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(57) Abstract: A high areal recording density, perpendicular magnetic recording medium with reduced or substantially zero DC
noise, comprising:(a) a non-magnetic substrate having a surface; and (b ) a layer stack formed over the substrate surface and com-
prising, in overlying sequence from the substrate surface: (i) a magnetically soft underlayer; (ii) at least one non-magnetic interlayer;
and (iii) a magnetically hard perpendicular recording layer; wherein the magnetically soft underlayer (b )(i) is thicker than the mag-
3 netically hard perpendicular recording layer (b )(iii) and is a pseudo-laminated structure composed of a stacked plurality of sub-Iayers
of a magnetically soft material.
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This applicatién claims priority from U.S. provisional patent applications

Serial Nos. 60/338,372 and 60/338,447, each filed December 6, 2001 the entire

disclosures of which are incorporated herein by reference.

5 FIELD OF THE INVENTION

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

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

low noise characteristics.

BACKGROUND OF THE INVENTION

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

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

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

20 a magnetic material on a suitable substrate. Very high linear recording densities
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application clains priority fromU. S. provisional patent applications Seri al
Nos. 60/338,372 and 60/ 338,447, each filed Decenber 6, 2001 the entire

di scl osures of which are incorporated herein by reference. 5 FIELD OF THE

| NVENTI ON The present invention relates t9 a nmethod for manufacturing

| mproved per pendi cuI ar magnet I ¢ recordi ng nmedia Wi th reduced DC noise and to

per pendi cul ar recor obt ai ,ned r,,eb sent ntion is of
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densities and very 1law nqQise characteristjcs. BACKGROUND OF THE.| NVENTI ON
Magnetic nmedia are Vit deIveligeam; that sfficient high bit densihisrecordingi wiilizing ¢ in t he
conputer i ndUStﬁe\épen@fé@la?Hagﬁéﬁ n?erdﬁnﬁ%hirék‘{ﬁ!elﬁbsﬁ%ﬁ%f X"félfihvtef}qhﬁk@ Dfas

I ncreasing the areal recording density, i.e bit density of the magneti c
media. I n th¥s qostpared, tosdhe geaspetic 'rﬁﬁt@rcpegtdaxea] azmgneemw'%"meda}'mve been
found to be su h ? . [
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medi a, resi dualallvgdRermailay), betwiesn ﬂmrnmetnagne’ac suhstrate,te gmobg}apnelalilmnumr to the
surface of the netic diu typi cal ) e of a.magnetic.mteri al
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are obtai nabl e db}balﬂbhdedZaﬂlﬂg (Sg., 8ICWCL IR MaviAp Pependicilircasduepy oPbf ahead”
with such Eerpendl cular magnetic nedia. It is well-known that efficient,

high bit dem@i t(FoXRdreti R (Rlt-layerg superlalice FAICRIER: al heraigagieficallye §pfim

requires interngRkddyRP sétvediol alidd hl\égtltét'lctﬂﬂxcéim(rﬂahﬁ'g froﬁ"xsthe 5165(9&9@1[ dnto the
magnetic recording |ayer magnetically "soft" underlayer ("S l.e., a

magnetic | ayer m@snehgallive{mﬂt v@myndlwarcaeg@qum regordingc leyers 1ot acécht!m;ethe al | oy
(Permal | oy), m num
(Al') or an Al - ba%g%gﬁcﬁtl gsf,?‘%d ddﬁ ﬁg&tﬁgg‘%g (gt?feg%eragmg P%%a?yue g., of
a activated magnetization reversal by reducing the demagnetizing ﬁelds which

15 lower the energy barrier that maintains the current state of magnetization.
A typical perpendicular recording system 10 utilizing a vertically 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 44 and 4, is provided in a tﬁickness
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



cobal t-based alloy (e.g., a Co-Cr alloy) having perpendi Cmarlj MAYS@g50pPy or
of a 10 (CoxX/Pd or Pt)" nulti-layer superlattice structure. The magnetically
soft underl ayer serves to guide magnetic flux emanating fromthe head
through the magnetically hard, perpendicular magnetic recording layer. In
addition, the magnetically soft underl aygr reduces susceptibility of the
mediumto thermally- activated magneti zation reversal by reducing the

demagneti zi ng f,i el ds ich 5 | r _the ener barri er that jnfains the
current state ol?e%ﬁrfg??%efi e.oﬁfﬂ? i 3?“3’5?‘%%?8& URPet E%rogﬁﬁegf‘agﬁ}st em 10
utilizing a vermagalit yecordiglaget 5 fegaeitmimediduihd opéritiontof Skbd MBI t hi ck

soft magnetic underlayer, .a relatively thin hard magnetic recording |ayer,
and a si ngl e- pcAdditioadg the aboye, ipferlayer dplsoservegsto Il"PmOW"@rs’é‘P%mﬂ“é?%‘i“é‘H@g nuner al s

2, 3, 4, and 51anH?1§.%ﬁ€t§cjﬁ&@ﬁ&tiesid?%&ﬁ}@r&Mir%QQ%}S.at e, soft 20 magnetic

under | ayer, at |east one non-magnetic interlayer, and vertically oriented,
hard magneti recor disnghowayhyrthe frrgies prethdifigutedndinatingethe pathendithamagnetind
reference nu I respective i.ndi cate, the single and.auxiliary
pol es of si nglnzfil&p Ifguxarrggshg?epca%tef%aaﬁé{gl ]g?rfmh%aggé 8&e§ePaf1P§ISTp§let PFH%t er | ayer
4 (al so ref err athnsduceShead 6, eritdtingrai® Paiing thloateverticallo wpientsé,thaff magirtior nore

| ayers of non- ma?gn(%taii 25_materiagls,, ill us&rati vely a pair of |ayers 4A and
4B, i's provi ded®fHdias {ayeER e Ee region phevesmgla Rply, /espisiing (and dravelling 2lgng| e)

magneti c i nt er aghiRnbed WRRHajeR8 604 histaHtd 8hd a&xﬁaxﬁngmré&@n B phsigg or di ng

| ayer 5 but should be as thin as possible in order To mnimze the spacing
HSS bet weenl® hehiosgle vertigjly erfentedehard sppeneticerecordmg lawr Srig theeegipppadiovedge of

the ragnet i cal |y gl e ok slo-stue SRAGLASEMRcc? rad Y AY0GrIslipLpeen the

| ower edge of t ucer upper edge of the hard ~magnetic
recor di ng | ayemdéyengntilof renpendiculae dnagmeticgnedpmn okt ipest wénsdyet ewad 06 i$ n

i cr ost ruct ur At S B s B s sttoR BBVSFHE Thar & recording layer 5. 5 As
shown by the arrows With tdoatifiedUfeferéemtdi aFIGQ 1} vertioalt finef 9t helicarggedin ¢ f1 ux
B o sl TG COmANTEL e Bole.l of o110k pote ngnet ¢
magneti c  recorcdhdiButingdy@edibmi 10 Ashpphest Bém akORgurs] e lvidodfand gradt@é i ng and
travelling al Or;geasured 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 24 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




soft magnetic underlayer 3 for a distance, and then exiting 3H%*@Wr§Wﬁand
passi ng 10 through vertically oriented, hard magnetic recording layer 5 in
the regi on above auxiliary pole 8 of single-pole magnetic transducer head 6.
The direction of novenent of perpendicul ar magnetic nmedi um 1 past transducer
head 6 is indicated in the figure by the, arrow above nedium 1. Wth
continued reference to FIG 1, vertical I?nes 9 |nd|cate grain 15 boundaries

of each polycry i.e., anul ar r of er st ack
constituting rre‘éé@rf%‘ el&é‘y%fﬁfz?rsgﬁtmaﬁ?‘ﬁ IP"I’F sﬁlﬁ?té‘} FmCQ}PISPH% grains
(as neasured idf N, Nawd @enhaloyyiCe CoFe) e, qwfsNeEéSaApfFes NE@icy%evatleAskl ne
layers constituting the |ayer stack of the mediumis su Stantluil |y the sane,

i .e., each ovéinFymﬁ’éa)feéﬁethlPﬂbl foERprises 2 yehpad Raifiofivp torbeutd Ok diiek yi ng
| ayer. Conpl et ijage2d, aFQF b Tecks Hhnch- RADAE HakRaL VRRGI, ﬂdasrgrmf'l%n fjuch as a

| ayer of di anond- car bon over megnéti’c Fayer 5, and a
| ubri cant t opcden andafetbasetinllogs; @hd hardemagnyiis layér &1spgp1bhluocqnmnisy<bbf1§ai ene

mat eri al , forrre V, rcoa r 11 .Substrate 2 is
typically di sk-Sh @p@g tyl corr%%[hég(e%q’ero Ctz E’??ﬁgﬁ@?y fcluding ong or 810Ir%y, e.g.
Al or an Al - basﬂmhatslsa;esteﬂlfmhxmg\iupl\dbnﬁamlgngcaﬂ?ez?iaNﬂr Py PgtV,IND, IGayer on t he

deposition surfa t.hereof, or, substyrat conprised of _a suitable glass,
ceramc, gl ass aeﬁ?aﬁﬁoe oxbclﬁy%? s F ﬁﬂﬁ“e“t“&él' FCZ@P’ PPy multilayehat e of

these material snafeidBipelitibd o, 3RS Al AGE #én 3bolNG tRBSY 255U f ace
t hereof, typically conprised of an about 10 to about 50 A thick layer of Cr;

sof t magnet @ eacheof thy altergating, thjrplayers bf Codasadi megnetis allqy iafom a@pd2® t 0 about
3 1 MAY 2006 4 4 c e l.ected from
t he group COI’ISI s ‘?%85 ﬁ % & klgé%fefr%étr%nlﬁ%% ffd;@% éré%’Fg%tsﬁMgaéeﬁf TEESI ,

