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PERPENDI CULAR MAGNETI C RECORDI NG MEDI A CROSS- REFERENCE TO PROVI SI ONAL
APPLI CATI ®ds)3lisiss2appl i cation clains priority from U S. prrav/ssoonadss pat ent
applications Serial Nos. 60/338,372 and 60/ 338, 447, each fil ed Decenber 6,
2001 the entire disclosures of which are incorporated herein by reference.
5 FIELD OF THE | NVENTI ON The present invention relates to a nethod for
manuf acturi ng i nproved perpendicular magnetic recording nedia with reduced
DC noi se and to perpendicul ar recording nmedi a obtained thereby. The
present invention is of particular utility in the manufacture and use of
data/information storage and 10 retrieval nedia, e.qg., hard disks, with

ul tra-hi gh areal recording denESEl@Q.—b.ﬂMﬂMED_MOi se characteristics.

BACKGROUND OF THE | NVENTI QNG Sed in various

applications, particularly iMA RDIN and efforts are
continually nmade with the aimof i ncreaS| ng the 15 areal recording
density, i.e., bit density of the nagnetic nedia. In this regard, so called

"perpendicular" recordi ng nedi a have been found to be superior to the nore
conventi onal . A h bit densities. In

per pendi cul ar #&&% #EEE@E\{)CF%?%%QQF resfgﬂ)qférr)é%?ggl zation is formed in
a direction perpendicular to the surface of netlc dium typically
a layer of 20 a maghitapp! lﬁ%‘%‘r"rl%msdﬂ‘oél%g'i%gé p§%‘ p%@t%@p@%ﬁt@ﬁgl i near
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utilizing a "single-po fragneti c transducer or "head” with such
per pendi cul ar divelpserts of Whntha;re 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



It is well-known that efficient, high bit density recording utilizing a

per pendi cul ar magnetic nmediumrequires interposition of a relatively thick
(i.e., aswospssssared to the nagnetic recording |ayer), nagrmavsocarddy "soft"
under | ayer ("SUL"), i.e., a magnetic layer having relatively |ow
coercivity, such as of a NNFe alloy (Permalloy), between the non-nagnetic
substrate, e.g., of glass, alum num (Al )2 or an Al -based alloy, and the
"hard" magnetic recording |layer, e.g., of a cobalt-based alloy (e.g., a
Co-Cr al |l oy) hmvobtginpblepndiibzihgra Gsmgdepolepymagneté tanddiceCoX/ Behdd rwi ) "

mul ti-layer superlattice structure. .The magnetically soft wunderl ayer
serves to gui 8 SrRdiulg mAgnedestidng from t he head t hrough t he
magnetically hard, ppe ReMdifo2 ihABFRSikhS Iﬁ?‘;Qﬁtd'd&%ltlyé%%BrdﬂgnuﬁﬁQih ipn, the
magnetical |y soft underlayer reduces susceptibility of the medi um

t hermal | y- acpémpatdidulvagragnsticanédivm reqares mtenpysmenmﬁa r@atméy timl@(gnem zi ng
fields Wm§ 15Io tﬂe ener ébar lerlth mai n S . he, curr nt state
of magneti Zat| CHNPATRT ¢ ﬁ?pl alm?%lreﬁ rf&f)%tf}n% PE OrrBf‘% lg%) t efi? 0 PPzt ng a

vertically ori'®uey, i panabhdticTRetrbavihg Weltivaly 18 abdrerity, &lehak os@iNiFe
magneti c underl ayer, a relatively thin hard magnetic recording |ayer, and

a singl e- pol eaﬂ@aﬁPerm@llpy)l lbg‘mre&nébe pen-magnetic subfigieet -, rOéfgéfiSé,n Bl al s
2, 3, 4, and res e . nS t t gn c
underl ayer, ?A eas gé&'al ?t:l:lgl trfllF‘% Iﬂg@eﬁg rg%i)ral%% lafd al E‘;g o‘?fitlént ed,

hard magneti ¢ coledlPbabict gdlbm(eg aof C@fe:rrpﬂmgl) asviag peRgnéicilar ardotispylor ahal
reference nunerals 7 and 8, respectlvely i ndicate the single and

auxi | i ary Yool €50¥PdsiargFda Eﬁllltél%bnsélﬂ)%atﬂ?%rﬁ’d@@é? Hdsd neeneliqadlyi §&fty thin
interlayer 4 mha&yrefgafves% gﬁ’id@ﬁna tic 'ﬂ%&ean%qhﬁg?ﬁ onl #¥ehdad @pd@w hed of

one or nore |ayers-of non-na materi a ustrative pal r of
| ayers 4A and n@netu&llpr bwidd qerpendivulani mkgreesis resofding:ilayer. o q:oidﬁmntth(al

de-coupl e) magneti ¢ interactjaon bet en the sa der | 3,and .1 he hard
recording | ay agge‘ib‘iﬁuyssf‘i’é‘i.l‘i“&{ &y %’fsre YR SH%“BB‘%‘L‘%P’E %ﬁﬁ’e’i" el i ze

t he spacing g t he
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PCT/ US02/ 2154 %0w& the energy barrier that maintains the current state of magnetization.

A typical perpendicular recording system 10 utilizing a vertically oriented

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-magnetic

25 materials, illustratively a pair of layers 45 and 4, 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



bet ween the | ower edge of the transducer head 6 and the upper edge of the
hard nagnetic recording layer 5 is also mnimzed during operation of
system 10wa 0s/05#s8eli ti on to the above, interlayer 4 al so senOIAsS0RQ7936 ONDL €
desired mcrostructural and nmagnetic properties of the hard recording

| ayer 5. 5 As shown by the arrows in the figure indicating the path of the
magnetic flux 4), flux 4) is seen as enénating fromsingle pole 7 of

si ngl e-pol e nmagnetic transducer head 6, entering and passing through
vertical |y orbemween thenlamar wdgmef the tranedusedhergl 6 ayd theSupper efige okdicdrardibove

For . df st anc BRI FROHIE VPEY % Hep SriPSTPah (U0uE ePRALToof RBTBHO In '

vertically orh&hitieslto AR fho¥BARRtFer #5196 rdss lo3iBmok dddirkd SnikRGirRuAbove
auxiliary pole 8 of single-pole nagnetic transducer head 6. The direction

of rmovenent ofd megpasicdireparties ofdhsbardeeqpeding bayer Past transducer head 6 is

i ndi cated i.n the fi,gure by the arrow aboxe nmedi.u N i.hued..
ref erence t5 o FIG f S\%‘N‘Yb areA'Res 15?]inen§gggt1re1 lﬁépg}]gnthwf%&o%ﬁ%éé?%gsu%f each
pol ycrystal | i agx ¢, fRix ? G 8&uAl & dmhiRs AIm tsheyld ﬁm@w oF afsle-p610 Thigneti¢ Ng

medium 1. As apparent fromthe figure, the wdth of the grains (as
measur ed in atraesdugeritead 6denterdng o passing dopuglf vartieallyoirienteds hardimagaetiayer s

constituting the l.ayer stack of the.nediumis,sybstanti al the sgne. i.e.,
cach  over|yi RGOS FveE B i eslomab Gy SRR T S eTHe Al S oTey o
Conpl eting 204 eaghetlc didriayd P GtdittendRy BidMidh ekAdn@rthdrdfromUsid passiag | ayer
of dianond-1ike carbon %DLC formed over hard magnetic |ayer 5, and a

| ubri cant Wop8uergh ugrtically orienteds hagh magneticaiecerling loger 3 ibthspspipatabgrene

material, for .Qve r ive C 1 . I atb i
typically di sg&)gH%eéd%E% 0?0%%@?@8% W%gﬁoﬁgsggg%g%aé ?re a%)%%liegﬁaﬁ é)fll >
e.g., A or amotkemeased pdrpendicutdatC magsetd mddivmavi ngsanradbduser Mepd a6 iing

| ayer on the deposition surface thereof, or substrate 2 is conprised of a
sui tabl e gl as#ndigatedsin the figpredy the prey @boysom E material, or a conposite

or laninate of thepgy TehRhlal SoRANEEY. FIG! YoacRfaRdliRS! OninkRuRs opyat the

upper surface thereof, typically conprised of an about 10 to abolt 50 A
t hi ck | ayelr5 obourdaries odft eaegmpetyicoystaibier I(ag.ergrmnila) t apérc af | the clapgr iskekl of an
about 2, 000 t %o&l%i%:}ng 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, 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



WO 03/ 054862 PCT/ US02/ 27945 4 4,000 A thick |layer of a soft magnetic
material selected fromthe group consisting of N, N Fe (Permalloy), Co,
CoFe, Fe, wieeld/05885i Al , FeSi AIN, etc.; the at |east one i rr@ErisgeRr44
typically conprises a layer or a pair of up to about 10 A thick |ayers 4A,
4B of at | east one non-magnetic material, such as Pt, Pd, Ta, Ru, Ti, Ti 5
Cr, and Co-based all oys; and hard nagnet fc |l ayer 5 is typically conprised
of an about 100 to about 300 A thick |layer of a Co-based alloy including
one or nore 4J08frdntisclslayeaifecsofirmagnictie niptariab selesisd fomrihe gfoufrconfietingTa, Ni |

?/b CoX/Pth gr Nb?f ﬁeh}ﬂ[‘a (gﬁlé’?al ng(ﬁ‘g;%%e Eﬁeffﬁiﬁq%dgfg{)élgﬁﬁ g F@%gﬁea‘%rlg an
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of Co-based nagnetic  alloy is Trom about 5 Athick, X is an
el ement sel ectaerdrSf4erﬁn phat 1gaszbope vomsiaghéticgmaterial sucheas PtBPd, I\h Ranﬂl At and
each of th er th| netic.| of Pd bout 10
A hi ok. | E3chCEyHE o7 S PRt ey BEspaion G P i DRCP LS ogmbpis of 4P

per pendi cul ar akdit 30D rt@l%o@r:!()‘b)lﬁghl‘ck @Jyeﬁaﬂﬂ@d)bzﬁs%& ana& inohelidd bsdbf gidye (1St
type) 15 and/or interfacial anisotropy So-cal | ed

t
"doubl e- | ayer elepnisesglected| feam Heagraup gestsi §g@é§%ﬁ%éf@= thcMéa Bind, Nby Ggst r at ed

in FIG 1, se arelativ hisck net rl SUL)S
of & i gh’ magHet o SR ahdis et dnar Snd A 08 PR TRk dipiolaysts)
whi ch exhi bi t gaheti) apRrlaics Slricixg, FasleNAisamh megélhﬂ:@m @dwus@(b tORoAND. 20
However, since the SUL 3 is rel atlvely thick, i.e talv:1p| cally from about

2000 to 4boeachafibe allempting thintlayses ofee-basedsmagnetic wHoyrs fiemiahorth to

d
oonen. bt ProfeaD AP XA GRRYERs0 5y & REURSRREHLA RS o
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Appl . Phys. (su Q} 30, 267S (1959) and S. 25 (%ﬂet al ., | EEE Trans.
Magn. 35, 782 YA thigkp Eaeh dvireapf &@rﬁ)@%?@ﬁ@%c aecordiag laysrzaeiesak hasused
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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 47M;.

