

layer with a magnetic easy axis perpendicular to the plane of the layer

including a4 leastcpom BerRspdiculal (pagetin deseiling lByar Withna pagaetie isegyeaxis
perpendfb‘(ﬂ‘éﬁ@%tﬁ?%&)f '@h@%@éiﬂ 3ReR, WHRMH Q%Hgﬁéﬁﬁ?j‘?ft){:@@fpﬁﬁ%ﬂﬁyer ("SUL")
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is not prsprtimthedayerstatlone perpendicular magnetic recording layer; wherein
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layer overlies the third underlayer and has a crystallographic orientation similar to the second
crystallographic orientation.

[0019] Preferably, the first crystallographic orientation is fcc; the second
crystallographic orientation is hcp; and the at least one perpendicular magnetic recording
layer has an Acp (0002) crystallographic orientation.

[0020] Embodiments of the present disclosure include those wherein the first
underlayer (which may comprise a plurality of amorphous layers) is from about 30 to about
1,000 A thick and comprises 20 — 90 at. % Cr and up to about 80 at. % of at least one
element selected from the group consisting of Ta, Ti, Zr, Nb, Hf, V, Mo, and W; the second
underlayer is from about 5 to about 400 A thick, comprises an element selected from the
group consisting of Ag, Pt, Pd, Cu, and Au, and the first crystallographic orientation is fec
(111); the third underlayer is from about 1 monolayer to about 500 A thick and comprises Ru
or a Ru-based alloy; the at least one perpendicular magnetic recording layer is from about 30

to about 350 A thick and comprises Co and at least one element selected from the group




layer has an hcp (0002) crystallographic orientation. [0020] Embodiments
of the present disclosure include those wherein the first underlayer (which
may comprise a plurality of amorphous layers) is from about 30 to about
1,000 A thick and comprises 20 - 90 at. % Cr and up to about 80 at. % of
at least one element selected from ghe group consisting of Ta, Ti, Zr, Nb,
Hf, V, Mo, and W; the second underlayer is from about 5 to about 400 A
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such that said first underlayer is proximal the substrate surface and is amorphous with a

smooth surface; the second underlayer overlies the first underlayer and has a first
crystallographic orientation; the third underlayer overlies the second underlayer and has a
second crystallographic orientation; and the at least one perpendicular magnetic recording
layer overlies the third underlayer and has a crystallographic orientation similar to the second
crystallographic orientation.

[0023] Preferably, step (b) comprises forming the layer stack such that the first
crystallographic orientation is fec; the second crystallographic orientation is hcp; and the at
least one perpendicular magnetic recording layer has a hcp (0002) crystallographic
orientation.

[0024] Embodiments of the present disclosure include those wherein the layer stack
formed in step (b) is such that the first underlayer is from about 30 to about 1,000 A thick



perpendicular magnetic recording layer, wherein step (b) comprises
forming the layer stack such that said first underlayer is proximal the
substrate surface and is amorphous with a smooth surface; the second
underlayer overlies the first underlayer and has a first crystallographic
orientation; the third underlayer overlfes the second underlayer and has a
second crystallographic orientation; and the at least one perpendicular
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[0026] eYet another aspect of the present disclosure is an improved perpendicular

magnetic recording medium, comprising:

(@  anon-magnetic substrate having a planar surface; and

(b)  a stack of thin film layers overlying the planar surface of the substrate, the
layer stack including:

) a first underlayer in overlying contact with the planar surface,
comprising Cr and at least one element selected from the group consisting of Ta, Ti, Zr, Nb,
Hf, V, Mo, and W;

(i)  a second underlayer in overlying contact with the first underlayer,
comprising an element selected from the group consisting of Ag, Pt, Pd, Cu, and Au;

(i) a third underlayer in overlying contact with the second underlayer,

comprising Ru or a Ru-based alloy; and




materials; and the method further comprises steps of (c) forming a
protective overcoat layer over the perpendicular magnetip recording layer;
and (d) forming a lubricant topcoat layer over the protectlve ove.rcoat
layer. [0026] Yet another aspect of the present disc_:I(_)sure is an improved
perpendicular magnetic recording mgdium, comprising: (a) a _
non-magnetic substrate having a planar surface; and (b) a stack of thin
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[0029] Additional advantages and aspects of the present disclosure will become
readily apparent to those skilled in the art from the following detailed description, wherein
embodiments of the present disclosure are shown and described, simply by way of
illustration of the best mode contemplated for practicing the present disclosure. As will be
described, the present disclosure is capable of other and different embodiments, and its
several details are susceptible of modification in various obvious respects, all without
departing from the spirit of the present disclosure. Accordingly, the drawings and description

