1 GRANULAR MAGNETIC RECORDING MEDIA WITH IMPROVED
CORROSION RESISTANCE BY CAP LAYER AND PRE-OVERCOAT
ETCHING FIELD OF THE DISCLOSURE [0001] The present disclosure
relates to methods for improving the corrosion resistance of thin film
magnetic recording media and to magnetic recording media obtained
thereby. The disclosure has particular utility in the manufacture of high
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Magnetic media are widely used in various applications, particularly in the
computer industry for data/information storage and retrieval applications,
FIELD, 5@_%@%&59&? efforts are continually made with the aim of
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"nerpendicular”, ending upon the orjentation of the magnetic domains
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longitudinal recording, thin-film, hard disk-type magnetic recording

medium 1 commonly employed in computer-related applications is
schematically illustrated in FIG. 1 in simplified cross-sectional view, and
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mag}%}/igrrle%grsd%) i%ému%e%oség%jmb%@ipg@ o%dQ‘ Pt y(izgﬁiputer-related applications is
schematically illustrated in FIG. 1 in simplified cross-sectional view, and comprises a
substantially rigid, non-magnetic metal substrate 10, typically of aluminum (Al) or an
aluminum-based alloy, such as an aluminum-magnesium (Al-Mg) alloy, having sequentially
deposited or otherwise formed on a surface 10A thereof a plating layer 11, such as of amorphous
nickel-phosphorus (Ni-P); a seed layer 12A of an amorphous or fine-grained material, e.g., a
nickel-aluminum (Ni-Al) or chromium-titanium (Cr-Ti) alloy; a polycrystalline underlayer 12B,
typically of Cr or a Cr-based alloy; a magnetic recording layer 13, e.g., of a cobalt (Co)-based
alloy with one or more of platinum (Pt), Cr, boron (B), etc.; a protective overcoat layer 14,
typically containing carbon (C), e.g., diamond-like carbon (“DLC”); and a lubricant topcoat
layer 15, e.g., of a perfluoropolyether. Each of layers 11 - 14 may be deposited by suitable
physical vapor deposition (“PVD”) techniques, such as sputtering, and layer 15 is typically
deposited by dipping or spraying.



2 [0004] In operation of medium 1, the magnetic layer 13 is locally
magnetized by a write transducer, or write "head", to record and thereby
store data/information therein. The wrfte transducer or head creates a
highly concentrated magnetic field which alternates direction based on
the bits of information to be stored. When the local magqggiic field
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sunsf S S G MR T s A BRI a0 B ey
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alloy (e.g., a Co-Cr alloy such as CoCrPtB) having perpendicular anisotropy. The magnetically
soft underlayer serves to guide magnetic flux emanating from the head through the hard,
perpendicular magnetic recording layer.
[0007] A typical conventional perpendicular recording system 20 utilizing a vertically
oriented magnetic medium 21 with a relatively thick soft magnetic underlayer, a relatively thin
hard magnetic recording layer, and a single-pole head, is illustrated in FIG. 2, wherein reference
numerals 10, 11, 4, 5, and 6, respectively, indicate a non-magnetic substrate, an adhesion layer
(optional), a soft magnetic underlayer, at least one non-magnetic interlayer, and at least one
perpendicular hard magnetic recording layer. Reference numerals 7 and 8, respectively, indicate
the single and auxiliary poles of a single-pole magnetic transducer head 6. The relatively thin

interlayer 5 (also referred to as an “intermediate” layer), comprised of one or more layers of non-



(optional), a soft magnetic underlayer, at least one non-magnetic
interlayer, and at least one perpendicular hard magnetic recording layer.
Reference numerals 7 and 8, respectr'é/ely, indicate the single and
auxiliary poles of a single-pole magnetlc transducer head 6. The relatively
thin mterl;ger 5 (also referred to as an "intermediate” layer), comprised of
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hard recording layer 6 and (2) promote desired microstructural and
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auxiliary pole 8 of single-pole magnetic transducer head 6. The direction
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continued reference to FIG. 2, vertical lines 9 indicate grain boundaries of
Indlqgtﬂféfwaeaﬂmu&bym%raw@w AediBgetlstack constituting medium 21.
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while the grains of each polycrystalline layer may be of differing widths
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layer 11, if present, may comprise an up to about 30 A thick layer of
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material, or a composite or laminate of these materials. Optional adhesion layer 11, if present, may
comprise an up to about 30 A thick layer of a material such as Ti or a Ti alloy. Soft magnetic
underlayer 4 is typically comprised of an about 500 to about 4,000 A thick layer of a soft
magnetic material selected from the group consisting of Ni, NiFe (Permalloy), Co, CoZr, CoZrCr,
CoZrNb, CoFeZrNb, CoFe, Fe, FeN, FeSiAl, FeSIAIN, FeCoB, FeCoC, etc. Interlayer 5
typically comprises an up to about 300 A thick layer or layers of non-magnetic material(s), such
as Ru, TiCr, Ru/CoCrs7Pts, RuCr/CoCrPt, etc.; and the at least one hard magnetic layer 6 is
typically comprised of an about 100 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, iron nitrides or oxides, or a (CoX/Pd or Pt), multilayer magnetic superlattice structure,

where n is an integer from about 10 to about 25. Each of the alternating, thin layers of Co-based



magnetic material selected from the group consisting of Ni, NiFe
(Permalloy), Co, CoZr, CoZrCr, CoZrNb, CoFeZrNb, CoFe, Fe, FeN,
FeSiAl, FeSIA1N, FeCoB, FeCoC, eté Interlayer 5 typically comprises an
up to about 300 A thick layer or layers of non-magnetic material(s), such
as Ru, TiCr, Ru/CoCr37Pt6, RuCr/CoCrPt, etc.; and the at least one hard
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methddadlodicafied mbavfectaving ngranular-type magnetic recording media involves reactive

sputtering of the magnetic recording layer in a reactive gas-containing atmosphere, e.g., an O,
and/or N, atmosphere, in order to incorporate oxides and/or nitrides therein and achieve smaller
and more isolated magnetic grains. However, magnetic films formed according to such
methodology typically are very porous and rough-surfaced compared to media formed utilizing
conventional techniques. Corrosion and environmental testing of granular recording media
indicate very poor resistance to corrosion and environmental influences and even relatively thick
carbon-based protective overcoats, e.g., ~ 40 A thick, provide inadequate resistance to corrosion
and environmental attack. Studies have determined that the root cause of the poor corrosion
performance of granular magnetic recording media is incomplete coverage of the surface of the
magnetic recording layer by the protective overcoat (typically carbon), due to high nano-scale

roughness, porous oxide grain boundaries, and/or poor carbon adhesion to oxides.



methodology for manufacturing granular-type magnetic recording media
involves reactive sputtering of the magnetic recording layer in a reactive
gas-containing atmosphere, e.g., an (g and/or N2 atmosphere, in order to
incorporate oxides and/or nitrides therein and achieve smaller and more
isolated magnetic grains. However, magnetic films formed according to
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that corrosion performance of granular magnetic recording media may be .
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[0017] An advantage of the present disclosure is improved methods of manufacturing
granular longitudinal and perpendicular granular magnetic recording media with enhanced
corrosion and environmental resistance.
[0018] Another advantage of the present disclosure is improved granular longitudinal and
perpendicular magnetic recording media with enhanced corrosion and environmental resistance.
[0019] 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 invention may be realized and obtained as particularly
pointed out in the appended claims.



magnetic recording layers, while maintaining full compatibility with all
aspects of automated manufacture of magnetic recording media.
SUMMARY OF THE DISCLOSURE [8017] An advantage of the present
disclosure is improved methods of manufacturing granular longitudinal
and perpendicular granular magnetic recording media with enhanced
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magnetic recording media with enhanced corrosion and environmental
compgisRgseeenibiepsditional advantages and other features of the
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realized and obtained as particularly pointed out in the appended claims.
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granular magnetic recording media, comprising sequential steps of: (a
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and Nb-containing alloys; step (d) comprises ion etching the exposed surface of the cap layer,
preferably by sputter etching with ions of an inert gas (e.g., Ar ions) to leave a thickness from
about 0 to about 50 A; and step (€) comprises forming a carbon (C)-containing protective overcoat
layer at a thickness from about 15 to about 50 A, preferably a diamond-like (DLC) protective
overcoat layer, by means of ion beam deposition (IBD), plasma-enhanced chemical vapor
deposition (PECVD), or filtered cathodic arc deposition (filtered CAD).

[0022] Preferred embodiments of the disclosure include those wherein step (c) comprises
forming a layer of an etch-resistant material on the exposed surface of the granular magnetic
recording layer and then forming the cap layer on the layer of etch-resistant material, and step (d)
comprises etching substantially the entire thickness of the cap layer. Preferably, step (c) comprises
forming a layer of a sputter etch-resistant material, e.g., a layer of amorphous carbon at a thickness
from about 5 A to about 25 A.