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., IEEE Trans. Magn. 35, 782 (1999)). Perpendicular components of
magnetizations caused by the perpendicular anisotropy component form "stripe"
or "ripple" shaped domains (see K. Sin et al., IEEE 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



and N. Saito et al., J..Phys. Soc. Japan 39, 1116 (1964)), resulting in a
significant anount of DC noise. According to common practice, the

per pendi cwicans/asesot r opy WO 03/ 054862 PCT/ US02/ 27945 5 caquovseat7948 sof t
magnetic filns attributable to the nagneto-elastic anisotropy factor can
be relieved by thermal annealing (see Jun Yu et al., MW 2001 Conference).
Anot her -way by whi ch, the perpendicul ar ani sotropy conponent of the 5 SUL
may be suppressed is to forma |lam nated SUL structure, as by depositing a
| ayer stack oromponenbie sefd mpagnstic fibhs atttieutaldt itngh¢ ayagnstoadfiastic fahisptropy

e e ol o M il RSB 302 U ESRec "0
23pA-13) . Ref ephfddéhckp FIG 2, such a |am nated SUL structure 3L consists

of 'a stacked plurality of alternating 10 rel atively thicker soft magnet iC
| ayers 3M and rel atAnpliey wayi hyiavhighp dlace perpgydiewlan gniseleenye gompanent 196 thar f ace

on the uppdr - Sur b S FufreRa ASltaftn G BENEROT bRk, 8 oy PRt ' 7

| ower nost  sof layeRgiaek bElahdiae cotprivddl cinlReREs] Ay srayLdififenimatdiald @esred of
the sanme material as that of the spacer |layers 3s. It is believed that the
benefici al 15FefNekamuesy ¢todldexih Byrreadiculer dMagpetie Recoidinengorirenes BMRict ur e

3L i s obtaine 0 . T | e izuUlar2\api q onent
1 ol yer yot ar POOE Skl TEHAE GcitbeP 3 DB 2B BEE Sl SRERRH LS
magnet o- cryst ahdh adaminaedtSD ptrhictatecdy, chrsistd of & atacked phiralgy fof aitentiatingipt i on

of columar growh_in . the filns. The anount by whi ¢ch the perpendi cul ar

ani sot r opy Oc oFpHEsh ﬁ_rlgker SORITHHEC LTS 1 GRY SRPRYPY SUBRPTPBFBIETER A ¢ o
the nunber of f+1ﬁ{9d_"t?v%f&i’és%¥fé£@§fa %Ma%&é subSisE 8RR eYore, AnHdRBSSH 14eFBer  Of
| am nation cycles is presuned to be better 1n terns of the anount o
suppr essi on ofnayHe pevideddindbd appeasinfadterafphie sushpEkrat theDneafdvanithgbousl vy,

however, the Jarber el AR Srelas M ann IDEED Lo ReRERLE e
nunber of progsss mMitaidloRsthay af tRPiRcdal e ONVRMNdIeN that Wd béreidial
15 effect afforded by formation of the laminated SUL structure 3y, is obtaine(i 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 3wm/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



production apparatus (typically nulti-station sputtering apparatus) for
formng the lamnated SUL structure 3L. Further, formation of the

above- deswa d3ed4d6am nated SUL structures requires additi aealugpeorEss
stations for formation of each of the spacer layers 3s, as well as

speci ally designed sputtering sources or atypical W 03/054862

PCT/ US02/ 27945 6 operation of the sputt(-,6ri ng apparatus, e.g., multiple
passes of the substrates through the apparatus. In view of the foregoing,
t here exists epahtéar oficthd dputtering iappdratusc ogt,- muitipde tpiassss aift tensubsiyates
process/ net hoﬂ_'gl‘gﬁqé for formng lamnated SUL structures 5 or their
functional eq e 8PPYRUSL alternative process/ met hodol ogy ef fectively

avoi ds the above- dgsGhidviped tﬂésfaﬂag@ﬁhfgg’iﬂ%e%ﬂiitdjﬁaqu{%‘édd’éﬁtacbiabl%g coétt h the
conventi onal manufacturing nethodol ogy/technol ogy. Moreover, there exists a

clear need foeffediyaciesaativg procssymethetploan | forgformang tasrinated SUL: PEUGHTER ar eal

density, perp | . . ] .qll | LAt r
ot se 10" ey o el Ak RPA AR E SR R BN G PO LRy
net hodol ogy. Zhedpnies abbvd-teseribéd disativanafesraad addbadsesssatiated olitleshe

probl ens attendant . upon the manufacture of ultra-high areal densjty,
per pendi cul ar comigabena mamHasturing metndolegyipeineiagy. e heso eXistagnet i ¢

under| ayer st r NG SE; k. ed i n i L i I
caut val ont s ¢ P SPEF i polomillhy® o e Aloed O o, flruieh WS
econon ¢ r equidessitgnpsrpohdic@ag enagneticerecardingratedih extubitihaotryr lomg Dieobusel ogy .
DI SCLOSURE OF T | NVENTI An advant age of the present inyention is -an
i mproved 'Oghleé’pgém PE@B’I‘@\I °°f§&$§PWgV%PB@ﬁH¥@‘&°§W%Bﬁ%P Og%cor di ng
medi um wi th reducegn@hnr&dRShIBitdRl therefdf, 48drEsseCaftPssi0es OBIhR atRAYAR ag€
of the present invention is an inproved pseudo- |am nated, magnetically
soft under| ayeporst thac mmefacire usfe ultra-high feedl | deasity n parpendioyan waegnistigh
areal recordi ?(g’co(rj 1Qgs In{e\tliia & nes?rggl l%il?aﬁe%%n&%é&etiz%%gér a{yre]:pstrnl}%(tjlllrlémbr DC
noise reduction, and/or their functional equivalents thereof, while maintaining full
15 compatibility with the economic requirements of Iarge-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 substantially 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.



wi th reduced or substantially zero DC noise. 25 Still another advantage of
the present invention is an inproved nethod of manufacturing a high areal
recor di ngwiersais#862 per pendi cul ar nmagneti c recordi ng nedi wamwso/2raduced or
substantially zero DC noi se. WD 03/054862 PCT/ US02/ 27945 7 Yet anot her
advant age of the present invention is an_inproved disk drive conprising a
| ow DC noi se perpendi cul ar nagnetic recor di ng nedi umincluding a

pseudo-| am nated soft underlayer structure Additional advantages and ot her
features of the pr¥staothenadnaitage off the phesentsingentiongs @h iinpraved dégksdnivept i on

which follows and.in rt.wll. becone.apparent.to those vin rdinary
skill in the %ﬂnfprtfb%g &%Rﬂ%‘t‘?%?%‘%ﬁ%@ﬁ FREnSHS W&O@Pngﬂfx&@@ m élglrnﬁead from
the practice lggeua&wﬁlgﬁglggﬂM&@r@bpmc{[ﬁ@ advant ages of the present

invention nmay be realized as particularly pointed out in the appended
clai ms. Accordi ng Addisienalsasiventaggs andeothercfsatyresi ofiibapresent inpantiosredodhg and

other 10 advgnt S i I: b . Nj i

densi ty, por pohdr et na € GHRBHOE Suich Plvs ool Aol SFeohEafbdifo
subst anti al | ythoss kavideg ordirgey skillafrEhe &t niwn dxajnimationnd tegbHbwngrhsdy bd e
having a surface; and (b) a | ayer stack formed over the subsﬁr ate surface,
the |ayer st aleRmeddrom Mt prasting, ofj the picsentyinyention s advantaghs PhiieJUgRERt at e

surface: (i) ef | . Hé?ﬁl s il s - non- magnet i c
interl ayer; anagﬁﬁ]}%hgﬂ%%}%ﬁ%s y&ﬂ%&/ 6%?%8%?@% gﬁﬁ?g%d;‘? ing |ayer;
wher ei n t he magnet Acabidingstof 4n aspder dfafre presbat inyerntont Hiecforsgoingamd biher 20
magneti cal |y hard perpendicul at recordi | ayer (b).(iij) .and is

pseudo- | at)nat&gntages ﬂ@t‘ﬁ?t@nﬁ‘gﬁbB%%ycﬁ : h o E@Eﬁ’r‘%h%tdﬁ%‘?lg'y pSIF’eg‘t?}B‘-ﬂla%\yer s
of a magneti Cﬁfakﬂetﬁ:()fr&cor@iﬁé (eigl')e&lum AGBPTEAREAL Br RUBRSHTIRH! SerBf D GroRfegsent

i nvention, the lNayer stack
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;
(ii)  at least one non-magnetic interlayer; and
(ili)  a magnetically hard perpendicular recording layer;
wherein the magnetically soft underlayer (b)(i) 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



further conprises an adhesion | ayer between the substrate surface and the
25 magnetically soft underlayer (b)(i), the adhesion |ayer conprising an
about 10 wo @ws6250 A thick layer of a material sel ected Hatowsoeh®4gr oup
consisting of Ti, C, Ta, Zr, No, Fe, Co, N, and alloys thereof; and the
magnetically soft underlayer (b)(i) is conposed of a stacked plurality of
sub-l ayers of a nmagnetically soft WO 03/ 54862 PCT/ US02/ 27945 8 materi al
selected fromthe group consisting of FeCoB, CoZr, CoZrCr, CoZrNb, CoTaZr,
CoFeZr, and FoiteGal belecied biodntheegraip lsonustingi of EateddiGrent £08fCr, KeoZsNbsent
invention, th ically_soft underlayer (b)(i) is conposed of a
BorgPoltets md FEfG

