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This applicatién claims priority from U.S. provisional patent applications
Serial Nos. 60/338,372 and 60/338,447, each filed December 6, 2001 the entire

disclosures of which are incorporated herein by reference.

5 FIELD OF THE INVENTION

The present invention relates to a method for manufacturing improved
perpendicular magnetic recording media with reduced DC noise and to
perpendicular recording media obtained thereby. The present invention is of
particular utility in the manufacture and use of data/information storage and

10 retrieval media, e.g., hard disks, with ultra-high areal recording densities and very

low noise characteristics.

BACKGROUND OF THE INVENTION

Magnetic media are widely used in various applications, particularly in the

computer industry, and efforts are continually made with the aim of increasing the

15 areal recording density, i.e., bit density of the magnetic media. In this regard, so-
called "perpendicular" recording media have been found to be superior to the
more conventional "longitudinal" media in achieving very high bit densities. In
perpendicular magnetic recording media, residual magnetization is formed in a
direction perpendicular to the surface of the magnetic medium, typically a layer of

20 a magnetic material on a suitable substrate. Very high linear recording densities



direction perpendicular to the surface of the magnetic nedium typically a
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"singl e-pol e" magnetic transducer or "head" with such perpendicul ar
magnetic nedia. It is well-known that efficient, high bit density recording
utilizing a perpendicular nmagnetic nmedigimrequires interposition of a
relatively thick (i.e., as 5 conpared to the nagnetic recording |ayer),
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activated magnetization reversal by reducing the demagnetizing fields which
15 lower the energy barrier that maintains the current state of magnetization.
A typical perpendicular recording system 10 utilizing a vertically orjented
magnetic medium 1 with a relatively thick soft magnetic underlayer, a relatively
thin hard magnetic recording layer, and a single-pole head, is illustrated in FIG. 1,
wherein reference numerals 2, 3, 4, and 5, respectively, indicate the substrate, soft
20 magnetic underlayer, at least one non-magnetic interlayer, and vertically oriented,
hard magnetic recording layer of perpendicular magnetic medium 1, and reference
numerals 7 and 8, respectively, indicate the single and auxiliary poles of single-
pole magnetic transducer head 6. Relatively thin interlayer 4 (also referred to as
an "intermediate" layer), comprised of one or more layers of non-n.lagnetic
25 materials, illustratively a pair of layers 45 and 4p, is provided in a thickness
sufficient to prevent (i.e., de-couple) magnetic interaction between the soft
underlayer 3 and the hard recording layer 5 but should be as thin as possible in
order to minimize the spacing HSS between the lower edge of the transducer head
6 and the upper edge of the magnetically soft underlayer 3. Spacing HMS



an "internmedi ate" layer), conprised of one or nore |ayers of non-magnetic
25 materials, illustratively a pair of layers 4A and 4B, i3 {pMAYi 2088 i n a

t hi ckness sufficient to prevent (i.e., de-couple) magnetic interaction

bet ween the soft wunderlayer 3 and the hard recording layer 5 but should be
as thin as possible in order to mnimze the spacing HSS between the | ower
edge of the transducer head 6 and the upper edge of the magnetically spft
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transducer head 6 and the upper . .edge of LGl rding | ayer
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With continued reference to FIG. 1, vertical lines 9 indicate grain
15 boundaries of each polycrystélline (i.e., granular) layer of the layer stack
constituting medium 1. As apparent from the figure, the width of the grains (as

measured in a horizontal direction) of each of the polycrystalline layers
constituting the layer stack of the medium is substantially the same, i.e., each
overlying layer replicates the grain width of the underlying layer. Completing
20 medium 1 are a protective overcoat layer 11, such as a layer of diamond-like
carbon (DLC) formed over hard magnetic layer 5, and a lubricant topcoat layer
12, such as a layer of a perfluoropolyethylene material, formed over the protective
overcoat layer 11. 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 an
25 Ni-P plating layer on the deposition surface thereof, or substrate 2 is comprised of
a suitable glass, ceramic, glass-ceramic, polymeric material, or a composite or
laminate of these materials and may include an adhesion layer 2,5 at the upper
surface thereof, typically comprised of an about 10 to about 50 A thick layer of
Cr; soft magnetic underlayer 3 is typically comprised of an about 2,000 to about



car bon (DLC) formed over hard magnetic layer 5, and a Iubrlﬂn“&m
| ayer 12, such as a |ayer of a perfl uoropol yethyl ene naterydl d over

the protective overcoat |layer 11. Substrate 2 is typically disk-shaped and
conprised of a non- magnetic nmetal or alloy, e.g., A or an Al -based all oy,
such as Al-My having an 25 Ni-P plating | ayer on the deposition surface
thereof, or substrate 2 is conprised of , a suitable gl ass, ceramc,

gl ass-ceram c, polyneric nmaterial, or a conposite or |am nate of these

mat eri al s and ipcl ude an adhesion Ia er, 2A he .upper surface
t her eof , typi é&ﬁ%‘é‘@%ﬁ%ﬂ%@g%&]%ﬁ%Bm et elec Z%[[E? &f’p °'f91‘f°&‘§ls{‘%§/er of
Cr; soft magnef Ni NiFdqPeralioy)3 CosCoBe)FealdN, ReSiml, FeSIAINS etaf tikhauéas?, 000 to

about 3 1 MAY 2006 4 4,000 A thlck Jayer of a sqft nm netlc eri_al
sel ect ed f r onPRhEXGIIAYELY Evpicall ¥t°PW§nS°6fa o % 3RAI Pt ng)thl@'oFe Fe,

FeN, FeSi Al, FaisalNip 6t 4 leasttd?ﬂ - nta@Adtc m&’t@ﬁal' §icR ab PV?H fa,wlp*rpaﬂl-

conpri ses a Iayer or a pair of to about 10 A thick ayers 41B of at
| east one AonCreagddia basﬂﬁlﬂ@)fsa{m kand magnetiot laygec, is typicatly, cormnsqd OfSaICr and

Co-based allo HOf an
about 100 to g%mu?agb%%&q % E@‘gae‘f’ié’% o?fa%&b%ééa%%g’%{ﬁdﬁ hﬁll%gg one or
more el ement elements selected fromnthérgroup cansistiog ef €1, |FregTa)fI\h£M,o FteV NNb, Ghj , M,

Pt, V, Nb, Ge nd B, iron qxides, su s. Fe3 6- F ra(Cox/Pd
or Pt)" nulti f“}%/@ rop o¥idey |SB§‘sffg%A?a ‘fg'é:a e2Qs 8&?3?352&%#5@?@ B i nt eger
from about 10mbghetie Qtperfatice sGuGaiewhére 1ni8 anliht8Ed? Fon Gbout |1'0'Eb hiouens, of

Co- based magnetic allo |sfromabout to about 3.5 A thick, X is an

el ement sdPeceash of thymalternatige,dhin laysrse s@q-hgseéma@aetwmloy igfronygboutritort | and
each of the a&ﬁoﬁw%t Qﬁglmtﬁbmﬁaaném @&b&ﬁloﬁyglé%drh{a doflsiftin %’fé:ST about 10

A thick. Each type o magneti c recording mat er |
per pendi cul arBaMosmdBpgmbnaphpf@efaltmtmghm noremygretit layars @ﬂi‘dsmi’t tpy (15t

100 o om0 Mo B Aol BB I B e
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15 and/or interfacial anisotropy (2™ type).
So-called "double-layer" perpendicular media such as described above and
illustrated in FIG. 1, comprise a relatively thick soft magnetic underlayer
("SUL") 3 of a high magnetization (M;) material (such as those enumerated
supra) which exhibits in-plane anisotropy dominated by shape anisotropy 4nM,.
20 However, since the SUL 3 is relatively thick, i.e., typically from about 2,000 to
about 4,000 A thick, it becomes difficult to maintain the magnetizations in an in-
plane direction due to a perpendicular anisotropy component attributable to
various factors, i.e., magneto-crystalline anisotropy and magneto-elastic
anisotropy (see E. E. Huber et al., J. Appl.Phys. (suppl.) 30, 267S (1959) and S.
25 K. Wang et al.,, JEEE Trans. Magn. 335, 782 (1999)). Perpendicular components of
magnetizations caused by the perpendicular anisotropy component form "stripe”
or "ripple" shaped domains (see K. Sin et al., JEEE Trans. Magn. 33, 2833 (1997)
and N. Saito et al., J..Phys. Soc. Japan 19, 1116 (1964)), resulting in a significant

amount of DC noise. According to common practice, the perpendicular anisotropy
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the sane nate e spacer layers I's beleve that t he
benefi ci al same material as that of the spacer layers 35 It is believed that the beneﬁclal
15 effect afforded by formation of the laminated SUL structure 3y, is obtamed from a

reduction of the perpendicular anisotropy component in polycrystalline soft

magnetic films attributable to the magneto-crystalline anisotropy factor, the latter
arising from disruption of columnar growth in the films.

The amount by which the perpendicular anisotropy component is

20 suppressed is expected to be proportional to the number of lamination cycles

3M/3s; consequently, a greater number of lamination cycles is presumed to be

better in terms of the amount of suppression of the perpendicular anisotropy

component. Disadvantageously, however, the number of lamination cycles 3m/3s

which is possible in automated, continuous manufacturing practice is greatly

25 limited by the number of process stations available in the conventionally-utilized

production apparatus (typically multi-station sputtering apparatus) for forming the

laminated SUL structure 3;. Further, formation of the above-described laminated

SUL structures requires additional process stations for formation of each of the

spacer layers 3s, as well as specially designed sputtering sources or atypical
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noise reduction, and/or their functional equivalents thereof, while maintaining full

15 compatibility with the economic requirements of large-scale, automated

manufacturing technology.

DISCLOSURE OF THE INVENTION

An advantage of the present invention is-an improved high areal recording

density, perpendicular magnetic recording medium with reduced or substantially
20 zero DC noise.

Another advantage of the present invention is an improved pseudo-
laminated, magnetically soft underlayer structure for use in the fabrication of
improved high areal recording density, perpendicular magnetic recording medium
with reduced or substantiaily zero DC noise.

