| MAGNETIC RECORDING MEDIA WITH CU-CONTAINING MAGNETIC LAYERS FIELD OF THE
INVENTION 5 The present invention relates to improved, high recording performance magnetic
recording media comprising at least one Cu-containing magnetic recording layer for improved
segregation for obtaining sharper transitions betweenithe magnetic grains and non-magnetic Cr-rich
grain boundaries. More particularly, the invention relates to hard disk recording media with increased
10 saturation magnetization (Ms) and magnetocrystalline anisotropy and narrower intrinsic switching
field distribution. BACKGROUND OF THE INVENTION Magnetic recording ("MR") media and devices
incorporating same are is wide\VeNphirdd tnRESSIRBYPlfcdvtiria | AaMtilErly in the computer
industry for data/information stofaldeCEAt Tetd UM @opld &S kS, iphoalKERisk form. Conventional
thin-film type magnetic media, wherein a fine-grained polycrystalline magnetic alloy layer serves as
the active recorffilgllay&fFafdd igd Vi El{3Bified as "longitudinal” or "perpendicular”, depending
upon the 29 orientatio;ix oef tr}%sme}gln%té% dolgn%ieipaﬁ %f {he1 ra}i(glvsegf ma nreetci:%r %teriaelr.fArRl%rtic%n of a
conventional Iongitudinalfl1 re%or(?llﬁg,l%hln-tﬁ?m, Kard disk- type magne%c recor m% Riedilimt commonly
employed in comagtesrtkelatedrdipglioatitins ¢osphingtiaalljeibisuate Cin-dddaihingsimpfifiedc

cross-sectional view, .and comparqlses.a substémtiaig{%/ rigid, ngn-magnetic mgﬁal substrate 10, 25
typically of alurfiFtH{AS) SPYH alitimiRRoBELed® @&%h 95 VMR URA RS LSS H VAT -Mo)
alloy, having segeeniiallyndepasiiedopoiReryigentiimed eni @Gt Hase O oaiebirplatlingdayer 11,
such as of amorphous nickel-phosphorus 2 1(Ni-P); a seed |layer 12A of an amorphous or fine-grained
material, e.g., alsdiglarly, the invention relates to hard disk recording media with increased

10  saturation magnetization (M;) and magnetocrystalline anisotropy and narrower

intrinsic switching field distribution.

BACKGROUND OF THE INVENTION
Magnetic recording ("MR") media and devices incorporating same are
15 widely employed in various applications, particularly in the computer industry
for data/information storage and retrieval applications, typically in disk form.
Conventional thin-film type magnetic media, wherein a fine-grained
polycrystalline magnetic alloy layer serves as the active recording layer, are
generally classified as "longitudinal" or "perpendicular”, depending upon the
20  orientation of the magnetic domains of the grains of magnetic material.

A portion of a conventional longitudinal recording, thin-film, hard disk-
type magnetic recording medium 1 commonly employed in computer-related
applications is schematically illustrated in FIG. 1 in simplified cross-sectional
view, and comprises a substantially rigid, non-magnetic metal substrate 10,

25 typically of aluminum (Al) or an aluminum-based alloy, such as an aluminum-
magnesium (Al-Mg) alloy, having sequentially deposited or otherwise formed on

a surface 10A thereof a plating layer 11, such as of amorphous nickel-phosphorus



aluminum (Ni-Al) or chromium-titanium (Cr-Ti) alloy; a polycrystalline underlayer 12B, typically of Cr or
a Cr-based alloy; a magnetic recording layer 13, e.g., of a cobalt (Co)-based alloy with one or more of
platinum (Pt), Cr, 5 boron (B), etc.; a protective overcoat layer 14, typically containing carbon (C), e.g.,
diamond-like carbon ("DLC"); and a lubricant topcoat layer 15, e.g., of a perfluoropolyether. Each of
layers 11-14 may be deposited by suitable physical vapor deposition ("PVD") techniques, such as
sputtering, and layer 15 is typically deposited by dipping or spraying. 10 In operation of medium 1, the
magnetic layer 13 is locally magnetized by a write transducer, or write "head", to record and thereby

store data/inforiPati6n; #Hweddaytieldite ieanaangephoisheadne-eatiacd mgsidondentrateemagnetic

field which alterp ectign based 091&%9 gt armatien re Agal magnetic
field produced bygﬁ&e vlg#%e grans ceris greateﬁ%han%e co&mﬁf is olté}' mvz\ﬁ}ﬂ%% t‘ie recording
medium layer 18nthelgyaint2dd, thep polgrysialtine antatdrat dtalhey ;| ocatigneire reagdatizdaly fhe grains
retain their magnsgtization fter h tlcf I plied thereto b the it ransd ris,removed.
The direction o?%e n%ag ?za%})a?r? 05:1 Clle legt%lrt?lopfhee(gprﬁ m 2% tic P%Il(djﬁsr ér,
magnetization dﬁ(bk@nrem,rdmg m@@hﬂmti&y&mﬂﬁo@an mybsdeﬂueyﬁ;c@klgdmmﬁaamﬁ@ edestmcalyesponse
in a read transducer, or read " Ilog;ﬁﬁ%sto 3 ormation to be ead elI]%T'forts are continually

being made witiTthe dimenth §ﬁ’1r %H LISaR, tf’BC%te HtlensifySorBitd/unit
area, and signapeflieeipoly avise Fuin GEMNR)1F taermgdnetieppeidia. bjowevelesevaraifficulties

are 25 encountered When the bit densﬂg\ﬁ of Iong|tud|nal media is increased above about 20 - 50

Gb/in2 in order HRSFmMASRAEHGh fe RS e diCBudh PRI FREaBMEST Wierdthe
necessary redU@gﬁq@dn}gE@igbgg&i@sng%r§Bp%rg%ramagnetlc limit. Such thermal instability can,

inter alia, cause
10 In operation of medium 1, the magnetic layer 13 is locally magnetized by

a write transducer, or write "head", to record and thereby store data/information
therein. The write transducer or head creates a highly concentrated magnetic field
which alternates direction based on the bits of information to be stored. When the
local magnetic field produced by the write transducer is greater than the coercivity

15 of the material of the recording medium layer 13, the grains of the polycrystalline
material at that location are magnetized. The grains retain their magnetization
after the magnetic field applied thereto by the write transducer is removed. The
direction of the magnetization matches the direction of the applied magnetic field.
The magnetization of the recording medium layer 13 can subsequently produce an

20  electrical response in a read transducer, or read "head", allowing the stored
information to be read.