are to be regarded as illustrative in nature, and not as limitative.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The following detailed description of the embodiments of the present
disclosure can best be understood when read in conjunction with the following drawings, in
which the same reference numerals are employed throughout for designating the same or
similar features, and wherein the various features are not necessarily drawn to scale but

rather are drawn as to best illustrate the pertinent features, wherein:




second crystallographic orientation. [0028] Preferably, the first
crystallographic orientation is fec; the second crystallographic orientation
is hcp; and the at least one perpendicular magnetic recording layer has
an hcp (0002) crystallographic orientation. [0029] Additional advantages
and aspects of the present disclosuye will become readily apparent to
those skilled in the art from the following detailed description, wherein
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susceptible of modification in various obvious respects, all without

head 9; departing from the spirit of the present disclosure. Accordingly, the
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not as limitative. BRIEF DESCRIPTION OF THE DRAWINGS [0030] The

of an impEayier BeRERHHACHIARBI e UHBBAMAENE ohinacpruling to the present

disclosiisclosure can best be understood when read in conjunction with the
foITowi%g drawings, in which the same reference numerals are employe
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perpendiila i fRARHE FeabRINY RYELEHa MM Atk dFIGaher are drawn
as to best illustrate the pertinent features, wherein: 9 [00311 FIG. 1

[0034] schemEfCaif 1A tEtel, HHUSHARE A STaY SoEIRE! HEVS SoARrREHhGCPPIO
perpendié@ﬁﬂ@ﬂ_@gﬁ%fiér ?EB&&E@@%I @fﬂﬁl ﬁfb‘diﬂﬁﬁh&(;ﬁiﬁﬂg 10 FiG gl to the
conventional art, comprised of a perp r magnetic recordin X
[0035] mediurﬁlé]alsfdlﬁ gl d%“ffff%%@eﬁ’?ﬁ%iﬁ%%ﬂ ﬁ@?‘gcuqar magnetic
recordifig hsdiaticalyotdis asaeiGn zimplified cross-sectional view, a portion of an

improved perpendicular magnetic recording medium 11 according to the

present disclosure;
DETAILED DESCRIPTION OF THE DISCLOSURE

[0036] The present disclosure addresses and solves problems, disadvantages, and
drawbacks associated with the requirement for including a relatively thick magnetically soft
underlayer (SUL) in conventional perpendicular magnetic recording media designs, and is
based upon recognition that a key function of the SUL, in addition to providing a closed path
for the magnetic field from the single-pole recording head as shown in FIG. 1, is to provide a
surface morphology which promotes formation thereover of a perpendicular magnetic
recording layer having a desired high quality crystallographic orientation, i.e., with a narrow
range or distribution of crystallographic orientations.

[0037] More specifically, investigations have determined that an amorphous SUL is
necessary for subsequent formation thereon of a high quality magnetic recording layer with a
desired orientation, e.g., an hcp (0002) orientation, of the magnetic easy axis perpendicular to
the plane of the layer. In particular, it has been determined that, in the absence of an
amorphous SUL, a desired hcp (0002) orientation of the magnetic easy axis is of poor




[0033] FIG. 3 is a graph illustrating a 0 - 20 X-ray diffraction scan of a
CoPtO, perpendicular magnetic recording layer of a medium according to
FIG. 2; [00341 FIG. 4 is a graph illustrating an X-ray rocking curve scan of
the CoPtO" perpendicular magnetic recording layer of a medium
according to FIG. 2; and [0035] FIG 5 is a graph illustrating a MOKE loop
of a perpendicular magnetic recording medium according to FIG. 2.
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recordi@%ﬁ%sﬂﬂ%f %gé{gﬁ%epwgrﬁgggﬂmg@@q as shown in FIG. 1, is

to pfovide a sutrface morphology which promotes formation thereover of a
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crystallographic orientafions, [0037é ore specifically, investigations have
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desired orientation, e.g., an hep ( ) orientation, of the magnetic eas
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. (0002) orientation of the magnetic easy axis is of poor 10 quality, with a,
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oor.magnetic properties of the latter. .. .
crystallggraplgxnc Onientation” similar to the second crystallographic orientation. By way of

illustration, but not limitation, the first crystallographic orientation is fcc, the second
crystallographic orientation is Acp, and the at least one perpendicular magnetic recording
layer has a very high quality hcp (0002) crystallographic orientation.