FeSi AIN, etc.; B,Mo,ahdPgasd eacthf themlkerdamygtlum nby{magadticylayeongfiRds@Ptas | ayer or
a pair of upto t 4A, 4n of | east 0o n- magneti c
material, such?} qu ‘%ghﬁﬁ' Eac%utypﬁ'l Fd %nd@len Fﬁﬁo%glgog‘%’ rdmgf]e'rléggas and hard
magnetic | ayer pErpeﬁdlbmm ﬁ:ﬁbdtbbp?%ipﬁlgsmdn @hagacto-caaillinel&ifisotepplfBtitypdP0 A t hi ck
| ayer of a Co- ed al | Oébl ncl udi or nore elenents selected fromthe

i
group consﬂs?lﬁ@ gF inggrfac amsPeSmpMngWBe Pt, V, No, Ge, and B, iron oxides,
such as Fe304 and 8gbaaflsi "d@ﬁbl@-lf()@f’)ge%in&ifzulﬁtﬂwdlm&ﬂals A¥fftibed above and

illustrated in FIG. 1, comprise a relatively thick soft magnetic underlayer
("SUL") 3 of a high magnetization (M;) material (such as those enumerated
supra) which exhibits in-plane anisotropy dominated by shape anisotropy 4nM;.
20 However, since the SUL 3 is relatively thick, i.e., typically from about 2,000 to
about 4,000 A thick, it becomes difficult to maintain the magnetizations in an in-
plane direction due to a perpendicular anisotropy component attributable to
various factors, i.e.,, magneto-crystalline anisotropy and magneto-elastic
anisotropy (see E. E. Huber et al., J. Appl.Phys. (suppl.) 30, 267S (1959) and S.
25 K. Wang et al., 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., [EEE 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




magneti c superlattice structure, where n is an integer fro gl:m@t t o about
25, 10 each of the alternating, thin |ayers of Co-based magnéet g oy IS
fromabout 2 to about 3.5 Athick, X is an elenment selected fromthe group
consisting of Cr, Ta, B, M, and Pt, and each of the alternating thin,

non- magnetic layers of Pd or Pt is about;10 A thick. Each type of hard
magnetic recording |ayer material has perpendicul ar ani sot ropy arising from

magnet o-crystal | i ne_ani.sot£Q %&% terfacial anisotropy
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ani sotropy 47CM . 20a4dueViedy by Wi thBesidndRulas aﬁﬁwaﬁvam@oh&h%‘f the - €.
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2, reductlon of the perpendicular anisotropy component in polycrystalhne 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 3y/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



such a lam nated SUL structure 3L consists of'a stacked pl urflli MAY o000
alternating 10 rel atively thicker soft magnetic |layers 3Mand rel atively

t hi nner spacer |layers 3s formed over the surface of a suitable substrate 2.
As before, an adhesion |ayer 2A may be provided on the upper surface of the
substrate 2, at the interface with the Igwerrmst soft magnetic | ayer 3M
whi ch adhesion | ayer 2A may be fornmed of the sane nmaterial as that of the
spacer layers 3s. It is.helieved that the beneficial 15 effect afforded by
formation of th‘%?efaé‘ﬂ{‘n%ftﬁ’ﬂ BUHCTS, ARRATALS: $8- TURIG iPAsSES Of SR SUPYBSct i on of
t he perpendi cultﬁfougm'tmﬁpﬁgm_corrponent in polycrystalline soft magnetic
films attributable to the nmagneto-crystalline anisotropy factqr, the latter
arising fromdisr uptlpo‘ﬂe"&fOfctg? GPRI8INGr BRferexists lakféealfi’}eﬁ@forl'ﬂé”%lﬁ%t'by whi ch

the perpendi cul gfecap élf&ﬁéﬁ%’fp?&%ﬁﬂ&ﬁédoﬁ&gy 8P f BRHeAd SUEXRGELET to be
proportional to the nunber of |am nation Cycles 3s; consequently, a

great er nunb®r aftheinfnetinnabequisalantss whichitermativerproessyfmethbdelogy effestivelyns of t he
anmount of suppressi g endi £u S 4 ’
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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.




density, perpendicul ar nmagnetic recordi ng nedia eleﬂtirm)&érMAdeﬂbC noi se
10 | evel s not obtai nable according to conventional manufacturing nethodol ogy.
The present invention, therefore, addresses and sol ves probl ens attendant
upon the manufacture of ultra-high areal density, perpendicul ar nmagnetic
recordi ng nedia conprising |am nated softy magnetic underlayer structures for
DC noi se reduction, and/or their functional equivalents thereof, while

mai ntai ning full 15 ikl i i BHYLS I :

| ar ge- scal e, aut ona#eéggﬁ)&n%éﬁ%flaﬁt%rew%ﬁ% %@%ﬁgﬁggy. Bf g%%{ﬂgg%g—f?ﬁ% | NVENTI ON
g\n apl;/ant age ofcgt_nbﬁ'fipgeMDOmendiplﬂaanagdqmc me?lﬁylg%mmgwlumr di ng
ensity, perpendicul.ar. netic, r.ecordi medi um wi reduced or

substantial |y pﬁﬂ’%fé?%m%gﬁ%éE’éd.eﬂﬁ?ﬁ%tsﬁ'g&grgdvant age of the present invention
is an irrﬁr o¥eg pseumdiﬁo?mqmam@e;gﬁﬁzgff catires cfahé pt;@dﬁﬁ%\&)iﬁdnﬁ'ﬂrb@ture for
use in the fabrication of . inproved. hi areal .recording density,

per pendi cul at ﬁﬁ‘gﬁé@i% the decHPERR W lowyg Poepait ! 82"%%&1’&%{4 By zero
DC noi se. 25 Stjidsk hahiRg bidlinaff hmn?cﬁ@fxﬁhpém&gﬁﬁ&%gﬂbféhe\f&mv&iﬁgoﬂ Igayaaﬁi mpr oved

met hod of manufacturing a High areal recording density, perpendicular
magnet i ¢ recor déampd fivrdithenpregtich of Swurressnionvenilon Hin sdypntggcsed themessdt se. 3 1

MAY 2006 7 Yet . . . : i Y]?en‘f S8R, | nproved di sk
drive conpri siu?%%é&?%\%? g%f%gf&?eggs ggel}l%@%éf éﬁﬁ%@gﬁ%lgnetl Qrghggglrag?%g medi um
includi ng a pseudoAceoidingttecinsspect ofitherpresgat ing¢ntion;t the dorédaing muchathendvant ages
and other fgatures of the.present invention wll b set forth in the
descri pti onﬁa/niaéﬁmfatgﬁ Bikeob aﬁ%e%i R PISEFE{Y ?/\}"\gﬁ aﬁéé\a’&%gmﬁbgpg@gﬁ}(, ReFPendigliat havi ng
ordinary skill magnéthe rédotdinkp fiediuta Miviiit tetiicedf ot Bebstantibibnizes ®C rmysepe

| earned fromthe practice of the present invention. The advantages of the
present inventCPHRIBE be realized as particularly pointed out in the
appended cl ai ns. Acg;grdi Rod-Mhaphttid SPRerhteHavinB @ s@rRee4dd | nvention, the

foregoi ng and other “10 advantages are obtained in part by a high areal
recording density, (®rpeadixeulstek 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)  amagnetically 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)(Q) is composed of a stacked plurality of sub-layers of a magnetically soft




magneti c recording mediumw th reduced or substantially zeso %Yn b@e
conprising: (a) a non-nmagnetic substrate having a surface; aL b? | ayer

stack formed over the substrate surface, the |ayer stack 15 conprising, in
overlying sequence fromthe substrate surface: (i) a magnetically soft
underlayer; (ii) at |least one non-magnetig interlayer; and (iii) a
magneti cal |y hard perpendi cul ar recording | ayer; wherein the magnetically

soft underl ayer_(,b) (i), i.s.thicker an th 2 i.call ard

per pend cul ar - PECGHHStEA RS B bt Sorkitns SPERALTAPCHACIERZN i ure
conposed of a STalaked q¥edr,ahd FyTaff. sub-|ayers of a magnetically soft
material. According.to en‘godi ment s of, th%gresent Lnvention, the |ayer stack
(b) further conpri SBECEHTIaNER G, qertaly smbgdimgaisnof the Wasrdf iuyertiaty théce and
the 25 magnet Irﬁ@gnwcaﬂs)fsbﬁuﬂﬂeﬂéﬁy%)fa@ e} Qbﬂlposw%faadascadeegam@bz@roﬁmﬂ sing an
about 10 to about 50 A thick |ayer of a material selected fromthe group
consi sting of Tryersef a Fef0B alloy, &g, thegmagnstically sofi yadeglayerb)(DHeee@aposednd t he

magneti cal ly sqffty u i F el S f e : ity of
sub- | ayers of ?fégﬁ%ﬁﬁ%iqy% lg%?% gi:;}FJ‘_il 6%1&)%9%869'%’ (r%éugrl?%?sg Eg&eﬁ‘}éﬁf # romthe
group consi st i rbickfesFEgoBbowSRrto algnd 8 pmCoZr No, CoTaZr, CoFeZr, and FeTaC.