[0023] In accordance with embodiments of the present methodology, step (b) comprises
forming the layer stack as including a granular Co-based alloy magnetic recording layer
comprised of a CoPtX alloy, where X = at least one element or material selected from the group
consisting of: Cr, Ta, B, Mo, V, Nb, W, Zr, Re, Ru, Cu, Ag, Hf, Ir, Y, O, Si, Ti, N, P, Ni, SiO,,



from a material selected from the group consisting of. Cr-containing alloys,
Ta-containing alloys, and Nb-containing alloys; step (d) comprises ion
etching the exposed surface of the caZ) layer, preferably by sputter
etching with ions of an inert gas (e.g., Ar ions) to leave a thickness from
about 0 to about 50 A; and step (e)r(_:om rises forming a carbon
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. .means of ion beam deposition (IBD), plasma-enhanced chemical vapor
nitriges A FBHPIIBECVD), or filtered cathodic arc deposition (filtered CAD).
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step (c) comprises forming a layer of an etch-resistant material on the

manoERtoN He R0 vsHRE R B8 magnetic recording layer and then
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comprises etching substantially the entire thickness of the cap layer.
medigprEoRINISIBRE (c) comprises  forming a layer of a sputter etch-resistant

material, &g, a layehoh@maieaddsLanaoingh aurekness from about 5 A
to about 25 A. [0023] In accordantc%% with embodiments of the resT?r:t

methodoly, steb BFETARFiLES REnTHR A% fHYarsdtk yshdlgihdngluding an

granular Co-basegataysmpengiiniegatiinectaieg pgerprised of a CoPtX
alloy, where X = at least one element or material selected from the gr .
Y, W %a eh I a%%lgr having

consistind®f: Cr, 3P EYRIENNRF AL MagRete [N 1Ay, e s

Ti, N, P, NI SiOZaZpl&i@,eﬁj@sl@ugﬂ.aQ&cé\;IMdTiQ, TiO2, TiQX, Ti.N, TiC,
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nitrides, and cart_ﬂg@s_. [0924] Ano_ther aspect of the present inventio_n is
O o e B B BB LR i
layemiag petjereicalatingagisidiveooroimapaising: §dbeghodinalagageticiesiditg layer; the
R T O R T N
froml@yegrooptbengisting lof: Cragpnediningetitis) J tag@tathiagaliolay ecigisiogntaining alloys;
the C%B llla%/%pﬁ}r?ﬁeer%grhjE)?lrsgsuagfl%f/gr" &n adsputter etch-resistant material intermediate the granular
magnetic recording layer and the layer of metallic material, e.g., a layer of amorphous carbon; the
granular Co-based alloy magnetic recording layer comprises a CoPtX alloy, where X = at least
one element or material selected from the group consisting of: Cr, Ta, B, Mo, V, Nb, W, Zr, Re,
Ru, Cu, Ag, Hf, Ir, Y, O, Si, Ti, N, P, Ni, SiO,, SiO, SizN4, Al,03, AIN, TiO, TiO,, TiOy, TiN,
TiC, Ta,0s, NiO, and CoO, and wherein Co-containing magnetic grains are segregated by grain
boundaries comprising at least one of oxides, nitrides, and carbides; the protective overcoat layer
comprises a carbon (C)-containing material.
[0027] Additional advantages and aspects of the disclosure will become readily apparent
to those skilled in the art from the following detailed description, wherein embodiments of the
present methodology are shown and described, simply by way of illustration of the best mode
contemplated for practicing the present invention. 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 invention.



(d) a protective overcoat layer on the sputter-etched outer surface of the

cap layer. [0026] According to embodiments of the disclosure, the

granular magnetic recording layer is g perpendicular magnetic recording

layer or a longitudinal magnetic recording layer; the cap layer includes an

amorphous or crystalline metallic layer comprised of a material selected
ACCraiRpthelif SRS FBH HFSTIRUPIR BT SRR deSRERS a8l IUSHBAIYRAR BfY(fs and not as
limitafigk Nb-containing alloys; the cap layer further comprises a layer of a

sputter etch-resistant material intermediate the granular magnetic

recording layer and the layer of metallic material, e.g., a layer of

BRIEMOIESOHE RO grapRAVENGased alloy magnetic recording layer
comprises a CoPtX alloy, where X = at least one element or material

10028 ected fidth HloWitR RLAIRI GG OB o BRSO hezpreset disclosure

can [Ridt 6&uAdbritdodrwre® r&id Th Sonfinblio®iddh IHR, fAIBNhg drdfhad!fh which the
. TiO, Ti02, TiOx, TiN,. TiC, Ta205, NiO, and CoO, and wherein
Va“%%fEBWfSM%Q-%%@t?é%?&?ﬂ@éﬁ%%&r‘é@%&%%?aé%w BRA Rsgidgawn as to best

illusegepEptrRhidagtireawkatites, nitrides, and carbides; the protective
gvercoat layer comg@i{s_es a carbon gl_)-conitfining material.é%)OZ?

[0023jditional A5y A EeuGaa dbistpLesys h e REIEE GrasRF B hYé'e\Jéa"’dHWiO” of a
convepieranhingithosagkidpdlimahecastbeniiienieiwing detailed description,
herein emhodiments of the present methodology are shown and .
1003 et v BT TAGAY WSS T R L e H AL it 9ion of
magiNacHngitesiage nihthendien systewidone e esrolaegkriradicaise ntagnetic recording
disclosure is capable of other and different embodiments, and its several
med'd'@?zﬁl@ 3%”91?9‘&@5{{6‘@%Fﬁﬁé‘aﬁﬁcanon in various obvious respects, all
[003wjithout deartisgdremativalBpilitisitaies, presienlifiate atisys-s8ctivoabrdéng |y, series of
the drawings and description are to be regarded as illustrative in nature,
Process e SLLOIHIRIRE BIRRSE B L SN SR BWAWINGS [0028]
[0032)e followd@. detadl gchote sarifitistraniighisearninidmsintmgicicppopadiot of cells with
disclosure. can best be understood when. read in conjynction with the
oren RIS OV DRSOt e R Coh Ty o et veatment
accoring sl jnsteandistdosarle but rather are drawn as to best illustrate the
rtinent ures, wherejn: [0029] FIG. 1 schematically illustrates, in.
100s o 5L S A O O R LB DR AP R G itance o te
cellsloiyityratintdr magmeticcfilerscrsiafontemivfcap layer thickness and performance of etching
treatment according to the disclosure; and
[0034] FIG. 6 schematically illustrates, in simplified cross-sectional view, a series of
process steps according to another embodiment of the disclosed methodology.

DESCRIPTION OF THE DISCLOSURE

[0035] The present invention addresses and solves problems, disadvantages, and
drawbacks associated with the poor corrosion and environmental resistance of granular
longitudinal and perpendicular magnetic recording media fabricated according to prior
methodologies, and is based upon recent investigations by the present inventors which have
determined that the underlying cause of the poor corrosion performance of such media is
attributable, inter alia, to incomplete surface coverage of the protective overcoat layer (typically
of a DLC material) arising from increased nano-scale roughness of the granular magnetic

recording layer relative to that of several other types magnetic recording layers, the presence of



[0030] FIG. 2 schematically illustrates, in simplified cross-sectional view, a

portion of a magnetic recording storage, and retrieval system comprised

of a perpendicular magnetic recording’ medium and a single pole

transducer head; [0031] FIG. 3 schematically illustrates, in simplified

cross-sectional view, a series of process steps according to an )
POrOS BEHINRINPER RS G1itIH8RE RHBERIAORSGYIEOBSIEFIYEs OXGECeRElayel fak the grain
bourillsygésating the variation of magnetic properties of cells with granular

magnetic films as a function of cap layer thickness and performance of

[0038}ching trdSRrRERRENRYFRNGY 5 THANRIHRTEO d1RRILESFRINHBRBY it PEssens inventors

that HeRfofemBhtfRnadngdhierse BEREeNeerRsihe SITesIRBrivsiEbRRessendeeof granular
cells with granular magnetic films as a function of cap layer thickness and

MagpRIIGIRTPAAE SPEtEly PerEUtoRieR b OOk ARY Y FILUELEs BYeP A RUTyisBA Sultable
treattAt 6f RO QUfatic albyddE SHARS fomTAMmipliffRebOROTHROGIHRIAN¥IBVAr GREIEPST. More

of process steps accordin%to_another embodiment of the disclosed

specificaliy dBfo by eHRE EREPHEBITIRRE HIFEIH SeF Q8N eSSy S Pedlimay be
signifioe@iijamaradeassepmiidoseives Motkievescaisagrinirgem @0gh diaworeksurface

assoc;ited with the Eoo_r corrosion and environmental resistance o

f .
of the, GFANIAR" MSAYIRIGiFEACAHATBYSE HBRALSAMIMSERILAL o OTaRTG @l fhen etching the

surfd@butaleccasaayeing temoal dneiedolesiRs, anthis thRkAeY BRNcFCaRt provide a
jnvestigations by the resgnti ventors which hEve determined that the

relatlyglye SRR S8 WRHTSHER e B IR SH AR REBLEONRLLhal ilaver thereon.
Prefatisi utadoéeshinte praiasstiniapan gleterssciasg Wik esag efahtimerpyatesiivenr ions, for

vercoat layer (typically of LC material) arising from increased
o st e A0 LN AT A GHER SOFURbANAS Fupyeraderyantage
affordvat of sereeicibatberthgpespmagneisriingdiogthey@rsathereresgnogyoti-a-vis the
orous grain boundaries, and poor adhesion of the protectiye overcoat

orev R e S Bt caics. L8048 T8 B e cHLB R o layer ar
effeddiaeigchviplolecr roagetiidngbletive gueagatinveniardothbirtineeafopanee stdbirgthrocess,

d ﬁl%?‘ lems of pcl)agr corrosif and environmental reﬁisﬁance of ﬁﬁariur‘bar ited
an MAHRIROLE ATIREY Q) R S I BREUSP ABY SRS Mt 4 LG ayperosited,
optirpieeid rmageetic Sederdiag tiaanep it effdtievslyrtdios thedenhdei ondiatbmimgatienimproved

thereon of the protective overcoat layer..More, specifically, the inventors . .