Efforts are continually being made with the aim of increasing the areal
recording density, i.e., the bit density, or bits/unit area, and signal-to-medium
noise ratio ("SMNR") of the magnetic media. However, severe difficulties are

25 encountered when the bit density of longitudinal media is increased above about
20 - 50 Gb/in® in order to form ultra-high recording density media, such as
thermal instability, when the necessary reduction in grain size exceeds the

superparamagnetic limit. Such thermal instability can, inter alia, cause



undesirable decay of the output signal of hard disk drives, and in extreme instances, result in total
data loss and collapse of the magnetic bits. One proposed solution to the problem of thermal instability
arising from the very small grain sizes associated with ultra-high recording density magnetic 5
recording media, including that presented by the supesparamagnetic limit, is to increase the crystalline
anisotropy, thus the squareness of the magnetic bits, in order to compensate for the smaller grain
sizes. However, this approach is limited by the field provided by the writing head. Another proposed
solution to the problem of thermal instability of very 10 fine-grained magnetic recording media is to
provide stabilizatisteviiaRisughagyop iHafepdimtgpiane o ftird Higkr diitteanatseife poisathetic layer
or an anti- ferromagnelic RYEl: i (s’ gﬁ%s_k)tJ}?éc%?ﬁoesreez;ﬂ}%%ﬁa%%ﬁs%ﬁ;N- Abarra et al., IEEE
Conference on Magnetics, Toronto, April 2000) to provide a stabilized magnetic recording medium
comprised of at least aairmbfeseinagnitio aytrs jsabihioh aréhantidéimotabdistivaiipg dupled ("AFC")
by means of an interposed thin, non-magnetic spacer layer. The,coupling is presumed to increase the
elfectve volume Bt e R B R B R e e
coupling can berdesdibediadiarnmschifdhe tdial pxedvange bendkgyupaparpaiigidecrbmagretic layers
separated by a non-magnetic spacer 20 Jayer, the total exchagf%e energy gene%e\lﬂlllgf/qire ults from

RKKY-type intet3CHNG8E § 185 ABISPHARYe HPoth i SHEAG Re b et e TR ah B Sadhg spacer

film thickness), digeledlirpipinenrdiensdahyrensasaing et theolesamanietifp el ssashassdthe
spacer layer (which favors anti-ferroma%gtic‘ alignment of adjacent grains across the spacer layer),

and exchange iftetaediiqwrneiied Brdbs weitiaagattic alignment of the ferromagnetic layers). In

AFC media the thicknegs  a{dheSpasst [syRtisnChPsR [RopREIMIZG RIS HANBANSTISCOMRIING
between the ferromagnetic layers, i.e., to maximize the RKKY-type anti-ferromagnetic coupling and

the dipole-#ipoldiisteadtieshsasaehiviisgasithismpdibitct mettastabilization via coupling of

the ferromagnetic recording layer with another ferromagnetic layer or an anti-

ferromagnetic layer. In this regard, it has been recently proposed (E.N. Abarra et

al., IEEE Conference on Magnetics, Toronto, April 2000) to provide a stabilized
magnetic recording medium comprised of at least a pair of ferromagnetic layers

15 which are anti-ferromagnetically-coupled ("AFC") by means of an interposed
thin, non-magnetic spacer layer. The coupling is presumed to increase the
effective volume of each of the magnetic grains, thereby increasing their stability.

The strength of coupling can be described in terms of the total exchange

energy. For a pair of ferromagnetic layers separated by a non-magnetic spacer

20 layer, the total exchange energy generally results from RKKY-type interaction
(i.e., oscillation from anti-ferromagnetic to ferromagnetic with increasing spacer

film thickness), dipole-dipole interactions between grains of the ferromagnetic
layers across the spacer layer (which favors anti-ferromagnetic alignment of
adjacent grains across the spacer layer), and exchange interaction (which favors

25 ferromagnetic alignment of the ferromagnetic layers). In AFC media the thickness
of the spacer layer is chosen to maximize anti-ferromagnetic coupling between

the ferromagnetic layers, 1.e., to maximize the RKKY-type anti-ferromagnetic

coupling and the dipole-dipole interactions. According to this approach, the total



4 exchange energy between the ferromagnetic layer pairs is a key parameter in determining the
increase in stability. FIG. 2 schematically illustrates, in simplified cross-sectional view, a portion of an
anti-ferromagnetically coupled (AFC) magnetic recording medium 5 20. As illustrated, medium 20
includes a non-magnetic substrate 10 selected from among non-magnetic metals and alloys, Al,
Al-based alloys such as Al-Mg alloys, NiP-plated Al (NiP/Al), glass, ceramics, polymers, and
composites of the aforementioned materials. The thickness of substrate 10 is not critical; however, in
the case of magnetic recording media for use in hard disk applications, 10 substrate 10 is of a
thickness sufficietthtengeogitis shebsbree dhe rigidRynasubL e dey I PRIFicHy denirsam@Pbian
Al-based alloy, ﬁ&e’rf%' geallé%%%qﬁr%q%%@_on the surface 10A thereof a plating layer 11, e.g., a
layer of amorphous Nip. Formed on the plating layer 11 is an underlayer layer 12 for controlling the
crystallographic texturd'Hnd prepestiediodigrromsigatetic Do shapdidiadoyrizmperscisodeposited thereover,

which underlayer %@()ig%gdes first. or lower, ngnsecon XP%Z%‘%%%:S%@& nd 12%ium

r
. 1 i-fefromagneti CO ’68 1 me .
respectlvely, asps(hown n Y erelngﬂwe II’SK or Wer(por IS a see Pa%/er comprlsed of

an amorphous @0firesglainededpatedaine2f. ircNiddd amCi-hiallayilayebdhian d0auletttofaknut 1,000
A thick, and the second, or upper.portion 12B is a polycrystalline underlayer, typjcally a 20 Cr or
Cr-baseq alloy YRR ORERH LIRS CE ety o JB0tH TH45° AR LR MERIENH AFC
medium 20, thesipgigatet omipgraRcAayesh3sof toplangitusiiphepagagic cespisingsmedidip 1 of FIG.
1 is replaced with a sandwich-type structure comprised of a pair of strongly anti-ferromagnetically
coupled, 25 cryStanfiBsRiiRIIsh FGE Ay ehbei Bicknsss Arsuibrtrehbindghctitticglenegever,

(alternatively refgrrgd (e A8 &{bRHQMERY§EIRAME SREPAT (O URPEh TRHPIRINGRGIRYEDASY
(alternatively referred to as a "top layer"), which pair of
10 substrate 10 is of a thickness sufficient to provide the necessary rigidity. Substrate

10 typically comprises Al or an Al-based alloy, e.g., an Al-Mg alloy, and includes
on the surface 10A thereof a plating layer 11, e.g., a layer of amorphous NiP.
Formed on the plating layer 11 is an underlayer layer 12 for controlling the
crystallographic texture and properties of ferromagnetic Co-based alloy layers