st acked pl uralm Tsut s of a FeCoB alloy, e.g., the magnetically

soft underl ayer (Dbl{ iapcdr8arc@RE R émbodin@hRCEE theSpRsémYi@ventidh, the

(Fe65C035) 88B12, e.g., 3 sub-layers, each having a thickness from about 50

to about 130 magnekseBy dioRigundslaydsd@i@eis: coraosehof pr sleelend platadiit 0815ubt he at

| east one Ron toh G~ yer, I i . 0 A

thi ok | ayer oY PRRLA&e b, BAnd MashldeoifIBA uTHB0: UG} 8 Pdhed? g

from t he groupf gonsisttkeiysubllabérs dPAFest@o;sk36B 12l g., f subslayery,Sedch draetif, a Ti - Cr,

and Co- based alloys; and_the magnetically hard perpendicul ar recording
ayer P - 300 Athic and conprises a

| (b) (iii fhigksicss Gomabew: SOtoGbey 1BHawk hi ck d i

Co- based al | oy i nclyugdi 3 d roup
consi st ing of or - PLthe Raiiodifs 6 HERSE RRERIGY, he AMEATOnC OB P 1e 1
sel ect ed fromfagR@it iatullager @3 comprises(BoXf Bdabont Fi A thinkl kayérayrdayarmgfiet i ¢
superlattice structure conprised of ,alternatjng thin |ayers, of - based
mgnet i c 101 a&feaﬁdmmﬂ%gWIFenwﬁﬁeﬁﬂe%fgg &hestogp n%l?ﬂr@g%fl’ﬁ’ém about
10 to about 2%, reagh Wi, a‘ilggs et REMBLER Gnll W dTbdsBd GlISyD nEondRasskiicRgnet i
alloy is fromabout 2 t8 about 3.5 A thick, X is an élenent sélected from

the group conbamstrergendicur rechading GayBr (Whji) terfcorPebowri@0daehous300n% thick

alternating thin |ayers on- netic,.Pd or Pt is, about .1l t hi.ck.

accordance w taﬂ&lf)%ﬂlﬁlﬁ?ﬁ Iagf’o'g?ﬁ?ggﬁgr\@ m"l“dé?g ?%eeorﬁp%@eerlu?n‘?rﬁ%%% C’?e : O’Pﬁge
group consisting of Cr, Fe, Ta, Ni, Mo, Pt, V, Nb, Ge, and B, or an iron oxide

In

15 selected from Fe;O4 and 8-FeyOs, 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,

20 B, Mo, and Pt, and each of the alternating thin iayers 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‘pals, other non-mégnetic 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



magnetical ly hard perpendicular recording |layer (b)(iii) conprises a CoCrPt
alloy; the non-nmagnetic substrate (a) conprises a material selected from
t he groupwabo3assssesting of Al, NiP-plated Al, Al -M all oyCcTtatrdeer79s- based
al | oys, other non- magnetic netals, other non-magnetic alloys, glass,

ceram cs, polyners, glass- ceramcs, and conposites and/or |am nates
thereof; and the nedium further conpri séks a protective overcoat |ayer (c):
over the magnetically hard perpendi cul ar WD 03/ 054862 PCT/ US02/ 27945 9
recordi ng | ayeecofdig ilaydr Endiip ahd by ihduivent topeoatt layery &d) oudr theeprotdetive
protective over cog r (c). According to enbodi nents of the present

i nvention, th8AEHY h@(fﬁﬁ? substrate (a) conprises a material selected
fromthe group congcebidis @6 eflbodihdrits of Rhétpesbet invAhtidyl) tBé IoMSma, ﬁer

Al -based all oys, other non-nmagnetic netals, other non-nmagnetic al

gl ass, cerani Sebstigts] @hﬁ@@pﬂgﬂsma@éﬁbwwd o tho BPODi qoe@stnw\qféi N m nat es

oot o, bl AR Bl A SRR Ao B b ey e

adhesi on | ayemofi@mgphktit AJow) g@é@@tﬁeréxﬁlch Opct@eils, pRsPcérhinids, bﬁyebmpésms
material 10 selected fromthe g roug@conmstmg of Ti, C, Ta, .Zr, Nb, Fe,

Co, Ni, and aPpggslamingesiereol anddhelayeratack (bb%mml%rqnay@fihfesmr{u fayes t he
formof a pse%gﬂvéeﬁ%g%gﬁratg%q&éeuaﬁd GAROS gcbcﬁ r% oft ﬁn&a&ﬁg éof)ﬁ)ébthkayefs

of a FeCoB all o ers, eac m about
50 to about 1aﬂhen;mn h:tyeﬂ eapriong anmbeumﬂgtteabmmﬁ@t Arﬂhas(ellay@b()i(aimatmalt he

f f t t A thick I ] ' t
ng:lmnggngﬁ(gpﬁﬁlg%t? oma BiesBioun PRIPRER B S Bonds POk it COr Nox andkgIoTs 7o,
Re, tlllﬁ?é(éf tahﬁﬁ ficalll) so@ m?égg%l%?b?@fﬁpth@foﬂﬂ%f ?s@u@o RgiRgihcal Iy

hard per pend| reco |ng | ayer n the formof an about 100 to
about 300 A tstrictkrd egymposedmgfrld seédstetked sBb-lbpsedf al FeyoB ntlbbyudé.pg 3osub-or

I t | ect f. t. LSti f T Ni
e OV b o Lokt et Bpving i e, Bl SRNE 57 b da® 1o BlnimeS e ons Mt s,
Sor a (CoX/ Pd n‘il{%gl%é theéAdyet ( I?Mﬁfin tﬁ%ﬂﬁtdf%ni’hﬁéﬁ@%b&ittliock tisibk USkHbElaGOEPr | sed
of alternating thin |ayers

15 ofatleast one non-magnetic materlal 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 Fe;04 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:



magnetic alloy and non-magnetic Pd or Pt, where n is an integer from about
10 to about 25, each of the alternating thin |ayers of Co-based magnetic
al l oy i s woomsvosedlsout 2 to about 3.5 A thick, X is an el enmur/seeerused 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.

Anot her aspect of the present invention i a nethod of manufacturing a

hi gh areal recording density, perpendicular nmagnetic recording mediumwth
reduced or subst ant@aal | ypeidnddChomwimagneticanbstiate hayinde seffmpsaral : WO

03/ 054862 PCT/ US02/ 27945, 10 (a) providin ngn- magnefi c substrate having
a surface; and (b) égrn‘ifﬁ’&n&]ﬂ %izé’gr %%RV%\;E‘? S?Wgam{apgt@n%g%%?ps

conprising st eﬂaﬁforﬁﬁ’ﬁg,fiﬁ?[)%r[}gm% Eéﬁu@ﬂ&rﬂdfh%s%&%é‘&ﬁfefcépm the substrate
surface: (i) a magnetically 'soft underlayer; 5 (1i) at |east one

non- magneti c interlayer;(ihnd 4iraghetiwalipeopfenndsalayst; har d per pendi cul ar
recording | ayer; wherein.step_(;b)(i) conprises.forn ng pseudo-| am nat ed
structure having a thi ¥ essatdf’%ggf’%ern?%ﬁ@%ﬁtmt(?f@feﬁea”??agneti cally hard
per pendi cul ar recording (ilipy €4 nfaghétRally RaditRFpenBichial kocorfiflg GQBROSed of a
plurality of sub-layers of 10 magnetically soft material. According to

embodi ments of the Yhersiarten (@htanmises foepirgn) psepdedaminkted strugtureriarza
pseudo- | am nat eﬂaylaggegg tg%‘éa{?erctﬁg&}"%ﬁa&dof‘g{hgﬁ?t %ﬁgeﬁﬁreﬂégr?éﬁégpetcﬁéﬁc% arsrggérd%%yer S

of a magneti cat nmat er | sele m onsisting

FeCoB, CoZr, QaydrClormedZinNgiepCbhddy .andodoedsosedrst keglafalityl ofl subdlagas demhce
with certain enbodinments of the present invention, step (b)(i) conprises

formng a peduesncipslbasattmaieriabt ur e conposed of a stacked plurality of
e N S
( Fe65C035) ssBifrmmgga ,pséudedlamimatet structare hcongpoised) ol at sthclded esiaratityoof atlput 50
to about layers of a magnetically soft material selected from the group consisting of
FeCoB, CoZr, CoZrCr, CoZrNb, CoTaZr, CoFeZr, and FeTaC.
15 In accordance with cerfain embodiments of the present invention, step
(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.



20 130 nm According to enbodi nents of the present invention, step (b)(i)
conprises formng the pseudo-lam nated structure by a physical vapor
deposi ti owQ(BxBYs62process, preferably a sputtering proces®Cramsbzarasr di ng
to alternative practices according to the present invention, step (b)(i)
conprises formng the pseudo 25 | am nated_structure conposed. of a stacked
plurality of sub-layers of a soft rragnetl' c material by depositing each
sub-layer in a different chanber, or step (b)(i) conprises formng the
pseudo- | am nat ed stlnuatcardanco withs eshbodimends aafk 8 ppdsemtalinveptiad, stap-(aqyer s

of a soft magnetic material by di sconi.inuous, sequenti deposi ti on. of
each sub- | ayef TR RSP Xﬁﬁn% Fié‘?ﬁ'é’?a.‘gr\?\t‘f 5@?#@%@%%% Lﬁgoaz}“z*‘%&g selgqteq n
accordance W tionefiRO didtpnéchsidfing BE A1l BERMatéd WENAL- My aHbRD o)y ALRA¥BAI ses
provi ding a non-nmagneti c substrate conprised of a material selected from

t he group congileys, mjhesf ngy-magpaticpmgtalsed ofiler nan-egnEtic AJloys,oglhsr cataniess ed
al | oys, other - IRg | I o) n- ' |l .gl.ass
ceram cs, ge pgp%neér{g E%F%@%%%?h%“%s@%&“%oﬁ%@%ﬁﬁ %%‘&3‘%8/ %\ré,lsef)gimgtﬁ%t@%

t hereof ; step fdher douiprizes faaitiy bs @dhdsivnniaper everatlbesbsdiatd arfice Pk tb he

substrate surface prior tgo_.performng step (b)(i),, e.g9., an about 10 to
about 50 A t hiPEKOTMRg Stepy (bé(lﬁﬁt%r%ﬁbo%épéetagﬂu'ﬁfﬁ&)é E}Wg.( lgweigf e amseli ng of