con L e R T e SR A e Sl gy Tl ostion o
the protective overcoat layer.
[0037] According to a further embodiment of the present invention, an additional layer,
i.e., a thin “etch-stop” layer comprised of a material which is more resistant to the particular
etching process utilized, e.g., a thin layer of a sputter etch-resistant material, is provided between
the as-deposited granular magnetic recording layer and the cap layer in order to minimize the
likelihood of complete removal of the cap layer during the etching process disadvantageously
resulting in etching of the magnetic layer and alteration of the magnetic properties and
characteristics thereof.
[0038] Referring now to FIG. 3, a series of process steps embodying the principles of the
disclosure will now be described in detail by reference to the following illustrative, but not
limitative, example of the instantly disclosed methodology. According to an initial step of the
methodology, a magnetic recording medium with a layer stack similar to that shown in FIG. 1 and
described supra is provided, and typically includes a disk-shaped non-magnetic substrate

comprised of a non-magnetic material selected from the group consisting of: Al, NiP-plated Al,



significantly improved by forming a thin, protective "cap" layer over the
rough and porous surface of the granular magnetic recording layer upon
completion of its formation, and then %Qching the surface of the cap layer
to remove at least a portion of the thickness thereof and provide a
relatively smooth, continuous surface for deposition of the protective

Al-Mg alleyatqipe Arassd Rl 9yre PSP e R TBE RS RIBETiRv/sAag N GREPYS, glass,
cerarfie)in@I\iBrioFa6d-astdnds, OaRl @dinpOditenandfsr FaRtifAgS rBfinkRN&Rbiementioned

effect removal of at least a surface B_ortion of the cap layer. An advanta

C e .
matedifts AR NS RSO FP BT AN ESR Ty BIChes kiR A AHiEREEh Aranular 'O”Q%Ud'”a' or
perpERgIQASioRanMic-sedtbding RS \GO SR disRlasest BeHedalosly idtnabthemitatively)

magnetic Iayeég(%underlyin%he cap layer are effectively shielded from
ComREER Y, hEARE ARG YIS the RIPES PRFlememk ¥ ureHelrstpp fsradke group
consfifigtésadyaniagenss RitRIRtian 2f the maanettgprapertes@nst, Ti, N, P, Ni, SiO,,

characteristics of the as-deposited,_optimized magnetic recarding layer(s)

510, S e iy NI Thohe Ha B IG d on b 281 G and wherein Co-
contARGIRfAnER@icthrimetBspirgsed by iehingefdine owrthasmiiadedsrieieor oxides,

eposition of the protective overcoat layer. [0037] According to a further

NitriQEs BRI FAOIRES OB & de Y iFRASHYRFPUE MSuitional layer, i.e., a thin
[003tgtch-stopstlpyefentiy Roised. & enmatesialswpistedsdngre tesiskansdold, a thin cap

articular etching process utilized, e.g., a thin layer of a sputter )
'aye'};&#ﬁ%'é%@’ﬁ{ Fhﬁ 95ErE YRRRITRR BTSSR tsed é’b@@%@ﬁ'ﬁ(&ﬁﬂﬂm layer by
any boAgEREE BrOfimgidpysitiantbtheiqan éyespoteritel Mcooiiimize the disclosure, the
likelihogd of complete removal of the cap layer during the etching process .
cop AR LRSI TRl o e Py EUTRYLS gootaine metallic
layercdfaritionrwffibe ahagreicipebpertios Anshdimayeass esistiasdhestoie [PeBBtlement or
Referring now tg FIG, 3, a series of process st embodying th :
o RS eI ETT AW R adoh BE GaL iy At s ding t
the divelésllmmvingudeistiediveslnddiotinmtatireusxansidengf shedns@mdiying alloys, Ta-
disclosed methodology. According to an initial step of the methodology, a
CO”‘%%@TW%%‘#M&?%M% ‘wﬂﬁsa layer stack similar to that shown in
[0046]G. 1 andh desesihattsapcardingrovidedisalosutgpitladyateclirderza 3, the cap layer is
.disk-shaped non-magnetic substrate comprised of a_non-magneti .
S b LTS P AL T OO 1 Aoy iR gutable
etchiatiogshiaitiues AdrlanedlEibdy serativel aba-tesiginktiickmetalsf athexap layer include ion
non-m tic alloys, glass, ceramics, polymers, glass-ceramics, and .
e s YO LR 0t T b B G B s 20t the
methedal by raenititreof the Wikhess dfithecanl ayetrarmosingaimrafter immethidmar the entire
thickness thereof may be removed. Thus, the thickness of the cap layer after ion etching may
range from about 0 to about 50 A.
[0041] With continued reference to FIG. 3, in the next step according to the disclosure, a
protective overcoat layer, typically a carbon (C)-containing protective overcoat layer, is formed on
the exposed surface of the remaining cap layer or on the exposed surface of the granular magnetic
recording layer, as by any suitable technique. Preferably, the protective overcoat layer comprises
an about 15 to about 50 A thick layer of diamond-like carbon (DLC) formed by means of ion
beam deposition (IBD), plasma-enhanced chemical vapor deposition (PECVD), or filtered
cathodic arc deposition (filtered CAD).
[0042] The utility of the above-described methodology will now be described with

reference to the following illustrative, but not limitative, example.



perpendicular magnetic recording film or layer. The latter is illustratively

(but not limitatively) comprised of a CoPtX alloy, where X = at least one

element or material selected from theléroup consisting of. Cr, Ta, B, Mo,

V, Nb, W, Zr, Re, Ru, Cu, Ag, Hf, Ir, Y, 0, Si, Ti, N, P, Ni, Si02, SiO,

Si3N4, A1203, A1N, TIiO, TiO2, TiOx, TiN, TiC, Ta205, NiO, and CoO, and

wherein Co- containing magnetic e segregated by grain
[004Bpundaries gRIMPEEHIS 3hipagcomeeatiPwiea grRRlIRE MmaaReticaRiter an overlying

formed e.qg., by reactive sputtering. [0039] Still referring to FIG. 3, in the

CrNb&3R 43S WEEo faRRgAS o8 ARSESEBIAG UaStF L e NStk (g cap layer

was Fi@xpered PReIRRsl oUkfageeridite sH@RURE 61BN ebissrReRY digelaateto sputter
convenient thin film deposition techniq¢)1e, e.g., sputtering.

et IR o A 1 Tk R T AL U B B JEB BB 9B and 120V

substi@idiis. rralietiagl sputeh GERME AL Sk SR atineieialios|dyasa or 45 A thick
thickness from about 5 A to about 100 A, and mag(é()e formed of a single

g
1BD nhak& AERIRSHY S rOVErRRati-EhSfitiZIRg,  asehvianRe Kehidneaptingy Giptsrial gas. For
compaaten dlsrposadseps WN staRJaE e corstingity dhenelisel agrsavaeldrs prepared. A

those selected from the group consjsting of: Cr-contajning alloys, Ta-
descRBHRR AL SRR SPIS R UG GEAA0, & SBOHE Pt A0l P
accprding to the disqlosure, iIIustratmbimF_lG. 3, the cap Iay_er is

: - aportionofthe —
thiﬁ?\'&g@thereof Suﬁé‘ﬂf&t@%‘?ﬁgchniqu&:%r cantroftBiRORsiAskRess A

¢t desired thicknegs of the agp layer include igrsetching, preferapbsspsitter
etching with ions of an inert gas (e.g., Arions). According to the
Cl%ethodoIOQY, a portion of tﬁ@ thickness |of thg%Sap layer may réman &ter

dgn etching or the entire thigkness thereof magde removed. Thgisghes
thickness of the gap layer after ion etching may range from about Q to

C4bout 50 A. [0041] With coinued referénce YSFIG. B, in the néSd3Sp

C@:@%@@g@e disclosurega protective overggat layer, typicaily, §59§§pon
(C)-containing protective overcoat layer| is formed on the exposed

Ghurface of the remaining cdf layer or on the éposed surface XS, 45

cgranufar magnetic recordigg fayer, as by any\giitable techniq%., 35, 45
Preferably, the protective overcoat layern comprises an about 15 to about
50 A thick layer of diamond-like carbon (DLC) formed by means of ion

am depgsition (I I - ical iti :
O e T O P SRR Rt of magretic
properiles/ Qb fiitR alive vellg et rilsatiekydrioy il preowlasendeegibiéiinvna function of
cap IS RIES IRidRGIOUAY RHet P RS B QL HRIEHYS e XA B¥tment according to

the disclosed methodology. As is evident from FIG. 4, when the CrNb cap layer initial thickness is

less than 20 A, Mrt and H,, are lower than in the case of control cell C5, indicating that the 6 sec.
Ar ion sputter etch removed the entire thickness of the CrNb cap layer as well as some amount of
the underlying granular magnetic recording layer. By contrast, when the CrNb cap layer initial
thickness is 20 A or greater, some amount of the CrNb cap layer remained after the 6 sec. Ar ion
etch. As a consequence, the underlying granular magnetic layer was unaffected by the ion etch,
and the post-etch Mrt and H, values are close to those of the control cell C5.