[0039] Referring to FIG. 2, schematically illustrated therein, in simplified cross-
sectional view, is a portion of an improved perpendicular magnetic recording medium 11
according to the present disclosure, wherein reference numeral 2 indicates a non-magnetic
substrate, reference numeral 3' indicates a non-magnetic underlayer comprised of first,
second, and third underlayers 34, 3p, and 3¢, reference numeral 6 indicates at least one
magnetically hard perpendicular recording layer with its magnetic easy axis perpendicular to
the film plane, reference numeral 7 indicates a protective overcoat layer, and reference

numeral 8 indicates a lubricant topcoat layer 8.




[0038] The present disclosure includes description of the design and
fabrication of perpendicular magnetic recording media with perpendicular
magnetic recording layers with high quality crystallographic orientations
and which do not require a SUL. According to embodiments of the
present disclosure, perpendicular mpgnetic recording media are
fabricated with a layer stack including first, second, and third underlayers

[0040] beneatfithe apieaRianyie RRYIGIARHCHAkHBagREsR racRIdigeayRdeNRRELIB' of
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1al1EC0 ding med{'um 11 according to the present disclosure, wherein
crystallogRPRCAISHIA%RR! 2 indicates a non-magnetic substrate, reference
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the combination of non-magnetic adhesion aéer%’s, magnetlcaII{/ Soft

about 8Q,atiShpfeat (et one siement selected from the group consisting of Ta, Ti, Zr, Nb,
Hf, V, Mo, and W; the second underlayer 3y is from about 5 to about 400 A thick and
comprises an element selected from the group consisting of Ag, Pt, Pd, Cu, and Au, and the
first crystallographic orientation is fec (111); the third underlayer 3¢ is from about 1
monolayer to about 500 A thick and comprises Ru or a Ru-based alloy; and the at least one
perpendicular magnetic recording layer is from about 30 to about 350 A thick and comprises
Co and at least one element selected from the group consisting of Cr, Ni, Pt, Ta, B, Nb, 0,
Ti, Si, Mo, B, Cu, Ag, Ge, and Fe.

[0043] As before, substrate 2 is typically disk-shaped and comprised of a non-
magnetic metal or alloy, e.g., Al or an Al-based alloy, such as Al-Mg having a Ni-P plating
layer on the deposition surface thereof, or alternatively, substrate 2 is comprised of a suitable

glass, ceramic, glass-ceramic, polymeric material, or a composite or laminate of these




non-magnetic interlayer 5 of the conventional perpendicular medium 1
shown in FIG. 1. The first underlayer 3A is proximal the substrate 2 and is
amorphous with a smooth surface; the second underlayer 3]B overlies the
first underlayer 3A and has a first crystallographic orientation, and the
third underlayer 3c overlies the secppd underlayer 3B and has a second
crystallographic orientation. The at least one perpendicular magnetic
matendl@C(ﬁ@i’é@tiWva@r@é@rl@&ih‘ﬁ iyl eaidpriyer dambedRReAcarbon (DLC) layer
crystallogra orientation sjmilay to the second cr stallographic .
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the third, underlayer 30 nd the at least one perpendicular
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eranle e NS RO CASHAyros o5 BT 86 S i amay, if
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glass-ceramic, polymeric material, or a composite or lamina
an excellent hcp (0002) crystallographic orientation with a magnetization easy axis

be form

perpendicular to the film plane, suitable for perpendicular recording media. FIG. 5 is a graph
illustrating a MOKE loop of a perpendicular magnetic recording medium structured
according to FIG. 2 and unequivocally demonstrating magnetic properties suitable for
perpendicular recording media.