15 deposited thereover, which underlayer 12 includes first, or lower, and second, or
upper, portions 12A and 12B, respectively, as shown in FIG. 1, wherein the first,
or lower portion 12A is a seed layer comprised of an amorphous or fine-grained
material, e.g., a Ni-Al or Cr-Ti alloy layer from about 10 to about 1,000 A thick,
and the second, or upper portion 12B is a polycrystalline underlayer, typically a

20  Cr or Cr-based alloy layer (e.g., of Cr-W, Cr-Mo, CoCr, etc.) from about 10 to
about 300 A thick.

In AFC medium 20, the single ferromagnetic layer 13 of the longitudinal
magnetic recording medium 1 of FIG. 1 is replaced with a sandwich-type
structure comprised of a pair of strongly anti-ferromagnetically coupled,

25 crystalline ferromagnetic layers, i.e., a first, or lower, ferromagnetic layer 13,
(alternatively referred to as a "bottom layer") and a second, or upper,
ferromagnetic layer 13 (alternatively referred to as a "top layer"), which pair of
ferromagnetic layers are spaced-apart by at least one thin, crystalline, non-

magnetic anti-ferromagnetic coupling (AFC) layer 16. Typically, each of the first,



ferromagnetic layers are spaced-apart by at least one thin, crystalline, non- magnetic
anti-ferromagnetic coupling (AFC) layer 16. Typically, each of the first, 5 or lower, and second, or
upper, ferromagnetic layers 13L and 13u, respectively, is comprised of an up to about 300 A thick
crystalline layer of at least one alloy of Co with at least one of Pt, Cr, B, Fe, Ta, Ni, Mo, V, Nb, Ru, Si,
and Ge. The at least one thin, crystalline, non-magnetic spacer layer 16 is selected to provide a 5
large RKKY-type coupling effect, and may comprise nearly any non-magnetic material, e.g., Ru,
Ru-based alloys, Cr, and Cr-based alloys and is up to about 20 A thick. Not shown in FIG. 2, for

illustrative simpReitpWeraanshirsoadmAgHRRRY, lyeriaenetifolayiste e Buinesprssbi between the

upper magnetic : ;{ng on- [ : ' i 3]}
between 10 theég%%{égsgg owe m%g%&'@%&i%%%%ﬁ%@%@%ﬂ? or\{mﬁjgg?\éc%eléﬁggqr%% ?ecording
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wherein CosbaskaganaRIRENC-grpensoarsimagieticadiyd isvgted hpGe richaliyeangrsegregaiedy
non-magnetic grain boundaries. CoCr- based alloys suitable for use jn forming magnetic recording
ayers with seorBTER grdindty RS EmTLGS: L3 CPHa b EOETUOAAY Wi PR S fnst ane
element selected fiigiok TRoBshdnVinNION2 ZHoRBuRtatAg, dithplicand €. #0dptRiaehastatice, the

added Ta and/or B primarily serve to improve the segre??%t{ion of the Cr atoms in the magnetic layer.

However, the sdgY&hdton? SPBiiieHaGe By shofiS RotRe Pelyirehid sy aPREs Shagas e ddd/or B to
CoCr- based allgys indolnecassril shag eaaualeaomerirseavirriiosatiiyiihe Kiircreasing

performance criteria and parameters required of high-performance” 25 magnetic disk recording media
utilized in démptheupnetaadppheatsigetic layers 13y and 13,.

High performance magnetic recording media generally require magnetic
recording layers with well-defined, isolated magnetically isolated grains
exhibiting little inter-granular magnetic coupling, i.e., segregated grains. Such
recording layers with segregated grains typically comprise traditional hcp lattice-

15 structured CoCr-based alloys, wherein Co-based magnetic grains are magnetically
isolated by Cr-rich (i.e., Cr-segregated) non-magnetic grain boundaries. CoCr-
based alloys suitable for use in forming magnetic recording layers with segregated
grains typically comprise CoCrTa or CoCrPtX alloys, where X is at least one
element selected from Ta, B, Mo, V, Nb, W, Zr, Re, Ru, Ag, Hf, Ir,and Y.

20 In either instance, the added Ta and/or B primarily serve to improve the
segregation of the Cr atoms in the magnetic layer. However, the segregation
profile of the Cr atoms in the magnetic layer upon addition Ta and/or B to CoCr-
based alloys is not necessarily sharp enough for media required to satisfy the
ever-increasing performance criteria and parameters required of high-performance

25 magnetic disk recording media utilized in computer-related applications.

Accordingly, there exists a need for improved magnetic recording media
with sharper transitions (i.e., segregation profiles) between Co-containing

magnetic grains and Cr-rich, non-magnetic grain boundaries, which improved



Accordingly, there exists a need for improved magnetic recording media with sharper transitions (i.e.,
segregation profiles) between Co-containing magnetic grains and Cr-rich, non-magnetic grain
boundaries, which improved 6 media exhibit increased saturation magnetization (Ms) and
magnetocrystalline anisotropy and narrower intrinsic switching field distribution. The present invention,
therefore, addresses and solves the need for increased Cr grain segregation in CoCr-based magnetic
recording layers, leading 5 to obtainment of improved magnetic recording media with enhanced
performance characteristics, while maintaining full compatibility with all aspects of conventional

automated mantfediurfrd e Hnersasetbstabiataiomagnssigaeee dYadiane. gnabaetpaisrt Msreover,

manufacture of the. | 3 ic mesia oftheRiesartdNMeRliqR;gan be implemented at a cost
comparable to tH{ﬁtsgPB mﬁgr@r?g?nggﬁa. DISC(::LJOéURl"lg'fOIg #}{E II\tIS\{/RElNTION An advantage of the

present invention is implevadasagneticnécorditgrefedia sdtrassagnetid |agbres hthdngdadprored Cr
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boundaries. Another advantage of e Sresent Invention 1 Imp veacmagnelttllg fecording media with

increased saturasionbiagnetization (Mgjraned magpeatorrystalbndianisotedpy awithnaroheicitrinsic

switching field distrijbution. Yet another advantage of the present invention is improved magnetic 20
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advantages anchpifiglvieaivres aldhapcasaphimienitywilelsey fitipribsidassriptigmadich
follows and in part will become apparent to those having ordinary skill in the art upon examination of

the following or Mibeé &5 B3 S kol IRTs PrefetRaWIsE R i fheiHreR T MReudiramedias of the

present of the present invention can be implemented at a cost comparable to that of

10  existing media.

DISCLOSURE OF THE INVENTION

An advantage of the present invention is improved magnetic recording

media with magnetic layers having improved Cr segregation with sharper
15 transitions between magnetic grains and Cr-rich, non-magnetic grain boundaries.

Another advantage of the present invention is improved magnetic
recording media with increased saturation magnetization (M) and
magnetocrystalline anisotropy and narrower intrinsic switching field distribution.