Ti, C, Ta, Zr | . eof.; P by 1 ri ses
form ng an up 5 lgugggﬁtm %e i‘l}l ;u Hl%ﬂgftgﬁ e?yg}’ (?121%? g}’olﬁg’hfg’ g%’ ’ Mﬁasf%i %frzl)gp
non- magnet i ¢ rindresfi step §le)iE)odoatpriseformhe grguip abomis1GAithigk tdyePor laReks of Ta,

Re, Ru, Hf, alloys thereof, Ti-Cr, and -based all oys; and ste (ii1)
conpri ses ¥or #f KGSLARSBYLmagRRS %atﬁﬂglde%éﬁﬁl Omﬁﬁ%r WS§B%PPg£§) bt a
Co- based all i lmdi : t fr ONP
consi sting of %O@I%?’ 111% mlilﬁls O&I\l/%ﬂggflf’tened\:}e’r%g @@%&ﬁgﬁ%& oa?mas&\afr(@&ﬁzxi de
sel ect ed fromcPapfidesiraimg & SwR0300 do aboytCOR/ Rdhiok 18ty momptiséd afy=Co-

mOnel ¢ SUPC g SRS o TP eSO AT LD LSS o @
from about 10 30 FaPPHtNiZ Mo, GBCY, 8, Ge€and B, or an iron oxide selected from Fe;04
15 and 6-Fe;0s, or a (CoX/Pd of Pt), multilayer 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 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.



alternating thin |layers of Co-based magnetic alloy is fromabout 2 to about
3.5 A thick, Xis an elenent selected fromthe group consisting of C, Ta,
B, My, anwdRi3/s&82and each of the alternating thin | ayers rifT/vsn2nagnet i c
Pd or Pt is about 10 A thick. Still another aspect of the present
invention is a high areal recording density, perpendicular nmagnetic
recordi ng mediumw th reduced or subst antlal | y zero DC noise, conprising:
25 (a) a perpendicular magnetic recording |ayer; and (b) means for reducing
or substantially elA stihdoithey aB@chof the poésenhmventiogh isrm diNOIO8¢ GBr@BGEng a

PCT/ US02/ 2794 A still further aspect of t.he present jnvention js a
ik dri ve conpVi BEnaCiE® ettt rBeRRG senuins it aghebte b agrulg

nedi um i ncl udijpgindtdaseadenietAfe: Baddtte 26¢drdiB4E tHeP Benbinkbiidar € according to
the present invention. Additional advantages and aspects of the present
invention w |l becdhdditional aduintygeampdraspacts of theopresepkiinveation willthecame from
the foll owing detail i pt . erekLn {ent s _of e present

i nvention aépe g éé&napﬁgﬁggtz)gt%?eb%{ggdsﬂl\r{ﬁpq af?h%netmﬁgiguﬁmlng ﬁﬁtgll?%&f%ﬁptb?n’t he
best node contwispdiatedtbodanents € tieCpragent irevehties arel sholwmvaid d«bribells sihpll, be
described, the present invention is capable of other and  different

embodi nents, AdvaY of ddsiiation @éthy best madesqontemmlatad doropragieing itheapiessnti n 10
vari ous obvio e . i t | E . OM. [ I} e
oresent 1 nveriEEBREAS bt AR’ IRt BT P b bufth b7
regarded as idiffersht ahbydnientspaiidiite sevenal detdilsage lsugtepiatile \w€ mdddidation in

DESCRI PTI OF THE DEAW NGS The fﬁl | ow ng, detail ed d%scrlpti on of the
embodi ment 50 ofVafiREs PX0ER respests; Al atithath dearrting sirom ethe s tlo Bty miseshtr ead
in conjunctio kiRt : i N i LGN rence
nuneral s are gﬁnglggda?ﬁﬁs%%%%u?ﬁf g%m%gess?%%gtel&rf?ﬁ Iglﬁmal{egfr% P gg]té %%rgésde agnd t he
vari ous feat urilsstatize nonatmes axbizotiak indiative t o

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;



scale but rather are drawn as to best illustrate the pertinent features,
wherein: FIG 1 schematically illustrates, in sinplified cross-sectional
view, a O @msiseon of a magnetic recording, storage, and parvioera4ssystem
conprised of a conventional perpendicular type magnetic recordi ng nedi um
including a conventionally structured nggnetrcally soft underl ayer (SUL)
and a single-pole transducer head; Fl G132 schemati cal | y illustrates, in
sinmplified cross-sectional view, a 25 portion of a |am nated SUL/adhesi on
| ayer/substrate stFI&t Gr schameticaliynflustrateiein simpplifiedr cross-sectiosad viewt or i ng a
per pendi cul ar _t y.pe neti.c.recordi di um, gener al | s .shown in FIG 1;
WO 03/ 054862 BREPSAS Esfﬁﬂ%’lm&@aﬁ?ﬁ%%%]ﬁ%&"@rﬂt% stigtpis, agording
sinplified crfzﬁ%’s?ﬁésb@tnﬁlveﬁﬁﬁw, fo? useOoit fhind 2 phsRhdiculeApahednetic
SUL/ adhesi on | ayer/substrate structure according to the present 1nvention,
for use in foreepidingmedivpegatictally#s shgppe imBléndti ¢ recordi ng medi um
generally as shown i Fl e h v 1l rates, in

si nmpl i f.i edgcr 0SS- sg%: i g nghe%ﬂatel%lﬁaﬁluﬁé?ﬁ%goﬁ{%‘frﬁéﬁgg r B}eorsl%lg%&lpgél t§§/e‘6}é,a
magnet i ¢ recopétitiog dfedipempeadivaladithge htaghbiic revoediagtmédi@nidcoriimido the
conprising the pseudo-lam nated SUL/ adhesi on |ayer/substrate structure of
FIG 3; FIG Brepanty igyeion | indst pompiang héhepcpsraidedaapiied, ypl bradjesion
conventi onal , = ] n1é00. nmthick FeCoB SUL; FIG 6 is a graph
illustrating FWéQ%@gﬁ%%gghéggﬁggﬁﬁng a 3-layer, pseudo- |am nated, 200 nm
thi ck FeCoB SUL acBUGd rig at grapih dlystretienthel DCemdisopecannh & &codventionalt r at es
X-ray diffraction p,attgrns obt ai hed for_npon-|am nated, bi- |ayer, and

tri-layer 1RecBE-borngted, f40p duck ECGERILTI ON OF THE | NVENTI ON The present
i nventi on addressepiang ise LR iRiARtAThADCHIG SeAiof a3, geabat | on

i n perpendi cul ar nmagnetic rding dia which, "when utilize
laminated, 200 nm thick FeCoB SUL according to the present invention; and

FIG. 7 illustrates X-ray diffraction patterns 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



with a single pole transducer head, conprise a relatively thick
magnetically soft underlayer (SUL) for guiding nagnetic flux emanati ng
fromthe woansadusser head 20 such that the magnetic fl ux emcarssoant4exits
the relatively thin, nmagnetically hard recording |ayer along a prescribed
path. Mdre specifically, the present invention is based upon the discovery
that the di sadvantages and drawbacks assbtiated with conventional,
non-|l am nated SULs and with | am nated SULs conprising a stacked plurality

of a magnet i cadedyfos spdcet daperssfos egearatingdvdriicalyaaacehynagsstically sbift 2%5yers

di sadvant ages d.drawbacks. respectivel y incl ude noi.se generati and
Gi 1ol ty s nof e SRR Sk of stac tisds el e Bierehg st Shot et | n
aut omat ed Mang,AEds TRl EAA68S 3hd Jcaitl Coff GaMHIderPMRINC ORRerPYutfliRH MRigh and
cost- effective alternative process for form ng "pseudo-|am nated” SULs in
whi ch the WO O8/veBU@ER daUipnusv2ppaens fol Acomsipuoiisprautnmaied thanpdactureopf
separating_.verti cegl lré aﬂf acent magnetically soft layers of the |am nated
stack. or. s?ru’&’?ﬁ? 16 ECR NG, t-hereby resulting in considerable
process sinplificai pey FoeAdRr&brd, 07 tRERRERhE divenhed) gt thkiféReativnt Bf
conventi onal equi pnent/apparatus for continuous, automated manufacture of
5 magnetic redweedalpntpepd SULIeclugest qonsisting ef afvertisally stagked predisnef

i nvention, is; f ' o] ) o-.kam. nat ed: t e

consi st i ng of el EBhpGRArnagnBREy or HyeR S d pHEhLE R any,
magneti cal |y Badriendiay epser WiytRpwhichesduidesambaitadl’ SUTY strudtires ueribignspacer

| ayers, which "pseudo-|am nated” SUL structures are obtained 10 by neans of
a di scont ilAuob¥ Tewssot Bofisprdsuaes derqsition pipcsssyryRically ay Bpwsical J@Besi ti on
(PVD) process : spsﬁy)t LOg C i 0 [ AVENIY.0
discontinuousd%ggggﬁtgon o%ﬁ%hgbggéiggg g%%?é’é%a?ﬁg@éghghngaﬁg??%éva soft
materi al, w t Hudnifmpustdepositidn iofit comsive daggace’ theaymnes magastidally soft t he
formation of " srie?gdo.-l am _nat ed” SUL structures e .at

whi ch a | east .
functional ly B#! !%‘ﬁl?ouifowt‘f’ﬂé’ d@ﬁ’()’éﬁ‘c“igosrl?a?erllyﬁrﬁé‘? S$‘{’Jlt_hes§°r“?:?6??ﬁ es in
terms of redugfinnR,idL1dlmMAels SULIGRREAES RichSh8 b thatt fuhBAGHILY YequivaRnt

interval, or delay, between successive |ayer o _
15 to the conventional laminated SUL structures in terms of reduction in DC noise

generation. Stated differently, the interval, or delay, between successi\'/e 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 30 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 3g such as are present in the conventional laminated

SUL structure 3y, of FIG. 2. According to the invention, the (integral) number n



depositions, whether perforned in successive deposition chanbers or in the
same chanber, is sufficient to create a lam nation effect simlar to that
exhi bi t edwoyostolsess2conventi onal | am nated SUL structures (eqy/ysoag7ids
exenplified by the lam nated 20 SUL structure illustrated in FIG 2).
Referring nowto FIG 3, schematically illustrated therein, in sinplified
cross-sectional view, is a portion of a 1p§seudo-l am nat ed SUL/ adhesi on

| ayer/ substrate structure 30L according to the present invention, for use
in fornming aargethivkndsscof eacht gfpthenmegreticaly eafo sub-tayersedn Wepepenepen the as

shown in FIG 1, 25 Pse -| am d SUL/ adhesi | / t t
301 Compr i sesPiCPAETEL e SpF APSPRTTALY (og) PO 245 Pibdiy SpatRgy

magnetical l'y t%o%tou§% hRY ShiRabidmatRfalEfdr Q¥Lhs 8 oFUhd AagnéticaBy Soffi kel e
non- magneti c substrate 2 without intervening spacer |ayers 3s such as are

present in t hiayesBweincludaFeCoBnndr, éZrEuCarirNbe Cat o213 CobpZipigl FeTaC.