25 Still another advantage of the present invention is an improved method of
manufacturing a high areal recording density, perpendicular magnetic recording

medium with reduced or substantially zero DC noise.
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hi gh areal recording density, perpendicul ar
comprising:

(a) a non-magnetic substrate having a surface; and
(b)  a layer stack formed over the substrate surface, the layer stack
15 comprising, in overlying sequence from the substrate surface:
@) a magnetically soft underlayer;
(i) atleast one non-magnetic interlayer; and
(i) amagnetically hard perpendicular recording layer;
wherein the magnetically soft underlayer (b)) is thicker than the
20 magnetically hard perpendicular recording layer (b)(iii) and is a pseudo-laminated
structure composed of a stacked plurality of sub-layers of a magnetically soft
material.
According to embodiments of the present invention, the layer stack (b)
further comprises an adhesion layer between the substrate surface and the
25 magnetically soft underlayer (b)(i), the adhesion layer comprising an about 10 to
about 50 A thick layer of a material selected from the group consisting of Ti, Cr,
Ta, Zr, Nb, Fe, Co, Ni, and alloys thereof; and the magnetically soft underlayer
(b)(@) is composed of a stacked plurality of sub-layers of a magnetically soft
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fromthe groui) consi stin and al |l oys
G

thereof; add tayers ﬁﬁgﬁ@?pgaﬂllpxb e the m?ae?qcal}béﬁoﬂ vraﬁﬁ(lpy;er.@(rémm ebf a
stacked pluralibdy @ftasddh 6 8

mat eri al sel eé{%d q‘)%om th Sh@ Al%l% &t:(ggssﬁ&?l ndkgéfaé’lzgcs:g%iéy&%z N@o %Oa CoZr Nb,
CoTaZr, CoFezthickaess ﬁwral@ut Wlt(mbo@lrwnme with certain embodi nents of the

present invention, [ nposed of
P et acked piur at 11 HtaFainEEo BEbodRE of e pritBiihl ANBh, M lohst' e HBHY
magnet i cal | y smagdetia nntefli)&y&r)(xi)lr)a(mphsess;nomrtpabad 10fA thiek hyatadkyss sfib- | ayers
of (Fe6s s) s8B1 ub- I s, each havin t.hi ckness_from about
20 Lo anodd” A Sestions i magngic metENal GRiErEn COmp e P oBtiNE ThbeR on L ho
at | east one WgRe, Ru, Hf, alloys thereof, Ti-Cr, and Co-based alloys; and the magnetically

hard perpendicular recording layer (b)(iii) is from about 100 to about 300 A thick

and comprises a Co-based alloy including one or more elements selected from the

group consisting of Cr, Fe, Ta, Ni, Mo, Pt, V, Nb, Ge, and B, or an iron oxide

15 selected from Fe;O; and 8-Fe;Os, or a (CoX/Pd or Pt), multilayer magnetic
superlattice structure comprised of alternating thin layers of a Co-based magnetic
alloy and non-magnetic Pd or Pt, where n is an integer from about 10 to about 25,
each of the alternating thin layers of Co-based magnetic alloy is from about 2 to
about 3.5 A thick, X is an element selected from the group consisting of Cr, Ta,

20 B, Mo, and Pt, and each of the alternating thin fayers of non-magnetic Pd or Pt is
about 10 A thick.

In accordance with particular embodiments of the present invention, the
magnetically hard perpendicular recording layer (b)(iii) comprises a CoCrPt alloy;
the non-magnetic substrate (a) comprises a material selected from the group

25  consisting of Al, NiP-plated Al, Al-Mg alloys, other Al-based alloys, other non-
magnetic me@s, other non-magnetic alloys, glass, ceramics, polymers, glass-
ceramics, and composites and/or laminates thereof, and the medium further

comprises a protective overcoat layer (c) over the magnetically hard perpendicular



magnetic interlayer (b)(ii) conprises an up to about 10 A thick layer or

‘layers of 10 at |east one non-nmagnetic material selected fr t?@(ggroup

consisting of Pt, Pd, Ta, Re, Ru, Hf, alloys thereof, Ti-:tr1, md - based
al l oys; and the magnetically hard perpendicular recording layer (b)(iii)
I's fromabout 100 to about 300 A thick and conprises a Co-based all oy

i ncluding one or nore el enents selectedfromthe group consisting of Cr,
Fe, Ta, N, Mo, Pt, V, Nb, Ge, and B, or an iron oxide 15 selected from

Fe3O4 and 8- Fe2(3.. or a Pd .0 " |t [ net i S rlattice
structure conffPy 5?”5@%@%%{] I@f?"?‘%’é‘lﬁ%q era(&gg)_vgéélicd Pﬁog &t c
al l oy and nonov@tgontldyer ) or Pt, where n is an integer fromabout 10 to

about 25, each of ,the.alternating thip |ayers af - baged magneti.c all oy
's from about 2 {oACHEHHE 1 enhedifents, of q bresent dyRiRY, G| RIBEESEHEm ¢ he

group consi st isisatride (&Y confiitises?® midteritPseledftd fim i gosR6ohsiting BEARINPL nati ng

thin layers of non-magnetic Pd or Pt is_ about 10 A thick. In,accordance
with particul Rlatedblsdil-Me ployss othereAlbased plfoys QbR nagrmagnetic metadis othickal | y
hard per pendi i ' 1) (dalind i : .oy, the
non- magneti c g%g{aggﬁgo%%’a%ﬁ%/%gg% lJr(r)llrat}tn)éerr|§’a ss ecl%%g%lgsd g?%gn%{)ﬁgé&gr oup 25
consi sting of awd/or Infninagsis sherebfind thg layey stack y)sompribest an\| -ddhesian alldyeys, ot her
non- magnetic t al - i C ARKGS .. pol ymer s,
gl ass- ceram E?r%%%‘h@"cg‘ﬁ'r’ggé?& gga%ﬁ%;]cﬁhcl %,2 r?a%{%lsy %@iﬁ%ﬁrﬁgé"ﬂ@)ﬁie& di um
further conpadimsiondayer cbmptising an\abowtaldk tol #bper 5¢ & thiskelayéhef aragiesial cal |y

hard perpendi cyl ar 1 Y 2006 9 recardi ‘ayer (i41).an | ubri cant
t opcoat Ia{ber s‘%i%tedoggm ‘E@G’%P&PB%?W@ ﬂv@gé%aér'l Igé/?re' ?@) &”ﬁd’gtﬁlﬂyshg to
enbodi ment s Otheldd® PhRASARMcally ¥ ihdefaydr (B)(H) G th it dfCa pseuls-ldnihfted 2)
conprises a material selected fromth roup consisting of Al, NP- 5

plated Al, Al Stusture|copposedtofe? - A stiked g faverssof & FRE9B fYaY:negndisub- net al s,

gg pne)gs infgé MeggtisCeadh hQVifg adhiBRiess £EHABLRS0 BALYEEN38.nnf}l 2 fedstCsieaBhes. and

magnetic interlayer (b)(ii) in the form of an up to about 10 A thick layer or layers

15 of at least one non-magnetic material selected from the group consisting of Pt, Pd,

Ta, Re, Ru, Hf, alloys thereof, Ti-Cr, and Co-based alloys; and a magnetically

hard perpendicular recording layer (b)(iii) in the form of an about 100 to about

300 A thick layer comprised of a Co-based alloy including one or more elements

selected from the group consisting of Cr, Fe, Ta, Ni, Mo, Pt, V, Nb, Ge, and B, or

20 an iron oxide selected from Fe3O4 and 8-Fe;0s, or a (CoX/Pd or Pt), multilayer

magnetic superlattice structure comprised of alternating thin layers of a Co-based

magnetic alloy and non-magnetic Pd or Pt, where # is an integer from about 10 to

about 25, each of the alternating thin layers of Co-based magnetic alloy is from

about 2 to about 3.5 A thick, X is an element selected from the group consisting

25 of Cr, Ta, B, Mo, and Pt, and each of the alternating thin non-magnetic layers of
Pd or Pt is about 10 A thick.

Another aspect of the present invention is a method of manufacturing a

high areal recording density, perpendicular magnetic recording medium with

reduced or substantially zero DC noise, comprising the steps of:



and/or |am nates thereof; and the |ayer stack (b) conprises: an adhesion
‘layer between the substrate surface and the magnetically soft erl ayer
(b)(i), the adhesion |ayer conprising an about 10 to ab®uk MY AMhi ck

| ayer of a material 10 selected fromthe group consisting of Ti, Cr, Ta,
Zr, Nb, Fe, Co, Ni, and alloys thereof; a magnetically soft underl ayer
(b)(i) in the formof a pseudo-|am nated10 structure conposed of 2 - 6
stacked sub-layers of a FeCoB alloy, e.qg., 3 sub- layers, each having a

t hi ckness from about, 50 to .gbout 130 nm af | t.one non- nagnetic

interlayer (b)(ii )U(I[a% tf@o‘f‘gﬁﬁatﬂlpnﬁgﬂ%ﬂ%s&g%ﬁa%% FEeRY ayer or |ayers
15 of at |east one (Bpn- NBEHIGE iadayersREk dverdht Stistate fsufide] B&nﬁﬁﬁ%osteﬁny sting
of Pt, Pd, Ta, Re,. ,. alloys thereof, Ti-Cr, and Co-based alloys; and

Ru, Hf
a magnet i cal | yior FRIRINg, i} ONEHYING SPanencefEom theybstealesuriass: (i i) in the form of

an about 100 to about 3§0 Aatﬂﬁgﬁdaﬂygéﬁmnﬁ'e}Ed of a Co-based all oy
i ncluding one or nore eléments sel-ected fromthe group consisting of Cr,

Fe, Ta, Ni,5MW, Pt, V, Ni) Geatleasign@noromag@tiainteriayer;end de sel ected from
Fe3O4 and 6-Fe2Q3, or a f.GoX/ P . Lgi netic superlattice
structure conprised of a{fﬁr%ﬁﬁgﬁé“ﬁgﬂ%R”@g@?ﬁ‘ﬁ%‘ﬁ%@{fﬁgﬁgiﬁﬂ magneti c

al l oy and non- magnethereifrdtep (b)) comgriseefonming agpseudotlaginatddrseottafediaving0 t o
about 25, each gf .the alternati thin |layers. of - based nmagnetic alloy is
from about 2 alg“‘é‘%ﬁt grgater ﬁ‘af’ﬁp%k?ﬂilei“%agﬁﬁ“‘?p?éﬁ@?ﬂop%f* P TePIfinghe gr oup
consi sting 25 igfer Jormdd.,in BstepVigh) (it nPt comipdede d€ M plurdlity ¢¥ hdLPrs g thin
non- magnet i c Iayersga?]& Pd or I s about 10 A thick. Another aspect of the

. Pt
present i ny@ntpigpett spR oMb manufacturing a high areal recording
density, perpendic ' ' e b i .
W RbrdROR ol of tﬂgﬁféﬁéit B&Weﬁh&ﬂ)g}e{:wggﬁgﬁ% (8)

substantially zero DC noise, conprising the steps of i
provi di ng a ndpmpingrfepseade-lantingted struchre wgmposedrafaa stackaddpltalityf of siibng a

layer stack owg;%egge fagragma Jg@@&@ﬁr& g@aﬁ&m ngiazgzrg;lsﬂs}g tBL HSup EMsishi@E Hen9: 10

overlying sequ m e sur
FeCoB, CoZr, CoZrCr, CoZrNb, CoTaZr, CoFeZr, and FeTaC.
15 In accordance with certain embodiments of the present invention, stép

(b)(i) comprises forming a pseudo-laminated structure composed of a stacked

plurality of sub-layers of a FeCoB alloy; e.g., step (b)(i) comprises forming a

pseudo-laminated structure composed of 2 - 6 stacked sub-layers of

(FessCoss)ssBi2, €.8., 3 sub-layers, each having a thickness from about 50 to about
20 130 nm.

According to embodiments of the present invention, step (b)(i) comprises
forming the pseudo-laminated structure by a physical vapor deposition (PVD)
process, preferably a sputtering process; and according to alternative practices
according to the present invention, step (b)(i) comprises forming the pseudo-

25 laminated structure composed of a stacked plurality of sub-layers of a soft
magnetic material by depositing each sub-layer in a different chamber, or step
(b)(i) comprises forming the pseudo-laminated structure composed of a stacked
plurality of sub-layers of a soft magnetic material by discontinuous, sequential

deposition of each sub-layer in the same chamber.