I n accordance with certai lLent s th esent. nvention, the
magnetical ly soft u(r\?‘ 8%@?%&?%?@%“&50%6 rggeélg{ng rﬁ%‘lmsplgc?ée&“p?r{?r%ﬂnf ty of
sub- 5 Iaygr sf Qﬁa@etﬁﬁﬁmﬂaﬁérgb)(ii)bmlr@risei iitelqur?)gabeﬁﬂ toeRlthick ¢dyeer omnmeek ager (b) (i)
I S conpose 2. - 6 stacked sub-layers._o Fe65C035) 88B12,. e.g., .3

sub- | ayers, {®adh I%M%gmamﬁaﬁlﬁ‘&%%?ﬁa# %eb?WEStfm P &%ﬁlnﬁggphﬁd’ Accor di ng
to enbodi nent s of REMRu,MESREs theéENi-OR, ankl -Bdsed S5k, MAEhS AHApnsRAMEL i C
interlayer (b)(i1) conprises an_up to about 10 A thick |ayer or_ |ayers of 10
at least one n W1°BIWW%13¥%!@&WQE frqnp Abquh 40 forabeuicIiPsh itk g of Pt
Pd, Ta, Re, RUnllbompide¥TolbiseLRloy iddladihg ot ridte BRERAs BbILAYS frofHfle ¢ NE

magnetical |y

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

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

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

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

25 consisting of Al, NiP-plated Al, Al-Mg alloys, other Al-based alloys, other non-
magnetic me’;als, other non—mzignetic 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




hard perpendi cul ar recording layer (b)(iii) is from about 100 @&e%ﬁ ut 300 A
thick and conprises a Co-based alloy including one or nor@ &l sel ected
fromthe group consisting of Cr, Fe, Ta, Ni, My, Pt, V, Nb, Ge, and B, or an
iron oxide 15 selected from Fe304 and S-Fe203, or a (CoX/Pd or Pt% nmultil ayer
magnetic superlattice structure corrpriseg of alternating thin layers of a
Co- based magnetic alloy and non-magnetic”Pd or Pt, where n is an integer

from about 10 to ahout, 25, ch_of e alternatin in layers of.Co-based
magnetic al | oy %€ Psn\a&%foﬂ%)&@ f“?)é) aa{’fgﬂ‘fané .tg’cﬂgtt lﬁyg’k?cﬁf’Y‘?a‘ﬁﬁ REPIETHYS

sel ected from téer@adlapergepsi sting of C, Ta, 20 B, M, and Pt, and each of
the alternating thin Ia%/ers of non-magnetl c Pd or, is about 10 Athick. In

Pt
accordance with par tAQrURe & 5BRPEHEIFES Qff the resghte MW RRtIoNy, Jash PR RAgRetE

magneti cal |y hag@shes R§RopH R hReH1dEBded BYRIthé BldubicbhsiGR@RrigeRi@ CoCr Pt
alloy; the non-magnetic substrate (a) conprises a material "sel ected fromthe
group 25 con8i sklptad AdfAlaMg aljops, pither &d-baged aflpysvgther herymagestisanetals,-dizesed

al | oys, other - ' . he - of | | Q%S | —
ceram cs, pol yws?%ggglg%sg%i%’ %Sr,a&té%d{)%lg‘?r%rg’s %ggéééﬁﬁ?%r am 3? geg t her eof ;
and t he nedi um dndfor eeminatestipred§ esd thepayet gadki (becaneisenan | adhesiof c)lagerer t he
magneti cal ly har er pendj cul ar 1 MAY, 2006 9. recording layer. (b)(iii) and a
| ubri cant topcgbaegw%gytgf 5 hﬁ a&/é‘i”ﬁ? CR &1l By élbalgfl%@aﬁ%\% c gfrhf}é?g?)%?’céi?

AC(t:)or di ng 'Eo € nealheli 6 [y cﬁm}trh;ﬁl_gpz{rel stﬁ::nt 10 I&V@lfsﬁdtﬁo,élttlﬁek NRr BRGNAAtetal -
substrate (a) coppri . ses materi al . sel ected fromt roup .consjsting o :
NiP- 5 plat 3 ARIoR1eg Figgn _gw 9% osivre ol {fbigeaa,;ﬁr» BpsTe.dihart ehalgnet i c
netal s, other Wﬁ&e&@ﬁﬂﬁién@_i@dll?%ﬁmn%@%p (HE) AthE FornPBF X 'PéERIo-18thAaRa cer ami cs,
and conposites and/or lanminates thereof; and the |ayer stack (b) conprises:

an adhesi on | ay#uctupeeqarased RE 251 stackadesubidpyesc af arfisCoBeallpygaenixaubty sof t
der | b) (4 i h S t 50 A
under | ayer (D) (jayers, h& hﬁ@ﬂ%égg{kggs?% 9&'&95?}&! $ouf I3PRAUL 108 bR 1?&‘1)_:1 >

thick layer of a nmateria 1K romthe group consisting o
Ta, Zr, Nb, Fe, mgmetidinterkaper G)(lipipsthe fommrofeh up o ategh &€ Acthidkylayso bt layersler | ayer

(D)) L0 58 1Sl e REEHAGATBALPL Rl Hh HerbTRSE e, 5o, & St acked
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;O4 and 8-Fe;O;, 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:




| ayers, each having a thickness fromabout 50 to about 130 nrn; 35 | east one
non- magnetic interlayer (b)(ii) in the formof an up to abb 138 ¢ hi ck

| ayer or |ayers 15 of at |east one non-magnetic naterial selected fromthe
group consisting of Pt, Pd, Ta, Re, Ru, Hf, alloys thereof, Ti-Cr, and

Co- based all oys; and a magnetically hard @er pendi cul ar recordi ng |ayer -
(b)(iii) in the formof an about 100 to aﬂ) ut 300 A thick |ayer conprised of

a Co- based all oy incl ljdi ng orzie or nore el.enents selected fromthe group
consi sting of Cr, (@)1, PigVidingp ngsymagpetiq ppbstrgie hayipe B?urg’rc_eé‘é}dan i ron oxide
sel ected from Fe304 @)d Sfdr@afela 1a9ér stack @¥ B¢ s@bstiBle) surfitd, b $he sCth%ne“ c

superl attice structure conprised of alternating thin |ayers of a ased
magnetic al | oy HidomyRsipgretiins pqueee fom thpaibstraie pufagey i nt eger from about 10

to about 25, each of the(igl tea{ﬂ%ﬂe@ﬁalfy%ﬁuh@éffagﬁéo‘c Co- based magnetic all oy

is from about 2 to about 3.5 A thickx, "X Is an ment selected fromthe
group consistiing 25 of Cr(ii)Ta, atBsastvime namehaphsticantrlaecandf t he al t ernating

the present fnventi on 1 s (iheriadrsialhaRlRentityas e Bhiatis WP, ' coorai g
Subst anti BTy ser o Do por S R e ot 5 1 MY 2P Ce510 5 (a)
provi ding a %oné1 ﬁ&@%ﬁf @?&éﬁ?”anﬁ’@t ﬂfa@}gen’ga@%mﬁ@a%? Pameoiylan epding a | ayer
stack over the mybStsraied MUk C®)HDOMA chpBedtaPS plirality| 8f FtlfhyersNoVer | yi ng

sequence fromthe substrate surface: (i) a magnetically soft underlayer; (ii)
at | east ondOnomagmelisally soft matesislayer: and (iii) a magnetically hard

per pendi cul ar recor djB&hriaY & ém%lﬁﬁ@ﬁt? oPire rés@ﬂt(ihv}enﬁeﬂ%ﬁ@iti){]égtﬂﬁg a

pseudo-| am nated structure having a I ess greater t t he

magnet i cal | y hafaminer p@seiidetiminated sometimegednzpperd b6 p ratatkech phtadity EB)ygh-i i) and
comoses o 2 PRI bt 8 sl QBRNRLCRL e A e
FeCoB, CoZr, CoZrCr, CoZrNb, CoTaZr, CoFeZr, and FeTaC.
15 In accordance with certain embodiments of the present invention, step
(b)(1) 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.




form ng a pseudo-|am nated structure conposed of a stacked plurality of sub-
| ayers of a nmagnetically soft nmaterial selected fromthe gﬁobpﬁkﬁﬂﬂﬁ(ﬁsti ng of
FeCoB, CoZr, CoZrCr, CoZrNb, CoTaZr, CoFcZr, and FeTaC. 15 In accordance wth
certain enbodi ments of the present invention, step (b)(i) conprises formng
a pseudo-l am nated structure conposed of stacked plurality of sub-layers
of a FeCoB alloy; e.g., step (b)(i) conprises formng a pseudo-I|am nated

structure conposed 2 - stacked sub-| ayers of Fe65C035)ssBi 2, e.g., 3
sub-1ayers, each havin§“&" aﬁf%mg‘s§m?’f’§fﬂeﬁ%oﬁf %W%C%B}YFH“ s{epo (Hm
Accordi ng to entmlirsenproviding baopnegesic subMené cofpriet T A Bhfehil fpoREl Ses

formng the pseydo-|am nated structure by a physical vapor deposition (PVD)
process, prefer gﬁ‘?’y&‘ﬁ EER: fRSistRg B£ %e@’g‘fplétﬁg ‘%/ic A aloxse oiex &lpasery e

practices accogitfyidother ASLmALREE HetdlSVARLT Ah-matRAc GAbd, )gla%m&éﬁ@f, form ng
the pseudo 25 | am nated structure conposed. of a Stacked plurality o

sub-l ayers of apdypers, glagheramichaensk campasjter apdier tlamigaten dhereafh-stepy@ in a

di fferent chanb [ ' ' 0- i nat ed
Struct ure componsdeoferpraPs Kelie oy GRERG) 53 bLP Sl AR @ B et ¢
mat eri al by di spaformingotep, (3@ eentanaboutddpiosibbitod0 &f thizkdhyes wbalmatedali n t he
sane chanber. 3 Y. 20 11 In accord e W.1 h_enmhodi nen of . t he present

i nvention, st epse%eﬁ © %061&8‘%5‘? geep ﬁ?lgﬁﬁﬂg ﬁgq‘é:r (Ffoﬂ{an‘gﬁﬁg?’}g%n@%ﬁt Ao %lpoé'énpri sed
of a material sthbeof; e@p (B)(irootipeisedfortfing aney Giabog W A Mick Diyd-oplatRGFAl , Al - My

al l oys, other Al -based alloys, other non-nmagnetjc netals, other non-nmagnetic
al | oys, gl agé, %é?aéh?%es?o%mﬁé?eym“abﬁé‘%‘%@cg?%ﬁ*‘%gr,ou%ﬁﬂnsé%%% Pt and/ or

| ami nat es ther epf;R&tRR KB)allof i, TROB imieSohbtdd NbyadnaidRtes ()i ayer over
the substrate surface PI‘IQI‘ to performng stgf (_g%ngl), e.g., an about 10 to
about 50 A t hi ctempaises fogping ageabent K0 to abpdF08A fthiskaybrecormised ebagost i ng of

Ti, C, Ta, Zr, . N @(Eq.‘F I t ri ses
form ng an up t%;&%l);gﬁr[y l%u(k I|lc %g;&}&%?tslsgggtr@gfﬁgﬁg%@B%é}égé%lngﬁgp
non- magnet i ¢ ne€weFeala, Nl ¥ @ ¥, NImGdaendyBoopar oms ioside sglecttd Bom RO, Ta, Re,