According to the ipvention, t i Nt eg ) .hu r . 6 )

PCT/ US02/ 2 94‘%xs 1&5&‘%%91‘["???%‘?%1?23@‘{18}&%? a@ﬁj’LoP{%?‘%@r naﬂ&r%‘)ﬁl@ﬁ*flﬁsy%oﬁw@
sub-layers 3MagfReaM SUNORIHeERN 1R@isiibdtapy stildnaei 30, tbeisdide anddhesion
respectively range from2 to 6 and fromabout 50 to about 130 nm Suitable

material s f orlayee2afrawd onghe upperrgisiaes pE el spbeitte 2saifhe nfpidace wih ithec| ude

FeCoB, CoZr, 2rer .. Cozr , e . '

conventi onal @ﬁfrﬂg%téﬁaéﬁﬁlgaslpfr%%%%}?'ela}sgﬁ5%2%}1&%%&:&%?&5%%@%? y l@%ﬁq Iﬁsaet ed

SUL/ adhesi on h@ybsdtsLD$6 aBowt 50 rAudiick éaydlofrmynaterizl selectad famthehe groud ayer
2A formed on the upper _surface of_ the substr t.<1a 2, at 2tLjhe interface with
the | owerlRoseonsisinraof dalGry Tactn Noyke, CGoy &Y @%a%@@ﬁreg hesi on | ayer 2A may
conprise an about ,10: o] 0 i I : : Lo 1564 d from
the group 10 consz*sjs t %n%ig;age? “%p,rg’cf ?%O%%l%lg %’ , ﬂlilgl?w%gfﬁboq,ﬁé %Stfﬁaon%ﬁ{glﬁfi%is

t hereof . As i mgiichate80,s upyabe acaditydiang donvedientlynfemiedohy spudering. As a

Cout tor i ng.  ASOeaREgHS By UE FLEBHICEIS U For i GFRegt SEE e BEet B4 er ont
Z ggt tsS;ICQ? It :gcgfcfsepg%ﬁﬂ% 'ﬁlgel @ﬁ%%eﬁ??l\f}gwia&'b@%ﬁ bRl §Reaehi&aBLhe afventivyer s 3M
15 methodolc;gy affords several advantages vis-3-vis the conventional art, such as
increased flexibility of apparatlis 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



15 met hodol ogy affords several advantages vis-a-vis the conventional art,
such as increased flexibility of apparatus design/configuration and node
of oper at wam3/asse2wel | as | ower power consunption requirecdTouSospuUs er i ng
of a plurality of sub- layers of soft magnetic material rather than a
single, thick |ayer of soft magnetic | r. For exanple, pseudo-|am nated
SUL structures according to the present i nvention may be fornmed by

di sconti nuous deposition techni ques using conventional in-line or

ci rcul arl y- cofVL{dhesion dayerispertiats iresteeadlingl $ihGt Bervhegein sgubsiFaie s is
equi pped with |4 pk e Br (= ' [ ' ith
the sane tar g@'g)}lcﬁ%l#@%sl%a gﬁ%@%ﬁ#ég@rﬁ%ﬁas %gisé%eterﬁ F%@%ﬁ%@a‘éﬁgﬁﬁﬁ’%ﬁ%&m |y
soft layers of AlhNifSplatelt AUCALNBSallgys, bthetidd-bafedsgiltyscothey nappegattics
wherein each of the 25 magnetically soft |ayers of the SUL structures is
deposited in H5Els é’ﬁl@r@ﬁa‘r%@l?m é]éoyﬁyg]ﬁiﬂa P?fﬁmécspﬁ%]é’@r%ﬁ?atsﬁé‘?@%’ _?r&fget
Adverting 50 Elfboshes SAABFMAe ¥nirbd s SHEQIAALBEE L1l the Bpstr Mtfudd 6F
cross- secfional”view, Is a portion of a perpendicul ar type nagnetic
recordi ng nmedsubstra#@ conomrisds g aboutt Hetombesteitt Aithick fayenof anttaahpégéedy t he

pseudo-| am nat ed 03/ 054862, PCT/ USQ2/ 27945, 16 SLL/ adhesi .
| ayer/ subst r at@stie PR eoml%fofj_ﬁLfa%sfa’s%feM %e’s Bsﬁf’é’t"’a "‘3{2’?@ thef?&fr cally
di sk-shaped agﬁ’d Nﬁﬂ{%ﬁbéw(gﬁy%oﬁ%ﬁn Rks 5i¢!(RERD,: 1 aﬁaqulfegé‘ngﬁ WP feRNsitsi ng  of

;
A, N P-plate al l oys, dther Al -basec? al I oys, otheér non-magnetic
met al s, ot her ilhstratiegy et 3), edchdyan agou$9,to ebowttiBOam fhidkyansk composed of a

gl ass-ceram cs, and composi.tes and/ or . am nat es.ihet.gof ., adhesion, | ayer
2A at the%pp@iagg?r}}qa&eso maéﬂ—bajﬁeé?céecg i I\gh%gﬁ%u(tp e%ﬂﬁ)gb’a@(?m 50 A
thick layer ofre@BRIRZraICoTeCECEEHNY,  0FTiAe RV ITSRAS] BE FaNOFeSiAL Cr,

Ta, Zr, No, Fe, Co, Ni, and alloys thereof; and n magnetically soft
sub- | ayers 3MFeSiAdNe FaTe€, BeAMNitangddfeTabindion gxampls thet ppesdo-lamingied Sl vel y n

= 3), h f bout, 50 1 '
mmghet §oal 1y SORRt0s ot Ok aicd B 2 SRR 60 RPs RPFRECHE ofby huliles )
FeCoB, CoZr, Q@ugid;s): @04 cbh h&edpd thickhekefrotabedro50fe abdeN,308e%i Al |

FeSi AIN, FeTaC, FeAl N, and FeTaN. Fqr exanple, the pseudo-| an na}t) <led SUL
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 4, and 4p, provided in a thickness sufficient to prevent (i.e., de-couple)
magnetic interaction between the pseudo-laminated SUL structure 30y, 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 3y. 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



structure 30L may be conprised of 3 stacked sub-layers of a FeCoB all oy,
such as (Fe65C035)88B12, each having a thickness fromabout 650 to about
1,300 A wo Bossee on the upper surface of the uppernost rragmesoeeadssy soft
sub-layer 3Mis a relatively thin interlayer.4 (also referred to as an
"internedi ate" layer), conprised of one or nore |ayers of non-magnetic
materials, illustratively a pair of Iayb7rs 4A and 4B, provided in a

t hi ckness sufficient to prevent (i.e., de-couple) magnhetic interaction
bet ween t he pstisthd- fram Fai@d akUIS-Be,Ouc bume(GN/Pdnat PHe ndtiryer magnefichar d

recording layer 5 but should be as ,thin as. possible i er to mnimze
the spaci ng bBPFEEHCE FEuqtEReompEised g?algr@qilggst erﬁ@ﬁ@l%{ﬂq]?arsis‘i Syepgic

readi ng and/ o&llo\fg;{a{ngilg)?ﬁ_rg%%{rgﬁg:&wqr @ e%h?a&ﬁﬁé‘g(er%ﬁ?awutflb%‘o HRRENKDSt

magnetically so u nterlayer 4 thus nmay conprise an up to
about 10 A t ¢dchlofltlay elternatidgather tayefs oftCd-bared nmagsetimalloyaigricam @bonit2td al

I df h 5 ONsSi St - f e Pd. Ta ' R . Hf .,
Ther cof T GOOSAT SaRERES a3 eyt sRsriet fipat oo WS CHRMIBBIALGS oy o,

per pendi cul ar gr KO 4LAH PY dnd¥%ash 8f ih® altbRafiRe ik Myelsifeionanssets P4 rdid s from
about 100 to about 300 A thick and conprises a Co-based alloy including

one or nore ehtwmbihd A thitkect ed fromthe group consisting of O, Fe, Ta, N,

Mo, Pt, V, Nb, GCe, ~and or an iron oxide WO 03/0 S 45 17
sel ected from FeBOQOW&EI%@ngB 149 arg 3 PENRGEY DFT ?é?énﬁﬂl{l%ﬂa%%é ?azfgrgneti c
superl attice gt diggbHagike aIdoh DY) fordlddeyvenhdrd ndghttic lagyes,andfa labriemnbased

magnetic alloy and non-nagnetic Pd or Pt, where n is an_integer from about

10 to abouf 2BpcoasdeyerdR. sush asjatlayes of ppgriiueropolysiher smassriaboopnedaverdbnet i

alloy is fromabo 3.5 Athick, Xis an elenent selected from
the group congl%g%ﬁ%‘a%gér%@}%%g?&' B, Mo, and Pt, and each of the alternating

thin |ayers of nonEaetgoeldyersP2- 8ranltthé protediivetovifiodt ahérckl nmEyriel formed)
medi um 40 are a _protective overcoat |ayer 11,. su&f{] s a_laye
[

di anond- | i ke BaiEBE A0REY TS PREIGY SAPHaAEPORKIgHe metho ,Serl%ﬁli%{ drom
'rr;?;'r f:lm fé?ﬁ%lg%gl\f}g,}_ vhAI et gporSaN i3S plith@Y fBin Blan? dREEHMDT RACHMERLET
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 mairix, depending upon the B content. For example, as-deposited