5 (1) a magnetically soft underlayer; (ii) at |east one non magneti c
‘interlayer; and (iii) a magnetically hard perpendi cul ar co[}&l‘ na | ayer;
wherein step (b)(i) conprises form ng a pseudo-| am nat ed &6havi ng a
t hi ckness greater than that of the magnetically hard perpendicul ar
recording layer fornmed in step (b)(iii) and conposed of a plurality of
sub-layers of 10 magnetically soft matqgial. According to enbodi ments of
the present invention, step (b)(i) corrprl ses formng a pseudo | am nat ed
structure conposed,of a tacke | t - _layers g ically
soft material sel el &2f°? tWé “88% |°§tﬁﬁgp131se = °n’C8%B al%oZrCr,
Contz)r ’(;|b COTaZ][co ke 4iroviding d:ﬁaiﬁﬁagrib’ﬁc Isnbmwm) ed 'of ahnsteridl dklected

enbodi nents of, the present invent) St ris formng a
pseudo- | ani natfEm & E&Pﬁr‘@nﬁmo@e&ng‘f‘ﬁé’?&%&e&%% B ¢ °ro‘ﬁj)§?§5dl ayers
of a FeCoB al la@yys, Stifer nohlRaned (elals; QMK indBmdeRetd Aloyd, gRsE WAl nat ed
structure corrposed of 2 - 6 stacked sub-] ayers of (Fe65(g:o35) 88B12. e. g., 3
sub- | ayers,5 eOlymeay glass:reramies rand sCampositesh sy ors daminates, dhereo ,2etendb5n
According to m%g Sesh, r rises
form ng the pseudo- Fglﬁ\hneast eﬂﬁmgraﬁcatﬂgglsgﬁ%jap&e&;gbc% E@%ﬁ%{rﬁ rg?{i’élp on (PVD)
process, pref peehining sepubi(Dy ¢.89 aprbord§; toahohta&ﬂcértljuch@a}{eooﬁhmermi ive

practices acc i to,t present. i nventi o t )i )\ '

Porm ng-the- pedies Set otk neping PLTE oo Rivoe St 5. ApcBRARS or ot 1y
T et ot ol B O O ot D poeyios] a nat od
structure Hbmsblead e ”é’nﬁ%ﬁ%nga{?ﬁ@rﬁf% fepm é*t?ong&R/g?@lSBPga?gb?"f‘ magnet i c

material by diTsc it mytms all§RAHRRbE, ati-Cil B8 SCd-bayed ilogaCahdStéy (®KRY i n the
same chamber. 3’1 MAY 2005
comprises formmg an about 100 to about 300 A thick layer comprised of a Co-

based alloy including one or more elements selected from the group consisting of
Cr, Fe, Ta, Ni, Mo, Pt, V, Nb, Ge, and B, or an iron oxide selected from Fe;04

15 and 5-Fe;0s, or a (CoX/Pd or Pt), multilayer magnetic superlattice structure
comprised of alternating thin layers of a Co-based magnetic alloy and non-
magnetic Pd or Pt, where # is an integer from about 10 to about 25, each of the
alternating thin layers of Co-based magnetic alloy is from about 2 to about 3.5 A
thick, X is an element selected from the group consisting of Cr, Ta, B, Mo, and Pt,

20 and each of the alternating thin layers of non-magnetic Pd or Pt is about 10 A
thick.

Still another aspect of the present invention is a high areal recording
density, perpendicular magnetic recording medium with reduced or substantially
zero DC noise, comprising:

25 (a) a perpendicular magnetic recording layer; and
(b) means for reducing or substantially eliminating DC noise of the

medium.



11 I'n accordance with enbodi nents of the present invention, step (a)
‘conprises providing a non-magnetic substrate conprised of i rr%?rai[ﬁh
selected fromthe group consisting of Al, N P-plated A, L ySs,

ot her Al -based alloys, other non-nagnetic netals, other non-magnetic

al l oys, glass, ceramcs, 5 polyners, glass-ceram cs, and conposites and/or
| am nates thereof; step (b) further coRprises form ng an adhesi on | ayer
over the substrate surface prior to performng step (b)(i), e.g., an about

10 to about 50 A thy terial. cted.fromthe grou
consisting of Ti, g&@wﬁhﬁ%ﬁgp%&%@@ﬁ 1%1?%%?& v?ﬁ%m@gsf‘f'g gt ep
(b)l(i i) corrprilmed)@moiée_ngerpmdiqn_ldrlan@nleﬁn rébgrd?g hiedir(]ml inohidingy a lpgyeios of %LO
at | east one non-nmagnetic,npterjal sel ecte omthe.groyp consisting o
b, P Ta RO Sop udgTRyG B aporins tadhe PR eBed al | oys. and
step (b)(iii) compddgRmal SivahiagesaindaBpucts dOBe toPestitOmbentidl willtHatske | ayer

conprised of a Cp- based alloy Including one or nore el enents selected from
the group condsadily gppasent te-fhos¢gkilled jn theart fypm the followingletagied despdpt®n, or an

i ron oxide sehffeiddf efbodideaR St tﬂespﬁ%t BivEmidiCare Shoven gﬂ;?&gﬁé&f Sl@:ﬂh% g t hin

mul tilayer magnetic superlattice Structure conprise ef na
| ayers of a ngme@f Wagrationcofdhe best mede wontemplatpdefor prapticing thet presdnere n i s
an integer fr t . 5 ch _.of e alternating thin |ayers
of Co-based na%g;ar?e (l%é %%%@%ie:ﬂ?%&&a 8???°s§ntt lgv%l%lgﬁtlgffl%ab N 0# ﬁﬁ'&'k anci; s an
el ement sel ecidéierént emboldameants) apd &o ssierd ide@ilo hireQGusceptible Bf niddifiation B, 20 and
each of thg alternating thin | ayers, of non-pagneti¢ Pd, or is about 10 A
Chi ok stiT0 " IASrHcroisctepests: i avipiout BeRartne, B O itof g prarahl
recording demsiehtion. PAEdRdIAEIGU R didWiHetdnd A&6AHHEHnN Bre RO bl Fegiirddd heduced or
substantially, zerg DC noise, conprising: 25 (a) a perpendicul ar magnetic
recordi ng | aydfustrative in gatups, apdngt 35 imgahive: ng or substantially elininating DC
noi se of the nmedium

BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description of the embodiments of the.present
15 invention can best be understood when read in conjunction with the following
drawings, in which the same reference numerals are employed throughout for
designating similar features, and the various features are not necessarily drawn to
scale but rather are drawn as to best illustrate the pertinent features, wherein:
FIG. 1 schematically illustrates, in simplified cross-sectional view, a
20 portion of a magnetic recording, storage, and retrieval system comprised of a
conventional perpendicular type magnetic recording medium including a
conventionally structured magnetically soft underlayer (SUL) and a single-pole
transducer head;
FIG. 2 schematically illustrates, in simplified cross-sectional view, a
25 portion of a laminated SUL/adhesion layer/substrate structure accordiné to the
prior art, for use in forming a perpendicular type magnetic recording medium
generally as shown in FIG. 1;



3 1 MAY 2006 12 A still further aspect of the present invention is a disk
‘drive conprising a |ow DC noise perpendi cul ar nmagnetic rq:qrghylgqg[]@di um

i ncludi ng a pseudo- |am nated soft underl ayer structure according to the

present invention. Additional advantages and aspects of the present

i nvention will become 5 readily apparent to those skilled in the art from

the followi ng detail ed description, WnFeg ei n enbodi nents of the present

i nvention are shown and described, sinply by way of illustration of the

best node cont enpl d.f |, G e; rﬁﬁﬁﬂ% LAMENLb 111 be
descri bed, the pregfeé;it3iS(r%ﬁetﬁ{ﬂl%gltir?L ﬁg&%aa%g’b]lgso 0 ﬂeérrgeaéﬁsgaﬁogllg% ?’g?vé\r,\\%

enbodi nent s, potion tof aspseadclamilettal SHLadkesionslepgrisubdtrmteodtrucins hécostingon in 10
vari ous obvi ous respects, all w.thout.departing from.the irit of the
present invefft iﬂ??nP‘%ﬁ\EI&o’t“H?"r'i’QPy for; ge H‘rz aaREfPH@é?ﬁ]ﬂfp‘S’B%rP‘%ngmt o be
regarded as }écbﬂﬁgﬁédiuﬁgﬂerﬁlwwsﬁowﬂmlm}m; as limtative. BRIEF

DESCRI PTI ON OF THE DRAW N The fqll owi ng, detai] ed. descriptjon of the
enbodi ment § of t heFIG.pf sschematically jilustratep.oin siplified { cros-soeRpRek VB¥e dwhen read

in conjunctio ox%ﬁfbfw?exlfpeﬁdia%ngrelr@agnawrecbwmhiﬁmc&m &gy ence
nuneral s are enployed throughout "Tor “designating simlar features, and the
vari ous feat uprsendr énventiome @ad s gpmprising aie t pseude-laminaied SHiyashesigne dr awn

as to best illustrate. t ; .features, wherein: FIG 1 schematically
Ao AR Ry,

il lustrates, tional view, a 20 portion of a
magneti ¢ recor di ngFIGit®isag graphnllustratitig ¢hedDC pideespectnmp of aednedntianal,

conventional perpendicul t ype [.¢_ recording nmediumincluding a
conventi ortd | 90%'[2‘%’(5“%‘&@66?@@&8]5??@%%@0“ under | ayer (SUL) and a

si ngl e-pol e transgixa ishaassh ifihskatidg S BPORbise 3pdcyuin dfUE3-TagEE Pseuldo-
sinplified cross-sectional view, rtion_of a | agm nagted SUL/adhesion

\ a 25 port I
| ayer / subst r alamingted; 200 pm %Egﬁ?ﬁé%cﬁ?{@"gﬁ? thepreset inyeghon; 4ad; 1y f or i ng a
per pendi cul ar typeprRanRhdtatcs SCAK Witk ctiBattdins obtained for non-laminated, bi-

layer, and tri-layer FeCoB SUL structures.