Ru, BT, al Ilg) ysantdhg-i;‘gz 3 o;ria_ {a’o’X/P?lci.' %r :,brraﬁl%?ayg lm% Séticas%j)er zgtt%)e gu@cﬂréi )
comprised of alternating thin layers of a Co-based magnetic alloy and non-
magnetic Pd or Pt, where n is an integer from about 10 to about 25, each of the
alternating thin layers of Co-based magnetic alloy is from about 2 to about 3.5 A
thick, X is an element selected from the group consisting of Cr, Ta, 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 perpendicular magnetic recording layer; and
(b) means for reducing or substantially eliminating DC noise of the

medium.




conprises formng an about 100 to about 300 A thick |ayer 02 me?@@f a Co-
based all oy including one or nore elenents selected fromth nﬁ nsi sti ng
of Cr, Fe, Ta, Ni, M, Pt, V, Nb, Ge, and B, or an iron oxide selected from
Fe3O4 15 and 5-Fe203, or a (CoX/Pd of Pt)" nultilayer nmagnetic superlattice
structure conprised of alternating thin |ayers of a Co-based magnetic all oy
and non- magnetic Pd or Pt, Wnere nis an I nteger fromabout 10 to about 25,

each of the alternaii Co-based magnet.ic.alloy .is from about
2 to about 3.5 A A%ﬂ% é%ehér)l reseéﬁté%ve%m*V%rfﬁf]%‘imgerc(?ﬂén@l‘}ﬁ?i sting of
Cr, Ta, B, M, mduu noide parpéndialﬂbr nbgidie ratdréing ahédigmtihtladihgyuepeudd-

non- magnetic Pd, or. thic Still another aspect of the

present inventi GR aéedam%‘bﬁeri?@ﬁfml"@%‘?ca? 2 19 theqaresgnt ig¥satighdi cul ar magnet i ¢

recording nedi um w t Addiciehs dvatagss! Bisd aa?bétalome pieéct veAIrSRill QBRI Si Ng: 25
(a) a perpendi cul ar magnetl c.recording layer b) neans for reducing or

substantial |y elP#bharParsgt tocthessiskidledn the art f‘i?BH‘ihEﬁﬁ’l owing dpfatled dewription st | |
further aspect @hetbinCerMdARBEH s | bf‘t‘.‘ﬁ@g) dseft 1h§enﬁoﬁ]'m%ksl gyhva?ld(ﬂg%%&'sﬂg lg | ow DC
noi se perpendi cul ar magnetic recor diuminclu seudo- Tam nat ed
soft under| ayerbyswayef ull@trat;@bpﬂthng)estdnodvecqmtmatt@d nfmmucmg the\gdisentonal
advant ages and S AQf _t.h t .n readl |y
apparent to thoﬁzgﬁ@l IA(g Wﬁl &f ﬁéesglzﬁ ﬂe ?{n%%]eﬁllt ! VeV\ﬁ g‘%q?&flo T f cr| ption,
wher ei n enbodi ndaftb&noémbdnhmpnte,saﬂtitsi sev&mlt dew:ilsaare swsd@qywbleaﬂidmddaﬁ%ﬂohad si nply

by way of illustration of the nt enpl ated for, cticing the

pr esent \}bntYa(Slr?us V’\&“f FeBECY eaélc?”?tg ?ﬁ%ngrég%ﬁ'ﬂe PIT r?? i Presetapabl e of
ot her and di f f @rafione MeosHdmRNY, She aimsnhgss afi€\REciptifetad ts Rr RgadscaRt i bl e of
nmodi fication in_10 various obvious respects, all w thout departl ng fromthe

spirit of the p‘l”@%twemwgﬁﬁnérﬁ‘m%d%ta&ﬁgl y, the drawi ngs and description
are to be regarded as illustrative in nature, and not as Imtative. BRIEF

DESCRI PTI ON OF BREEIOPRYCREETON 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,




The follow ng detail ed description of the enbodi nents of t\tl‘aa Weg@
i nvention can best be understood when read in conjunction th ol | ovm ng
drawi ngs, in which the sane reference nunerals are enpl oyed throughout for
designating simlar features, and the various features are not necessarily
drawn to scale but rather are drawn as t? best illustrate the pertinent
features, wherein: FIG | schematically iTlustrates, in sinplified
cross-sectional vie 0 recar orage, and
retrieval system co\is41 P Se %Sgl trlca‘llg01}11\8/setrnat{%le's‘bnal o%l?ﬁ n&ﬁoésu“fezﬁ&dr{ayf/pvéevﬁa&netl c
recordi ng nedi mmimmdps@dalmﬂmv@smmmbdm myemwfmlsmmﬂetab@adlhg sof t
under | ayer (SUL) stﬁnd a Si g‘%l ol e transducer head; xzcg schematically
illustrates, id°dPeAresenk o 5§ 4 APrIypg, @ PEIPe "S’Efr YPE maguetc | ani nat ed
SUL/ adhesi on |E}-y&ﬁ-dlgglﬁﬁﬁﬁ,ﬁ{ ngltanygggfoqmqumctl ng to the prior art, for use
in formng a perpendicul ar type magnetic recordi ng medi um generally as shown
in FIG 1; 31 waY ¥836 1schﬂmalca§yslélh%wéﬁs1 era|sn9p1if?qdu@tpﬁ8a%eé%onal Yisy.npl i fi ed
cross-sectional &by

| ayer/ substrat é)Ois[c%O?\tlJ\%ft gr gﬂsa%%%%rgr %’eampg? ngjq%érog(g}el%%tll nve%é‘g%%fstg?ﬂ%se in
formng a per pepmdiﬁmulmwemgope amd g rretipeising e dhe dipseydpdaninated e $&ldadhgsias shown i n
FIG 1; 5 FIG 463 al.l ohﬁ(ﬁj%”ates in sinplified cross-sectional
View, a porti 3?‘?’ %% type magnetic recordi ng nedi um accordi ng
to the present II’IVGFHIGJ Sris argdaphoimmaangtghdbe: sisyshecinatiofal @avattlohaighesi on
Iayer/subst{ te structure of F%*Gk 3; EI 5is agraph illustrating the DC
noi se spect Fimm9R-1amingisd-A00ingh Fetg 5| am nat ed, 200 nmthi ck FeCoB SUL;

FIG 6 is a graph ilrFi@sé i gragh {ihsrddag i DE o édﬂﬁkrpf)f@3$a31eﬁ éudopseudo-
| am nat ed, 200 urn thick Fe%%] SUL acgor di ng tocs?he pr esent |n£nt| on; and

FIG 7 |||ust_rdm§atxd r2900 nan thick FeCoB S Hatacerding te phepressat inyentigirandani nat ed, bi -
layer, and tri-|ayefriGefifsmitls R 4MUAFHACES patterisoblaflcl T Mn it | YVENT! ON

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




The present invention addresses and sol ves probl ens arisin% &L@gyﬁﬁmﬁnoise
generation in perpendi cul ar magnetic recordi ng nedi a whi ch, I'mized
with a single pole transducer head, conprise a relatively thick, magnetically
soft underlayer (SUL) for guiding magnetic flux emanating fromthe
transducer head 20 such that the nagnetiﬁ flux enters and exits the
relatively thin, magnetically hard reco éing | ayer al ong a prescribed path.

Mor e speci ficall t he present_ invention is . based upon the discovery that
the i Sadvant agElt SHQPHEE BABIET SPCHUPATEUCHN FseahPER BRI SR BH o nat ed
SULs and w th |oxidiamated\datk 60 BRIdnEE RO:litninStbd GkR6byresilidg fnloRdidedable
magnetically soft |ayers separated by spacer |ayers, which 25 di sadvant ages

and drawbacks PEseLtsipelifcatine| aerb e nef senRlen@rationo hend utilized i withty in

| Pl ement ati on bflveAGA" eftll AR R’ cMiRloldl Idhichfitbd ThandtiLigfERbed

manuf acturing processing, are readily overcome by a sinple and cost-

ef fective allemmgneticrepordimganediaor f ormi ng "pseudo-| ami nat ed" SULs in which
the 3 1 MAY 2006 14 n S I rs_for rati.ng vertically adjacent
magnetically soft | éAygr%g fﬁt’ag'%e’t ﬁ%%‘?‘%?ﬁ %ﬁgoprg%él%%q%?%% rl?J%Eeuro f‘éonef’lyrri nat ed,
t her eby resul t i"pgudorlaginsied!eS b seuctprocasitiag vPh iveiticalty aackad gluedie odf

i npl enentation, n.utilized.wth .caonventional equi pnent/apparatus for
cont i nuous, aut“g’]ﬁ?ﬂ& ﬁ%‘ﬁmsﬁﬁtlﬁ?@e@f&ﬁy? : dfﬁ'éfs? cW’ﬁl?BgrﬂEﬁ REFThEdi ‘gft W key
feature, therefigefeniaf spdeer RY&SaMicH Hs@foL1aMinated" SR, SRCABsiatoWhined
"pseudo-| am nated" SUL structures consisting of a vertically stacked

plurality o0 byememsari ¢ EenopEawys AR Rrqcgsss dyricaliyye rmbysigalt YAt t he
presence of an i r N - whi s Lan & v SUL
me%dsiﬁo% WA o8R8 S héxéﬁﬁtgpg%bhe&mlﬂggggﬂe iRRhEAL, Gf

structures are obtal ne y means of a ont I nuo eposi tion process,
typical ly a physicerinungapdepostioposfi sicosssivPMByerprofctbs ssamgcinagnstiegdiyt saft i ng.
According to t i ol ‘[Pg b o | SIL 10N ive

| ayers of the tsgrgartréerﬂerf’wslq’glE‘lﬂe()::?l |p (fzoa yonsgé @%%ngtk?gfer qﬁgﬁh%%{ﬂ?%%ﬁﬁnea o:ll%%&?)

i nterveni ng spafépsehdortansnatedSIMT striaturehwhichramabi least fodctiopaly sjoivakent nat ed"”

SUL structures ich are. at, ,| east ., fupnctionally .equival ent. 15 t he

Somvent IonalsT sthecbafbdiota pRRated SUE bRl b B SGeiitioh B PR <o

Igener ation. St abmgatibnf SenentifferentipethieninRivall or @lay] Hebyeen RtsesVe Myecessi ve
ayer

et
-

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 3s such as are present in the conventional laminated