[0046] It should be noted that the above-described embodiment of the disclosure is
merely illustrative, and not limitative. For example, while the illustrated embodiment of FIG.
2 shows the perpendicular, magnetically hard recording layer 6 as a single layer, the
disclosure is not limited thereto. Rather, layer 6 may comprise multiple perpendicular
magnetic layers, either in adjacency or laminated with thin non-magnetic spacer layers.
Finally, the composition of perpendicular recording layer 6 is not limited to the illustrated
Co-based alloys, and other magnetic materials capable of forming thin film layers with




materials; protective overcoat layer 7 may comprise a diamond-like
carbon (DLC) layer formed over magnetically hard layer 6; and a lubricant
topcoat layer 8, e.g., comprised of a perfluoropolyether (PFPE) material,
is formed over protective overcoatllayer 7. [0044] Each of layers 3A, 3B,
.3C, 6. and 7 of medium, 11 may be foymed in conventional manner, as by
magnetiZeHOr, a5, P PAREIFHATC Kh e Am R HEYS B iFeH Batkoappeopriat
underlayerfdeconting toths priticiie etafdethipaas diydlosanar deposition, ion
[0047] platlnggl C. The.magggetlc.all, hard perpendicular recording layer 6 may, if

desire %féefgfﬁYéﬁuﬁ ESCTIRYOR, PRIDETANS, SRefifigedetilscAracish dhrh, Bich as
specific theterialetimecturescprickapes, 216240 drdde &y pebvageabeRer iRJSARAAE of the

eposition (IBD). Finally, the lubricant topcoat layer 8 may, be formed in
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. of a CoPtOX petpendigular magnetic recording layer of a medium
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disclosuf@002) crystallographic orientation. FIG. 4 is a graph illustrating an X-ray

rockin scan-of the CoPtQ. perpendicular magpetic recording layer
[0048] of the g’n%giﬁﬁrﬁ scqlr.ﬁntg u?gdeé%%%ar%ﬁ}eg %o <§?“z %'i‘?ﬁe%dil@ﬁr%uéenﬁ?ﬂ) ut'a few
examplesupfiildtivessatilitymaneishowi{Fand- BesofiBed inmihie spieiiat fdistlokiere Oft 4 to be

stallographij¢ origntation with a magnetizatjon,
understod AT e B A TASIE 0 e AL R B Lneres, eV coptietons and
environments @d) in sussepible SofS chamgeh ailti/otr atiodj fichtioisEvdhinofhe scope of the
disclosed’@éﬁ@é}ﬂiﬁyg{ %%G&L%ﬁcording medium structured according to FIG. 2
and unequivo%al y demonstrating magnetic properties suitable for
perpendicular recording media. [0046] It should be noted that the
above-described embodiment of the disclosure is merely illustrative, and
not limitative. For example, while the illustrated embodiment of FIG. 2
shows the perpendicular, magnetically hard recording layer 6 as a single
layer, the disclosure is not limited thereto. Rather, layer 6 may comprise
multiple perpendicular magnetic layers, either in adjacency or laminated
with thin non-magnetic spacer layers.




Finally, the composition of perpendicular recording layer 6 is not limited to
the illustrated Co-based alloys, and other magnetic materials capable of
forming thin film layers with 13 magnetization easy axis perpendicular to
the film plane may be utilized with appropriate underlayers according to
the principles set forth in this disclggsure. [0047] In the previous
description, numerous specific details are set forth, such as specific
What ieMaHasstructures, processes, etc., in order to provide a better
andersianding of the present disclosure. However, the present disclosure
¢an be praghierdioMitiani sasnstivgoiditiemeataits soepificaly set forth. In
other instances, well-known processing materials and techniques have

(Bt be@rPARIPABRAIIFSHRSHATH I3RS ASLARAL AWERES My obscure the

wesen; dipk@Tuen [B049hRMyoneIphgfeuRdpkmbosintssd o Db ik spiesaty and
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perpenditsgh@sty etie GslpadleOkaige luyvariaisk Ohkeredmbinaiigrscally soft underlayer
Larer pEOVIrONMents.. and is susceptjble of changes and/or modifications within
("SUL"}s nptgsasspii Sl (EEH4hcept as expressed herein. 14 What is

Claimed Is: 1. A perpendicular magnetic recording medium, comprising:

2) a ndihemaagretic maskuatestinwlagm lptwheredurface; and (b) a stack of

tsgﬂ? Pln}:rlas)(grl? 3{(’:%'&@9 %l%?'“gg?lo raﬁa r{ﬁ?&\?ﬁ&&ﬂ&%‘ﬂ? ﬁgﬁég’cﬁ@%d at least one

Inc uaﬁ'ﬂg at least one perpéndiculdr magnetic recording layer with a
perpendivalaratisgnatiy eecierdvegdayaticular to the plane of said layer stack,

wherein a magnetically soft underlayer ("SUL") is not present in said layer

stack. ZFLEhe.RRUCEHEIGHNITh 3kl Palvhereiherein: said layer stack

includes first, second, and third underlayers beneath said at least one
said first underlayer is proximal said substrate and is amorphous with a smooth

surface;

said second underlayer overlies said first underlayer and has a first crystallographic
orientation;

said third underlayer overlies said second underlayer and has a second
crystallographic orientation; and

said at least one perpendicular magnetic recording layer overlies said third underlayer

and has a crystallographic orientation similar to said second crystallographic orientation.