15 DESCRIPTION OF THE INVENTION

The present invention addresses and solves problems arising from DC
noise generation in pefpendicular magnetic recording media which, when utilized
with a single pole transducer head, comprise a relatively thick, magnetically soft
underlayer (SUL) for guiding magnetic flux emanating from the transducer head

20 such that the magnetic flux enters and exits the relatively thin, magnetically hard
recording layer along a prescribed path. More specifically, the present invention is
based upon the discovery that the disadvantages and drawbacks associated with
conventional, non-laminated SULs and with laminated SULs comprising a
stacked plurality of a magnetically soft layers separated by spacer layers, which

25 disadvantages and drawbacks ‘respectively include DC noise generation and
difficulty in implementation in a cost-effective manner when utilized in
automated manufacturing processing, are readily overcome by a simple and cost-

effective alternative process for forming "pseudo-laminated" SULs in which the



generally as shown in FIG 1; 3 1 MAY 2006 13 FIG 3 schematically
“illustrates, in sinplified cross-sectional view, a portign \e 2006
pseudo- | am nated SUL/adhesion | ayer/substrate structure agcl)m g to the
present invention, for use in formng a perpendicul ar type nmagnetic
recording medium generally as shown in FIG 1; 5 FIG 4 schematically
illustrates, in sinplified cross-sectiopgl View, a portion of a

per pendi cul ar type magnetic recordi ng nedi um according to the present

i nvention and c ri sing the _pseudo-| am pnated SUL/adhesi. I r/substrate

structure of F?%%‘éfpaﬁ?%ay?ff SePYPUELY 'F?%‘S’tﬂﬂi%".e?ﬁ‘g%ﬁ?gh‘%@y ﬁglﬁ)sigyeé‘cbect rum

81; aghc'oln?/en: ' 9{1;% lax?i%&e@D%acl& Ggtrasfufeds eﬁﬂﬁlafﬂm, ﬂmle résufting ifbbnsidetdble 6 is a
illustrating the DC noise spectrum.,of a 3-1|ayer seydo-, | am nat ed,

200 nm t hi ck Preess sopliicationi #g te8se HYf Jrplenrntatig eﬂ‘th'gn,“tlillé?‘Fﬂ Mg 7

il lustrates Xéch@i‘nt?dnﬁ:{!e@%hﬁﬁ‘t/dﬁghﬁﬁﬁ Npr QdBhitRd, aomaRA- masifadiedef DI -

| ayer, and trr-layer Fe SUL"Structures. 15 DESCRI PTION OF THE | NVENTI ON

The presents |magrﬂt1icmccoaﬂxlneséles and sol ves problens arising fromDC noise

generation in perp |.C | Gl Wa¥el | ' RMQE;;‘ ilized

with a single pol eﬁ?‘?%(ng‘!’aﬁ‘@%?ﬁ g%&’%go@%%%gﬂgmre a??i ?/%P{;hfto I ck, bt

magnet i cal |'y Yméido-lamitetdd\REFL. §tRichiresf consigtinglofia verticpllytstacked piuradifsofit i ng

fromthe transducer. head 20, such that the, magnet.jc fl.ux ters exits
the rel ativel eftl‘ﬁah,y spEaRosed W?}‘%@’F _cf°Hr ggﬁ‘gtjiwﬁ OPtal%rpgepcgggg of %S’escri bed
path. More spggdridrisg spaceriBferd) whidiMpsdudyithinated? SULaaedres prenobitdiged!i scovery
that the di sadvantages and drawbacks associ ated wi th_ conyentional,

n](c)n-l ani ndlo_edbl'sm@naltﬂf RidisFoRtEP B OERPSIIONS PGSy DIIGRYY 2 PAYSICAk PPl ural ity
of a magnetic ” : e
aéanlogmgg am}@ﬁs&sé SR A §fhld¥ns p,fzgc%mﬁ%f@rtﬁe nbihtEon, 2R

di sadvant ages dan s -respectively-include noi se generation and
discontinuous deposition of successive layers of the same magnetically soft

material, without formation of intervening spacer layers, results in the formation

of "pseudo-laminated” SUL structures which are at least functionaily equivalent
15 to the conventional laminated SUL structures in terms of reduction in DC noise

generation. Stated differently, the interval, or delay, between successive layer

depositions, whether performed in successive deposition chambers or in the same

chamber, is sufficient to create a lamination effect similar to that exhibited by the

conventional laminated SUL structures (e.g., as exemplified by the laminated
20 SUL structure illustrated in FIG. 2).

Referring now to FIG. 3, schematically illustrated therein, in simplified
cross-sectional view, is a portion of a pseudo-laminated SUL/adhesion
layer/substrate structure 30y, according to the present invention, for use in forming
a perpendicular type magnetic recording medium generally as shown in FIG. 1.

25 Pseudo-laminated SUL/adhesion layer/substrate structure 30y comprises a
plurality » (illustratively 3) of vertically stacked magnetically soft sub-layers 3m
formed over the surface of a suitable non-magnetic substrate 2 without
intervening spacer layers 3s such as are present in the conventional laminated
SUL structure 3. of FIG. 2. According to the invention, the (integral) number »



difficulty in inplenmentation in a cost-effective manner when utilized in
"aut omat ed manuf acturing processing, are readily overcone gy ' ﬁ and
cost- effective alternative process for form ng "pseudo- | Hmegﬁ @ULS in
which the 3 1 MAY 2006 14 need for spacer |ayers for separating vertically
adj acent magnetically soft layers of the |amnated stack or structure is
elimnated, thereby resulting in considgrable process sinplification and
ease of inplenmentation when utilized w conventi onal equi prment/appar at us

for continuous,, autonmat nuf.act ur e .of .G recor di ia. A ke
feature, t her@do&\‘e’i&mfﬂB WF@'%P@S&%P@W&%‘H g‘?ﬁ?‘gﬁﬁ’?g 31”0‘?%5‘?4% °’g?h% d
"pseudo- | an Ngdreshlar hiterid] thepéoly @Ml respestively nggofrom ier amifron abbdutcioed
plurality of identically cogpose%iaqra neti cal IK a&ft | a eraﬁ V\ﬁt out t he
presence of aifyaboptnk30apauigble mat Q%EF%?S%H ohthe guagngtically spR siksq-  suL
SLuctures ' QP53 iRQHde Pe(DB, TR2RTYCR CHZENE) CTHIS USoFéZRA8H FePAC.PT OCesS,

typically a physical vapor deposition (PVD) process such as sputtering.
Accor di ng 60 Ahénithvmanhpnalhgmﬂmech i plEstare hpwa | inj BIG. o, Bisedessi ve

| ayers of t helﬁ%‘?%a 3 Slh&i M-‘{"{ﬁ”g‘f,’srﬁraﬁ%ﬁ%h&é Bm“‘n{ag%#luéé)mg%{ngSOf

i ntervening s yers, resu ormatton” of "pseudt m nat ed"
SUL st ruct ur elyertdisclormedomthel uppeart sutface of the ahbsjrateyiat thieanterfa® with thise
conventional Jam nated S tructur,es i,n ter of. r i on. i noi se
gener at i on. #%E@%W%ﬁﬂi{iﬁﬁﬁuﬁéweﬁi‘@rvﬁlﬁﬁ °3188Ia§'§,?£b§‘?¥\§en9r§ﬁccessi ve
| ayer deposi 4 gsbut 100t hvat berX asise tayien of uchardilveladadofirhithe gedupnber s or
in the sane chanber, is sufficient to crea&e a lam r}ation effect simlar

to that edRi beaneigtingof FeCr, daniie Nb; Bhdo Nh#nd aHoys therfolst r uctures (e.g., as
exenplified by t hI?—‘i“éG %H:ngﬁé(ﬁﬁuéprg,o _ac%d%(}iﬁé rts Ghé! ifventib) Sthé Jfs@iollamirated 2) -
Yo

Referring now to , matically illustrated therein, in sinplified
cr oss- sect i onsttucture\30y i may bgoreadibn and “conysniantly - formedh By ctputteNinga ¢he & on

layer/substral e stElGltf diinABaYetetRed forliferdit Sfeking BYSER Haﬂ:‘?i’g]sf or use

in formng

for depositing the magnetically soft layers 3m and spacer layers 3s, the inventive

15 methodology affords several advantages vis-a-vis the conventional art, such as

increased flexibility of apparatus design/configuration and mode of operation, as

well as lower power consumption required for sputtering of a plurality of sub-

layers of soft magnetic material rather than a single, thick layer of soft magnetic

layer. For example, pseudo-laminated SUL structures according to the present

20 invention may be formed by discontinuous deposition techniques using

conventional in-line or circularly-configured, continuously operating sputtering

apparatus equipped with multiple process (i.e., sputtering) stations provided with

the same target materials for forming respective ones of the magnetically soft

layers of the SUL structures, or by use of sputtering apparatus wherein each of the

25 magnetically soft layers of the SUL structures is deposited in the same chamber,
as by multiple passes by the same target.

Adverting to FIG. 4, schematically illustrated therein, in simplified cross-

sectional view, is a portion of a perpendicular type magnetic recording medium

40 according to the present invention and comprising the pseudo-laminated



a perpendicul ar type nmagnetic recordi ng nediumgenerally as shown in FIG
"1. 25 Pseudo-|am nated SUL/ adhesi on | ayer/substrate structure 30L conprises
a plurality n (illustratively 3) of vertically stacked 3relgMhYi 2008/ y soft
sub-layers 3M formed over the surface of a suitable non-magnetic substrate
2 wthout intervening spacer |layers 3s such as are present in the
conventional lamnated SUL structure 3jgof FIG 2. According to the
invention, the (integral) number n 3 1 MAY 2006 15 and thickness of each of
t he magneti ca e t hey t erial

t hereof; and ?Q’lﬁ@@%a}q}g mlr/“gl?lsEt[éa:E romggl@t%aﬁyg f?omha ou %ﬁgtig?stabout 130
nm Suitabl e typicelly disk-shmedmécmprmshmateriah&lw&@rf&jm thel grqupsebsistingd- | ayers

3Mincl ude Fe r r CoZr Nb, .. Co r Fezr.. and FeTaC. 5 As in
the conventi o%&’léﬁ?ﬂﬁ?&fés&% UP‘@%%@'&FF"F%&X%"% “8&@&?&88‘% ani nat ed
SUL/ adhesi on il behePadd-Mbghetit hu@;&suglesssedmﬁﬁy, ﬂo’m{létﬁi%la%&cadﬂﬁfsj & | ayer
2A formed on the upper surface of the s at the interface with

the | ower RosEORASHES Mmdin mugstes thergof; & s rﬁéfmas the) HERST SHriRCH RE 2A may
conprise an gaheidte éQoﬁlﬁn?égodﬂtab@Qt ) &Qb&t& ﬁO@&/ﬁﬁckqfayéi‘ of Bnpiidral sigigct ed from

the group 10 consisting of Ti, Cr, Co, N, and alloys
thereof. As i froindhe grpupLaonsistingcefoFid CngTat, (Zl',th, FmMNlmd gllgys thereof;

pseudo- | am “aarﬁadnmagﬁe%& ﬂ%%#%e (&ﬁ&g |5 ol e g%@h‘”@md by

sputtering. AS a nseq ence ' RAatT on o di fferent
sputtering taﬂmatatwalyer=|=a),$ac1n‘fmmdqu§0to at@uthﬁ)magndtamiadompos&dfdfal ayers 3M

and spacer Ia ers venti nmet hodol f ords ver al

advant agedOvi ﬁ{yh§°§olﬁé}8‘ﬁﬂq %"X"é Frpm ?6'8?!5}2%/ I‘ﬁﬁr@ﬁ’é‘éﬁiﬁyﬁeg?’bi lity of
appar at us deSFéIIUEOOf)ngLEcaﬂrCQnCWC(Clﬂ“aZf ]gpm aillbmlr Be, F?FH Fesmlll ower f
power consunptlon required for sputtering of a plurali of, sub-_layers o
soft magnet i cFoRARYs EaTaCq FraIN,and Fedall; Hep exampl, the Ps&‘;)é&/ ag;mag SUkagnet i c

llayer. For exgnhee 3&%&@% écﬁ‘ﬁBﬂ%@& 6fﬂ3 MkeatsﬁlblfatyH{s%?a%GGB dilsyg sheéh dshe

present 20 invention may be forned by discontinuous deposition techniques
usi ng (FessCo35)ssB12, each having a thickness from about 650 to about 1,300 A._
15 Formed on the upper surface of the uppermost magnetically soft sub-layer