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




depositions, whether performed in successive deposition ch e ¢ n the
same chanber, is sufficient to create a | am na!toi on effect aisnﬁrrﬁ?‘!\?mp% t hat
exhi bited by the conventional |amnated SUL structures (e.g., as exenplified
by the am nated 20 SUL structure illustrated in FIG 2). Referring nowto
FIG 3, schematically illustrated thereins in sinplified cross-sectional
view, is a portion of a pseudo-|am nated %UL/ adhesion |ayer/substrate

structure 30L accor.ding to the esent iLnventjon, .for yuse in,form a
o pond! cul o epo ikt bf it hE e o St ls N Seeig WRoT e & 1. 25
Pseudo- | am nat egdrigllat AEieeig] BBrebB YR fe3pdRtilEIRlrangs tffolC? t5 6 and Fo0dBaLi SBS a

plurality n (illustratively 3) of vertically stacked magnetically soft
sub- 1 ayers 3M 19 abqubd3Q oy gFlF?é’l%’EFP‘FQEIé f‘ZTf“S%G?CSé’EIﬂéﬁ HagneHegeoficuBupst rate 2

wi thout interygping SRAREFeLaNEESZ380BMENCEBND] EoPASEB ez Mard ¥ TaONVeNt i onal
| aminated SUL structure 3L of FIG 2. According to the invention, the

(integral) runterimti® tonventiaebdantiBatet SULhiseretures showvne it K1Gf 21 eevdagnet i cal |y

soft sub-1ayers 3M @%ﬁg i teri r 3
respectively r zar{lélgatg cr?om a@gﬁgn gﬁgr/?@%&%%%‘%&g?b Ltql(tl)é}gklgtu{ag ggdﬁﬁn ui tabl e
materi al s for user 2s feaeh oafthe hpperminfiet iof did spbstoitd 2,satlthe inteyfaces wiMthancl ude

FeCoB, CoZr, Zr Cr, CoZr Nb, .CoTaZr,,. CoEeZr,.and, FeTaC. As in the
conventional | WWP@@%ENE?EIVG@?E‘%I%T{&M“?’H;%Ifgjﬂfg 3%%20&8)’ PURIPAt ed

SUL/ adhesi on | ayeabbstube e absut Hor Achitkap lofMByhatatial sslectan fra@hgisi @oup | ayer 2A
formed on the upper surface of the substrate at the interface with the

2
| over nost nEynéprssing ef $h{Gr, TauBn N, &e. GyvNiygdaioystheedlon | ayer 2A may

conprise an about 1Q $,0icaR@UWpn0 dcdlling tol B¥Chv&hioR R ﬁe{l@é-laﬁﬁﬁﬁéﬁ ed from
T Zr, No, Fe, Co, N

the group 10 consisting of Ti, Cr, Ta, , and al |l oys

thereof. As i ndireciered30upay, beacesdilvliang eamvemientiynfosmed diy, spuiteripgeddc | ani nat ed
structure 30L nay _be r k| Ve and.. ' Vi #0in Qs As a
consequence of ¢ Sésgue f%lgﬁ%% ¥%I|E'ng?&f e %é%gtﬁlf)rodrlﬁ%ﬁé@g?ent gggg%tﬁlédrt?%és t ar get
materials for foejepesitingthe nenetighiy soft lybrg 3sodnd spagee layeBMsathd imysatter | ayer s
3s, the inventiv 5. met hodol o ffords several .advant I S-a-Vvis the
conventi ona 5 aﬂe?hoéﬁlﬂgyzfg&‘fén%géﬁggﬁ'mﬁa%% BF’FTVt‘SytthCOaY)eﬁ%rggsl ua%'!’ Sadh &

desi gn/ conf i gungdréaesd AadbiiBdef spharaiue Idasigwtonfigaration 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




wel | as | ower power consunption required for sputtering of a plurality of
sub- layers of soft magnetic material rather than a singl e,ltMAYchf]ﬁfnyer of
soft magnetic |layer. For exanple, pseudo-lam nated SUL structures according
to the present 20 invention may be formed by discontinuous deposition

techni ques using conventional in-line ongcircularly-configured, continuously
operating sputtering apparatus equi pped with multiple process (i.e.,

sputtering) station rovi de i the s e terials. for,f.ormng
respective one3ﬁ@?wﬁﬁ§°§g%W%@F¥%%ﬁy“§% egpgﬁgﬁggbb’t g“@bfm?P?%b%d?es, or by
use of sputt er itpgicaABpdisiasiapediigroomprietamaitridl Beleitbd fragnid groap bopsisahg | ayers
of the SUL structur is deposjted in the s chanper, _~as by nultiple
passes by the s‘gré’ i\fl?-@%‘e.d ng@rlﬁg@lom olgfeé _,asesdcggﬁﬁt ?th%fl RAR-MREOFHE [ ot ed
therein, in sirgdthlk SBer@ofSSagn&RCAI098) Blasy | BMmisS {)alyfh@fs! pla&-QRfandicd@hdpendi cul ar
type magnetic recordi ng nedium 40 accordlng to the present invention and
conpri si ng the qeBpOsitss |aadion danaigates theygak adhesson BygR4 aldthe sioper sualpee PEubst r at e
structure 30L j ] Sti i I i sk-ishaped and
conpri Ses a mariria L SqrutiesSh bl i ok 50 Amck KBk ot eRRRR B0
A, Al-M all ol;ffom dtehgrumbomasﬁaa o&iTh, dyrs Ta,oZh &b, ﬂ?o,:wcmai@inend elloyseherkaf; 5ot her
non- magnetic a S S ceranm cs o) yner s .aSS- ceram £s ng.
conposites andlagg%l%al ﬁ@%az‘X S?ﬁé‘%’ggy?mggh%e{)en" isaa%enrl eée,&r%ﬂgnfgn%o%%gke’%’surface
of substrate 2llwoativelges Heaab foim dbout 30 talboit 130 nk thitk akd caygrseddbf & mat eri al
selected fromthe grqup consistjng of Ti, C, Ta,..Zr, Nh Fe ~ N, and

al | oys t her 4G ;MaggH caﬂ.}'nﬁgtn&aitegél |Sgle%t84 tér%b%nP%ﬁeNé’nge( @Féﬁ"é“%’ipgoan i nt eger
rangi ng from 2 ge@oB; CdZr] €oViG! I06ZkMb,NCoTr, @Feh JoFern, o HeNS Frebpalabout 130

m t hick and conposed of a 10 magnetically soft material selected from anong
Ni, N Fe (PerndiebiylN, FehaC, FeddjpandBohaN. diy cesmpleothe mecudedaminated e, CoFezr,

Fe, FeN, FeSi Algnc . e is BNtacREsubE 0 e uc
e, Fe eSl tru e Yo by ﬂ:%Iﬁaﬁéoéé%r%g'\ét bﬁ&ﬁ ubSdaht dfé(}:: COBMIRY Ssuch B€

pseudo- | am nated SUL stradcture may be conpri se 3 stacked sub-layers
of a FeCoB al | dfessCueksBas caqhituBingadBipkness ffomabeut 66Atd abgutal .30 Akness from

about 650 105 abOUt hpridh éh the hpdr SiFRA o g}eitq;gf@&gﬁ{nﬁggﬁéﬁg%ﬁfsuﬁ- ghpper st

magnetical | y" soft s ayer s are I'nterlayer al so
referred to as 3anis"a relativalydhint iaterlayey ek {also referred to as an "intermediate” layer),

comprised of one or more layers of non-magnetic materials, illustratively a pair of

layers 4, and 4g, 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




conprised of one or nore |ayers of non-magnetic material s, 3HINMMerﬁvely a
pair of layers 4A and 4B, provided in a thickness sufficient to prevent
(i.e., de-couple) magnetic interaction between the pseudo-I|am nated SUL
structure 30L and the 20 overlying hard recording |ayer 5 but should be as
thin as possible in order to mninmze the spacing between the |ower edge of
a transducer head utilized for readlng and/ or WW|t|ng of medi um 40 and the

Pis. may " conpr 1SSE-h T 150 B CiseOm ¥t SROKADLR B PyEbter Rt Lact “one

non- magnetic maj rlaﬁice%ﬁh@tﬁk%@m‘bﬁ@é@ dfhﬁexaﬁtn@rmuplayem&r§Cbr1ﬁsaafm£§mu¢:’d Ta, Re,

Ru, Hf, aIons t ereof, Ti-Cr, and -based alloys. Rel atlvelaé thin
P

magnet i cal |y haHey WWEF 8 W@bd‘fbﬂierfblslaay@?g% from aboyt g ‘6‘;325
| nterlayer(s) %a&ﬁ%‘ tgfé alt e ARORH 12y of @o-@%ﬁtm%qgtwb‘aﬁo@" is lﬁoﬁﬁﬂmuﬁ@rﬁpr Ises a

Co- based all oy 1nc |ng one or notfe elenents selected fromth gr oup
consi sting of @boutBes ATthickNK,is hb eleprent $¢160Nld fr@theagrdumcomlsﬂmofenﬂ‘aom de 31

IR 2005 17 ol 3 o PR AR b S B R R 2yt

magnetic supe Ur€ Conprise ayers of a
Co- based nmagnetabeut 18lA thickand non- magnetic Pd or Pt, V\/nere nis an integer
fromabout 10 to abqut 25, each theaternatln t hi f Co- based
magnetic alloy is f%mpi%%fn‘% éa%?bao‘fﬂ) ogire %’efcﬂ?tclﬁyer;l ?’Xgﬁs &1 &Nt

sel ected from tokralagfoﬁum&easbﬁmm) @hnéaroveirnardnﬁgnw la@R @, &Hd a laBAca@ach of the
alternating thin layers of non-magnetic Pd or is about 10 A thjck.