Yet another advantage of the present invention is improved magnetic

20 recording media exhibiting enhanced magnetic recording performance
characteristics.

Additional advantages and other features of the present invention will be
set forth in the description which follows and in part will become apparent to
those having ordinary skill in the art upon examination of the following or may be

25 learned from the practice of the present invention. The advantages of the present
invention may be realized as particularly pointed out in the appended claims.

According to an aspect of the present invention, the foregoing and other
advantages are obtained in part by a magnetic recording medium including at

least one Cu-containing magnetic recording layer (CuML) comprised of a Cu-



invention may be realized as particularly pointed out in the appended claims. According to an aspect
of the present invention, the foregoing and other advantages are obtained in part by a magnetic
recording medium including at least one Cu-containing magnetic recording layer (CuML) comprised of
a Cu 7 containing magnetic alloy material selected from the group consisting of: (a) a CoCrPtBCu
alloy having a composition represented by the formula Coi oo _x_ y z aCrxPty,BzCua, wherein 0 < x <
20,0<y<30,0<z<24,and 0 <a<10; 5 (b) a CoCrPtBCu alloy having a composition represented
by the formula Coioo-x-y-z-aCrxPtyBzCua, wherein 0 <x<30,0<y<30,7<z<24,and 0 <a<10;
and (c) a CoCrTaataaing na@mgyﬁ%@%@bsmém@érégkwéd Hyame tf@rnﬁﬁ@l@dﬁ@@Sﬁ@?%a@:&xTayCua,

containing less than 3&326% rCHEIIPtﬁé‘E 1'59 H‘an d &'pcB%]{a ggr g[ Jwith

embodiments of the p nt invention, the Cu contalnln magnetic a oy m ten s (a) and (b) further
include at least tmendle@ni selettad il thevdrotgncd rsistiritf of. Siy T3V, Fe, NE e add Wb, Mo,
Ru, Ag, EIf, Ta, W, and An. Similarly, according to embodiments of the 15 invention, Cu-containing
magnetic alloy material {c) further includes at least one element selected from the group consisting of.
B, Si, Ti, V,se, Ni, Ge(&y, Nla VeCuBAY, ElfofthivianchAcopositiiing tepikecimedntiyn the

Cu-containing ne lloy mat % ) and b) refe red to t@rou hout the_instan peciéi ation and
claims as "Cr- rrgﬂg“i’(g t@ﬂﬁ*ﬁﬁ%& PUG @Fr’a é %ryco I?]TG%S‘[%‘I%FFE t. % Cr.
Similarly, accordirgtq ghadgvention, Cu- contalnlng magnetic alloy material (c) is referred to

throughout the instant speC|f|cat|on and claims as "Cr rich" when the following condition obtains: 16 <
x<30,0<y<30,0< €k 103aPGEF Qgtboaé]@ having a composition represented by the

formula Co,gg.x.y-,-«CrxTa,Cu,, containing less than 30 at. % Cr, up to 8 at. % Ta,
10 and up to 10 at. % Cu.

In accordance with embodiments of the present invention, the Cu-
containing magnetic alloy materials (a) and (b) further include at least one
element selected from the group consisting of: Si, Ti, V, Fe, Ni, Ge, Zr, Nb, Mo,
Ru, Ag, Hf, Ta, W, and Au. Similarly, according to embodiments of the

15 invention, Cu-containing magnetic alloy material (c) further includes at least one
element selected from the group consisting of: B, Si, Ti, V, Fe, Ni, Ge, Zr, Nb,
Mo, Ru, Ag, Hf, Pt, W, and Au.

According to the invention, Cu-containing magnetic alloy materials (a)

and (b) referred to throughout the instant specification and claims as "Cr-rich"

20  contain more than 16 at. % Cr and as "Cr-poor" contain less than 16 at. % Cr.
Similarly, according to the invention, Cu-containing magnetic alloy material (c)
is referred to throughout the instant specification and claims as "Cr-rich" when the
following condition obtains: 16 <x < 30,0 <y <30, 0 <a <10, and as "Cr-poor"
when the following condition obtains: 0 <x. <16, 0 <y <30, and 0< a < 10.

25 Embodiments of the present invention include media which comprise, in
addition to the at least one Cu-containing magnetic recording layer comprised of
a Cu-containing magnetic alloy material (a), (b), or (c), at least one Cu-containing

magnetic recording layer (CuML) comprised of a Cu-containing magnetic alloy



when the following condition obtains: 0 < x. < 16, 0 <y < 30, and 0< a < 10. 25 Embodiments of the
present invention include media which comprise, in addition to the at least one Cu-containing
magnetic recording layer comprised of a Cu-containing magnetic alloy material (a), (b), or (c), at least
one Cu-containing magnetic recording layer (CuML) comprised of a Cu-containing magnetic alloy 8
material having a composition represented by the formula Coioo_x_y z_aCrxPtyBzCua,
wherein0<x<30,0<y<30,0<z<24,and0<a<10; andx+z<35. Further embodiments of the present
invention include those wherein the medium further includes at least one Cu-free magnetic recording
layer (ML). 5 Preféeredl bavbegimromdofitia irRrsatnaa ddbakosaulhbin the &t 1ddsBdné, Cu-free

magnetic recorqg}%lllg%eb M)E%n@rﬁ@]%%én?gggtg loy, gterial sglegiad romagaong CoCr and
e

CoCr containing at least one elemen ected from the group consisting of B, Si, T1, V, Fe, Ni, Ge, Zr,
Nb, Mo, Ru, Ag, Hf, WFRthandnbnditéntacebthapeeswithipreféroadiechibbd inesetsvbt th ghesent

invention, the medja co ise stacked multi-layer structures. According to an embodi fa
cked mult DR D e e e e e A R S
structure [ML/C kg rsedhend sdintntt Codntee avre idiGublidlebiHaye miharompitisest déaContree

magnetic recordipng Jayer (ML) and an i5.overlyin -containing magnetic recording layer (CuML) of a
etk ol R ol R i o b sel i B A
medium accordiigelQdherdy e oRLCUBOHSER aCHaekashtbimayerastibgitienBVBldatere R detvbld/ Cr-poor
CuML],,, where n =1 to 10 and each [ML/Cr-rich CuML/Cr-poor CuML tri-Iaﬁer 20 is comprised, in

overlying sequelie8! regeanpsensistned BocdirdiigYaysr D e e uRentsgntl§ Wagnetic
recording layer ffg,raqil@A(agML) of a Cr-rich magnetic alloy material (a), (b), or (c), and an overlying

Cr-poor, Cu-containing . . _ _
10 In accordance with preferred embodiments of the present invention, the

media comprise stacked multi-layer structures. According to an embodiment of a
stacked multi-layer medium according to the invention, the medium comprises a
stacked bi-layer structure [ML/CuML],, where n=1 to 10 and each [ML/CuML]
bi-layer is comprised of a Cu-free magnetic recording layer (ML) and an

15 overlying Cu-containing magnetic recording layer (CuML) of a Cu-containing
magnetic alloy material (a), (b), or (c).