3y is a relatively thin interlayer 4 (also referred to as an "intermediate” layer),
comprised of one or more layers of non-magnetic materials, illustratively a pair of
layers 45 and 4g, provided in a thickness sufficient to prevent (i.e., de-couple)
magnetic interaction between the pseudo-laminated SUL structure 30, and the
20 overlying hard recording layer 5 but should be as thin as possible in order to
minimize the spacing between the lower edge of a transducer head utilized for
reading and/or writing of medium 40 and the upper edge of the uppermost
magnetically soft sub-layer 3. Interlayer 4 thus may comprise an up to about 10
A thick layer or layers of at least one non-magnetic material selected from the
25 group consisting of Pt, Pd, Ta, Re, Ru, Hf, alloys thereof, Ti-Cr, and Co-based
alloys. Relatively thin, magnetically hard, perpendicular recording layer 5 is
formed atop interlayer(s) 4 and is from about 100 to about 300 A thick and
comprises a Co-based alloy including one or more elements selected from the

group consisting of Cr, Fe, Ta, Ni, Mo, Pt, V, .Nb, Ge, and B, or an iron oxide



conventional in-line or circularly-configured, conti nuousl y o] alhw
"sputtering apparatus equipped with nmultiple process (i. wt ng)
stations provided with the sanme target nmaterials for form ng respective
ones of the magnetically soft Ilayers of the SUL structures, or by use of
sputtering apparatus wherein each of the 25 magnetically soft |ayers of the
SUL structures is deposited in the samejghanber, as by nultiple passes by
the sane target. Adverting to FIG 4, schenatically illustrated therein, in

sinplified cross- sectignal Q PELRS ype
magneti c reco?eéﬁ“'FFﬂ ﬁ@’& ﬁ?’h%“ %Igﬁﬁogi ﬁﬁ gé%)ﬁﬁdpoﬁre%?é‘ 1?1 %}giﬁ;ﬁl&g ngtéénd
c;)rrpr j[ Si ngsgtﬁlg 49@5&@%@66@@193& oViNerRARg tHiG 15teks afth@s-baned Imygactzks ubstrate
structure

3, whereln substrate 2.is | aped and
conpri ses a ndtoefrandlnogén%F@dP‘* pikh Wﬁ@egﬂﬁﬁ‘bm&ﬁ%&é‘?’ aﬁ%ut léft Rﬁ" t%?P— pl at ed
AL, A-M ?‘"ga?éﬁ’ofﬂié‘ erhind 356 daRld SBCo-bABLD Baghald-dIRYACHOR abBRIZLS, ot her
non- magnet i c oys ass, ~cera go ymers, gl ass- ceram cs. and 5
conposi t es 5anadont 315ah1t]n1akéélst¢neclau¢m sal¢bted ifiom theyesoupxangistingf Chadér surface

of substrate_ 2 co tic DS Rfis @
materi al sel e@t@@ arrqp({g 8ac8%2ﬂ% naixng%la%g}ﬁg?é%{ﬁb%ma%al Zr, r Nl:l)S Fe, Co,
Ni, and all oyﬁbauhmﬁqh]ck and n magnetically soft sub-layers 3M (where nis
an integer ranging fro 2 to

| | ustrat.ive bout 50

to about 130 nu t hfew®P ﬂ‘b‘B‘s‘é‘iﬂ“Biﬂpéotiﬁwﬁéw r@?aﬂa 11 ?l?a“@zl?;?al
sel ected fronbmaﬂen&lhkeéar [\pﬁmmmmrmdmagmﬁawayeﬁammmm CoZr Nb,
CoTaZr, CoFe, CoFeZr, Fe, FeSi Al eSi Al N FeTtaC eAlé\I qﬁ FeTaN.
For exanpl, tdneoqﬁé%{?tlbzslsa?h%ﬁa&]éue@@Epe orRpelyethenpateral, 8¥dri%ed of 3
stacked sub-| BAlloy, such as (Fe650035) 88B12, each having
a thickness f ?Jca Y&%(égﬁ?o about 1,300 A.. 15 Forned_ on the gzg%f
surface of the uppEac}m;ﬁlamgﬁetS muhypmswnvs@semwwer 1} may be fo ively
thin interl ayer fer | AétRod ke¥&Ed fronfONPri sed
of one or nor &Y llﬁ?;%la ﬁ%qs{ oF Pkgsg%%&a ng%])grsﬁg{‘%vgﬁl ustcr,atlvel y a pair of

sputtering, vacuum evaporatlon, ion plating, ion beam deposition, and plasma

15 deposition, or at least one chemical deposition method selected from chemical
vapor deposition (CVD), metal-organo chemical vapor deposition (MOCVD), and
plasma-enhanced chemical vapor deposition (PECVD); and the lubricant topcoat
layer 12 may be formed by at least one method selected from dipping, spraying,
and vapor deposition.

20 The advantageous characteristics attainable by the present invention,

particularly as related to reduction or elimination of DC noise, are illustrated in

the following example.

Example
Magnetically soft underlayers (SULs) for perpendicular recording media
25 frequently comprise FeCoB alloy films. However, such films in their as-deposited
state typically are amorphous or comprise nano-crystallites embedded in an
amorphous matrix, depending upon the B content. For example, as-deposited
FeCoB films are amorphous when the B content is about 10 % or greater (see



| ayérs 4A and 4B, provided in a thickness sufficient to prevent (i.e.,
"de-couple) nmagnetic interaction between the pseudo-|am ngtﬁ(MAQUQ[]UStruct ure
30L and the 20 overlying hard recording |ayer 5 but shoul e as thin as
possible in order to mnimze the spacing between the | ower edge of a
transducer head utilized for reading and/or witing of nmedium40 and the
upper edge of the uppernost nmagnetical{g soft sub-layer 3M Interlayer 4

t hus may corrpri se an up to about 10 A thick layer or l|ayers of at |east
one non- magnep rd 2iEse resk e | Pt

Ta, Re, Ru, oasdlf}zef;lgof T&z@@%iﬁé@%@%@aﬁ%hg& Res:%ilvely
thin, nmagneti netlasysoﬁ\as watmapéﬁm@nappmmm u¢aﬁgeatageahssequyedimen¢w at op

i nterl ayer(s) B fY nprises a
Co- based al | oy |g£$ﬁ %%J‘%ﬁigqgfﬁ&ma%gg%{]@nen?&g g%? IchIa rdmt Gdg)lr oup
consi sting of Conferenee). TBhe heat iveatmeit, niddifids, theestrassrmmced)rpemendmular oxi de 3

1 MAY 2006 17 sel ected from Fe3™4. and Fez d

mul ti | ayer SmaffHEqoRY °gEH5’e€1P}§t prometes {p-g ﬁF’é‘s&ﬂPﬁ ?@e‘%c‘g?sgh t‘ﬂ?ﬁéﬂ)yng thin
layers of a Cefbaste uﬁ?ﬂzﬂefdhﬁctloﬁ' AgloRcthe GlimdRgei it thechntipHdus sifeere n is
an integer fromabout 10 to about 25,  each of the alternatlng thin Iayers

of Co-based rra%qﬁémict(gaml%heatstrqamt d'E]@EYelQ sgvsresheghBeatmentyesults in facal x s an
| t | t d
el ement  se eC{:r?er lize Hnt MErHgh © e o% gﬂsﬁfhz&{ Pgﬁ’endl&llar'\@m @t‘?@pgpg an

each of the a Ing thin magnet ut 10 A
t hi ck. Conpl eviigigatingdirermmagnatoesrystalinet m;squv»eyémm tipple dompéns and, caysech as a

| ayer I a ?}(@ r 5, and
a lubri car}t(3 %gn?m%)coa gl@;@grm% ﬁ%ﬁﬁ%@&%@f{%e ngeggg\g% p&or%% yet her
mat eri al , forwﬁﬂﬂwﬂndﬂdetermmmgenheﬂmctysmmm ﬂmympplb]donﬁacfmnnﬁndnayers 2 -
5 and t he pro tive Qyercoat I|2|n | east
one physical 3388 9 elg s'i‘@?eoﬁe'ﬂ%ﬁf‘ Q’me@éﬁ?g l?rFYﬁW ?é $#Fhg,
vacuum evaporgﬁmﬁmed, i psehdi-lahatibRn beam deposition, and pI asma
(FessCo35)s8B12 alloy films for use as SULs were fabricated using a multi

15 vacuum chamber, single-disk sputtering apparatus. The films were sputtered onto

unheated glass substrates by DC magnetron sputtering at a deposition’ rate of
about 5.5 - 11 nm/sec. in a low Ar pressure atmosphere of about 3 mTorr and at
about 2 - 4 kW target power. The target diameter was 7 inches and the target-
substrate spacing was about 2 inches. Non-laminated (FessCo3s)ssBi2 alloy films
20 were deposited onto disk-shaped substrates by continuous deposition at a single
deposition station; whereas bi-layer and tri-layer pseudo-laminated films were
deposited using two and three consecutively arranged process stations,
respectively. The total film thickness in each case was maintained constant at
about 200 nm, and the films were heat-treated in one of the vacuum chambers at
25 about 300 - 340 °C for about 8 sec., which conditions are required for deposition
of a CoCr alloy magnetically hard recording layer.
Measurements of the n;)n-]aminated, bi-layer, and tri-layer SULs were
performed on a Guzik Model 2585A/1701A test spin stand in order to
quantitatively measure the amount of read-back noise of the SULs. The SUL