Conpl eti ng hediteneratdayer d 2g5ush a¢ %WFWW@WWW&F“‘?I‘M Spsd geerdhe qyer  of

di anmond- | i ke C%&&%v@@b&%oi’t‘ﬁ{y@?ﬁ over hard magnetic layer 5, and a |ubricant
10 topcoat | ayer , such as |'ayer of a perfluoropol yether material, forned

over the protectivEadvef lapers 2 oy end the preteciive overcagtdayer 11.may bmfprmpd
protective ovep ?ﬁ%ihg/@?ylgzis bhe nﬁ%fl@aq Jg&”ﬁ osttioh ! ¢ Z/'Ijljgmé’&xo& Qaslted HonPhYs! cal

vapor deposi tion {958 ecte m sputtering, vacuum evaporation,
ion plating, iGputteiag) damosi evapm;auandoqnlpMMg, ibn bm;;néwptosmnn, od plastheast one

?TQ,? 2} ?g:, ggﬁ zi L O g{rrle %;gglg }e%%le%%ts (ﬁp ?ﬁm ;Bjxm Cm% eocq'edd £63 c'hem?cal (CVD),
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.

xample
Magnetically soft underlayers (SULSs) for perpendicular recording media
25 frequently comprise FeCoB alloy films. However, such films in their as-deposited
state typically are amorphous or comprise nano-crystallites embedded in an
amorphous matrix, depending upon the B content. For example, as-deposited

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



pl asma- enhanced chem cal vapor deposition (PECVD); and the I b% ¥ 206 t opcoat
| ayer 12 nmay be fornmed by at | east one nethod sel ected fro |ng

sprayi ng, and vapor deposition. 20 The advantageous characteristics
attainable by the present invention, particularly as related to reduction or
elimnation of DC noise, are illustratedgn the follow ng exanple. Exanple
Magnetical ly soft underl ayers (SULs) for perpendi cul ar recordi ng nedia 25

frequently ComRe, Lsplaﬁeepgﬁa@pﬁmng pﬁ@%‘? slﬁw{ﬁefag ld% sledh KRG &

as- deposited ate typically are a nprise no- crystaFI ites
enbedded in an noaasasqffmdwamwemﬁhmlewp@rqmampmt ﬂda@ﬁtmqlamd in leader exarrpl e,

-d ited F f L h %
reator (see 3% PR Hgen Ry REUERCR et bl Bt Yol MR M0ty 2001).
Since the as-dapugértmd).f Thérsheat areatiidint afodifiéd ties sheatinduceat pEpdndicikr an
appropri ate heat treat‘gflatgg Is required in order to obtaln films suitable for

use as soft UndBIPHORY &dmsy prorgetesin-plne angoigppp @d r@ﬁiﬁlfséyeeﬁ@é)verﬂ'he heat

treat ment nodi fsbﬁsnttﬁgemsmaﬁé&récﬂ&v%%ag{ BRYElhG UbRhindn A 8AbHARY @ t he
films, pronotes in-plane anisotropy, and renders the filns very soft in the

i n-pl ane di r ectafignmild|(gendlahheat reatmientyrelativakyi sevirp heatdreammnpresults intleqak  af t er
mld (gentle) rb?gsrtatlﬁiaﬁgﬁ.vw\;?(?ﬁ ltfed aﬁlim‘éela}é Sc%‘/s‘?arll?ﬁ g,ﬁ I eﬁﬁég,ﬁﬂﬁﬁpn&ns{ ?r%ﬁyl(t S in

| ocal crystallization. en the f11ns are crys per pen
ani sotropy or iogiginatiilgl drohr magmegrEystatioe waisatidpynioramipptt dopsing andeausppl e

domai ns and,ca no U cor di ngl the follpown

experi nment sl(&e;ﬁéﬂgw 7 rtf% éﬁ‘% tls‘ﬁc‘%rﬂlé‘glgt bﬁ offo"ﬁ%’flgreﬁfg?f?{lﬂanwgfeh%?%meg
crystallizati orwitt fheiaini chﬂHtﬁnﬂmﬁ@whethafdmalmuoh&Bﬁﬁﬁﬂ)lé Gorh¥in fghBeiolgener at i on
in the SUL, could,be prevenied or m ni m_zed, by pseudo-| am nati on.

( Fe65C035) 88B12¢&M%lP DG Reisp cﬁenerg%onagl ﬁrq §9LméP'é‘dfba°oP¥etY§‘%t%‘H on A desh mul ti

15 vacuum chan%hunlgédqg%gsé@‘ugha@awgner| ng apparatus. The filns were sputtered
onto unheated g ass_substrates DC magnetron sputtering at a deposition”

rate of about 5.5 (Femcqamsﬁezcaﬂow@@s feispias SUES sigrefahripgiedisénea slulthbout 3
mrorr and afs yacuum 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 (FegsCos3s)33B12 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 nbn-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




about 2 - 4 kWtarget power. The target dianeter was 7 in((::g Yag@the target-
substrate spaci ng was about 2 inches. Non-|am nated (Fe6§ 3@53 E‘2 al | oy
films 20 were deposited onto di sk-shaped substrates by conti nuous deposition
at a single deposition station; whereas bi-layer and tri-I|ayer
pseudo-lanminated filns were deposited usjghng two and three consecutively
arranged process stations, respectively. The total filmthickness in each

case was nmi ntain ons . . the. fi.l r
heat-treated i nreg(%ga%f H?%@é%%%@%%ﬁé&@“ﬁ#%%bu WI\%(S’ aﬁg?ﬁgacg ‘?for about
8 sec., which coedilhi omsheadisk-shepsd subdrate)i.e.0epasi dboaiu, 000 pia. wlde] wad bay
magnetical ly hard recordi ng | ayer. Measurenents of the_ non-I|lam nated,

bi -1 ayer, and t¢psedayBe tses dofigingreadshackotignals Wisreacapiired fgbBe| msssgana1701A

test spin Sta”dséhﬁli%l_%%{e 401 ined! Whithi e noﬂaﬁsy@ﬁ&st G,@reaémwa&edo% fhgad- back

noi se of the SULs. e SUL 3 1 MAY 2006 19 read-back noi se was obtained in

the fol | owi n§ néenvency gompitcang Hudhesftocthe spasial fepeenty [domainn Thegeali-back shaped

substrate, i.e., . g_n@ i L de. e . Lime

dormai n read- bac]&m%‘gna g@&@?@eégg%g?%%tﬂ%tﬁ% 88@6 rrseggg%??g%&%g%;fnﬁaﬁr ate of 1

Gs/ sec., whi ch andntherdoomiahizing ¢ al6e0 fn eigneln The eratss SUL readsbdck exjisermey domai n

and further to the spatial. freguency domain.. The r.ead-back. nois s then

bt ai ned by | nt STEITRAS HETHOE Do PR slparnif nose et S Uing t hen

normal i zi ng to RadBitkkioide. Si gnal . The excess SUL read- back noi se was

determ ned bé subtracting the integrated el ectronic noise fromthe integrated
Kk

SUL read-bdBk noi selhe1spinrpiand giepsuisgmenis Wé&é‘iﬁ?é’fﬁ%ﬁb“spﬁ'eﬁé‘i"@ﬂiéﬁ?é PH&E t he

pseudo- | am nat e}%’_e L SundRt 8iIRIEE sptERig Hé&ér@é&ﬂfsteﬁﬁ&'Eﬂﬁﬁi@té&%ﬂ%é%ise
consistently exhibited | ower DC noise " than the non-lam nated SULs prepared

under sinilar sthen themondapinaied SULRprepare pgder snifr emitiesng pawes. Refepiagt i vel y

conventi onal | non PRy A B B 8 et 0l MRERMERNCToise e 1o s

spectrum of a 3speetyen of peuvkniibzaki moatlenlina@dD2¢(hmmithick FEEQB BSIBUI Im fandl m
according tq.th sent inventjo As is clearl i.dent, .t herefr
significant qE)C tﬁf’):br g1 %ré’é'%gga \?\i]?y r,tpﬁ%udﬂg?{p_n %ﬂ’?ﬁoéﬁi g‘ﬂﬂﬁ%lgl%é ﬁgij wher eas

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




substantially no noise is observed for the tri-layer pseudo-|am nated SUL
(FIG 6), i.e., the noise power level of the latter renai Asl @Hﬂsaﬂﬁt at the
el ectronic noise 20 | evel over the entire frequency range of the neasurenent.
By contrast, the noise power |evel of the non-lam nated SUL is above the
el ectronic noise level in the frequencyspange bel ow about 150 kfci. The
excess read-back noise of the non- |am nated SUL was quantified as about 6.6

dB, which | ow f e i i . LG: ki S
emanating fr om@?%%l%%%lﬁgr. b%ﬁdg'wltlﬁg&n?%e&%gtfge@gg%%n%ﬁl%{égﬁ(gack noi se
of the non-| amdagkt eshtr3iting avera sux eithidnyabidhtd thpinmgnstizations edtg cottedetmbed wel |
with the anmount, of ripple..domai ns esent thereiLn, .as. ob ved Magneti c
Force M cr oscoﬂ?w(lwa"eﬁvﬂ@é) %ﬁ?e@Pﬁ‘éﬁﬁaF ﬁewﬁﬁ ?%ad%ssmotﬁe Sﬁi‘ fﬁg’n%ﬁ%{h nat ed
and bi-layer ps@ppROdorhdlid Bt Be réliSof pattiglabr9dallivgivh il dalf Qs HdrHst i ng
areas, whereas the MFM 3.1 MAY 2006 20 images of the tri-|ayer