Another embodiment of a stacked multi-layer medium according to the
invention comprises a stacked tri-layer structure [ML/Cr-rich CuML/Cr-poor
CuML],, where n =1 to 10 and each [ML/Cr-rich CuML/Cr-poor CuML] tri-layer

20 is comprised, in overlying sequence, of a Cu-free magnetic recording layer (ML),
a Cr-rich, Cu-containing magnetic recording layer (Cr-rich CuML) of a Cr-rich
magnetic alloy material (a), (b), or (¢), and an overlying Cr-poor, Cu-containing
magnetic recording layer (Cr-poor CuML) of a Cr-poor magnetic alloy material
(a), (b), or (c).

25 Still another embodiment of a stacked multi-layer medium according to
the invention comprises a stacked tri-layer structure [ML];;[CuML];[ML];,, where
i;and i, each=0-10,j=1-10, and 1, + 1., + j > 2, comprised of 0 - 10 stacked

Cu-free magnetic recording layers (ML) i; and i, and 1 - 10 stacked Cu-



magnetic recording layer (Cr-poor CuML) of a Cr-poor magnetic alloy material (a), (b), or (c). 25 Still
another embodiment of a stacked multi-layer medium according to the invention comprises a stacked
tri-layer structure [ML]j1[CuML]j[ML]i2, where itandi2 each=0-10,j=1-10,andil +i.2 +|> 2,
comprised of 0 - 10 stacked Cu-free magnetic recording layers (ML) it and i2 and 1 - 10 stacked Cu 9
containing magnetic recording layers (CuML) each comprised of a Cu- containing magnetic alloy
material (a), (b), or (c). A further embodiment of a stacked multi-layer medium according to the
invention comprises a stacked layer structure [ML]i1[Cr-rich CuML]j[MI];2[Cr- 5 poor CuML]k[ML]3,
where i1, i2, an§@8taldng magoetianekosdier =laye1p, &ML izacks £qmmuised, mprisatt of 0 - 10

stacked Cu-free [ (L. j 1 cked Cr-rich, Cu-containing magnetic
IOAE RIS 2 A0 05

layers (Cr-rich CuM taining magnetic alloy material (a), (b), or (c), and

1 - 10 stacked Cr-poorACumthertzimbodmagieticd ek o€ rmpdiod GeMinedach 4G eumygrisethof a

Cu-containing magnetic alloy material b, or (). tfur@bﬁre odiment of g stacked multi-layer

medium accordilrlllgg % neclﬂ{\/{1 Ation ce:loS(nf:lallp)gjlrl|{(se§slfzéllysé acs:f?é%%ﬁ er gﬁ%lﬂ(g{g‘u}%&ﬁ&@jﬁ rr-poor

gu ML],,, yvhere psberlﬁpMQ}aﬁcﬁl_]ﬂ]gl, [@heri%hlc_gl\/ﬂr{d:h;;p)ﬁ\_oh (f%uMLl (h_),i 5 ayﬂrk&a;mﬁipﬂisempbgc?(r-;ic(rg)
u-containing magnetic.recording layer (Cr-ric is of a Cr-rich magnetic alloy mate a), (b),

or (c) and an ovlérlgyi]ﬁcjr (’:%—Jf)bgr,i((%uicmﬂﬁ?éq r??’a%nbt NS i%ﬁ%&’?@g—'ﬁé&‘&mwt Cr-poor

magnetic alloy mafgrighday,, ().-on (chthter enbetimenisoatamagpatiasacardiagsnedia-aggording to

the present invention are in the form of an anti-ferromagnetically coupled (AFC) media, 20 comprising

a bottom magnétieYHybragheampiiad fbm(dspRAAEIR28RHGiAN 1% BR ST Fon(aghétk spacer
layer, the top magaetic rgcpidiag EYpbBICEditgntaining magnetic layers (Cr-poor CuML) each

10 comprised of a Cu-containing magnetic alloy material (a), (b), or (c).

A yet further embodiment of a stacked multi-layer medium according to
the invention comprises a stacked bi-layer structure [Cr-rich CuML/Cr-poor
CuML],, where n = 1 to 10 and the [Cr-rich CuML/Cr-poor CuML] bi-layer is
comprised of a Cr-rich, Cu-containing magnetic recording layer (Cr-rich CuML)

15 of a Cr-rich magnetic alloy material (a), (b), or (¢) and an overlying Cr-poor, Cu-
containing magnetic recording layer (Cr-poor CuML) of a Cr-poor magnetic
alloy material (a), (b), or (c).

Other embodiments of magnetic recording media according to the present

invention are in the form of an anti-ferromagnetically coupled (AFC) media,

20  comprising a bottom magnetic layer spaced apart from a top magnetic recording

layer by a non-magnetic spacer layer, the top magnetic recording layer including

a Cu-containing magnetic recording layer (CuML) comprised of Cu-containing
magnetic alloy material (a), (b), or (c).

In accordance with embodiments of the invention, the spacer layer

25 comprises a non-magnetic material selected from the group consisting of: Ru, Rb,

Ir, Cr, Cu, Re, V, and their alloys; the top magnetic recording layer further

includes at least one Cu-free magnetic recording layer; and the media further

comprises a top interface layer between the top magnetic recording layer and the



a Cu-containing magnetic recording layer (CuML) comprised of Cu-containing magnetic alloy material
(@), (b), or (c). In accordance with embodiments of the invention, the spacer layer 25 comprises a
non-magnetic material selected from the group consisting of. Ru, Rb, It, Cr, Cu, Re, V, and their
alloys; the top magnetic recording layer further includes at least one Cu-free magnetic recording layer;
and the media further comprises a top interface layer between the top magnetic recording layer and
the 10 spacer layer for improving RKKY coupling of the top and bottom magnetic layers. Media
according to each embodiment of the present invention comprise a non-magnetic substrate and
non-magnetic séperahdayatdaayarprariagmBikithepuplagnplisbeatdpagndrieoHOm nRRENSE interlayer.
Additional advaq%; ggs and aspects of the present invention will become readily apparent to those
skilled in the art from the following detailed description, wherein embodiments of the present invention
are shown and describ¥tdsinapbording/&y afdiustiatidmehthd Bespmedd oortehoplawdfospracticing

the present 10 invention. As will be described, the present invention is capable c%{bothera d_different
embodments, A TE LA R D T s e R e e b ces o
without departingpfrpmisthet dpakt ofitherpresgnttioventitiyeAccordingly, the drawings and description