[0045] Adverting to FIG. 5, shown therein is a graph illustrating the dependence of the
corrosion resistance of the above cells Cl — C7 as a function of cap layer initial thickness and
whether an etching treatment according to the disclosure was performed. Corrosion resistance was

determined by maintaining the cells in an environmental chamber at 80 °C/80 % RH for 4 days



11 Example [0043] A group of disc-shaped cells each with a granular
magnetic film and an overlying CrNb cap layer were fabricated on
non-magnetic substrates. The thicknéés of the CrNb cap layer was varied
from 0 to 30 A in 10 A increments and some of the cells were subjected to
sputter etching for 6 sec. in an NCT station with Ar gas flow at 40 sccm

and Kieodfewihab e Ya\daried HOy taearatioyshaset GIRWINGTepIReLF SeERTHiRY laver)
therdbtedeRltD WiRFesrRaiREsWiEh BydssBA3 AN Herh fidiek-IE B Rhis RIAERGHEYSved the

overcoat layer utilizing acetylene (C2H2) coating material gas. For

AT QSRR S BERERSSIEY SOMUTRAAMGD dpNHEr ek Horbellmy Bl ag) receive the
Ar iGRYSHURET et @ISSraURBIAE B Ahe sREINiAhateaski Ghtha CRISROELH 6N Béessing,

thereof is summagized in Table | below. Table | Cell No. CrNb thickness, A
thoseydn 20 BnPrRRANEEND Ko [ayey itk tigknesses exjlyied vistuay #g (9 growth

after 26t ¥RsRRNRRiaftBB4R0 Yes 25, 35, 45 CS (Control Cell) 0 No 25, 35,
C6 10.No 25, 35, 45 C7 20 No 25, 35, 45 [0044] Referringbto FIG. 4

45 _ o
[0046]0wn thetBHS: iDaSGRLN g, Sirtary Iver VA st SN SP R R SECT PEpsEiietie instant
methRtitieygbedIes!indasaneas W drauRP Mhyvigh greserangn agartioimsigsficantly

a function of cap layer initial thickness and whether the cells were
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of thé\mig e estofting falfer. 4, when the C_rNb cap layer initial thickness is less
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medfa,reiisevatith@®INGR.a graph illustrating the dependence of the

[0048] Therefore, according to another aspect of the present methodology, shown in
simplified, schematic cross-section in FIG. 6, a very thin layer of a substantially etch-resistant
material is interposed between the granular magnetic recording layer and the cap layer as an
“etch-stop” layer. According to an embodiment of the present disclosure involving such etch-stop
layer, use is made of the relative resistance of amorphous carbon to sputter etching by Ar ions
compared to the metallic cap layer material. More specifically, the material removal rate of
amorphous carbon under typical sputter etch processing utilizing Ar ions is on the order of about
0.05 nm/sec., which rate is substantially less than the Ar sputter etch rates of metallic layers under
substantially similar conditions, i.e., ~ 0.3 — ~ 0.5 nm/sec. Thus, placement of a thin layer of
amorphous carbon (e.g., from about 5 A to about 25 A thick) intermediate the granular
perpendicular magnetic recording layer(s) and the cap layer facilitates maximum removal thereof
for minimizing transducer head-magnetic layer spacing while preventing damage and etching of
the magnetic layer during etching.

[0049] It should be noted that the above-described embodiments of the instantly
disclosed methodology are merely illustrative, and not limitative, of the advantageous results
afforded by the invention. Specifically, the methodology is not limited to use with the illustrated

CoPtX magnetic alloys, but rather is useful in providing enhanced corrosion and environmental



corrosion resistance of the above cells ClI - C7 as a function of cap layer
initial thickness and whether an etch&fy treatment according to the
disclosure was performed. CorrosionTesistance was determined by
maintaining the cells in an environmental chamber at 80 C/80 % RH for 4
days 12 and the growth of CoO, (derived from the Co alloy-based
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perpendicular magnetic recording layer(s) and the cap layer facilitates
maximum removal thereof for minimizing transducer head-magnetic layer
spacing while preventing damage an(]j4etching of the magnetic layer
during etching. [0049] It should be noted that the above-described
embodiments of the instantly disclosed methodology are merely
Whajis&HaiRd lind not limitative, of the advantageous results afforded by the
invention. Specifically, the methodology is not limited to use with the
illustrated CoPtX magnetic alloys, but rather is useful in providing o
entfancedtdNEBH ﬁm@}wﬁ%wmen%m%a&é@?&%@e B Lt aHE e BRENPIISING
sequemtiiapRsisieafall manner of granular longitudinal or perpendicular magnetic
recording layers having surfaces with nano-scale roughness and porosity.

Simifarly, POVIBNL MR ReRIcSHPIFARANGILEIBE 8%t limited to use
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with numerous other inert ion species, including, for example, He, Kr, Xe,
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methods therefore may be utilized. [0050] In the previous description,
numerous specific details are set forth, such as specific materials,

stracturesT i aeasse sceidingtouigdnio, pvbstieia: a better understanding of
the %res t invention, However, the present ir]f\éantion can be practiced

with B0t 1 SN S IP BV o7 S5UEHcn JBEHSHD | G aggitudinal or

perpwveicklpwingpedcessingnyiigsials and techniques have not been
described in detail in order not to unnecessarily obscure the present
invention. [0051] Only the preferred embodiments of the present invention
and.but a Tewrmtaotilesoroingsodesatiityaerishown and described in the
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4, The method according to claim 1, wherein:

step (d) comprises ion etching said exposed surface of said cap layer.

5. The method according to claim 4, wherein:
step (d) comprises sputter etching said exposed surface of said cap layer with inert gas

ions.

6. The method according to claim 5, wherein:
step (d) comprises etching said cap layer to leave a thickness thereof from about O to
about 50 A.



What is Claimed Is: 1. A method of manufacturing granular magnetic
recording media, comprising sequential steps of: (a) providing a
non-magnetic substrate including a si'nsface; (b) forming a layer stack on
said surface of said substrate, said layer stack including an outermost
granular magnetic recording layer having an exposed surface; (c) forming

a Idyer of HEAPEHARAGEP X BLIBLbI¥RRI&rface of said granular
Magaety EBRPITHARrRYRg §%ﬁ5@ﬂd§%ﬂ%@pﬁk@ﬁp@§9@%ﬁ@9@ﬁ. (d)

etching said exposed surface of said cap layer to remove at least a portion
of the thickness thereof and form a treated surface; and (e) forming a

progectiveguareetidavereineriditinaiediseince. 2. The method
according to claim 1, wherein: step (b) comprises forming a layer stack

incRRANG SATRHEEHIBLR I A ikIEN ) elsiraisRUPA ALt eenshf gurface of
said lgiéR U aF- rhisheaethedrarerraiagde alsm fdrwhe IRil: Gie Nl GPMpidSRSer of etch-
. forming an about 5 A to about 100 A amorphous or crystalline metallic
resistagh MRk omprising material selected from the group consisting of.
Cr-containing alloys, Ta- containing alloys, and Nb-containing alloys. 4.

The method according to claim 1, wherein: step (d) comprises ion etching
said expoggﬁ 'EG%Q@@%P%@ 3 E WBERRe method according to claim

4, whered): stepplitbSOosmpIiRe SSehstitRiafiCching saiteexmoresswiassidfcap layer.
said cap layer with inert gas ions. 6. The method according to claim 5,
wherein: step (d) comprises etching said cap layer to leave a thickness

thetrgof fromeanetib® decording tdlatm Bowherklie method according to claim
1, wherein: step (e).comprises forming a carbon (C)-containing protective
i et L R e R

11. The method according to claim 10, wherein:
step (c) comprises forming a layer of amorphous carbon as said sputter etch-resistant

material.

12. The method according to claim 1, wherein:

step (b) comprises forming said layer stack as including a granular Co-based alloy
magnetic recording layer comprised of a CoPtX alloy, where X = at least one element or material
selected from the group consisting of: Cr, Ta, B, Mo, V, Nb, W, Zr, Re, Ru, Cu, Ag, Hf, Ir, Y, O,
Si, Ti, N, P, Ni, SiO, SIO, SisNg4, Al,O3, ALN, TiO, TiO,, TiOy, TiN, TiC, Ta,0s, NiO, and CoO,
and wherein Co-containing magnetic grains are segregated by grain boundaries comprising at

least one of oxides, nitrides, and carbides.

13. A granular magnetic recording medium manufactured by the process according to

claim 1.