. y
pseudo- | ani rhat deerme) awngaling, phsteiln e coystalizaion pgicessauserlts darlrcat Haspest i ng ar eas

are attributablegctQideRfis Ri@Rb4rRE h BRICAG Hftheditd@e.0r down fromthe film
I"e [ [

pl ane, which aréas are ripple domains in the SUL film Such ripple domains

are the result of pRefamng rewéa BIG.i7z shoventhstein pre Xirpydifantior patignsof her nal
anneal i ng, wher.gj r | ki zat ] o 0G £S5t et o-
crystalline anirﬂgéo@f 82@1’ e%h#?%ﬁ'v%frn?ségéﬁ ﬁoﬁaﬁgﬁﬁbhﬁ%ﬁf prsrs'g%dnbfltaﬁg‘%ke%e erring now
to FIG 7, showildylee psiudo-daneined AyCab fillmacAs snelgmalyt evident dom Flie 7, ltheee types

of SUL fil I..e., non-lan.n , b -l r eudo- | am nat ed, an tri-layer
Dseudo- 1 an Har SiSisiess e 1trEe D nedk s REGoCEF dadmormmreres . e 10
intensity of tRheaRerfer fhd blayBORbudoSlaMiBRRSSUL Gilm! SR WaRedt F6H thebrethySUL film

weaker for the bi-layer pseudo-lam nated SUL film_  and weakest for the
tri-layer psedsdpdaminated §UEUilny. Thetelatiye amougtsiof sipplssiomains 9bserygde donmi ns

observed by I\/ﬁ% rrel | WA ].at 4 it ! of the a-Fe
(110) peaks. The %ggrgla%ég%}lp@h’&}é%%?ﬁ g{t%eenrsﬁllglg{’hpﬁg Ekp(gg@d}g%l%;m nation"
effect may be 15 efTheatidveetsyltsitiethonzeate it thec'gsamidndarhifation s&ecfmaytee SUL of
per pendi cul gnetj c ..recording. ia,.b e(rjﬁ.)mpn ripp)e,domain. formtion
vi a reducedla{:r ggt’ ’rvleiyz'ﬁ’fhizscﬁ?ortﬁ?c{]'ﬁg‘ﬁ% PP \éfj{hg ﬂgﬁ%rp%%f_c‘%r In?Tasg.n&f—cor
( Fe65C035) ssBlZecadtdify medis, 5Uedidihgpple domain formation via reduced crystallization

of heat-treated amorphous SUL films. For (FessCo3s)ssB12 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



formed on gl ass substrates, the thickness of each sub-| aygr %Af Qﬁqﬁpseudo-
| am nated SUL structures can be in the range from about 5 1 b 130 nm
20 dependi ng upon the heat treatnent conditions, with thinner sub-Ilayers
being preferred regardless of the heat treatnment conditions. Thus, the
present invention advantageously provideg;inproved, high areal recording
density, |ow noise, magnetic alloy-based perpendicul ar magnetic

data/i nformati C n t d . et.

i nproved 25 psggd{)le 1%ﬁ’;ljﬁath‘%eSdS‘1 (r%agngﬁnggl Iﬂ§/e slé#'%%under 8@%@’?’?% H‘getlfuct ure
w th reduced @hnnrraltanmeatdeaseéupptems i therg@feration plf ® Hhooisd assodidieat withn soft

advant ageousl y idin espondi educti,on or _.elimnation of DC
o1 56, uni e, MBI ERAEn FERERT Brbeithyle magEaRS B BT eq wi ¢
comer ci al -scal e rramfaaﬁdwefmé precsaﬂ\iwehu@maie dspebidIgt @efubbilhess bl FBJTde es

i ncl udi ng al ter nating soft magneti c and 3 1 MAY 2006 21 spacer |ayers.

consequence,’ t A cPRyBSHon, WithsiglsRnle gerorkingiretriqyal {ransdngerihisagseand gHowt Ieast
suppresses, th‘f)aﬂr%ﬂﬁf abiRy of thn?éc%ﬁlu?ggs&ﬁbﬁ efﬁeéﬁ‘at I1'0150& ﬁuéépgéﬂtle@yers of
hi gh bit density, perpendicul ar “magnetic record e nedia of the
present i nvent iapplicatiense ipedditiin, $heigedntive wiedia mbaseddy f@ncntedbmmmosl on with
S ot pol e r eqetalaribel fhauRl A0S G RE AR AN, enl oy parteul ar
utility in high recor |ng RSl oy redr 2T or onputer-rel ated applications.
In addition, the i nﬁeﬂﬁlw@nmdﬁeﬁcﬁpﬁm mememas spogificaletails ateesdt foyth,rma]mas of

conventiona met hodol oqi sputtering technigues. In. the revi ous
descri pti on 0 h&Rest %ﬁéai‘f fﬁ?%?i’&salﬂr%ceﬁﬁﬁ% g’@t’ FoPdyr QuRRVES 2 10F%hecifi ¢
materials, struaddtst@sdingd 00 GRSHresent &ivention mic%dat; tﬁd)pﬂamv ii@ntforDedn BE

under standl ng of the present invention. wever. the present invention can be

practiced wit h@mcn?e@swm%ge%msﬁ% theedetzils §p@b@f@11¥ .S%tafplrtér Ig other gistagces; n ot her

i nstances,  wehlenKaewn R6RESSSnEri B bR fefiriqiRs Hat ol BeURSCrbRY tr Mi4i1 been
described in detail in order not to unneceSsarily obscure the present

i nvention. 15 @noryleltxmétcpu@fee%ﬁ@dyebm@whﬁam%enbmvm@npr esent invention and but
a few exanp es of esent

di scl osurenH t is Unﬁbih%ﬁgfg#rlg% %%(l eﬁtQ ?ﬂh@ g%ﬁﬁehgﬁﬁd;%ﬁtrfféggpabl e of
use in vari ous epdryses of its versatility are shown and descnbed 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.




conbi nati ons and environnents and is susceptible of changeg ﬁWQU%
nodi fications wthin the scope of the inventive concept asve ssed herein.
3 1 MAY 2006 22 What is Clainmed Is: 1. A high areal recording density,
per pendi cul ar magnetic recording nmediumw th reduced or substantially zero
DC noi se, conprising: (a) a non-nagnetic,substrate having a surface; and (b)
a |l ayer stack forned over said substrate surface, said |ayer stack 5
conprising, in overlying sequence fromsaid substrate surface: (i) a
magnetical |y sof#.40ees ?&r (ii) at least one non-nmagnetic interlayer; and
(ii11) a magnetical Ty hard perpendi cul ar recording |ayer; wherein said
magnetically soft underlayer (b)(i) is thicker than said 10 magnetically
hard perpendi cul ar recordy I §ldo)s (S 1. ap d
structure conposed olf a %%e%?ﬁ&@é%%é%@gﬁmeﬁgg@i&g gt:%g%goﬁ(g? cally
soft materi al .m&liudwéthradpred brsubstemtiatly mgroR@ hoise, @smprisicg:ai m 1, wherei n: said
| ayer stack (b) further co risest. an, adhesi on Iafer_be ween said substrate
surface and sai d magieti 3&9%?@8“”%%%% Vgﬂga(%ﬁ?e)fm The magnetic
recordi ng medi um as (b1 cCladhyer Atackii@fitdroves sdidl satsthrewi saffatcq i€l 1e@ARlCIEES an
about 10 to about 50 At hiclﬂ<.la er of _a terial selected fromthe group
consi sting of TMPESIngsig overlyinggequence from sajg subsipate sULiefey s t hereof . 4. The
magnetic recordi ng medi ughas hihagheticAllylsofti@E@4yRs; sai d magnetical Iy soft
underl ayer (b)(i) is composed of "a stacked plurality of sub-layers of a
magnetical ly soft materi &) sepdeistensnogrimagnetiomtaiigy@oasi sting of FeCoB,
CoZr, CoZrCr, CoZrNb, Co r, . . tic recording
S

mediumas in claim4, wh
wherein said magnetically soft underlayer (b)(i) is thicker than said

10  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.

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 ”fi, 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:




said magnetically soft underlayer (b)(i) is conposed of a stacked plurality
of sub-layers of a FeCoB alloy. 6. The magnetic recordi ng? iedAYn200§ in claim
5, wherein: said magnetically soft underlayer (b)(i) is conposed of 2 - 6
stacked sub- layers of (Fe65Co035)ssBl12 each having a thickness from about 50
to about 130 nm 7. The magnetic recordipg mediumas in claim1l, wherein:
said at | east one non rragneti c interlayer (b)(ii) conprises an up to about

10 A thick |ayer or ers i [ ect ed
fromthe group COI’ISI s aﬁneuclan}g%()d ﬁ?%hq%e?@@?ﬁﬁ&%ﬁ?do Ial%‘lmﬁe(% ﬁﬂé@ T, Ti-
and Co-based Dfaib-lyas oBaFéKttﬂB gibgneti ¢ recordi ng nmediumas in clai m 1,

wherein: said magnetically hard perpendi cular recording layer (b)(iii) is
fromabout 100 to bout g } (ﬁnd c&d)glgrl $5:8 ht%ased al I oy including
one or nore elenen s sefl %Wg%flel%?nof &g aéglnsﬁmu ng ot -Cr, Fe, Ta, N,
Mo, PE V,/N(l:j), Ge, )Emamshglﬁenoally@dﬁumdbﬂayﬁﬂ(bl)@) $sadoaqio| il g e Eﬁa&d sabd 5- FeZ03,
or a (Coy,/P Pt)" tilayer tlLC.S attice structyre conprised
of alternati ng?‘DﬁFsrP I(]?f;ﬁ \&31269“ %@%ﬁgg‘i"f’ba Clal z%EI r]rg&ln%gnetl c Pd
or Pt, where n is an integer from about 10 to about 25, each of the

alternating thin |ayers @he fagleds estortgi@ediom adld @)im § whefsi:about 2 to about
3.5 Athick, X is an elenent selected fromthe 10, 6 group consisting of Cr, Ta,

B, Mb, and Pt, and &3¢ @t [sestione nap-magpefici iRgrleyer (IR OMPTisest anhiorabSRet i ¢ Pd or

Pt i's about 1014 fiickKia e?orﬂg@rsrma@hgt%né E&Qﬁﬂgﬁlﬁcﬁﬁ%@édéﬂhél&tédnﬁ&h%éﬂ 8,
wherein: said magnetica hard perpendi cul ar fecording |layer (b)(iii)

conprises a cmulptcoasﬂst@;g OflEI: PdhEa, Reg Rey HE alloys therae e and &9-Hagedc] ai m 1,
wherein: 3 MAY 2006 24 said non-magnetic substrate (a) conprises a materi al
selected fromt ‘group consisting of Al, NiP-plated Al, Al -M alloys, other
Al -based al |l oys, other non-magnetic net aI s, other non- magnetl c alloys,

gl ass, ceranics, poByner $he ghgnstic r@oringamedigm aghclgwnpadiereds and/ or | ami nat es

t her eof . 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;Os, or a (CoX/Pd or Pt),

multilayer magnetic superlattice structure comprised of alternating thin layers of a

Co-based magnetic alloy and non-magnetic Pd or Pt, where n is an integer from

about 10 to about 25, each of the alternating thin layers of Co-based magnetic

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

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:




11. The magnetic recording nmediumas in claim1l, further cgrrgr'mi ngos (c) a
protective overcoat |ayer over said magnetically hard perp&ndicul ar recording
| ayer (b)(iii); and (d) a lubricant topcoat |ayer over said protective
overcoat layer (c). 12. The magnetic recording nediumas in claim1, wherein:
sai d non-nmagnetic substrate (a) conprisegga material selected fromthe group
consisting of Al, NiP-plated Al, Al-M alloys, other Al-based alloys, other
non- magnetic mnetal s, r - ' I . 1C ] nmers,

g U5 S BAAG, o blrieoes ! ARBrial IR Fom ARL Y

sai
nates there sald | ayer

t
gl ass- 5 ceramcs, ang coFrr%C rtes an
stack (b) conprgr@assconsistirpodfesl MiP-plated rAlpAt-Mesailogsiothes W dasedtabloguoftgce and

said magnetically soft underlayer (b)(i al d,adhesi on, | r.C rising' an
about 10 to abd’l?f"r%‘i’gnﬁlctrﬂ%e ’?@%}é’i‘)né‘?ggget}%%@w’ﬂasss’ec reaﬁlcesdp‘?ly%renrst ﬁgg%gr oup 10
consi sting of Teranfis, anBcompPositdsland/belamGtiteshheredind al | oys thereof; a
magnetically soft underlayer (b)(i) in the formof a pseudo- |am nated

structure conposed 2 - .6 stacked sub-layers of .a F al | oy . .each havi ng
a thickness from abgsjt 5@?8”5‘5%’61”%?3‘%"51’??}6 Iﬁ?lalséléglf’mbffgﬁﬁa P%‘&éﬂ%{‘%@
interlayer (b)(ii) g the fpesteatet erdpatt Qayet S 0BOWaidl Omégdeticatly |layer or
| ayers of at |east one non-nmagnetic rmaterjal selected fromthe group
consi sting of HJLGWGP@}?“IQTaEeC‘Ré{ngﬂﬁ}’FTﬁf)(,m)faﬂdoys thereof, Ti-Cr, and Co-based
alloys; and a magnelycal b yubad RLRAA GWrakid pRARKHL Blerb i Byl @).(111) In the
formof an about 100 to about 300 A thick layer conprised of "a Co-based 20
all oy including one or nore elenents selected fromthe group consisting 3 1
MAY 2006 25 of Cr, F@, T&he mjagnays reqording/medigm asgn clgigyl.ghegiiiian jron oxi de
sel ected from Fe304,ang,8qk; ggécsiuﬁ%?‘atél(t@f:@a% 2 mhttRalnddidcicdandh thggnetic

ol a

superlattice structure conprise ernating thin | ayers of a Co-based
magneti c al | oy greupcconsistingaefrsls NiP-platedrAlpAl-Mgradlogs, pthes Adrpasediallges. othepm about
10 to about

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




25 25, each of the alternating thin |layers of Co-based maggft% b@ﬁy is from
about 2 to about 3.5 Athick, X is an elenent selected fr t 3 p
consisting of Cr, Ta, B, Mo, and Pt, and each of the alternating thin non-
magnetic |ayers of Pd or Pt is about 10 A thick. 13. A nethod of

manuf acturing a high areal recording den%ty, per pendi cul ar magnetic

recordi ng mediumw th reduced or substantially zero DC noise, conprising the

t f . i di - i t hayi face: and 5 (b
Forming a layer. ot adifCayih TEREMENEL . a6 OB R EE o B RS o R LSRR T o ()
formng , in overlyiRgosQRIUEREO;] sroMCE/Pd 5HPY] hakiayetifagiedic sGperlatice

magnetically soft underlayer; (i1) at |east one non- rragneti c interlayer; and
(iii) a magneti cal | steture qemppssscdfeliematingtbisylayanyof ae-pased magpeticallay st ep
(b)(i) conprises forpmn k i t i Lhdgkness
greater than that ofﬁgg‘?ﬂ%@ﬁé&?ﬁgﬁaﬁyqﬁg‘? %gﬁggﬁg{r%ﬁ}%%égﬁ?ﬁ%& | ayer
formed in ské&p (b) (i25i achrd tixoatipositidg dfin dayptsof flo-hagedinagnettic laHgy issfrayh
magnetically soft material. 14 T hqd. accor di | &j 3 erein:
step (b) (i) conprisé O‘Ftoﬁrtﬁ AP 3p§s12‘u§?)%kr glérjnlsn%l’tée)l gﬁ%ﬁget%tﬁgeﬁ%ng]rtr%eo é’ggof a
stacked plurality ofcofisiftingayfelrs TQfB,aMop@dert] avdl dayh sdfhe alteinetingadhirswdnect ed from

the group consisting of FeCoB, Zr . .CQZr rNb, CoTazr, CoFeZr, and 5
FeTaC. 15. The met horreRedolayes gty %Mf?ﬁa%ﬁde in: 3 1 MAY 2006 26 step

(b)(i) conprises formng a pseudo-|am nated structure conposed of a stacked
plurality of sub-laygrs o rmetheCalt alah@fictudly aThiphmetcabdeqeding ddengityt, 0 cl ai m

15, wherein: step (b)(i) conprises formng a, pseudo-|anjnated str ure
conposed of 2 RemsndicHlak BRSRAHS IPYLRg nﬁfi‘“g?ﬂggﬁﬁﬁlf?%‘)ds%@@’%%ﬁﬂﬁé?f? a

t hi ckness from Iﬁy@éé%ong’ﬁisﬁﬂg th@gg‘%toﬁmo nm
(a) 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 magnetically soft underlayer;
(ii)  at least one non-magnetic interlayer; and
(i) a magnetfcally 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:




17. The method according to claim13, wherein: step (b)(i) conprises formng
sai d pseudo-laninated structure by a physical vapor depost} SFAY( ﬂ’ﬂﬂﬁ)

process. 18. The nmethod according to claim 17, wherein: step (b)(i) conprises
form ng said pseudo-lam nated structure by a sputtering process. 19. The

met hod according to claim17, wherein: stgp (b)(i) conprises fornmng said
pseudo-| am nated structure conposed of a stacked plurality of sub-l|ayers of

a soft magnetic materi depositing ea - ' ' r ent
chanber. 20. The netsﬁei?gﬂb cc(‘)“”f‘ﬁeg”tf’o 131‘55?%1%5%%E@ésﬁéﬁegggké%e?io?acorrpri ses
form ng sai d psgated prarlinpbRabliyescifarReCoBrgiioged of a stacked plurality of
sub-l ayers of a soft magnetic material by discontinuous, sequenti al
deposition of each syb-layer in the sa ha r. 21.. The nethod according to
claim 13, wherein: step %en?qﬁ]?‘idha@?or ?iglglérgpigvrhr?‘lreﬁrb an adhesi on | ayer over

sai d substrate sur fsagabpi)i cdmptifesormiing AipBadslaningted ftrmcturd 2ompbsed L2 hod
according to claim 21, wherei

n,. 3 Y_ 2006 27, step. (b onpti ses form ng
sai d adhesi on | =§#acks subrlayers of (%h‘_’gf/ia%@&?c VIng at‘ﬁ’lc&@gsf &9@3%8‘?t53)tﬁat eri al
sel ected from tjg. PR consisting of Ti, C, Ta, Zr, No, Fe, Co, N, and
all oys thereof. 23. The nmethod according to claim13, wherein: step (b)(ii)
conprises formng an up to about 10 A thick |ayer or layers of at |east one
non- magnet i ¢ mat eri al7- sel Bemadhad asaeramg Qelagh b IRer® i ng of Pt, Pd, Ta, Re,
Ru, Hf, alloys theregf, @i YomRe Frupas adid@bieis-lantifiated NgrubREN QY accor di ng
to claim13, wherein: "step (b)(ii11) conprises form ng an about 100 to about
300 A thick | ayghysicalomper depasitten @VE)-peesesd al | oy i ncl udi ng one of nore
el enents selected fromthe group consisting of C, Fe, Ta, Ni, M, Pt, V,

No, Ge, and B, or anlSi. r Onﬂf?ﬂl&ﬁod according to claim 17, wherein:

step (b)(Q) 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:



5 selected from Fe304 and 5-Fe203, or a (CoxX/Pd or Pt)" nultilayer nagnetic

superl attice structure conprised of alternating thin Iayerﬁ gf mased
magnetic alloy and non-nagnetic Pd or Pt, where n is an inft M about

10 to about 25, each of the alternating thin |ayers of Co-based magnetic
alloy is fromabout 2 to about 3.5 Athick, X is an elenent selected from
the group consisting of C, Ta, 10 B, M27 and Pt, and each of the alternating
thin |layers of non-nmagnetic Pd or Pt is about 10 A thick. 25. The nethod

according to cl ai Msled, (bybiRhgsses foring said) adBENIaT laf@of R ABbE 10g0 abs®BOMAgNEt i C
Substrate corrplgl sed of a materjal selected fromthe group consisting of A,
Ni P- pl at ed Al ,AAbickgaysr oy materigh srlected from dhsygrapp 69‘&515“68 H’érTI’nG‘h Tdagheti c

metal s, other N@Te”@gr}%téufdﬁiogﬂfﬁreoﬁ gl ass, ceramics, polyners,
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step (b)(ii) comprises forming an up to about 10 A thick layer or layers of
at least one non-magnetic material selected from the group consisting of Pt, Pd,
Ta, Re, Ru, Hf, alloys thereof, Ti-Cr, and Co-based alloys.

24.  The method according to claim 13, wherein:
step (b)(iii) comprises forming an about 100 to about 300 A thick layer
comprised of a Co-based alloy including one or more elements selected from the
group consisting 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 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,
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-magnetic substrate comprised of a
material selected from the group consisting of Al, NiP-plated Al, Al-Mg alloys,
other Al-based alloys, other non-magnetic metals, other non-magnetic alloys,
5 glass, ceramics, polymers, glass-ceramics, and composites and/or laminates

thereof.

26. A disk drive comprising a low DC noise perpendicular magnetic
recording medium including a pseudo-laminated soft underlayer structure

according to claim 1.