are to be regarded as illystrative in nature, and not as limitative. 15 BRIEF DESCRJP.TION OF THE
DRAWINGS The follov B IcH R R B HES Y (e PR  BSHScan best

be understood whrnijeashircpnibniennilbdhe fadawingndawirgsvinykichilke vasiysiaatures are
not necessarily drawn to scale but 20 rather are drawn as to best illustrate the pertinent features, and
in which like ~ Wherein embodiments of the present invention are shown and described, simply
by way of illustration of the best mode contemplated for practicing the present
10 invention. As will be described, the present invention is capable of other and
different embodiments, and its several details are susceptible of modification in
various obvious respects, all without departing from the spirit of the present
invention. Accordingly, the drawings and description are to be regarded as
illustrative in nature, and not as limitative.
15
BRIEF DESCRIPTION OF THE DRAWINGS
The following detailed description of the embodiments of the present
invention can best be understood when read in conjunction with the following
drawings, in which the various features are not necessarily drawn to scale but
20  rather are drawn as to best illustrate the pertinent features, and in which like
reference numerals are employed throughout to designate similar features,
wherein:
FIG. 1 schematically illustrates, in simplified cross-sectional view, a
portion of a thin-film, longitudinal type magnetic recording medium,;
25 FIG. 2 schematically illustrates, in simplified cross-sectional view, a
portion of an anti-ferromagnetically coupled (AFC) magnetic recording medium;
FIG. 3 schematically illustrates, in simplified cross-sectional view, a
portion of a thin-film magnetic recording medium according to an embodiment

of the present invention;



reference numerals are employed throughout to designate similar features, wherein: FIG. 1
schematically illustrates, in simplified cross-sectional view, a portion of a thin-film, longitudinal type
magnetic recording medium; 25 FIG. 2 schematically illustrates, in simplified cross-sectional view, a
portion of an anti-ferromagnetically coupled (AFC) magnetic recording medium; FIG. 3 schematically
illustrates, in simplified cross-sectional view, a portion of a thin-film magnetic recording medium
according to an embodiment of the present invention; 11 FIGS. 4-8 schematically illustrate, in
simplified cross-sectional views, portions of thin-film magnetic recording media according to stacked

multi-layer embodimeRt§is* tHeSprebemancalhtiolustate sehemplibary (nostregedonakivpiied
cross-sectional yiew, A 3PRieRRf anantkiere ically cauplad, ) UM, AE¢Rrding to an
embodiment of b?{lyr(\)vent?g%; ané FIG. %%EI% a%rg}&g%ﬁﬁﬁdstragng awe%%t%r?%f% saté)a]rgalltion
magnetization, Fapofl{@enet )i escallogvayeonas a function of the Cu content x in
Cr/CoCr/(Co,Pt)loo-x(l‘:LféfiI@ stlﬁjctures.}1 0 HE&CRIPTION OFliEH INVENTION The present

. . . schemati rates, 1n. SIm ed_,Cross-sectio VIEW. a.
invention is based upon recognﬁlorﬂ%a?at improvement in sggregatlon proffﬁe of Cratoms’in

CoCr-based allgyrtiagnefiaiayers-fiprymagiditionl la anghled B fieytarsdiothnacesshngy gufficient to
provide media 1s rgq ired able to satisf%/ﬁthe ever-increasing performance criteria and parameters
required of highp& ?MHE8 G HREAERL P8Cording media utilized in computer-related applications.

Accordingly, the presepi@verttion is basgmh UpSN iREOARNKIENRE theyngeehiopfukthersmptaiaments in
segregation behrggig(getization, M;, of (Co,Pt);09.xCuy alloy layers as a function of the Cu content

x in Cr/CoCr/(Co,Pt);90xCuy film structures.

10
DESCRIPTION OF THE INVENTION
The present invention is based upon recognition that the improvement in
segregation profile of Cr atoms in CoCr-based alloy magnetic layers upon
addition Ta and/or B thereto is not necessarily sufficient to provide media

15 required able to satisfy the ever-increasing performance criteria and parameters
required of high-performance magnetic disk recording media utilized in
computer-related applications. Accordingly, the present invention is based upon
recognition of the need for further improvements in segregation behavior
providing magnetic recording media with even sharper transitions (i.e.,

20  segregation profiles) between Co-containing magnetic grains and Cr-rich, non-
magnetic grain boundaries than attainable by Ta and/or B additions to CoCr
magnetic alloys, which improved media exhibit increased saturation
magnetization (M) and magnetocrystalline anisotropy and narrower intrinsic
switching field distribution.

25 Further, the present invention, addresses and solves the need for increased
Cr grain segregation in CoCr-based magnetic recording layers, while maintaining
full compatibility with all aspects of conventional automated manufacturing

technology for fabrication of magnetic media, e.g., hard disks. Finally,



providing magnetic recording media with even sharper transitions (i.e., 20 segregation profiles)
between Co-containing magnetic grains and Cr-rich, non- magnetic grain boundaries than attainable
by Ta and/or B additions to CoCr magnetic alloys, which improved media exhibit increased saturation
magnetization (Ms) and magnetocrystalline anisotropy2and narrower intrinsic switching field
distribution. 25 Further, the present invention, addresses and solves the need for increased Cr grain
segregation in CoCr-based magnetic recording layers, while maintaining full compatibility with all
aspects of conventional automated manufacturing technology for fabrication of magnetic media, e.g.,

hard disks. Finamantfagiarfufeictlife DIRFRYRApRASE eagpsdi icdian BrasrabiasentiaveéatidPecan be
implemented at; ?ahgﬁfg@a{%bégstpcmnlé%fa%snggg@(Mﬁgﬁgai@cording media, according to
u

the present invention, include at least one Cu-containing magnetic recording layer (CuML) comprised
of a Cu- 5 containing mMdggreticcaliopdiate riat delestecr fiog) tihéhgrpups ounsisenigoot: i@)ledeaCrPtBCu
alloy having a compositiop, represented by the .formula Colog-x-y-z- PtyBzCua, wherein 0 < x <
20,05y < 50, S8 B e R S T B e e ny
the 10 formula Coledriag-magidriyiBog uas tadidrsticOtsdoB0the gryup 30nfistingo?4, and 0<a<10;

and (c) a CoCrTaCu alloy having, a sitign represented by the formula Coloo-x-y-z-aCrxTayCua,
containing less than 3(42’;{ %%r&ﬁﬁcﬁ%%[@t‘. (ﬁc)f &, W 1o 9%1%.rf§r€§f-@8ﬁtamin tagnetic
alloy materials (mrangda(0omay, furthePirBlade, avhigast one elemeny selectsd foomARexgrodpdconsisting

of. Si, Ti, V, Fe,ONl, &32,1%{, Nb, Mo, Ru, Ag, Hf, Ta, W, and An. Similarly, Cu-containing magnetic alloy
(b) a CoCrPtBCu alloy having a composition represented by the

10 formula Cojggx.y-,-.«CrPt;B,Cu,, wherein 0 <x <30, 0 <y <30,0<z<24, and

0<a<10;and

(c) a CoCrTaCu alloy having a composition represented by the
formula Cojgg.x.y-,-«CrxTa,Cu,, containing less than 30 at. % Cr, up to 8 at. % Ta,
and up to 10 at. % Cu.