15 deposition, or at |east one chem cal deposition nethod selected from
*chem cal vapor deposition (CVvD), netal-organo chem cal am posi tion
(MOCVD), and pl asna-enhanced chem cal vapor deposition3 PECVD); and the
| ubricant topcoat |ayer 12 may be fornmed by at | east one nethod sel ected
from di ppi ng, spraying, and vapor deposition. 20 The advant ageous
characteristics attainable by the preseqy invention, particularly as
related to reduction or elimnation of DC noise, are illustrated in the

fol | owi ng exanpl 6. anpl t: f 8¢ BaddSSt-&kh foer

per pendi cul ar %@%ﬁnﬁg&iﬁai%@%ﬂf&r@%u@nowgé%mr?s}é%léeCoB al | oy foi | s.
However, such thd ¥ dnntht dRkishaped eulstrate} isl a lsnd about Wl00alin.ywide,evas® phous or
conprise nano-crystallites_emjedded in an . anor phous trix, depending upon
the B cont ent .erasgd Ehgafiprecdomain dagg’?f’ Senals ys @P{%Fféjngq’ed'gr%ﬁeﬁhgtug when
the B content d 19 1%G85ecy WL tinfeS@GnAn bigdald W@ Gohberfadlio tReat t et
al., IEEE Tr aﬁé@p%?ﬁte\]ul y 20%0% Si nce the as-depqsited filns are not as

soft as heas - tfrequensyl danais anc:furtlispto thq anatish Eaquensi dpmet The 17addiark ed i n
or der | £0, 90 Solelods P ifl 8 a5 EndIe o WOURHPHEREné Bl YU et

al ., Mw 2001 "OE§AY eatment nodifies the stress-induced
per pendi cul ar aad aidnsedrmalisingfo 4 K0 kfcl signalpTherorcess SYL peadrhack ApiseMedpy, and

renders the fi)] ns ver ft.in,the in-pl ' ' egpﬂm e filns
remain in the J&‘FSI"JI gi(fgsilquffgng %’F@Fgaﬁe%@%%‘ﬁ“‘g%%@gf‘hﬁﬁe tmantl,g'ltI
rel atively sevgi®EvdeRabistr eatment results in local crystallization. Wen
the filnms are crystallized, perpendicul ar, anisotr rygi.nati rom
magnet o-cr ¥8t al | i né[‘hﬁrﬁp%ftﬁ%’g?e%ﬁ%emsplﬂp’@g%%?ﬁtt ﬁlgeoéﬁag%gﬁglé&%gﬁig noi se in
t he SUL. Accor ';J}Qéd)ﬁm ht SittExshgtpduRid Eonistentbe ExhitsiesdllowereldC noist h t he
ai mof determ n% ng mhg%ﬂgrfie@r gsﬁtﬁgl liZation, th Sﬂfi | e domain formation

5 o srseppE pRRER R

| eadi ng to DC than the nge-eminatedRUL# preparedupder sigy BHRVEE RYFTIE | east
to FIGS. 5 and 6, respectively shown therein are graphs illustrating the DC noise

spectrum of a conventional, non-laminated, 200 nm thick FeCoB SUL film and

15 the DC noise spectrum of a 3-layer, pseudo-laminated, 200 nm thick FeCoB SUL

film according to the present invention. As is clearly evident therefrom,

significant DC noise is observed with the non-laminated SUL (FIG. 5), whereas

substantially no noise is observed for the tri-layer pseudo-laminated SUL (FIG.

6), i.e., the noise power level of the latter remains constant at the electronic noise

20 level over the entire frequency range of the measurement. By contrast, the noise

power level of the non-laminated SUL is above the electronic noise level in the

frequency range below about 150 kfci. The excess read-back noise of the non-

laminated SUL was quantified as about 6.6 dB, which low frequency noise is

attributable to the magnetic fields emanating from ripple domains. In addition, the

25 excess SUL read-back noise of the non-laminated SULs measured by the spin

stand test correlated well with the amount of ripple domains present therein, as
observed by Magnetic Force Microscopy (MEM).

More specifically, MFM images of the non-laminated and bi-layer pseudo-

laminated SULs indicated light and dark contrasting areas, whereas the MFM



m nim zed, by pseudo-lam nation. (Fe65C03s)88B12 alloy filnms for use as
"SULs were fabricated using a multi 15 vacuum chanber, single-di sk
sputtering apparatus. The filnms were sputtered onto unhdad eM f)llﬂg&
substrates by DC magnetron sputtering at a deposition rate of about 5.5 -
11 nnmsec. in a low Ar pressure atnosphere of about 3 mforr and at about 2
- 4 kKkWtarget power. The target dianmetegp was 7 inches and the target-
substrate spaci ng was about 2 inches. Non-I|am nated (Fe65Co03s)s8B12 al |l oy

films 20 ver e (¢ E:inﬂ SS@QSS

deposition at aggﬁoﬁgfh%d&@%&qu%‘lﬂénl afaﬂ V\}ﬁv(rg?ete%smgéfes%gvgﬁe% ﬂgﬂﬁdri -l ayer
pseudo- | ani nadagkl cénttasting\exeas ardexttcibuthlele tu$hmg1agmuzatmﬂs tbeingecanted spoart | vel y
arranged pro t at res tivel .The total .fil l.ckngss i n each
case nas hai BN BFA ARG RGLEHE b 5R ol ih e ey
heat-treated mplal@lﬂemﬁﬁ:s tahe theafesultnof Ipartiab cfystllizdfiom oo dhie HGhs cadéd by f or

about 83ec whi co d|t|ons gle requi red for depositi of aCoCr al | oy
magneti cal Py tﬁ%ﬁ“&’i 188, herety ?tmpgesafgﬂﬁ%%%aﬁ DASIR-ed,

bi -l ayer, andg, srtmm@a&ﬁgon%%%m@ﬁrvanesqﬁaireétimdn@magmﬁaél k Model 2585A/1701A
test spin stand 1 n order uantitatively neasure the amount of read back

noi se of the SULs. Refmnsmwso IQN( showe theyeincase Xowy |diffacten pattssiafai ned in
substrater | S M pelbiior sihd sp nof daaled, SifEel byt Hhuhifa S - 17REC
domai n read- hﬂdkyﬁlpgﬂﬂodma&derMSfmiﬁ)c&aﬂ}secidcmtﬁm Banp) thag rate of
1 Gs/sec whi ch ti nal s. wer rted to.th :
nverted to. uency

domai n and®f JpieRsRY gg @%@ﬁbgpeaﬂ‘r?ﬁ@ﬁﬁ? i Pon-lppinaj agufj * noi se
was then obt apauier foY theBidayed kd%ﬂo—lliihﬂnﬁt@d swmhﬁdmﬁesaforﬂfeeﬁuemy domai n
and then normali zi ng to a 600 kfci 8nal The Flzss SUL read- gsck noi se

was det er mi risgudgylamingtad- 3k ﬁgnﬁh@rp vy rmewys of rpls demeans,ehserved b¥m t he
integrated SLﬂ?IFlVf gd?‘fél&?&%lf@i‘ﬂ?ﬁm relative intensities of the a-Fe (110) peaks.

The above results demonstrate that the "pseudo-lamination” effect may be

15 effectively utilized for reducing DC noise of the SUL of perpendicular magnetic
recording media, by reducing ripple domain formation via reduced crystallization
of heat-treated amorphous SUL films. For (FegsCoss)ssBi2 alloys as SUL films
formed on glass substrates, the thickness of each sub-layer of the pseudo-
laminated SUL structures can be in the range from about 50 to about 130 nm,

20 depending upon the heat treatment conditions, with thinner sub-layers being
preferred regardless of the heat treatment conditions.

Thus, the present invention advantageously provides improved, high areal
recording density, low noise, magnetic alloy-based perpendicular magnetic
data/information recording, storage, and retrieval media including an improved

25 pseudo-laminated, magnetically soft underlayer (SUL) structure with reduced
occurrence or elimination of ripple domains therein advantageously providing a
corresponding reduction or climination of DC noise, while avoiding the
difficulties and drawbacks associated with commercial-scale manufacture of

conventional laminated SUL structures including alternating soft magnetic and



10 The spin stand neasurenents indicated, that the pseudo-|am nated SULs

" prepared under different sputtering powers consistentl yafﬁh%%t@ | oner DC
noi se than the non-|am nated SULs prepared under siml S t Png
powers. Referring to FIGS. 5 and 6, respectively shown therein are graphs
illustrating the DC noise spectrumof a conventional, non-|am nated, 200
nmthick FeCoB SUL filmand 15 the DC ngi se spectrumof a 3-1ayer,

pseudo- | am nat ed, 200 nmthick FeCoB SUL filmaccording to the present

i nvention. b Sy C | yagvid ef b defrdid ' S
observed w fﬁsp%%g ina n-la%gngt‘?ggﬁﬂ%ﬁt&g%v?&ﬁmﬁer%éas iso sffa%u?g ly no
noi se i s obsedliwinhtésy or ehleast sippresyes; the genstationaeh DE neide Stdociated @ith B, i . e.

t he noi se power, Level qof .the.latter repmi,ns constant .at the electronic

ot se 20| by SPGIFR et desSh SmeRET R naR Rt APt Me crent By
contrast, the noi Skhe fediebf trvietsent invéitioncile bspetially askfilvhensengiioyed t he

el ectronic_naise Jevel in, the.  frequeng ange  bel ow abput, 150 kfci. The
excess rea_éi- HR Qengriden Wﬂ%ﬂ%g]ﬁBﬂlpiF%ﬂ#ﬁﬁ{rgﬂg%@ or AsR0s Ap FHY about
6.6 dB, whi chyaltiaa’ @EHENCGY mghse:eéosding_t HeAsRyt aRddm tr t bempdielated fi el ds
emanating fromripple domains. In addition, the 25 excess SUL read back

noi se of the anplicatigns.Jnrdditioy the veniiye apedia cambe repdily fabrieatd hyemeansor r el at ed

well with th . j i , ein, as observed by
Magneti ¢ Forgt’ef%%%%’g%% Qwhﬁfg%é’%é‘éﬁﬁﬁgéa [@,%'I\/FM i mges of the

non- | am nat ed and Ihithd prgedpusdescripdion, mmmencusespeciit detaitschire st dafth, sedixasand dar k
contrasti areas, wher.eas the MFM 3 1 NAY 2006 20 i of t tri-|layer
pseudo- | aﬂgnaﬂ’gcdﬁ‘lsdﬂﬁte Pre SFUCAYTER PTREESCo 540 i“bh?rggnva%gévr@e caoﬂ Hsti ng
areas are at tyndérsfandling dfahé presem diventicm t Howsveh cthe presentt iadentipn @an bdown from
the filmplane, whjich areas are rjpple domainsg, in th UL fi,lm Such

ri ppl e domai r?éac'&Fféi Piithontresariing fo "bg&it?‘!i’l SpE‘F‘b%"ﬁ%’l 5t %’éﬁi §h° QT IRFIANCES)| g
caused by 5 t{grERiwidproeebing thateNlaRa8l FechhiquéHavt abd begRllésaribddrindend resul ts

in local magneto- crystalline anisotropy which varies in direction and
magni t ude.  inorder nof to unnecessarily obscure the present invention.

15 Only the preferred embodiments 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 present invention is capable of use in various other
combinations and environments and is susceptible of changes and/or

modifications within the scope of the inventive concept as expressed herein.