FeCoB films are amorphous when the B content is about 10 % or greater (see



protective overcoat |ayer 11. Each of layers 2 - 5 and the protective
overcoat layer 11 may be formed wutilizing at | east one physical vapor
deposi ti owq(BxB)sezret hod sel ected from sputtering, vacuumrTAsIRZATI46N, | 0N
pl ating, ion beam deposition, and plasma 15 deposition, or at |east one
chem cal deposition nethod selected fromchem cal vapor deposition (CVD),
net al - organo chem cal vapor deposition (V(ﬁVD)’, and pl asma-enhanced

chem cal vapor deposition (PECVD); and the |ubricant topcoat |ayer 12 may
be formed by &tL. IRlatSBt dndENE Frods. dbgre tely 2000 )n Singspihegis-dspesited didms asnd

vapor deposition. The adv ous char act t.t ai nabl e by the
orsent | nventiidi soHIRRERERTAT G apuipaane Sey rpERPRt BUUER f el on o
DC noi se, aretd éﬂt&iﬁtﬂlﬁis%dltaﬂle férhfe hokd OwhAE129%8 THeTun BXAsM1 S MNIBODEYT cal |y
soft underlayers (SULs) for perpendicular recording nmedia 25 frequently

conpri se FeCoBoaferange). i The . heapesabinents modifias| the istresshiaiivceds pappodirelar st at e

typically e ho I r t

anor phous t?@)%ogjé’pen ?r%l%gf;ryg%nh’? '?%BCO%,[%?]S%)%I'L__% aﬁﬁr &E&dﬁg%qﬂ %’si ted
FeCoB fil ns agsf aﬁrufepllﬁquane/\b@ébtfbheAmaght etfilins rallﬁﬁiﬂlt 1nJI‘He %mrplgmeataeé (see
WD 03/ 054862 PCT/ US02/ 27945 18 C.L. Platt et al | EEE Trans. July

2001). Since phier mid gegndls) heat treptmant.delativelyseyare Sigpttreptment gesults é%?%@l filmns,
an appfop“atS flzalib f‘ %ﬁert:h\% HRAYT 58 ¢ %ta uﬂr p erfaf?% f%g%%py

suitable for u as so ayers (see ethaf .,
Conf er ence). Eﬁhgmb'em ﬁtorreatatgﬁetb cmymhlﬁmeamlsdstaopsrtfoﬁﬂaqpmdtdoamiqsemdemmul ar 5

ani sot r opy, of e fil not es nl sotrop t\i and renders
filnms ver noie iR dhg Qb& ke S SA‘V’Blﬁofa‘@ﬁ B ViRt oar
the anor phousw‘u}&la[hg iam’f‘t)f Qétemuhﬁil (ﬂ’fé?ﬁér%}ysbﬂﬂﬁiaubﬁ %ﬁﬁrﬁﬂﬂe (fo‘f?ﬂaﬁ{ fo\‘ﬁllaﬁoﬁever e

heat treatnent results in local ~ crystallization. | ms are
crystal |l i zed, 1qadingetnd D€l Inmiseagérsatioopyn ther SULna;’ouhﬂgbé rpmvented or at least
magnet o- cryst ?rllkfrﬁ%ef%%géurd%plgmgfarn@nrI ppl e donai ns and cause
(FessCo35)gsB12 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)3sB12 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-laminated, 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



10 DC noise in the SUL. Accordingly, the follow ng experinments were
performed wth the aimof determ ning whether crystallization, thus ripple
domai n f owwoaisios#se2| eadi ng to DC noi se generation in the SWCGT/Cvakthibe
prevented or at |east mnimzed, by pseudo-I|am nation. (Fe65C035)88B12
alloy films for use as SULs were fabricated using a nmulti 15 vacuum
chanber, single-disk sputtering apparat ud? The filns were sputtered onto
unheat ed gl ass substrates by DC magnetron sputtering at a deposition' rate
of about 5. 5 readiackinuisewas dtamed onvthar foblowisgimanatrnds pider leandf ofadaoltof 3

mlorr and at about 2 - 4 kWtarge ower. The targe i ameter was ¢.inches
and t he t ar gettbe Slpsen gféhg‘pﬁ@l’?fgsqt}?égatﬁb‘tfma %ﬂﬁd@ﬂﬂg‘.@ﬁ&%ﬁ é{‘f’ré?aé(‘faéd)c
(Fe65C035) 88BLg, gl | Pife filphdomBinRla-H %ggnfaﬁdweﬂet OafiluBl-Bhapedhaubst hat es
by continuous deposition at a single eposition station; whereas bi-Iayer
and tri-|ayer smaplimprhtanofnht@sdset], Iwhichwtinee dolepiossigeds wsregonventedrtd thbr ee
consecutivel]y arrange rocess.stations, respectively. The total fi]lm

t hi ckness i d&gHe sgo g hé‘?ﬁ%?&"tn&ﬁ%eﬁ?em& an?orﬁh‘?"lﬁ?nadéh?ﬁl(t he
films were hegliderea!Ben bbtafRE i intddRatind THUAGISO AR pafd] fARuamsUdonsll - 340
C for about 8 sgc., whi ch gondi}jtg’ilgns alrg requli red fosr%adepfgeglluti on of a CoCr
al | oy magnet i caflltherhpomhalizingrtdi 00 kfige signale Abe cxerss S8 Lofead thecknpist s nat ed,
bi -1 ayer, and i -layer SULs were .perfo d on a Quzik de) 701A
test spin sta {Wlll?ﬁ(j’é'rs EaCtH@atﬁ? fﬁ%ﬁ*@é%"%@gﬁpgeﬁ?@ %bﬁﬂﬂtﬁgr%gﬁ%s‘%%d- back
noi se of the Shdbackhfissl WO 03/ 054862 PCT/ US02/ 27945 19 read-back noise

was obtained in the follow ng manner: A wi de band of each of A the filnms on
t he di sk-sHhped subkher spie standemeasprepents iapisated 4hgothe inseudg-lgauinateds SBEs
erased. The tine dommin r - [ . - at a
sanpling rate pé?pa%ec@}(geég %‘?&\e/\%asg’ %ﬁﬁr%g?dd%errml %ﬁésgégﬁlg%ﬁ%é%gﬁ%\gﬁ\%%gget o the
5 frequency daf®i theaod-lhmirtabelr SWs peparsd ahdexl sirhil@cipatieyngisovedrs . Refaeing

read- back noise was then obtained by integrating the noise in tge spati al
frequency dondPAIGEnd anf &nraspeciyelyshaynithersingye g@%‘? llysgratpg theddC doissss suUL

read- back noi Ss%e&?tﬁn 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 Miéroscopy (MFM).

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

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



determ ned by subtracting the integrated el ectronic noise fromthe
integrated SUL read-back noise. 10 The spin stand neasurenents indicated,
t hat the p®ensds4deam nated SULs prepared under different smavuvseeirmgspowers
consistently exhibited | ower DC noise than the non-lam nated SULs prepared
under simlar sputtering powers. Referri to FIGS. 5 and 6, respectively
shown therein are graphs illustrating t DC noi se spectrumof a
conventional, non-lam nated, 200 urn thick FeCoB SUL filmand 15 the DC

noi se spect r umages a)f 3he &y-dayer ps@siadammwaseas veye featwreless.ckherbggBarguL

filmaccordin resent |n is clea en h refrom
si gni fi cant IZ%I cﬁo’é‘ aﬁt goaﬂ%aér%f%& &FﬁgAﬁ%qug?ﬁl élf’édggﬂg f’lﬁ—'ﬁeg %
whereas  subsiaps ifidhd mermmqqm@ee wmchpﬁe@sr MO Hpply dérhaing fri thedUL film. Such
pseudo-lam nated SUL (FIG ~6), i.e., the noise power |evel of the |latter

remai ns constdpileddomaies atectherisailt of pagial xuystellizatiopyef then Slnas caysed fi¥equency

range of t r f
non- | am na ed{ﬂgﬁ%ﬂ fﬁ%@%ﬂ\;gé%&?ﬁfﬂéei?%ﬁl%ﬁ%@??%eﬁe Ri rﬂ:o%l ]1(‘?1 gl(thuency
range bel ow ahguhllihe@nisbgopy whithextiesia d’ileaﬁlmbaakrna@mﬁeof t he non-

| am nated SUL was quantified as_about 6.6 dB, which | ow frequency nojse is
attributable to thBefeHgMeROW toiFdlgd, Wﬂ'la'thW&l ray Gyifiac E‘g‘r@‘?‘q%“ #1

addi tion, they28) excess o?%)]% Siddls, Q%Ckn a@éq %hﬁy@ﬁﬂséuﬁ@l%hﬁ@d%l opl ¢

measur ed by t%e sSpin"* sta est ‘corre ate t he anmount
donai ns pr eseti-ldybe psiudo-laninated seeCGold fibys. Mag ise¢learly-ovidentMrem dJ€o Fy tdVFM) .

o nat ed 18U IFTAlY cot W8 il 1ah @0k higsHtr et 0 go st SRS he. wEw
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SULs were featurel ess ark contrasting areas are
attributable psnutlbéarﬂﬁgtedtﬂ[ﬂafﬂmn’ﬁhda&ﬂatgrecamﬁmtk effripple doloams bbsemveditey fi | m

pl ane, which areas are ripp dormains in th fil ri ppl e donmai ns
are the resul Migyl OBgﬁlafeéIWf‘é]r‘%}@&eIrpliﬁY‘? W‘E’f“eﬁﬁ threlofg]ﬁ(l:ﬁﬁé’ &shy 5 t her mal

anneal i ng, wherei nybey V3Ll dehtinb@ite MR G5 HsbifMahindidn @8l ARIHET O-
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 (FegsCo3s)3sB12 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 elimination of DC noise, while avoiding the
difficulties and drawbacks associated with commercial-scale manufacture of