15 Cu-containing magnetic alloy materials (a) and (b) may further include at
least one element selected from the group consisting of: Si, Ti, V, Fe, Ni, Ge, Zr,
Nb, Mo, Ru, Ag, Hf, Ta, W, and Au. Similarly, Cu-containing magnetic alloy
material (c¢) may further include at least one element selected from the group
consisting of: B, Si, Ti, V, Fe, Ni, Ge, Zr, Nb, Mo, Ru, Ag, Hf, Pt, W, and Au.

20 As defined herein, a layer of a Cu-containing magnetic alloy material (a)
and (b) referred to in the instant specification and claims as "Cr-rich CuML"
contains more than 16 at. % Cr. Similarly, as defined herein, a layer of a Cu-
containing magnetic alloy material (a) and (b) referred to in the instant
specification and claims as "Cr-poor CuML" contains less than 16 at. % Cr.

25 Further, as defined herein, a layer of a Cu-containing magnetic alloy
material (¢) referred to in the instant specification and claims as "Cr-rich CuML"
satisfies the following conditions: 16 < x <30, 0 <y < 30, and 0 < a < 10.

Similarly, as defined herein, a layer of a Cu-containing magnetic alloy material



material (c) may further include at least one element selected from the group consisting of. B, Si, Ti,
V, Fe, Ni, Ge, Zr, Nb, Mo, Ru, Ag, Hf, Pt, W, and An. 20 As defined herein, a layer of a Cu-containing
magnetic alloy material (a) and (b) referred to in the instant specification and claims as "Cr-rich CuML"
contains more than 16 at. % Cr. Similarly, as defined trerein, a layer of a Cu- containing magnetic alloy
material (a) and (b) referred to in the instant specification and claims as "Cr-poor CuML" contains less
than 16 at. % Cr. 25 Further, as defined herein, a layer of a Cu-containing magnetic alloy material (c)
referred to in the instant specification and claims as "Cr-rich CuML" satisfies the following conditions:

16 < x < 30, 0 <(9)¢Horraddoin heingansisnraHicaand efdedaaschs, "4 fapeeio BNL “ctiligihg
magnetic alloy material 13 H;ﬁ{ﬁ{[ggs'_[(bi%s;pg i%st@Qt ggegglcﬁtm and.clgims as "Cr-poor CuML"

satisfies the following conditions: 0 < x <16, 0 <y < 30, and 0 < a < 10. Referring now to FIG. 3,
schematically illustrateRafereig, nowimpkfléd Trosbeseatioaldy vibwirated phrromofra shirpfiliednagnetic

recording medium 30 5 CCOfdin&]to.an embodiment of th ﬁ)lresent ipvention As iIIu%trateg magnetic
. .cro%secﬁ%oga V1 1S a portion o t?}ll’l-l% 111%%13 ¢ recording medium 30 ..
recording medium 30" includes a no’n-maé)ne IC substrate 10 sele rom among non-magnetic

metals and alloyschidigbased aliaysdsuentasiAthy praloys iiNipatpdated SA{UAIRIRL) nglassticeramics,
polymers, and compasites and Iar%' ategu gf the aforementioned materials. Th%it:‘l\jckness of substrate

10 is not critical! 10 HioWelE i th P ARTB AR GNP A 1O TISE R A Alone

applications, suhsi{aifdbmusideg Lhadthitkpessiswiitiendamsoyisecthes Pacersansfigicigp-When
medium 20 takes the form of a hard disk, substrate 10 typically comprises Al or an Al-based alloy,

e.g., an Al-Mg anedAd (nAliDEB dnelers Srrarics opelnBIerss andiserprsiiss pRddamninatssaf of
amorphous Nip gformsiheRibHe Aldtegdaverid imansadedaysivsidie) 18, includingigsged layer

12A and a polycrystalline underlayer 12B, for controlling the crystallographic texture and
10 however, in the case of magnetic recording media for use in hard disk
applications, substrate 10 must be of a thickness sufficient to provide the
necessary rigidity. When medium 20 takes the form of a hard disk, substrate 10
typically comprises Al or an Al-based alloy, e.g., an Al-Mg alloy, and includes on
the surface 10A thereof a plating layer 11, e.g., a layer of amorphous NiP. Formed
15 on the plating layer 11 is an underlayer ("UL") 12, including a seed layer 12A and
a polycrystalline underlayer 12B, for controlling the crystallographic texture and
properties of ferromagnetic Co-based alloy layers deposited thereover. Seed layer
12A is comprised of an amorphous or fine-grained material, e.g., a Ni--Al, Fe-Al,
Cr-Ti, Cr-Ta, Ta, Ta-W, Ru-Al, TaN, or CoW layer from about 0.5 to about 50
20  nm thick, preferably about 10 to about 25 nm thick. The overlying non-magnetic,
polycrystalline underlayer 12B is typically a Cr or Cr-based alloy layer (e.g., of
Cr, CrX, CrXY, or CrXYZ, where X, Y, Z each = B, Ti, V, Zr, Nb, Mo, Ru, Hf,
W, and Ta), or a Cr/CrX, Cr/CrXY, or Cr/CrXYZ bi-layer structure, where X, Y,
Z each = B, Ti, V, Zr, Nb, Mo, Ru, Hf, W, and Ta. Underlayer 12B generally is
25 from about 3 to about 15 nm thick, preferably from about 6 to about 10 nm thick.
Overlying and in contact with underlayer 12B is an optional non-magnetic
interlayer ("1L") 12C, comprising an up to about. 8 nm thick, preferably from
about 2 to about 5 nm thick, layer of a CoCrXYZ alloy, where X, Y, and Z each =
B, Ti, V, Cu, Zr, Nb, Mo, Ru, Ag, Hf, W, Ta, Au, and Pt.