4. The magnetic medium as in claim 3, wherein:

said first crystallographic orientation is fec;

said second crystallographic orientation is Acp; and

said at least one perpendicular magnetic recording layer has an hcp (0002)
crystallographic orientation.




perpendicular magnetic recording layer. 3. The magnetic medium as in
claim 2, wherein: said first underlayer is proximal said substrate and is
amorphous with a smooth surface; said second underlayer overlies said
first underlayer and has a first crystallographic orientation; said third
underlayer overlies said second undgrlayer and has a second
crystallographic orientation; and said at least one perpendicular magnetic
recording layer overlies said third underlayer and has a crystallographic

grientatigj HgylRtiiomamhaeao i Fayaiallagigehic orientation. 4. The
magnetic medium as in claim 3, wherein: said firs%&r _stalloaraphic_
8

wHonndselayshig Sose Al 3t ghauhib M Audhisk rpgomprses R — 90
at. % CHdRAS RCBSEPSDHCWRLMATARIG A CIEHIBRL IReEtbd Fram e® gl donsisting

c.rystallogranhic orientation. 15 5. The magnetic medium as in claim 4,
of Ta, Tinérehip.dd ‘ﬁr@ﬂﬁrﬁé‘rl&ﬁler is from about 30 to about 1,000 A thick and
comprises 20 - 90 at. % Cr and up to about 80 at. % of at least one

demenThe naiarticometieng iU cafsiglingeedina, Ti, Zr, Nb, Hf, V, Mo,
and W. 6. The magnetic medium as.in claim 4, wherein: said first
SR, PR DB RSTA ) P S BRRYSI8YeF e magnetic
medium as in claim 4, wherein: said second underlayer is from about 5 to

dbout mmﬂﬁnkti@mﬁﬁﬂsegsain ela'méf;tW!;e_teh_ted from the group
QQﬁsk%téBHdoﬁ@gr(fEﬁE f FrdimPibaYs At 85 £ USRI QABASs an element

orientation is
selected from the group consisting of Ag, Pt, Pd, Cu, and Au, and said first crystallographic

orientation is fcc (111).

8. The magnetic medium as in claim 4, wherein:
said third underlayer is from about 1 monolayer to about 500 A thick and comprises

Ru or a Ru-based alloy.

9. The magnetic medium as in claim 4, wherein:

said at least one perpendicular magnetic recording layer is from about 30 to about 350
A thick and comprises Co and at least one element selected from the group consisting of Cr,
Ni, Pt, Ta, B, Nb, O, Ti, Si, Mo, B, Cu, Ag, Ge, and Fe.

10.  The magnetic medium as in claim 1, wherein:
said substrate comprises a non-magnetic material selected from the group consisting
of Al, Al-Mg alloy, other Al-based alloys, Ni-P plated Al or Al-based alloys, glass, ceramic,

glass-ceramic, polymeric material, and composites or laminates of these materials.



8. The magnetic medium as in claim 4, wherein: said third underlayer is
from about 1 monolayer to about 500 A thick and comprises Ru or a
Ru-based alloy. 9. The magnetic medium as in claim 4, wherein: said at
least one perpendicular magnetic recording layer is from about 30 to
about 350 A thick and comprises Cggand at least one element selected
from the group consisting of Cr, Ni, Pt, Ta, B, Nb, O, Ti, Si, Mo, B, Cu, Ag,
Ge, and Fe. 10. The magnetic medium as in claim 1, wherein: said
substratehe MRApHSES imdddiims gnetitrinptaiateatected from the group
consi tin of Al, Al-Mg alloy, other Al-based aél s, Ni-P. platedﬁéor .
AP AIRGE. 1SS ch RO SYRSF AR T YR PataitL PSR dicular
magne6iOTye0sdig dajemindtesiabiliage w;&i&&taISy%oﬁélrlﬁhg sarbpestediieeliovercoat
) as in claim 1, wherein: said layer stack includes a protective overcoat
ayer. layer overlying said perpendicular magnetic recording layer and a
lubricant topcoat layer overlying said protective overcoat layer. 12. A
rh2thod4of fadstiodtindg daleigmingcalaperprydatidar aoagimdicnadaondjing medium,
steps of: (a) providing a non-magnetic substrate having a
comp ngﬁ% ??Tr ace; and (b) forming a stack of thin film layers overlying said
[ﬂénar mmdmgfasm-mamm@mst:ammng aplenst smfapmehdicular