14. A granular magnetic recording medium, comprising:
@) a non-magnetic substrate having a surface;
(b) a layer stack on said substrate surface, said layer stack including an outermost

granular magnetic recording layer;



step (c) comprises forming a layer of an etch-resistant material on said

exposed surface of said granular magnetic recording layer and then

forming said cap layer on said layer of etch- resistant material. 9. The

method according to claim 8, wherein: step (d) comprises etching

substantially the entire thickness of said cap layer. 10. The method )
acdBrding?GaRAMYEB Ol ITRIE RIS (BRI FRGEBEME oSG LeBriaver having a

sputteReitaEEteher estfi@nbAyaterial. 11. The method according to claim 10,
wherein: ste%é:) comprises forming a layer of amorphous carbon as said

splter et@rRiAsidishPVRTGRaTYel SR SRS G ISRRG AYSE Sy Tarsof gaid cap layer.
wherein: step (b) comprises forming said layer stack as including a
granular Co-based alloy magnetic recording layer comprised of a CoPtX

alldy: wheF8eMediymaging e limuhieE material selected from the group
conrgigtigafiat maghelie YeorimngoINér 48 Rererbanditlil4d oHToHgitidMhal Sagnetic
Ti, N. P, Ni, Si02, SiO, Si3N4, A1203, A1N, TiO, Ti02, TiOx, TiN, TiC,
FNaY4Gio, and COO, and wherein Co-containing magnetic grains are
segregated by grain boundaries comprising at least one of oxides,

nitrides, and carbjdes. 13. A granular magnetic recording medium

maHufactURE BRI B SLEeL S MERE M0 claim 1. 14. A granular
Lna@nﬁti@rtazarm(mbm?mmommkwai I@g_]atéﬂ]ré@ ﬁ%ﬁtﬁﬂf&l@ﬂiﬁbmﬂgﬁf@tﬁ a material
aving a surface; (b) a layer stack on said.substrate surface, sai er
seleclid R AN o SRR NG Tt Ok P and N
contgiadeayen said granular magnetic recording layer, said cap layer having
a sputter-etched outer surface; and (d) a protective overcoat layer on said
sputter-etched outer surface of said cap layer. 15. The medium as in

claim. 14, Mhereinusaid areaimeranagneiic recording layer is a

erpenpdicular or. longitudinal magnetic recording layer. . - i
P Jgucp capulayer furtﬂgr comprises 19 ?ayer of a sputteg etch-resistant material intermediate

reco

said granular magnetic recording layer and said layer of metallic material.

18. The medium as in claim 17, wherein:

said layer of sputter etch-resistant material comprises amorphous carbon.

19. The medium as in claim 14, wherein:

said granular Co-based alloy magnetic recording layer comprises a CoPtX alloy, where X =
at least one element or material selected from the group consisting of: Cr, Ta, B, Mo, V, Nb, W,
Zr, Re, Ru, Cu, Ag, Hf, Ir, Y, O, Si, Ti, N, P, Ni, SiO,, SiO, Si3Ny4, Al,03, AIN, TiO, TiO,, TiO,
TiN, TiC, Ta;0s, NiO, and CoO, and wherein Co-containing magnetic grains are segregated by

grain boundaries comprising at least one of oxides, nitrides, and carbides.

20. The medium as in claim 14, wherein:

said protective overcoat layer comprises a carbon (C)-containing material.



16. The medium as in claim 14, wherein: said cap layer includes an
amorphous or crystalline metallic layer comprised of a material selected
from the group consisting of. Cr-cont&i?‘uing alloys, Ta-containing alloys,
and Nb- containing alloys. 17. The medium as in claim 14, wherein: said
cap layer further comprises a layer of a sputter etch-resistant material
intermediate said granular magnetic recording layer and said layer of
GraRIINRABASINES: I CTRETESIITING NIEBIR WiTM BV REHEDRYSRIROSION
sputter etch-resistant material comprises amorphous carbon. 19. The
medilAE QTN B2, B/ G BH ek O RS ARy Tkt
recording layer comprises a CoPtX alloy, where X = at least one element
or material selected from the consisting of. Cr, Ta, B, Mo, V, Nb, W,
Zr, Re, Ru, Cu, Ag, BB RARTORTIRE PIRELOSORED | sizNg, A1203,
AlN, TiO, TiO2, TiO., TiN, TiC, Ta205, NiO, and CoO, and wherein
Co-containing magnetic grains are segregated by grain boundaries

[005¢b mprising 444" o R BEH%ide-OrARGEE ALY COPIREESS SoNaFhRI3gas]amubstrate

havifgdrRuHabE a4yethasekorseid PIRtRts sarRier fRRidMEEincamPMeSSyPa sl Plagnetic
(©)-containing material. GRANULAR MAGNETIC RECORDING MEDIA
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granular magnetic recording medium comprises a non-magnetic substrate
having a surface, a layer stack on the substrate surface, including an
outermost granular magnetic recording layer, a cap layer on the granular
magnetic recording layer, having a sputter-etched outer surface, and a

FIGlﬂ ective overcoat layer on the sputter-etched outer surface of the cap
layer. FIGURE 3
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GRANULAR MAGNETIC RECORDING MEDIA WITH IMPROVED CORROSION RESISTANCE BY CAP LAYER AND PRE-OVERCOAT ETCHING


FIELD OF THE DISCLOSURE


[0001]

The present disclosure relates to methods for improving the corrosion resistance of thin film magnetic recording media and to magnetic recording media obtained thereby. The disclosure has particular utility in the manufacture of high areal recording density media, e.g., hard disks, utilizing granular-type magnetic recording layers.



BACKGROUND DISCUSSION


[00021 
Magnetic media are widely used in various applications, particularly in the computer industry for data/information storage and retrieval applications, typically in disk form, and efforts are continually made with the aim of increasing the areal recording density, 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] 

A portion of a conventional longitudinal recording, thin-film, hard disk-type magnetic recording medium 1 commonly employed in computer-related applications is schematically illustrated in FIG. 1 in simplified cross-sectional view, and comprises a substantially rigid, non-magnetic metal substrate 10, typically of aluminum (Al) or an aluminum-based alloy, such as an aluminum-magnesium (Al-Mg) alloy, having sequentially deposited or otherwise formed on a surface 10A thereof a plating layer 11, such as of amorphous nickel-phosphorus (Ni-P); a seed layer 12A of an amorphous or fine-grained material, e.g., a nickel-aluminum (Ni-Al) or chromium-titanium (Cr-Ti) alloy; a polycrystalline underlayer 12B, typically of Cr or a Cr-based alloy; a magnetic recording layer 13, e.g., of a cobalt (Co)-based alloy with one or more of platinum (Pt), Cr, boron (B), etc.; a protective overcoat layer 14, typically containing carbon (C), e.g., diamond-like carbon (“DLC”); and a lubricant topcoat layer 15, e.g., of a perfluoropolyether. Each of layers 11 - 14 may be deposited by suitable physical vapor deposition (“PVD”) techniques, such as sputtering, and layer 15 is typically deposited by dipping or spraying. 


[0004]

In operation of medium 1, the magnetic layer 13 is locally magnetized by a write transducer, or write “head”, to record and thereby store data/information therein. The write transducer or head creates a highly concentrated magnetic field which alternates direction based on the bits of information to be stored. When the local magnetic field produced by the write transducer is greater than the coercivity of the material of the recording medium layer 13, the grains of the polycrystalline material at that location are magnetized. The grains retain their magnetization after the magnetic field applied thereto by the write transducer is removed. The direction of the magnetization matches the direction of the applied magnetic field. The magnetization of the recording medium layer 13 can subsequently produce an electrical response in a read transducer, or read “head”, allowing the stored information to be read.


[0005] 

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 a magnetic material on a suitable substrate. Very high linear recording densities are obtainable by utilizing a “single-pole” magnetic transducer or “head” with such perpendicular magnetic media. 


[0006] 

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”) layer, i.e., a magnetic layer having a relatively low coercivity below about 1 kOe, such as of a NiFe alloy (Permalloy), between the non-magnetic substrate, e.g., of glass, aluminum (Al) or an Al-based alloy, and the 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 perpendicular anisotropy. The magnetically soft underlayer serves to guide magnetic flux emanating from the head through the hard, perpendicular magnetic recording layer. 


[0007] 
          A typical conventional perpendicular recording system 20 utilizing a vertically oriented magnetic medium 21 with a relatively thick soft magnetic underlayer, a relatively thin hard magnetic recording layer, and a single-pole head, is illustrated in FIG. 2, wherein reference numerals 10, 11, 4, 5, and 6, respectively, indicate a non-magnetic substrate, an adhesion layer (optional), a soft magnetic underlayer, at least one non-magnetic interlayer, and at least one perpendicular hard magnetic recording layer. Reference numerals 7 and 8, respectively, indicate the single and auxiliary poles of a single-pole magnetic transducer head 6. The relatively thin interlayer 5 (also referred to as an “intermediate” layer), comprised of one or more layers of non-magnetic materials, serves to (1) prevent magnetic interaction between the soft underlayer 4 and the at least one hard recording layer 6 and (2) promote desired microstructural and magnetic properties of the at least one hard recording layer. 


[0008]

As shown by the arrows in the figure indicating the path of the magnetic flux (, flux ( is seen as emanating from single pole 7 of single-pole magnetic transducer head 6, entering and passing through the at least one vertically oriented, hard magnetic recording layer 5 in the region below single pole 7, entering and traveling within soft magnetic underlayer 3 for a distance, and then exiting therefrom and passing through the at least one perpendicular hard magnetic recording layer 6 in the region below auxiliary pole 8 of single-pole magnetic transducer head 6. The direction of movement of perpendicular magnetic medium 21 past transducer head 6 is indicated in the figure by the arrow above medium 21. 