Referring nowto FIG 7, shown therein are X-ray diffraction patterns of
‘the three types of SUL filns, i.e., non-lam nated, bi-I|ayer

pseudo-| am nated, and tri-layer pseudo-|an nated FeCoB fil ssMAS 2096
clearly evident fromFIG 7, the 10 intensity of the a-Fe (110) peak is

hi ghest for the non-lamnated SUL filpn weaker for the bi-Iayer

pseudo-| am nated SUL film and weakest for the tri-layer pseudo-|am nated
SUL fil phati€ldimedls: ve amounts of ripple dormai ns observed by MM
correlates well with the relative intensities of the a-Fe (110) peaks. The
above results denonstrate that the "pseudo-|am nation" effect may be 15
effectively utilized for reducing DC noise of the SUL of perpendicul ar
magnet i t[,; r egafigli mﬂnﬁ%raingménﬁi?dﬁb@ﬂp&gﬁddlﬁph@rHﬁmmm medivonwitha r educed
crystallization  of heat-treated anorphous SUL filns. For (Fe65C035)88B 12

all o ﬁ#ﬁu @ A dnfHsaps substrates, the thickness of each
suﬁ%& 0 éﬁ%%é%?g{ I'am na@egj%SUL structures can be in the range from
about 50.to about ﬁirﬂﬁ- gn the heat treatnent conditions,
Wi th th?ﬂnera’é%mf'éf‘igﬁg‘mo%ﬁgé‘gﬁ% g er ree’glﬂr egardl ess of the heat treatnent
conditigns. Thus, the.present inaventi YaRhRAYSRY Stadk RbRplidRs ihnpr oved,
hi gh ar gﬁl ?géﬁ'ﬂ?ﬁq(gfog'ﬂﬁiﬁv os\%ggr#&&gsfﬂnﬁgneti%wal | oy- bgsed

per pendi cul ar netj.c ata/information recordi ng, storage, and retrieval
meﬂglﬂ%ﬁeﬂm"ﬁgﬂgﬁ spidp s2"‘:3’2?)%eudo-l ami nated, nagnetical ly soft

under | ayer (SUL) structure V\iith rﬁduged occurrence or elimnation of

rippl e domai @k t Hemagnetically SARARATHEFY broviding a correspondi ng reduction
or elimnpation of DC noise, while avqidi nagﬁt he difficulties and drawbacks

associ at ed wiDh calesst e eo-agpetcipletdsE®Pe of conventional |aninated SUL

structures including alternating soft magnetic¢ and 3 1 MAY 2006 21 spacer
| ayers. As a(iﬁbnmmﬂlﬁwwwmﬂ%’gy ef fectively

elimnates, or at |east suppresses, the generatjon of DC noi,se soci at ed

Wi th sofwhereimshid magueticallyt soft yndestayer BXD); if 3}‘?1“&%%%‘%81“5?“‘%%&3’?%

recordi ng nedi a. . £ Ked
perpendicular recording layer (b)(iii) and is a pseudo-laminated structure composed of a stac

plurality of sub-layers of a magnetically soft material without the presence of any intervening

spacer layers.

2. The magnetic recording medium as in claim 1, wherein:

said layer stack (b) further comprises an adhesion layer between said substrate surface

and said magnetically soft underlayer (b)(i).

i The magnetic recording medium as in claim 2, wherein:

said adhesion layer comprises an about 10 to about 50 A thick layer of a material selected

from the group consisting of Ti, Cr, Ta, Zr, Nb, Fe, Co, Ni, and alloys thereof.



The nedi a of the present invention are especially useful when enployed 5
‘in conjunction with single-pole recording/retrieval transducer heads and
enjoy particular utility in high recording density nedia fer MAY 2006
conputer-related applications. In addition, the inventive nedia can be
readily fabricated by neans of conventional nethodol ogies, e.g.,
sputtering techniques. In the previous description, nunmerous specific
details are set forth, such as 10 specific materials, structures,

Processgs, efe madddtiFed6rdideOndn@y bl it bkreiunder st andi ng of the present
i nvention. However, the present invention can be practiced w thout

resort i By hehdiaPlct LiticRRRE Iy Bl dofupdeid 604 bhckell phoillipof buislagemses,
wel | - known processi ng material's and téchni ques have not been described in
detail .J0;ondersnot : L lYouBDsakiEEngd HE FRCEBECbZE, C6ZRCE,0Nn. 15
onl at%@“ﬁ?%ﬁ%ﬁ?%ﬁ%%%é%ﬁ%%?%ﬁ I%ougr esent élnventi on and but a few

ex I Lt sat{hl are shown and described in the present
digg&@@@fgﬁhkﬁﬁ?fgiﬁSmggﬂéﬁﬁerstood that the present invention is capable
of use in various other conbinations and environnments and is susceptible
of changes and/or nodifications wthin the scope of the inventive concept

as expressed herein. 31 Y 2006 22, \What A's @ 'ﬁ;,med Is: 1. A high areal
recor di g deRs magneieFesidinadnrdiym Ay piaim & WSS no rediumwith  reduced or

substantially zero DC noise, conprising: on- neti.g s havi ng a
sur f ac e said magreticalfe poft underlayes (P ISOQPQEFP°§"£a‘dtn% ﬁﬁ%ﬁ&’?‘ga@xrog g‘gﬁé,{a?’étgi d |ayer
stack conprising, in overlying sequence fromsaid substrate surface: (i) a
magfefeCeB Ajoysof t underl ayer; (ii) at |east one non-magnetic interlayer,

and (iii) a magnetically hard perpendicular recording | ayer; wherein said
magnetically soft underlayer (b)(i) is thicker than said nagnetically hard

6. The magnetic recording medium as in claim 5, wherein:

said magnetically soft underlayer (b)(i) is composed of 2 - 6 stacked sub-layers of

(FegsCoss)ssB1z each having a thickness from about 50 to about 130 nm.

7. The magnetic recording medium as in claim 1, wherein:
said at least one non-magnetic interlayer (b)(ii) comprises an up to about 10 A thick layer
or layers of at least one non-magnetic material selected from the group consisting of Pt, Pd, Ta,

Re, Ru, Hf, alloys thereof, Ti-Cr, and Co-based alloys.

8. The magnetic recording medium as in claim 1, wherein:

said magnetically hard perpendicular recording layer (b)(iii) is from about 100 to about
300 A thick and comprises a Co-based alloy including one or more elements selected from the
group consisting of Cr, Fe, Ta, Ni, Mo, Pt, V, Nb, Ge, and B, or an iron oxide selected from

Fe;04 and 8-Fes0s, or a (CoX/Pd or Pt), multilayer magnetic superlattice structure comprised of



per pendi cul ar recording layer (b)(iii) and is a pseudo-lam nated structure
‘conposed of a stacked plurality of sub-layers of a magnetically soft
material w thout the presence of any intervening spacer |ayensAY200éhe
magnetic recording mediumas in claiml, wherein: said | ayer stack (b)
further conprises an adhesion | ayer Ipgtween said substrate surface and
said magnetically soft underlayer (bXi). 3. The magnetic recordi ng nmedi um
as in claim2, wherein: said adhesion |ayer conprises an about 10 to about

50 A thick. |layer ' I dr-@apidie rdr &y, whersinsisiang of Ti,
Cr Altqrpating U 3,’“%@?“3%?‘?5“3%“5%5 %?ﬂltlﬁer eof. 31 MAY 2006 23 4. The
magnet i ¢ regor dj medi ' 18 m% gY&% Bf Co-bhstdiignetid aibdlyl y sof t
unmgﬁ%@m%‘ﬁ?ﬂqﬁ@%o%@&*gﬁg sta t'gicghpf'ural ity of sub-layers of a
magneti cal |y soft i.al l ect ed hrsisting oPCr,Fe CoB,

Cog? fromabput2 to @82@%3{ éﬁ‘ai&s %E@fﬁ{&ggﬁyagé%g&p%ﬁgé‘;ﬁ% mag%gt ¢ recor di ng
medium as in claim4, erein:, sai.d, magneticall VEFA(D) (i) 1s
cofispBeblopindPtsand ceehy 0%‘1?’9 plgmatipe ghm lay Bg I°§§} ér? Zﬂag}é?t&?%gg %e%qolaoy . 6. The
magnetic recording nmediumas in claim5, wherein: said nmagnetically soft
undiick.ayer (b) (i) is conposed of 2 - 6 stacked sub-Ilayers of

(Fe65C035) 88Bi 2 each having a thickness fromabout 50 to about 130 nm 7.
The magnetic recording nediumas in claim1, wherein: said at |east one

non- magneti c.jnterl | L) | 385 SRvHerein:0 about 10 A thick layer
or Iayegs of ?mpggy?%cggecﬁ }Rlﬁa&ggﬁ c material selected fromthe group

consi sting of Pt,. P | BV &) chRpass a ChiCrBrallopnd Co- based
al | oys. s@ﬁ@ﬁﬁeq%gwgg?g%%r%%ﬁ%ﬁ&%%rgxi lr)l; cl gi m 1, wherein: said

magneti'cal ly hard perpendicular recording layer (b)(iii) is from about 100
to about 300 A thick and conprises a Co-based alloy including one or nore
el ement gpsel eaé felghdtiFedobding medium as in claim 1, wherein:

said non-magnetic substrate (a) comprises a material selected from the group consisting
of Al, NiP-plated Al, Al-Mg alloys, other Al-based alloys, other non-magnetic metals, other non-
magnetic alloys, glass, ceramics, polymers, glass-ceramics, and composites and/or laminates

thereof.

11.  The magnetic recording medium as in'claim 1, further comprising:
(¢) a protective overcoat layer over said magnetically hard perpendicular recording

layer (b)(iii); and

(d)  alubricant topcoat layer over said protective overcoat layer (c).

12.  The magnetic recording medium as in claim 1, wherein:

said non-magpetic substrate (a) comprises a material selected from the group consisting

of Al, NiP-plated Al, Al-Mg alloys, other Al-based alloys, other non-magnetic metals, other non-



group consisting of Cr, Fe, Ta, N, M, Pt, V, Nb, Ge, and B, or an iron
oxi de selected from Fe304 and 5-Fe203i or a (CoX/Pd or Pt)" multilayer
magneti c superlattice structure conprised of 31 MAY 2006 243ahMAyYabkng
thin | ayers of a Co-based magnetic alloy and non-magnetic Pd or Pt, where n
Is an integer fromabout 10 to about2525, each of the alternating thin

| ayers of Co-based magnetic alloy 1is fromabout 2 to about 3.5 A thick, X
is an el enent selected fromthe group consisting of Cr, Ta, B, M, and Pt,
and each of the alternatin i < | ; i s about
10 RRSUEHS 8ROYSg .gla‘?‘ﬁeceﬁaé% étﬁ%@% (%l%iy'%&rlrlgcfg’i S&%&‘%ﬁg&;ﬂ%ﬁ g?dzq&B%\A‘%?éei n: said
magpet ifcald y hard perpendi cul ar recording layer (b)(iii) conprises a CoCrPt
al I'8§€0L 4 The magnetic recording mediumas in claiml1, wherein: said

non- magnetic substrate (@) conprises a material selected fromthe group
consi st iSag 1aysF stagk (OAPPRRIISESed A, Al -My al l oys, other Al -based all oys,

ot her non-magnetic netals, other non- magnetic alloys, glass, ceramcs,
"polynmers, gl &BQMP&MY@%‘?“\H?R?%I?BW@@%‘% $¥fani nates thereof. 11. The
magnetic recording mediumas in-claiml, further conprising: (Bg% a
pr ot ect imagnetically saft undeglayer (0G), said adhesian Myer ecmPrpingALGARoBE ﬁ@ i 80btar
recording layer (bXiii); and (d) a lubricant topcoat |ayer over said
pr ot ect 506\ thickrlayraof b epterial(selected FromThe group censisting e£ B §r.ng: FoduFfas in
claim1l1, wherein: said non-nmagnetic substrate (a) conprises a materi al
sel ect edCo N§)indl BRoygthetgofronsi sting of A, NiP-plated A, Al-M alloys,
ot her Al -based alloys, other non-magnetic netals, other non 31 MAY 2006 25
magnetic al | gyfagnelicatiy soft efiderage (b)) lizy ther form gif agsewsiorlamineted stmefutsonposi t es
and/or lam nates thereof; and said |ayer stack (b) conprises:

composed of 2 - 6 stacked sub-layers of a FeCoB alloy each having a thickness ﬁom

about 50 to about 130 nm;

at least one non-magnetic interlayer (b)(ii) in the form of an up to about 10 A
thick layer or layers of at least one non-magnetic material selected from the group
consisting of Pt, Pd, Ta, Re, Ru, Hf, alloys thereof, Ti-Cr, and Co-based alloys; and

a magnetically hard perpendicular recording layer (b)(iii) in the form. of an about
100 to about 300 A thick layer comprised of a Co-based alloy including one or more
elements selected from the group consisting of Cr, Fe, Ta, Ni, Mo, Pt, V, Nb, Ge,. and B,
or an iron oxide selected from FesOq4 and 5-Fe;0;, or a (CoX/Pd or Pt), multilayer
magnetic superlattice structure comprised of alternating thin layers of a Co-based
magnetic alloy and non-magnetic Pd or Pt, where # is an integer from about 10 to about
25, each of the alternating thin layers of Co-based magnetic alloy is from about 2 to about
3.5 A thick, X is an element selected from the group consisting of Cr, Ta, B, Mo, and Pt,

and each of the alternating thin non-magnetic layers of Pd or Pt is about 10 A thick.