gne%ﬁﬁ‘ gL Aa S5 e ARAONS S %%ngft %%’gg%%}g%u{” f said

plane of sald ayer stack, wherein a magnetica

substraig aad pnéhmnwsémshgm prapkndisulnn magngtisdrecudiuglpyorcivitin 4 magnetic
easy aﬂgeﬁ@ﬂeﬁmw ?&W'iﬁﬁm@rgﬁ%ﬁalgg&y%fa%ﬁ?c%vw st 56! @ﬁlcally soft

and third underlayers beneath said at least one perpendicular m netc
underlgyes(i®HE Ajenot present in said layer stack.

13.  The method according to claim 12, wherein:
step (b) comprises forming said layer stack with first, second, and third underlayers

beneath said at least one perpendicular magnetic recording layer.

14.  The method according to claim 13, wherein:

step (b) comprises forming said layer stack such that said first underlayer is proximal
said substrate and is amorphous with a smooth surface;

said second underlayer overlies said first underlayer and has a first crystallographic
orientation;

said third underlayer overlies said second underlayer and has a second
crystallographic orientation; and

said at least one perpendicular magnetic recording layer overlies said third underlayer

and has a crystallographic orientation similar to said second crystallographic orientation.




14. The method according to claim 13, wherein: step (b) comprises
forming said layer stack such that said first underlayer is proximal said
substrate and is amorphous with a smooth surface; said second
underlayer overlies said first underlayer and has a first crystallographic
orientation; said third underlayer ovgrlies said second underlayer and has
a second crystallographic orientation; and said at least one perpendicular
magnetic recording layer overlies said third underlayer and has a
drystalleapeib et iscuaidimgsiorlainiol daidheesiand crystallographic

arientation. 17 .15. The methad gccording,to clgim,14, whergin: step ( .
R CCHATRS LA RE T R Eh Uit U SRS, IR beraphic
orientatoe it gian isfcc; said second crystallographic orientation is hcp; and said

at least one perpendicular magnetic recording layer has an hcp (0002)
g%lgt%ﬁ gé‘f‘gf)%ﬁ%@gﬁr?gﬁ?gﬁgn?rf&tﬁ %nrlﬁgf% a‘écording to claim 15,
wdidrein $test (loheopeppigetidalaningagadticlapeosdank dapdr thak said Agst (0002)
underlayer.is from about 30 to about 1,000 A thick and comprises 20 - 90
crystallg 951%}& 8%‘%"&@ £0-about 80 at. % of at least one element selected from
the group consisting of Ta, Ti, Zr, Nb, Hf, V, Mo, and W; said second
dfderlal/ee methed apeardBeotaisiaion 3, Avhersin stenb3eomprisesforming said
layer staglkesierl{qn the group consisting of Ag, Pt, Pd, Cu, and An, and said first
crystallographic orientation isfcc (111); said third underlayer is from about

sab AR yedeslayss s Sooahaelk 3hte @beir800 Ry thick mudisempriats 0 - 90
at. % C2¥id up to about 80 at. % of at least one element selected from the group consisting
of Ta, Ti, Zr, Nb, Hf, V, Mo, and W;

said second underlayer is from about 5 to about 400 A thick, comprises an element
selected from the group consisting of Ag, Pt, Pd, Cu, and Au, and said first crystallographic
orientation is fec (111);

said third underlayer is from about 1 monolayer to about 500 A thick and comprises
Ru or a Ru-based alloy; and

said at least one perpendicular magnetic recording layer is from about 30 to about 350
A thick and comprises Co and at least one element selected from the group consisting of Cr,
Ni, Pt, Ta, B, Nb, O, Ti, Si, Mo, B, Cu, Ag, Ge, and Fe.