[0009] 

With continued reference to FIG. 2, vertical lines 9 indicate grain boundaries of polycrystalline layers 5 and 6 of the layer stack constituting medium 21. Magnetically hard main recording layer 6 is formed on interlayer 5, and while the grains of each polycrystalline layer may be of differing widths (as measured in a horizontal direction) represented by a grain size distribution, they are generally in vertical registry (i.e., vertically “correlated” or aligned). 


[0010] 

Completing the layer stack is a protective overcoat layer 14, such as of a diamond-like carbon (DLC), formed over hard magnetic layer 6, and a lubricant topcoat layer 15, such as of a perfluoropolyethylene material, formed over the protective overcoat layer.


[0011] 

Substrate 10 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 Ni-P plating layer on the deposition surface thereof or substrate 10 is comprised of a suitable glass, ceramic, glass- ceramic, polymeric material, or a composite or laminate of these materials. Optional adhesion layer 11, if present, may comprise an up to about 30 Å thick layer of a material such as Ti or a Ti alloy. Soft magnetic underlayer 4 is typically comprised of an about 500 to about 4,000 Å thick layer of a soft magnetic material selected from the group consisting of Ni, NiFe (Permalloy), Co, CoZr, CoZrCr, CoZrNb, CoFeZrNb, CoFe, Fe, FeN, FeSiAl, FeSiA1N, FeCoB, FeCoC, etc. Interlayer 5 typically comprises an up to about 300 Å thick layer or layers of non-magnetic material(s), such as Ru, TiCr, Ru/CoCr37Pt6, RuCr/CoCrPt, etc.; and the at least one hard magnetic layer 6 is typically comprised of an about 100 to about 250 Å 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, iron nitrides or oxides, or a (CoX/Pd or Pt)n multilayer magnetic superlattice structure, where n is an integer from about 10 to about 25. Each of the alternating, thin layers of Co-based magnetic alloy of the superlattice is from about 2 to about 3.5 Å thick, X is an element selected from the group consisting of Cr, Ta, B, Mo, Pt, W, and Fe, and each of the alternating thin, non-magnetic layers of Pd or Pt is up to about 10 Å thick. Each type of hard magnetic recording layer material has perpendicular anisotropy arising from magneto-crystalline anisotropy (1st type) and/or interfacial anisotropy (2nd type).


[0012] 

A currently employed way of classifying magnetic recording media is on the basis by which the magnetic grains of the recording layer are mutually separated, i.e., segregated, in order to physically and magnetically de-couple the grains and provide improved media performance characteristics. According to this classification scheme, magnetic media with Co-based alloy magnetic recording layers (e.g., CoCr alloys) are classified into two distinct types: (1) a first type, wherein segregation of the grains occurs by diffusion of Cr atoms of the magnetic layer to the grain boundaries of the layer to form Cr-rich grain boundaries, which diffusion process requires heating of the media substrate during formation (deposition) of the magnetic layer; and (2) a second type, wherein segregation of the grains occurs by formation of oxides, nitrides, and/or carbides at the boundaries between adjacent magnetic grains to form so-called “granular” media, which oxides, nitrides, and/or carbides may be formed by introducing a minor amount of at least one reactive gas containing oxygen, nitrogen, and/or carbon atoms (e.g. O2, N2, CO2, etc.) to the inert gas (e.g., Ar) atmosphere during sputter deposition of the Co alloy-based magnetic layer.


[0013] 

Magnetic recording media with granular magnetic recording layers possess great potential for achieving ultra-high areal recording densities. As indicated above, current methodology for manufacturing granular-type magnetic recording media involves reactive sputtering of the magnetic recording layer in a reactive gas-containing atmosphere, e.g., an O2 and/or N2 atmosphere, in order to incorporate oxides and/or nitrides therein and achieve smaller and more isolated magnetic grains. However, magnetic films formed according to such methodology typically are very porous and rough-surfaced compared to media formed utilizing conventional techniques. Corrosion and environmental testing of granular recording media indicate very poor resistance to corrosion and environmental influences and even relatively thick carbon-based protective overcoats, e.g., ~ 40 Å thick, provide inadequate resistance to corrosion and environmental attack. Studies have determined that the root cause of the poor corrosion performance of granular magnetic recording media is incomplete coverage of the surface of the magnetic recording layer by the protective overcoat (typically carbon), due to high nano-scale roughness, porous oxide grain boundaries, and/or poor carbon adhesion to oxides.


[0014] 

Previous studies which are disclosed in commonly assigned, co-pending application Serial No. 10/776,223, filed Feb. 12, 2004, the entire disclosure of which is incorporated herein by reference, demonstrated that corrosion performance of granular magnetic recording media may be improved by ion etching (e.g., sputter etching) the surface of the granular magnetic recording layer(s) prior to deposition thereon of the carbon protective overcoat layer. However, a disadvantage associated with such methodology is that since the magnetic recording layer(s) is (are) subject to direct ion etching, magnetic material is removed, and as a result, the magnetic properties are altered.


[0015]
 
In view of the foregoing, there exists a clear need for methodology for manufacturing high areal recording density, high performance granular-type longitudinal and perpendicular magnetic recording media with improved corrosion resistance and optimal magnetic properties, which methodology is fully compatible with the requirements of high product throughput, cost-effective, automated manufacture of such high performance magnetic recording media.


[0016] 

The present invention, therefore, addresses and solves the above-described problems, drawbacks, and disadvantages associated with the above-described methodology for the manufacture of high performance magnetic recording media comprising granular-type magnetic recording layers, while maintaining full compatibility with all aspects of automated manufacture of magnetic recording media.



SUMMARY OF THE DISCLOSURE


[0017]

An advantage of the present disclosure is improved methods of manufacturing granular longitudinal and perpendicular granular magnetic recording media with enhanced corrosion and environmental resistance.


[0018] 

Another advantage of the present disclosure is improved granular longitudinal and perpendicular magnetic recording media with enhanced corrosion and environmental resistance.


[0019] 

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 invention may be realized and obtained as particularly pointed out in the appended claims.


[0020] 

According to an aspect of the present invention, the foregoing and other advantages are obtained in part by a method of manufacturing granular magnetic recording media, comprising sequential steps of:


(a) 
providing a non-magnetic substrate including a surface;


(b) 
forming a layer stack on the surface of the substrate, the layer stack including an outermost granular magnetic recording layer having an exposed surface; 


(c) 
forming a layer of a cap material over the exposed surface of the granular magnetic recording layer, the cap layer having an exposed surface; 


(d) 
etching the exposed surface of the cap layer to remove at least a portion of the thickness thereof and form a treated surface; and


(e) 
forming a protective overcoat layer on the treated surface. 


[0021] 

According to embodiments of the present methodology, step (b) comprises forming a layer stack including an outermost perpendicular magnetic recording layer or an outermost longitudinal magnetic recording layer; step (c) comprises forming a metallic cap layer, i.e., an amorphous or crystalline metallic cap layer of thickness from about 5 Å to about 100 Å, from a material selected from the group consisting of: Cr-containing alloys, Ta-containing alloys, and Nb-containing alloys; step (d) comprises ion etching the exposed surface of the cap layer, preferably by sputter etching with ions of an inert gas (e.g., Ar ions) to leave a thickness from about 0 to about 50 Å; and step (e) comprises forming a carbon (C)-containing protective overcoat layer at a thickness from about 15 to about 50 Å, preferably a diamond-like (DLC) protective overcoat layer, by means of ion beam deposition (IBD), plasma-enhanced chemical vapor deposition (PECVD), or filtered cathodic arc deposition (filtered CAD).


[0022] 

Preferred embodiments of the disclosure include those wherein step (c) comprises forming a layer of an etch-resistant material on the exposed surface of the granular magnetic recording layer and then forming the cap layer on the layer of etch-resistant material, and step (d) comprises etching substantially the entire thickness of the cap layer. Preferably, step (c) comprises forming a layer of a sputter etch-resistant material, e.g., a layer of amorphous carbon at a thickness from about 5 Å to about 25 Å.


[0023] 

In accordance with embodiments of the present methodology, step (b) comprises forming the layer stack as including a granular Co-based alloy magnetic recording layer comprised of a CoPtX alloy, where X = at least one element or material selected from the group consisting of: Cr, Ta, B, Mo, V, Nb, W, Zr, Re, Ru, Cu, Ag, Hf, Ir, Y, O, Si, Ti, N, P, Ni, SiO2, SiO, Si3N4, Al2O3, AlN, TiO, TiO2, TiOx, TiN, TiC, Ta2O5, NiO, and CoO, and wherein Co-containing magnetic grains are segregated by grain boundaries comprising at least one of oxides, nitrides, and carbides.


[0024]

Another aspect of the present invention is granular magnetic recording media manufactured by the above-recited process. 


[0025] 

Still another aspect of the present invention is a granular magnetic recording medium, comprising:


(a) 
a non-magnetic substrate having a surface; 


(b) 
a layer stack on the substrate surface, the layer stack including an outermost granular magnetic recording layer; 


(c)
a cap layer on the granular magnetic recording layer, the cap layer having a sputter-etched outer surface; and


(d) 
a protective overcoat layer on the sputter-etched outer surface of the cap layer.