an adhesion | ayer between said substrate surface and said magnetically soft
‘under | ayer (b)(i), said adhesion |ayer conprising an about 10 to about 50
A thick layer of a nmaterial selected fromthe group consistigng 8y 2o O,
Ta, Zr, Nb, Fe, Co, N, and alloys thereof; a magnetically soft underl ayer
(b)(i) in the formof a pseudo-|lam najged structure conposed of 2 - 6

st acked sub-layers of a FeCoB all oy each having a thickness from about 50
to about 130 nm at |east one non-nmagnetic interlayer (b)(ii) in the form

bf to about 10 A thick | or | BaRy ti
ot o1 2l 3ol do e s mHEERTR & chih uRirtpfing uen B9 pehRRUBAR TRRTEL €
Il oys thereof, Ti-Cr, and Co-based allpys; . i cal d

per et toariiiaspodamiga Bguredura R sPiE GRATRCRad e 0o o

about 300 A thick layer conprised of a Co-based alloy including one or nore
el esfents selected fromthe group consisting of Cr, Fe, Ta, Ni, M, Pt, V,
No, Ge, and B, or an iron oxide selected from Fe304 and S-Fe203, or a

( CoX/ Pd (ay Plp)'uyidingaMmylegneﬁna@mfﬂba‘gﬂﬂ)éﬁmmi%’é structure conprised of
alternating thin layers of a Co-based nagnetic alloy and non-nagnetic Pd
or Pt, VHpr e fomiife ayértaleverisidmbsratpsudace; eoraprising steps fordgEMNgs It he
alternating thin | ayers of Co-based magnetic alloy is fromabout 2 to about

3-5ovérl§vﬂﬁ§§é‘qpteﬁ6ei1fona§aiﬂmsmbect ed fromthe group consisting of Cr, Ta,
B, M, and , and each of the alternating thin non-magnetic |ayers of Pd

or Pt is aboyly 10 fhalhéticklly sblt dBflagen6 26 13. A method of manufacturing a
hi gh areal recording density, perpendicular nagnetic recording nmediumwth

reduced or Sxi?ﬁta%lh&kbﬁé&oﬁﬂxﬁa@@ﬁ@ﬁi@l@ymsﬁmri sing the steps of. (a)
provi di ng a non-nagneti c substrate having a surface; and (b) formng a

layer stack ongr §3lgdnGidbiy hald SRR recoRliRg lagémg steps for forming, in
overlying segﬁgncgﬁ*aggm sdl d sgebrgﬁ ate surface: (i) a nmagnetically soft
under | ay gl rein step (b)(i) comprises forming a pseudo-laminated structure having a thickness

greater than that of said magnetically hard perpendicular recording layer formed in step (b)(iii)

and composed of a plurality of sub-layers of a magnetically soft material without the presence of

any intervening spacer layers.

14.  The method according to claim 13, wherein:
step (b)(i) comprises forming a pseudo-laminated structure composed of a stacked

plurality of sub-layers of a magnetically soft material selected from the group consisting of

FeCoB, CoZr, CoZrCr, CoZrNb, CoTaZr, CoFeZr, and FeTaC.

15. © The method according to claim 14, wherein:

step (b)(i) comprises forming a pseudo-laminated structure composed of a stacked

plu}ality of sub-layers of a FeCoB alloy.



(ii) at least one non-magnetic interlayer; and (iii) - a magnetically hard
per pendi cul ar recording | ayer; wherein step (b)(i) conprises formng a
pseudo-| am nated structure having a thickness greater than stihahyoiogsai d
magnetically hard perpendi cul ar recording |ayer forned in step (b)(iii)
and conposed of a plurality of sub-layers of a nmagnetically soft material
w t hout the presence of any intervening spacer |ayers. 14. The net hod
according to claim 13, wherein: step (b)(i) conprises formng a

Do, 0 N e GRORBEES el £ 20KE0, BTl of sublvers
FeCoB, Z Z2rCr. ZrNb, CoTaZr. . ' e hod
e R e B S8 Fren SR o BIRR o g el ™ 0

RS oS DR e SR AT Bl L, 20 e

wherein: step (b)(i) conprises formng a pseudo-|am nated structure
conposed of 2 - 6 stacked sub-layers of (Fe65Co03s)83Bl12 each having a

thi cknegg f rqmg@mz;g)a?%&ig%m B3Qheen: 17. The method according to claim

13, whereln: step nprises formng said pseudo-lam nated structure

by 2 Phabol Y BaRbred SBAShE | AR pENELIBNARES Suradéie iy PRIRAM Ag60r ding to

claim17, el n: nprises tormng sald pSeudo-| am nat ed
stryctuce sputtering process. 19. The nethod according to claim17,
mhe#@?st\qons‘?mé’ﬂ%ﬁs) conprises form ng said pseudo-|lam nated structure
conposed of a stacked plurality of sub-layers of a soft magnetic, naterial
by depositing each sub-layer in a different chanber. 20. The net hod

accor di ng@. t o Tht ethiod dccordify ©i oliim 17, wherein:

step (b)(i) comprises forming said pseudo-laminated structure by a sputtering process.

19.  The method according to claim 17, wherein:
step (b)(i) comprises forming said pseudo-laminated structure composed of a stacked
plurality of sub-layers of a soft magnetic matérial by depositing each sub-layer in a different

chamber,

20.  The method according to claim 17, wherein:
_step (b)(i) comprises forming said pseudo-laminated structure composed of a stacked
plurality of sub-layers of a soft magnetic material by discontinuous, sequential deposition of each

sub-layer in the same chamber.

21.  The method according to claim 13, wherein:
step (b) further ¢comprises forming an adhesion layer over said substrate surface prior to

performing step (b)(i).



step (bXi) conprises form ng said pseudo-|lam nated structure conposed of a
stacked plurality of sub-layers of a soft magnetic material by

di sconti nuous, sequential deposition of each sub-layer in themaaneoos
chanmber. 21. The nmethod according to claim13, wherein: step (b) further
conprises form ng an adhesion | ayer oggr said substrate surface prior to
performng step (b)(i). 31 MAY 2006 28 22. The nethod according to claim
21, wherein: step (b) conprises form ng said adhesion | ayer of an about 10
to about 50 A thick layer of a material selected fromthe group consisting
of Ti, C, Ta, Zr, Nb, Fe, Co, N, and alloys thereof. 23. The nethod
accor di ag. t 0Thé miethod Accovding wichhim 2 ewherlin(i i ) conprises formng an up to
about 10 A thick layer or layers of at |east one non- magxlet'ic mat eri al

sel ect edtef)rr(@rad;ﬁ]ﬁisw foriping eiid iadhdsion lafer BE an Rbout T&, to Rbout RO A Hhick }ﬂyq:roy S
thereof, Ti-Cr, and Co-based alloys. 24. The nethod according to claim 13,
Wheyr Qi atesdl SBlcbed o IheGRoUY donsistidgooMTi) CraTla,cZioiNb, FeOCo,0NalbodwllgBo A thick
| ayer conprised of a Co-based alloy including one or nore el enents
Segﬁéééo‘?.d fromthe group consisting of Cr, Fe, Ta, N, M, Pt, V, No, Ce,
an , or an iron oxide selected from Fe304 and 6-Fe203, or a (Cox/Pd or
Pt)" multilayer magnetic superlattice structure conprised of alternating
thin layers of a Co-based nmagnetic alloy and non-magnetic Pd or Pt, where
n i s an2Bnt efke methodnedouling toGlaim 13pwhareins, each of the alternating thin

| ayers of Co-based magnetic alloy is fromabout 2 to about 3.5 A thick, X
i s an ekepeb)iisangrisediimingatvp tgrabowt oAghickilaysr of lagers of st lgst gpe  and Pt
and each of the alternating thin |ayers of non- ma%eti c Pd or Pt is about
10 nbninkighttic Rteridh selentidhfoin ahe gratipnepnsisting af B8, TehdkeeiRi, B allpxs 2006 29

thereof, Ti~Cr, and Co-based alloys.

24.  The method according to claim 13, wherein:

step (b)(iii) comprises forming an about 100 to about 300 A thick layer comprised of a
Co-based alloy including one or more clements selected from the group consisting of Cr, Fe, Ta,
Ni, Mo, f’t, V, Nb, Ge, and B, or an iron oxide selected from FesOq4 and 8-Fe, 03, or a (CoX/Pd or
Pt), multila).'.er magnetic superlattice structure comprised of alternating thin layers of a Co-based
magnetic alloy and non-magnetic Pd or Pt, where 7 is an integer from ﬂ.bOl'lt 10 to about 25, each
of the alternating thin layers of Co-based magnetic ailoy is from about 2 to about 3.5 A thick, X
is an element selected from the group consisting of Cr, Ta, B, Mo, and Pt, and each of the

alternating thin layers of non-magnetic Pd or Pt is about 10 A thick.

' 25.  The method according to claim 13, wherein:



step (a) conprises providing a non-magnetic substrate conprised of a
material selected fromthe group consisting of Al, NP plated Al, Al -M

al l oys, other Al -based alloys, other non- magnetic netals, QﬁhﬁLXY&OO6

non- magneti c all oys, glass, ceramcs, polyners, glass-ceramcs, an
conposites and/or |am nates thereof. 26. A disk drive conmprising a | ow DC
noi se perpendi cul ar magneti c recording nediumincluding a pseudo-|am nated
soft .underl ayer structure according to claim 1.

step (a) comprises providing a non-magnetic substrate comprised of a material selected
from the group consisting of Al, NiP-plated Al, Al-Mg alloys, other Al-based alloys, other non-
magnetic metals, other non-magnetic alloys, glass, ceramics, polymers, glass-ceramics, and

composites and/or laminates thereof,

26. A disk drive comprising a low DC noise perpendicular magnetic recording

medium including a pseudo-laminated soft underlayer structure according to claim 1.