conventional laminated SUL structures including alternating soft magnetic and



crystalline anisotropy which varies in direction and nmagni tude. Referring
nowto FIG 7, shown therein are X-ray diffraction patterns of the three
types of ®do3fosksse, i.e., non-|lam nated, bi-layer pseudo- |rPT/vsaRRTH45 and
tri-layer pseudo-lam nated FeCoB filnms. As is clearly evident fromFI G 7,
the 10 intensity of the a-Fe (110) peak is highest for the non-Ilam nated
SUL film weaker for the bi-layer pseud%lfl am.nated SUL film and weakest
for 'lthedtrl - a% Glpseg}ld(h)ﬁ-’sl aa\n/lmr&?lt ed ;ULté!EI \T@\rd-g[]e r;ll ?ﬁ@lév}eog?nogfg(té_s ?f
rippl e adonal N$Paoess eaya EBULERGCa e t me Y ar 1vely
intensities of.the a-Fe (11 eaks. ,The above | t.s denonstrate that the
" pseudo- | am relgAe g apbr-oo hedep@ahrt of Dlingifs S8HORE YAltfiei g oc
noi se of the g@lderiaferd F READiCdHhSiky, E%ﬂjaﬁaib@lar fr@g@é’tféire&rﬂﬁ%irﬁedid?y reduci ng
ripple donmain formation via reduced crystallization of heat-treated
anor phous SUL fi | nEhe psdiy sbhsquesneasention meyespessallsupsefyll when qraplaged on
QU0 St uct O ot CoppTioh Wi STl Bhter REk A Ul rBhechB, REGH AR CoB, "™
dependi ng upopartibglaheatilityr aat hph eendink akasityM fbdiahifonetompiiel ®¥aecs bei ng
preferred regard] ess of the heat treatnent conditions., Thus, the present
i nvention adv%l?ﬁh&g%@sﬁya‘éﬁlﬁﬂ%db% anﬁbﬁl‘fs/@eélarﬁag t]i’edlg@ﬂy fabe%?dthglea%;i ty,
recording, st oy amyin@riPieliRRGteRe GEPAALRE JIRBREN. ° o ed 25 O
gigﬂsl?élnggi (r)lat efl_, _img{eqiré\da#d de_s&d;ftiongnuiﬁgﬂoayﬁ}ecﬁﬁ_ﬂle)tai?tarelfezufomh,wrmlmas educed
r eljmnation of ripple domains er ei n,advant ageous
provi di ng 19 W%fjé?s Mﬁﬁ“ﬁ@ PEHEELS0 ATAGFSSED| Fﬁcnafq (ﬂ’id?ff t%@rﬂ%(ﬁ%e% _%ﬁtﬂ e
avoi di ng the Fﬁ’defr;thl‘ftﬂh% !o%fthcfipfks _t%%agisﬁ. BRARGEAURL phishl ROBIRICER] pscal e

manuf acture of conventional "l amnated SUL structures including alternating
sof t magnet i cp@oticedOviBA0T4RBNnPOTheIERI1L SPetifically sspfortlr In ather mstansesa
consequence, the .inventive .nethodol o effectivyel | i m.nat.es,.or at | east
suppr esses, tﬁgﬁd@ﬁwf’?ﬁ?&l}g "E%’rf‘?(]ﬁ %@tﬁg%%‘feé\lﬁé&gwtt _eggﬁcn %H'e(ﬁqt ers of
hi gh bit densjq ¥dePRstRE DhdessaFily CHIBEE Kife prosak tiveatisredi a.

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.



The nedia of the present invention are especially useful when enployed 5
in conjunction with single-pole recording/retrieval transducer heads and
enj oy pawma@wseas2utility in high recording density nedi a KGwuso2/27945
conputer-related applications. In addition, the inventive nedia can be
readily fabricated by nmeans of conventignpal nethodol ogies, e.g.,

sputtering techniques. In the previous cription, nunerous specific
details are set forth, such as 10 specific materials, structures,
processes, etc., in order to provide a better understanding of the present

i nvention. HoWhabis Clalmeddisesent invention can be practiced without
resorting to the details specifically set forth. In other instances,

wel | - known processing materials and techni ques have not been described in
detail in order ndt toAuhighcesdaeddrginghizositye petpengicelse maghneticeracooing 15
Only the preferred enpodinents of th res i.nventian and but a few
exanpl es of i Pgdipg} g’g‘BifFél’(Cﬁda’f @%§%%ﬁbg Oﬁgts’&‘?l?%éampﬂﬂflﬁe pr esent

di sclosure. It is (§o bg WpdeintROshshak Hhlifg RIsaSRed; ahdvention is capable
of use in various other conbinations and environnents and is susceptible
of changes and/or (Wodi fileyristack fpimed nvernsaid sdstratst surfaee,i saidelayey staddoncept
as expressged herei.n. WO 03/ 054862 PCT, USOZJdZ7gS 5at 2112f Wat is Cainmed Is:
1. A high-are ?mplg%%,dpﬁ&ef(y}gﬂgﬁﬂ‘}?nif %ﬁ@ﬁ i ‘?’r%ér%g?'i c recording rmedium
with reduced or substangial | y mgheti¢dynefis@deddeBri sing: (a) a non-nagnetic
substrate having a surface;, and (b) a |l ayer stack forned over said
substrate surface, said(iayerntkpgore HQHMW%IUF@I,WP%%@HI yi hg seguence

fromsaid substrate surface: (] . i . t rl r; (ii) at
| east one non-magnetic f% erFé@%?gu%ﬁgn%%#§§£%¥%%g%€?%%gﬁg§gﬁ%ﬁd

per pendi cul ar r ecofxhiefein | sajke magnbitdatiynsefaivhdemagret (bX@) iy tisiokdr thadesdidyer
(b)(i) is thicker than sajd 10 magnetically habr ..perpendi cu| a r,eco&di ng
| ayer (b)t9ii magnefiGally haydpaipridictar feqosging layer (b)(iii) and is a pseudo-laminate

structure composed of a stacked plurality of sub-layers of a magnetically soft

material.

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).

3. 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.

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

said magnetically soft underlayer (b)(i) is 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. '

5. The magnetic recording medium as in claim 4, wherein:



structure conposed of a stacked plurality of sub-layers of a magnetically
soft material. 2. The magnetic recording nediumas in claiml1, wherein:
sai d | ayewosi3asksetb) further conprises an adhesion | ayer |retTvesen/2%8b d
substrate surface and said magnetically soft underlayer (b)(i). 3. The
magnetic recording nediumas in claim2, wherein: said adhesion |ayer
conpri ses an about 10 to about 50 A thi A | ayer of a nmaterial selected
fromthe group consisting of Ti, C, Ta, Zr, Nb, Fe, Co, N, and alloys
thereof. 4. The negitbagnetically sofhyndaslaiyemibXe) is somipasead of 2 stieked phiralétyi d
magnetical ly soff —under i) is conposed of a stacked plurality of
sub- | ayers ofoéuhﬂ@f?&?éﬁ%éﬁéy'mteri al selected fromthe group
consisting of FeCoB, CoZr, CoZrCr, CoZrNb; CoTaZr, CoFeZr, and FeTaC. 5.
The magnetic recorgli ng TESmdgActis reddréihginisdfum whizr ctiim 5, Whdd&n054862

PCT/ US02/ 27945 23 said magnetically soft underlayer d(6b1)£-i) i S %‘grrposed of
a stacked pl ural i tspid sragaefisallygeft gndgrlayerdoaRisgonippsedsol Iné stackpd siks

(5 (1) 19 conbyBaaEglebs" DB eocf MR R uspR s FORPRORER B LAAE, 0"

havi ng a thi ckness from about 50 to about 130 nm 7. The nagnetic
recordi ng medi um a% i n Thamagdsticwbending mesiaim asin ¢laiast, winreinon- magnet i c

| cast one. mon- N 165 ate P eGEHEARERRYF ONEHETRIEa A 0B BB ng of
Pt, Pd, Ta, Rgg ARdickhfyer |1%2é§s shanenf eneTﬁdﬁl&ﬁﬁaﬁ_rﬁae@ﬁ?s@Qcteé fRdnh @es. 8.
The magnetic recorcfl ng nediumas in claim1l, erein: said magnetically

hard per pendi grobprcongsttngiofBt, [Pdy &e, Rb,) Rivi HY, dlloys tareafbdirCr, agioCedbaggsout 300
A thick ang cglmg,rsi ses a Co-based alloy including one or nore

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,
5 and B, or an iron oxide selected from Fe;O4 and 8-Fe,03, 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
10 group consisting of Cr, Ta, B, Mo, and Pt, and éach of the alternating thin layers

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

9. The magnetic recording medium as in claim 8, wherein:
said magnetically hard perpendicular recording layer (b)(iii) comprises a

CoCrPt alloy.

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



el enents selected fromthe group consisting of Cr, Fe, Ta, N, M, Pt, V,
Nb, Ge, 5 and B, or an iron oxide selected from Fe304 and 6-Fe203, or a
(CoX/ Pd owaRi3)o5486zrul ti |l ayer magnetic superlattice structurreesprigsd of
alternating thin layers of a Co-based magnetic alloy and non-nmagnetic Pd
or Pt, where n is an integer from about_ 10 to about 25, each of the
alternating thin | ayers of Co-based magn7éltic alloy is fromabout 2 to
about 3.5 Athick, X is an elenent selected fromthe 10 group consisting of
Cr, Ta, B, Mb, andsaRl noamhgnatih sobsitatee ()| compuised agnatetial $edgeiqds fropt the

non- magnetic Pd or Pt js ut..10. A thick., 9. ..The t dj medi um
as in claim 8$T°V‘Pi€?%ﬁl§§1.ng5°§.ib‘§’ #ﬁ%’ﬁ@f‘?dtc‘gi’ @"M&PH%% ngeggﬁbbﬁg %d; ﬁfo 8’odr)t§|9rng

layer (b)(ii iﬂorfl-\ﬁﬁ?ﬁé:tﬁ%et@ls, SA& n-BhsYic alifys gth@s,@aﬂtﬁﬁ&si, olyanes,¢lag medi um
as in claiml, erein: WO 03/054862 PCT/ US02/ 27945 24 sai d non-magnetic

substrate §a)caans; adsompesitesrand/or damigatea thefgofm t he  group consi sting of
A, NNP-plated Al, Al-M alloys, other Al -based alloys, other non-magnetic

nmet al s, ot her non- ppgnety I > i . ol R 5
ceram cs, and corrpggi te?hgH%ﬁ%é}yﬁsrg%&ﬁgézgecﬁﬁ{é%g}#amﬁ?’ eélfrcl?é%eti c
recording nedi um ag)i n gl grekedtivel Ustdheat Cluyer | sVerg: said cnagngiically c thiavde
overcoat |ayer over said magnetically hard perpendicul ar recording |ayer
(b) (iii); andpqra;ndacul@ndfﬁmr_émg lﬂﬁﬁ&@_élﬂl)ﬂ aé?ﬂe_r over said protective overcoat
layer (c). 12. Thfdgmggﬁﬂr&aﬁﬁgp&% PerBit YTl BPorb vl ALl lapigepi n: sai d
non- magneti c substrate (a) conprises materi af selected fromthe group
consisting of Al, NiP-plated Al, Al-M alloys, other Al -based alloys, other
non- magneti ¢ net al §2. ot Mae magnetagpeding medinpss igrlags 1, whewii cs, pol yners,

gl ass- 5 ceram cs, and conposi.tes %?Pg/ r, Lam nates_t her : i.d. 1 ayer
stack (b) conprise8 a‘??n'a"gﬁwu&wp ??@ef%@@wegaﬁ Hlageglggg %lg%tg(ﬁ]gﬂr atg% and
sai d 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-
5 ceramics, and composites and/or laminates thereof; and
said layer stack (b) comprises:

an adhesion layer between said substrate surface and said
magnetically soft underlayer (b)(i), said adhesion layer comprising’an
about 10 to about 50 A thick layer of a material selected from the group