17.  The method according to claim 12, wherein:

step (a) comprises providing a substrate comprised of a non-magnetic material
selected from the group consisting of Al, Al-Mg alloy, other Al-based alloys, Ni-P plated Al
or Al-based alloys, glass, ceramic, glass-ceramic, polymeric material, and composites or

laminates of these materials.




said at least one perpendicular magnetic recording layer is from about 30
to.about 350 A thick and comprises Co and at least one element selected
from the group consisting of Cr, Ni, Pt, Ta, B, Nb, 0, Ti, Si, Mo, B, Cu, Ag,
Ge, and Fe. 17. The method according to claim 12, wherein: step (a)
comprises providing a substrate copgprised of a non-magnetic material
selected from the group consisting of Al, Al-Mg alloy, other Al-based
alloys, Ni-P plated Al or Al-based alloys, glass, ceramic, glass-ceramic,
p8lymeTieemeithtidlacmtddingtpadiies 12, fartiactempfitinsstepatsttials. 18
flofi Th% method accort'dirtugl to claim 1 ,lfurther comg)régir:ﬁ stgga%. Ofi ?('C) "
§ mingoallmrl)lr%%ecativ%r%\%rlcgatcfggz/rglp Bvef %lridopveerrper'ﬁl icdia) aé?lue jc magnehie
recordimgdayeingndyer; and (d) forming a lubricant topcoat layer over said

E}Jgtect%%\rllerg utnl% ertolg('):«ﬁ‘ 1%%?8@911%%' oo, ecl;rr%]levtéco{'%%g(gdt!?%er

dium, conmprising: {gf a%on-mggnetlc SIS aving a p%\n '

surface; and (b) a stack of thin film layers overlying said planar surface of
$8id subaespendigidlarayegnatickdeerdaig mediuntireemptsingyer in overlying

BNk W SAIEh Bl SR i BRASIRO R g oast one element
selected from the group consisting of Ta, Ti, Zr, Nb, Hf, V, Mo, and W; (ii)

thecondtackief tyarfitnolaeyeyedring saiplaner Susfasedef kejd substrate, said

layer stEXHIaMIgAN element selected from the group consisting of Ag, Pt, Pd,
Cu, and Au; (iii) a third underlayer in overlying contact with said second

underl&Ver, coriisFisinpdrilagen iRuaysskinglGontastl Wiftatseidsplanar surface,
comprisPERENAaURI NI GRBigerReRy dineLtey Sromtthe FPaSElisiSasY 889, Ti, Zr, Nb,

perpendicular to the plane of said layer stack in overlying contact with said

Hf, V, Mgygnd W;

(i)  a second underlayer in overlying contact with said first underlayer,
comprising an element selected from the group consisting of Ag, Pt, Pd, Cu, and Au;

(iii)  a third underlayer in overlying contact with said second underlayer,
comprising Ru or a Ru-based alloy; and

(iv)  at least one perpendicular magnetic recording layer with a magﬂetic
easy axis perpendicular to the plane of said layer stack in overlying contact with said third
underlayer, comprising Co and at least one element selected from the group consisting of Cr,

Ni, Pt, Ta, B, Nb, O, Ti, Si, Mo, B, Cu, Ag, Ge, and Fe.

20.  The magnetic medium as in claim 19, wherein:

said first underlayer is amorphous with a smooth surface;

said second underlayer has a first crystallographic orientation;

said third underlayer has a second crystallographic orientation; and

said at least one perpendicular magnetic recording layer has a crystallographic

orientation similar to said second crystallographic orientation.




underlayer, comprising Co and at least one element selected from the
group consisting of Cr, Ni, Pt, Ta, B, Nb, 0O, Ti, Si, Mo, B, Cu, Ag, Ge, and
Fe. 20. The magnetic medium as in claim 19, wherein: said first
underlayer is amorphous with a smooth surface; said second underlayer
has a first crystallographic orientatian; said third underlayer has a second
crystallographic orientation; and said at least one perpendicular magnetic
recording layer has a crystallographic orientation similar to said second
Zlystallb@mmg'ﬁaﬁdeﬁédﬂnn ak9n 2laithi20 wdgeiic medium as in claim 20,

chnem S flrst c stallo r?fhlca{rlentatlon isfcc; said second
s ysta % af)oﬁ IS 56 said at least one perpendicular

mm@wbndemtdll@fayhmmaaﬂmpniGﬁﬁZ&ndrystalIographlc orientation.
said at least one perpendicular magnetic recording layer has an Acp (0002)

crystallographic orientation.