[0026] 

According to embodiments of the disclosure, the granular magnetic recording layer is a perpendicular magnetic recording layer or a longitudinal magnetic recording layer; the cap layer includes an amorphous or crystalline metallic layer comprised of a material selected from the group consisting of: Cr-containing alloys, Ta-containing alloys, and Nb-containing alloys; the cap layer further comprises a layer of a sputter etch-resistant material intermediate the granular magnetic recording layer and the layer of metallic material, e.g., a layer of amorphous carbon; the granular Co-based alloy magnetic recording layer comprises a CoPtX alloy, where X = at least one element or material selected from the group consisting of: Cr, Ta, B, Mo, V, Nb, W, Zr, Re, Ru, Cu, Ag, Hf, Ir, Y, O, Si, Ti, N, P, Ni, SiO2, SiO, Si3N4, Al2O3, AlN, TiO, TiO2, TiOx, TiN, TiC, Ta2O5, NiO, and CoO, and wherein Co-containing magnetic grains are segregated by grain boundaries comprising at least one of oxides, nitrides, and carbides; the protective overcoat layer comprises a carbon (C)-containing material.


[0027] 

Additional advantages and aspects of the disclosure will become readily apparent to those skilled in the art from the following detailed description, wherein embodiments of the present methodology are shown and described, simply by way of illustration of the best mode contemplated for practicing the present invention. 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 invention. Accordingly, the drawings and description are to be regarded as illustrative in nature, and not as limitative. 



BRIEF DESCRIPTION OF THE DRAWINGS 


[0028] 

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 various features (e.g., layers) are not necessarily drawn to scale but rather are drawn as to best illustrate the pertinent features, wherein:


[0029] 

FIG. 1 schematically illustrates, in simplified cross-sectional view, a portion of a conventional thin film longitudinal magnetic recording medium; 


[0030] 

FIG. 2 schematically illustrates, in simplified cross-sectional view, a portion of a magnetic recording storage, and retrieval system comprised of a perpendicular magnetic recording medium and a single pole transducer head;


[0031] 

FIG. 3 schematically illustrates, in simplified cross-sectional view, a series of process steps according to an embodiment of the disclosed methodology; 


[0032] 

FIG. 4 is a graph for illustrating the variation of magnetic properties of cells with granular magnetic films as a function of cap layer thickness and performance of etching treatment according to the instant disclosure; 


[0033] 

FIG. 5 is a graph for illustrating the dependence of the corrosion resistance of the cells with granular magnetic films as a function of cap layer thickness and performance of etching treatment according to the disclosure; and 


[0034] 

FIG. 6 schematically illustrates, in simplified cross-sectional view, a series of process steps according to another embodiment of the disclosed methodology. 


DESCRIPTION OF THE DISCLOSURE 


[0035] 

The present invention addresses and solves problems, disadvantages, and drawbacks associated with the poor corrosion and environmental resistance of granular longitudinal and perpendicular magnetic recording media fabricated according to prior methodologies, and is based upon recent investigations by the present inventors which have determined that the underlying cause of the poor corrosion performance of such media is attributable, inter alia, to incomplete surface coverage of the protective overcoat layer (typically of a DLC material) arising from increased nano-scale roughness of the granular magnetic recording layer relative to that of several other types magnetic recording layers, the presence of porous grain boundaries, and poor adhesion of the protective overcoat layer at the grain boundaries. 


[0036]
 
The present invention is further based upon recognition by the present inventors that the aforementioned problems of poor corrosion and environmental resistance of granular magnetic recording layers can be mitigated, if not entirely eliminated, by performing a suitable treatment of the surface thereof prior to formation thereon of the protective overcoat layer. More specifically, the inventors have determined that the corrosion resistance of such media may be significantly improved by forming a thin, protective “cap” layer over the rough and porous surface of the granular magnetic recording layer upon completion of its formation, and then etching the surface of the cap layer to remove at least a portion of the thickness thereof and provide a relatively smooth, continuous surface for deposition of the protective overcoat layer thereon. Preferably, the etching process involves sputter etching with ions of an inert gas, e.g., Ar ions, for a sufficient interval to effect removal of at least a surface portion of the cap layer. An advantage afforded by provision of the cap layer according to the instant methodology vis-à-vis the previously disclosed methodology is that the magnetic layer(s) underlying the cap layer are effectively shielded from etching, hence damage, by the ion bombardment sputter etching process, and disadvantageous alteration of the magnetic properties and characteristics of the as-deposited, optimized magnetic recording layer(s) is effectively eliminated while maintaining the improved corrosion resistance of the media provided by etching of the media surface prior to deposition of the protective overcoat layer. 

[0037] 

According to a further embodiment of the present invention, an additional layer, i.e., a thin “etch-stop” layer comprised of a material which is more resistant to the particular etching process utilized, e.g., a thin layer of a sputter etch-resistant material, is provided between the as-deposited granular magnetic recording layer and the cap layer in order to minimize the likelihood of complete removal of the cap layer during the etching process disadvantageously resulting in etching of the magnetic layer and alteration of the magnetic properties and characteristics thereof. 


[0038] 

Referring now to FIG. 3, a series of process steps embodying the principles of the disclosure will now be described in detail by reference to the following illustrative, but not limitative, example of the instantly disclosed methodology. According to an initial step of the methodology, a magnetic recording medium with a layer stack similar to that shown in FIG. 1 and described supra is provided, and typically includes a disk-shaped non-magnetic substrate comprised of a non-magnetic 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 of the aforementioned materials and a layer stack formed thereon which includes an outermost granular longitudinal or perpendicular magnetic recording film or layer. The latter is illustratively (but not limitatively) comprised of a CoPtX alloy, where X = at least one element or material selected from the group consisting of: Cr, Ta, B, Mo, V, Nb, W, Zr, Re, Ru, Cu, Ag, Hf, Ir, Y, O, Si, Ti, N, P, Ni, SiO2, SiO, Si3N4, A12O3, A1N, TiO, TiO2, TiOx, TiN, TiC, Ta2O5, NiO, and CoO, and wherein Co-containing magnetic grains are segregated by grain boundaries comprising at least one of oxides, nitrides, and carbides formed e.g., by reactive sputtering.


[0039] 

Still referring to FIG. 3, in the next step according to the methodology, a thin cap layer is formed over the exposed uppermost surface of the granular magnetic recording layer by any convenient thin film deposition technique, e.g., sputtering. According to the disclosure, the cap layer preferably is comprised of a metallic material, i.e., an amorphous or crystalline metallic layer of thickness from about 5 Å to about 100 Å, and may be formed of a single metal element or a multi-element alloy. Suitable elemental and alloy materials for use as the cap layer according to the disclosure include those selected from the group consisting of: Cr-containing alloys, Ta-containing alloys, and Nb-containing alloys.


[0040] 

In the next step according to the disclosure, illustrated in FIG. 3, the cap layer is subjected to an etching process for removing at least a portion of the thickness thereof. Suitable etching techniques for controllable removal of a desired thickness of the cap layer include ion etching, preferably sputter etching with ions of an inert gas (e.g., Ar ions). According to the methodology, a portion of the thickness of the cap layer may remain after ion etching or the entire thickness thereof may be removed. Thus, the thickness of the cap layer after ion etching may range from about 0 to about 50 Å.


[0041] 

With continued reference to FIG. 3, in the next step according to the disclosure, a protective overcoat layer, typically a carbon (C)-containing protective overcoat layer, is formed on the exposed surface of the remaining cap layer or on the exposed surface of the granular magnetic recording layer, as by any suitable technique. Preferably, the protective overcoat layer comprises an about 15 to about 50 Å thick layer of diamond-like carbon (DLC) formed by means of ion beam deposition (IBD), plasma-enhanced chemical vapor deposition (PECVD), or filtered cathodic arc deposition (filtered CAD).


[0042]

The utility of the above-described methodology will now be described with reference to the following illustrative, but not limitative, example. 


Example 


[0043] 

A group of disc-shaped cells each with a granular magnetic film and an overlying CrNb cap layer were fabricated on non-magnetic substrates. The thickness of the CrNb cap layer was varied from 0 to 30 Å in 10 Å increments and some of the cells were subjected to sputter etching for 6 sec. in an NCT station with Ar gas flow at 40 sccm, anode voltage 90 V, and 120 V substrate bias. Following sputter etching, the cells were coated with a 25 Å, 35 Å, or 45 Å thick IBD DLC protective overcoat layer utilizing acetylene (C2H2) coating material gas. For comparison purposes, cells without sputter etch processing of the cap layer were also prepared. A description of each of the cells and treatment thereof is summarized in Table I below.


Table I


		Cell No.

		CrNb thickness, Å

		Etch

		Carbon thickness, Å



		Cl

		0

		Yes

		25, 35, 45



		C2

		10

		Yes

		25, 35, 45



		C3

		20

		Yes

		25, 35, 45



		C4

		30

		Yes

		25, 35, 45



		CS (Control Cell)

		0

		No

		25, 35, 45



		C6

		10

		No

		25, 35, 45



		C7

		20

		No

		25, 35, 45





[0044] 

Referring to FIG. 4, shown therein is a graph illustrating the variation of magnetic properties of the above cells (as measured by RDM) with granular magnetic films as a function of cap layer initial thickness and whether the cells were subjected to etching treatment according to the disclosed methodology. As is evident from FIG. 4, when the CrNb cap layer initial thickness is less than 20 Å, Mrt and Hcr are lower than in the case of control cell C5, indicating that the 6 sec. Ar ion sputter etch removed the entire thickness of the CrNb cap layer as well as some amount of the underlying granular magnetic recording layer. By contrast, when the CrNb cap layer initial thickness is 20 Å or greater, some amount of the CrNb cap layer remained after the 6 sec. Ar ion etch.  As a consequence, the underlying granular magnetic layer was unaffected by the ion etch, and the post-etch Mrt and Hcr values are close to those of the control cell C5.