10 consisting of Ti, Cr, Ta, Zr, Nb, Fe, Co, Ni, and alloys thereof;

a magnetically soft underlayer (b)(i) in the form of a pseudo-
laminated structure composed of 2 - 6 stacked sub-layers of a FeCoB alloy
each having a thickness from about 50 to about 130 nm;

at least one non-magnetic interlayer (b)(ii) in the form of an up to

15 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

20 alloy including one or more elements selected from the group consisting



magnetical ly soft underlayer (b)(i), said adhesion | ayer conprising* an
about 10 to about 50 A thick layer of a material selected fromthe group 10
consi sti ngoof3/05#862Cr, Ta, Zr, No, Fe, Co, N, and alloys tHoareseb,27%s
magnetically soft underlayer (b)(i) in the formof a pseudo- |am nated
structure conposed of 2 - 6 stacked sub-layers of a FeCoB alloy each

havi ng a thickness fromabout 50 to abou?3 130 nm at |east one non- magneti c
interlayer (b)(ii) inthe formof an up to 15 about 10 A thick | ayer or

| ayers of at | east ob@e Heofa ddigMd,it, VENerGaland $soeen gdn Prisimstlseted dioup

isti f Pt, Pd, Ta, Re, Ru, Hf | thereof , Ti-Cr, -b d
21 oys: and a magnBeiQaiTd R Be (BRI BEBT e eag BB R )
the formof an ab QHﬁctﬂn%O Iohg)ri‘:s‘p(%'f al%%tiﬁgtetlpgggyek%ﬁ CEYARY m8sheAt aBloy

Co-based 20 alloy™ inclu one or nore nts selected fromthe group
consi sting WO 03/ 0248 63nBGEELEIGOPA 27 P45Wheé? ndf a@rintefer, frata,abiitt, 10ty atruf v,

Nb, Ge, and B, or an iron oxide selected from 304.and 8: Fe203a or a
(Cox/ Pd_or25pt)" mulPi Pa&gé%f t e,]FFé??tEIgstﬁ}B’ed%ﬂV%fﬁPf ég’gbaé%“? H’&gﬂg‘bc %ﬁo#p?ifg’é‘a of
alternating thin | aysus) o 18035k GHicRERNB  AnCeldhbly seleviéll ofir ﬂ’ﬁg?ﬁtlﬂﬁC Pd
or Pt, where nis an integer trom apout 10 to about 25 25, each of the

al ternating thin | ayesistingf oftce, FasBd Mmgné Pit.cand| dagly of thef gligrnatiagdhin 1ot o

about 3.5 Athick, Xis.ap ele t l ect ed 13 he group consisting of
Cr, Ta, B, Mb, andnﬁg,nefé%{;‘y%ﬁafor?ﬁg a&PWe]r(L‘étqﬁ]lﬁfé' thin non- magnetic
| ayers of Pd or Pt is about 10 A thick. 13. A nethod of manufacturing a

hi gh areal recording, dengii¥thodPef ReMdifssliig rAGIEH iageal emoording deasityym wi t h
reduced or substantially zero DC noise, conprising the steps of: (
provi di ng a neerpendicular magneiia M@@I%W%nhwﬁbﬂ?%é‘? Oéﬁ‘é’s?“?lbl)ly F@Prﬁ%g a

e e s AR 3 2o, o o 79 otepe for forming i
: () providing a non-magnetic substrate having a surface; and
5 (b) forming a layer stack over said substrate surface, comprising steps
for forming , in overlying sequence from said substrate surface:
@A) a magnetically soft underlayer;
(ii)  at least one non-magnetic interlayer; and
(i) a magnetiéally hard perpendicular recording layer;
10 wherein 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

magnetically soft material.

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, CoZiNb, CoTaZr, CoFeZr, and
5 FeTaC.

15.  The method according to claim 14, wherein:



(i) a magnetically soft underlayer; (ii) at |east one non-nmagnetic
interlayer; and (iii) a magnetically hard perpendi cul ar recording |ayer; 10
wher ei n stwapo3(osyger) conprises form ng a pseudo-| am nat ed Stagsoar®4bhavi ng

a thickness greater than that of said magnetically hard perpendi cul ar
recording layer formed in step (b)(iii) gnd conposed of a plurality of
sub-l ayers of magnetically soft mat er i af® 14. The method according to
claim 13, wherein: step (b)(i) conprises form ng a pseudo-| ani nated
structure conposedstep (B)(i)sbepkiees fotringla psgudd-lasuinated sspaiusrcompesgshet 4 cal | y

soft material selected.frg e [ Lsting of FeCoB, CoZr, CoZrCr,
CoZr Nb, CoTaZFt?aiﬁli)g‘Z‘i‘a}l £\ éuggaﬁé%%@@%og. net hod according to claim 14,
wherein: WD 03/ 054862 PCT/ US02/ 27945 26 step (b)(i) conprises formng a

pseudo- | am nat ed stpuCt Ohe nERDEROrddg 1@ cldinalck ederdinir al i ty of sub-layers
of a FeCoB alloy. 16. The nethod according to claim15, wherein: f%ﬁf’
(b) (i) conprises f ateri(AY)sopwaisercioraingpsederianipgtgd eSS FOBWOST - 6

e LS AR e bl e

(b) (i) conpri gesutfid0minlg sai d pseudo-|am nated structure by a physical
vapor deposition (PVD) process. 18. The nethod according to claim17,

wherein: step (b) (i) conprise orm ng sai.d udo-l.am nated structure by a

sputtering processi¥19. é?ﬂﬁWLGﬁOQQ@%Wﬂﬂﬂﬁpﬁg“’eﬁWﬁ\l?, wherein: step

(b) (i) conprises fqri g5 bsnPRRY IRrhfE RAHE PsetidbUsthitaredC ofiRasRd by a
physical vapor deposition (PVD) process.

18.  The method according to claim 17, wherein:
step (b)()) 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 material 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).

22.  The method according to claim 21, wherein:



of a stacked plurality of sub-layers of a soft nagnetic material by
depositing each sub-layer in a different chanber. 20. The nethod according
to cl ai m WO owlksessei n: step (b)(i) conprises form ng said pxaukskaas nat ed
structure conposed of a stacked plurality of sub-layers of a soft nagnetic
mat eri al by discontinuous, sequenti al position of each sub-layer in the
sane chanber. 21. The nethod according t© claim 13, wherein: step (b)
further conprises form ng an adhesion | ayer over said substrate surface

prior to perforni rgemsdsompyisds)forming sTideadhesion ttystebrtabayt 40 te pbuins91

wherein: WO 03/ 054862 PCT/ US02/.2794 { ) I - f i,ng.said
adhesi on | ayer PR eéﬁ’%tm%@n?loseieﬁge&tt%%%igfcﬁil?cq?%%%)@ Egﬁ‘ 1’a((?lrr’rgﬂta’erglr’al

sel ected fromgphe, GoONR aa@Rgbsdthagonf Ti, C, Ta, Zr, Nb, Fe, Co, N, and
al l oys thereof. 23. The method according to claim 13, wherein: step (b)(ii)
conprises formng an up to about 10 A thick |l ayer or layers of at |east
one non-magnetic rad-er i Bhe methed peeprding e claun 43 oWReeBhsi sting of Pt, Pd,

Ta, Re,. .Ru, Hf, al étg%ﬁ))&ﬂecroﬁff)hsesgoglgﬂh(gb@% ‘bgﬁisﬁﬂ}xathlcﬁ]}ﬁyer 3¢ 1aybReofmet hod

according to claim erern: (I"i1) conprises formng an about
100 to about @Q0Gashohbinok-nhapyetic matemial selectedfrom Be-grawe donsisting af i) Bdli ng one
or nore elenents selected frogmt . group_consisting of Cr, Fe, Ta, N, M,
Pt, V, Nb, GeladfRg; Héra%&bis ﬁwﬁﬁ?g&.@%a@f CamatadAlod om Fe304 and 8. Fe203,
or a (CoxX/Pd or Pt)" nultilayer nmagnetic superlattice structure conprised

of alternating thisylayehsnfethod abborlRgas cIBANS! Wherel: | 0y and non-nmagnetic
Pd or Pt, where nis an integer fromabout 10 to about 2 each of the

al ternating thin | syei(s)(ic) comphasseidrmingnat alzotmlp@yo@owrgﬁﬁ Aoibink Byeto
ot 8 Ao gk, COUERSTERK SOLIRLSH: DLAR PRpti Q8IS o ©
non- magneti ¢ Beufrcobdistiy of Cr, Fe, Ta, Ni, Mo, Pt, V, Nb, Ge, and B, or an iron oxide
5 selected from Fe;O4 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 # is an integer from about 10 to about 25,
each of the alternating thin layers of Co-based magnetic alloy is from ab_out 2 to
about 3.5 A thick, X is an element selected from the group consisting of Cr, Ta,
10 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) comprises providing a non—mégnetic 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,
5 glass, ceramics, polymers, glass-ceramics, and composites and/or laminates

thereof.

26. A high areal recording density, perpendicular magnetic recording
medium with reduced or substantially zero DC noise, comprising:

(a) a perpendicular magnetic recording layer; and



about 10 A thick. 25. The nethod according to claim 13, wherein: step (a)
conprises providing a non-magnetic substrate conprised of a nateri al

sel ect ed woomsroskss2gr oup consisting of Al, N P-plated A, Aciusoakiays,

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

al l oys, 5 glass, ceramcs, polyners, glass-ceram cs, and conposites and/or
| am nates thereof. 26. A high areal r ectt di ng density, perpendicul ar
magneti c recording nediumw th reduced or substantially zero DC noi se,
conprising: (a) a (®rpenuacufareducireor substatialdy riminajiog ; D@ngisa®@iRid54862
PCT/ US02/ 27945 .28 (b) nmeans for reducing or substantially elimnating DC
noi se of sai d@®8"kdi um 27. A disk drive conprising a | ow DC noi se

per pendi cul ar magnetic recording nediumincluding a pseudo-|am nated soft

under | ayer structupp a@ceiskidigetcdmpriging allow DC noise perpendicular magnetic
recording medium including a pseudo-laminated soft underlayer structure

according to claim 1.