[0045]

Adverting to FIG. 5, shown therein is a graph illustrating the dependence of the corrosion resistance of the above cells Cl – C7 as a function of cap layer initial thickness and whether an etching treatment according to the disclosure was performed. Corrosion resistance was determined by maintaining the cells in an environmental chamber at 80 °C/80 % RH for 4 days and the growth of CoOx (derived from the Co alloy-based granular magnetic recording layer) thereon due to corrosion measured by ESCA. As is evident from FIG. 5, cells which received the Ar ion sputter etch processing exhibited much lower CoOx % than cells which did not receive the Ar ion sputter etch processing. Of the cells which received the Ar ion sputter etch processing, those with 20Å and 30 Å CrNb cap layer initial thicknesses exhibited virtually no CoOx growth after the environmental exposure.


[0046] 

Thus, by controlling the cap layer initial thickness and etch process, the instant methodology enables manufacture of granular magnetic recording media with significantly improved corrosion resistance and without incurring degradation of the properties/characteristics of the magnetic recording layer.


[0047] 

Ideally, the cap layer initial thickness should be reduced by the etching process to as thin as possible in order to reduce the spacing between the read/write transducer head and the surface of the magnetic recording layer. However, obtainment of minimal cap layer post-etching thicknesses can disadvantageously result in damage of the underlying granular magnetic recording layer(s) due to ion bombardment and etching thereof, resulting in degradation of the signal-to-media-noise ratio (SMNR).


[0048] 

Therefore, according to another aspect of the present methodology, shown in simplified, schematic cross-section in FIG. 6, a very thin layer of a substantially etch-resistant material is interposed between the granular magnetic recording layer and the cap layer as an “etch-stop” layer. According to an embodiment of the present disclosure involving such etch-stop layer, use is made of the relative resistance of amorphous carbon to sputter etching by Ar ions compared to the metallic cap layer material. More specifically, the material removal rate of amorphous carbon under typical sputter etch processing utilizing Ar ions is on the order of about 0.05 nm/sec., which rate is substantially less than the Ar sputter etch rates of metallic layers under substantially similar conditions, i.e., ~ 0.3 – ~ 0.5 nm/sec.  Thus, placement of a thin layer of amorphous carbon (e.g., from about 5 Å to about 25 Å thick) intermediate the granular perpendicular magnetic recording layer(s) and the cap layer facilitates maximum removal thereof for minimizing transducer head-magnetic layer spacing while preventing damage and etching of the magnetic layer during etching.

[0049] 

It should be noted that the above-described embodiments of the instantly disclosed methodology are merely illustrative, and not limitative, of the advantageous results afforded by the invention. Specifically, the methodology is not limited to use with the illustrated CoPtX magnetic alloys, but rather is useful in providing enhanced corrosion and environmental resistance of recording media comprising all manner of granular longitudinal or perpendicular magnetic recording layers having surfaces with nano-scale roughness and porosity. Similarly, the ion etching treatment of the disclosure is not limited to use with the illustrated Ar ions, and satisfactory ion etching may be performed with numerous other inert ion species, including, for example, He, Kr, Xe, and Ne ions. In addition, specific process conditions for performing the ion etching are readily determined for use in a particular application of the disclosed methodology, including selection of the rate of flow of the inert gas, substrate bias voltage, ion etching interval, ion energy, and etching rate. For example, suitable ranges of substrate bias voltages, ion energies, and etching rates are 0 - 300 V, 10 400 eV, and 0.1 – 20 Å/sec., respectively. Lastly, the protective overcoat layer is not limited to IBD DLC but rather all manner of protective overcoat materials and deposition methods therefore may be utilized.


[0050] 

In the previous description, numerous specific details are set forth, such as specific materials, structures, processes, etc., in order to provide a better understanding of the present invention. However, the present invention can be practiced without resorting to the details specifically set forth. In other instances, well-known processing materials and techniques have not been described in detail in order not to unnecessarily obscure the present invention. 


[0051] 

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.


What is Claimed Is: 




1. 
A method of manufacturing granular magnetic recording media, comprising sequential steps of: 


(a) 
providing a non-magnetic substrate including a surface;


(b) 
forming a layer stack on said surface of said substrate, said layer stack including an outermost granular magnetic recording layer having an exposed surface; 


(c) 
forming a layer of a cap material over said exposed surface of said granular magnetic recording layer, said cap layer having an exposed surface; 


(d) 
etching said exposed surface of said cap layer to remove at least a portion of the thickness thereof and form a treated surface; and 


(e) 
forming a protective overcoat layer on said treated surface. 



2. 
The method according to claim 1, wherein:



step (b) comprises forming a layer stack including an outermost longitudinal or perpendicular magnetic recording layer. 



3. 
The method according to claim 1, wherein:



step (c) comprises forming an about 5 Å to about 100 Å amorphous or crystalline metallic cap layer comprising material selected from the group consisting of: Cr-containing alloys, Ta-containing alloys, and Nb-containing alloys.




4. 
The method according to claim 1, wherein:



step (d) comprises ion etching said exposed surface of said cap layer.


 

5. 
The method according to claim 4, wherein: 



step (d) comprises sputter etching said exposed surface of said cap layer with inert gas ions.


 

6. 
The method according to claim 5, wherein: 



step (d) comprises etching said cap layer to leave a thickness thereof from about 0 to about 50 Å.



7. 
The method according to claim 1, wherein: 



step (e) comprises forming a carbon (C)-containing protective overcoat layer.


 

8. 
The method according to claim 1, wherein: 



step (c) comprises forming a layer of an etch-resistant material on said exposed surface of said granular magnetic recording layer and then forming said cap layer on said layer of etch-resistant material.


9. 
The method according to claim 8, wherein: 



step (d) comprises etching substantially the entire thickness of said cap layer. 




10. 
The method according to claim 8, wherein:



step (c) comprises forming a layer of a sputter etch-resistant material. 




11. 
The method according to claim 10, wherein: 



step (c) comprises forming a layer of amorphous carbon as said sputter etch-resistant material.

. 

12. 
The method according to claim 1, wherein:



step (b) comprises forming said layer stack as including a granular Co-based alloy magnetic recording layer comprised of a CoPtX alloy, where X = at least one element or material selected from the group consisting of: Cr, Ta, B, Mo, V, Nb, W, Zr, Re, Ru, Cu, Ag, Hf, Ir, Y, O, Si, Ti, N, P, Ni, SiO2, SiO, Si3N4, Al2O3, A1N, TiO, TiO2, TiOx, TiN, TiC, Ta2O5, NiO, and CoO, and wherein Co-containing magnetic grains are segregated by grain boundaries comprising at least one of oxides, nitrides, and carbides.


 

13. 
A granular magnetic recording medium manufactured by the process according to claim 1.




14. 
A granular magnetic recording medium, comprising: 



(a)
a non-magnetic substrate having a surface; 



(b) 
a layer stack on said substrate surface, said layer stack including an outermost granular magnetic recording layer;



(c) 
a cap layer on said granular magnetic recording layer, said cap layer having a sputter-etched outer surface; and 



(d) 
a protective overcoat layer on said sputter-etched outer surface of said cap layer. 


15. 
The medium as in claim 14, wherein:



said granular magnetic recording layer is a perpendicular or longitudinal magnetic recording layer.


 

16. 
The medium as in claim 14, wherein: 



said cap layer includes an amorphous or crystalline metallic layer comprised of a material selected from the group consisting of: Cr-containing alloys, Ta-containing alloys, and Nb-containing alloys.




17.
The medium as in claim 14, wherein: 



said cap layer further comprises a layer of a sputter etch-resistant material intermediate said granular magnetic recording layer and said layer of metallic material. 




18.
The medium as in claim 17, wherein:



said layer of sputter etch-resistant material comprises amorphous carbon.



19.
The medium as in claim 14, wherein: 



said granular Co-based alloy magnetic recording layer comprises a CoPtX alloy, where X = at least one element or material selected from the group consisting of: Cr, Ta, B, Mo, V, Nb, W, Zr, Re, Ru, Cu, Ag, Hf, Ir, Y, O, Si, Ti, N, P, Ni, SiO2, SiO, Si3N4, Al203, A1N, TiO, TiO2, TiOx, TiN, TiC, Ta2O5, NiO, and CoO, and wherein Co-containing magnetic grains are segregated by grain boundaries comprising at least one of oxides, nitrides, and carbides.


20. The medium as in claim 14, wherein: 

said protective overcoat layer comprises a carbon (C)-containing material.


 
GRANULAR MAGNETIC RECORDING MEDIA WITH IMPROVED CORROSION 
RESISTANCE BY CAP LAYER AND PRE-OVERCOAT ETCHING


ABSTRACT OF THE DISCLOSURE



[0052] 

A granular magnetic recording medium comprises a non-magnetic substrate having a surface, a layer stack on the substrate surface, including an outermost granular magnetic recording layer, a cap layer on the granular magnetic recording layer, having a sputter-etched outer surface, and a protective overcoat layer on the sputter-etched outer surface of the cap layer. 


FIGURE 3