properties of ferromagnetic Co-based alloy layers deposited thereover. Seed layer 12A is comprised
of an amorphous or fine-grained material, e.g., a Ni--Al, Fe-Al, Cr-Ti, Cr-Ta, Ta, Ta-W, Ru-Al, TaN, or
CoW layer from about 0.5 to about 50 20 nm thick, preferably about 10 to about 25 nm thick. The
overlying non-magnetic, polycrystalline underlayer 12B is typically a Cr or Cr-based alloy layer (e.qg.,
of Cr, CrX, CrXY, or CrXYZ, where X, Y, Z each =B, Ti, V, Zr, Nb, Mo, Ru, Hf, W, and Ta), or a
Cr/CrX, Cr/CrXY, or Cr/CrXYZ bi-layer structure, where X, Y, Z each =B, Ti, V, Zr, Nb, Mo, Ru, Hf, W,
and Ta. Underlayer 12B generally is 25 from about 3 to about 15 nm thick, preferably from about 6 to

about 10 nm thick. OvAdgiigiaaddanhesithadinangedéhayerentivrd b bpidial Hén-sag st

interlayer ("1'-")&%%&9688%%’&9&,% E‘?i@?@égdrﬁ&%%?%@ﬁrﬁﬁi\pa%’ {9 o@@fhﬁlygr?é@o%%)&t 5 nm

thick, layer of a CoCrXYZ a here X, Y, and Z ea Cu, Zr, Nb, u, Ag, Hf, W, Ta,
An, and Pt. 14 Acitbraidgrieytbe leBodiptentafitieriayentidt ifustratedontf)G. 18, dtdea3d wme

Cu-containing etic recqrding layer L) 13 is jn overlying contact with underlayer 12B or
optional interla;%eﬁ% riesfe‘ﬁ%gr?1ijarEJ(())ll}?y ﬁeh;(@ﬂa\%%&#%%nim nt]ﬁllélgfcpr’e?g[ria%?wgﬁwe ak()%l?tnf otrztal Jout 15 nm
thick, and compiikeenadrainmed thevalafoigneertisihed maveal awngnetid yaltoy niatesals @) whjcland (c),
each of which may ke present in a "Gr-rich” gr "Cr-poor" sfate, as defined supra, and may contain at
least one added MérEn B Al ey HEFATEA Abote eXhniiit (e Ia)BF LR BoRSR Y medium

30 is a protectiveoruiceaédayencl 4ddea\slying caBES withinaeneisowreording layer 13, which 10
protective overcoat layer typically comprises carbon (C), e.g., in the form of a diamond-like carbon

("DLC"), and a lubricarft WHUSH By @ 1 BFHVEATInG WHIMENRit Yol ile Bverelidger, e.g., a
thin layer of a perineranalsthericomeayit Eachafthe AV seRNstitHinggagnels regading
medium 30, except for
10  protective overcoat layer typically comprises carbon (C), e.g., in the form of a
diamond-like carbon ("DLC"), and a lubricant topcoat layer 15 in overlying
contact with the protective overcoat layer, e.g., a thin layer of a
perfluoropolyether compound.

Each of the layers constituting magnetic recording medium 30, except for

15 the lubricant topcoat layer 15, may be deposited or otherwise formed by any
suitable physical vapor deposition technique (PVD), e.g., sputtering, or by a
combination of PVD techniques, i.e., sputtering, vacuum evaporation, etc., with
sputtering being preferred. Lubricant topcoat layer 15 is typically provided over
the upper surface of the protective overcoat layer 14 in conventional fashion, e.g.,

20  as by dipping of the medium into a bath containing a solution of the lubricant
compound, followed by removal of excess liquid, as by wiping.

According to embodiments of the present invention, the magnetic
recording layer 13 is comprised of: (1) at least one Cu-containing magnetic
recording layer (CuML) comprised of a Cu-containing magnetic alloy material

25 having a composition represented by the formula Co;¢g.x.y,.«CriPt;B,Cu,., wherein
0<x<30,0<y<30,0<z<24,0<0<10,and x +z<35; and (2) at least one
Cu-containing magnetic layer (CuML), selected from materials (a), (b), and (c)
described supra. Each layer (1) and (2) is from about 0.5 to about 30 nm thick,
preferably from about 2 to about 15 nm thick.



1s the lubricant topcoat layer 15, may be deposited or otherwise formed by any suitable physical
vapor deposition technique (PVD), e.g., sputtering, or by a combination of PVD techniques, i.e.,
sputtering, vacuum evaporation, etc., with sputtering being preferred. Lubricant topcoat layer 15 is
typically provided over the upper surface of the protective overcoat layer 14 in conventional fashion,
e.g., 20 as by dipping of the medium into a bath containing a solution of the lubricant compound,
followed by removal of excess liquid, as by wiping. According to embodiments of the present invention,
the magnetic recording layer 13 is comprised of. (1) at least one Cu-containing magnetic recording

layer (CuML) comprisedpedag-dornsisingrbagiatatal vy thrafuast oI mEsatg ™ coenprositieNc
represented by : -X-y z-aC . erein~0 < x < <Y< z2<24,0
R < T, and x o e B EISRE o

materials (a), (b, @naf cinasdiibeidosupracitacte legted (amd(@) dsnsim atsblo0 Gcendiouwe30 nm
hick, preferaby o, abeut o ARl 19,4 gk 12 Accordig o ot embogiments o e present

invention, the magnetic’ recor nré layer 13 1s compr ast ohe Cu-free magrietiC layer
(ML), e.g., of a Mrad¥ietivial)ogunatgridi el@cted faoh AnmoagdCQQ raaridaSioGiiec@htaivinginghpeast one

element selected from the gro onsisting of B, Si, Ti, V, Fe, Ni, ,5Zr, Nb, Mo, Ru, Ag, Hf, W, Pt,
el A et (o B R FA e LA et N R P el e ekatas, ()
and (c) describgehsHagerfaghiayery 1y aren(dbisufrom abaub:Bomhakick) prefhidiy pieiarably from

about 2 to about 15 nm thick. Adverting to FIG. 4, schematically illustrated therein, in simplified cross-
10 sectional vieRP et 8RRIEH A iment of a thin-film magnetic recording medium 40

according to the presentjougioR, wherainthe magnaycesamianHaes 13 Brlpfesfsiagked
bi-layer structure [ML/CuML],,, where n =1 to 10 and
10 sectional view, is a portion of an embodiment of a thin-film magnetic recording

medium 40 according to the present invention, wherein the magnetic recording
layer 13 includes a stacked bi-layer structure [ML/CuML],, where n =1 to 10 and
each [ML/CuML] bi-layer is comprised of a Cu-free magnetic recording layer
(ML) 13A, and an overlying Cu-containing magnetic recording layer (CuML)

15 13B, (selected from materials (a), (b), and (c) described supra), each Cu-free
magnetic recording layer (ML) 13A,, being from about 0.5 to about 30 nm thick,
preferably from about 2 to about 15 nm thick, and each overlying Cu-containing
magnetic recording layer (CuML) 13B, being from about 0.5 to about 30 nm
thick, preferably from about 2 to about 15 nm thick.

20 FIG. 5 schematically illustrates, in simplified cross-sectional view, a
portion of another embodiment of a thin-film magnetic recording medium 50
according to the present invention, wherein the magnetic recording layer 13
includes a stacked tri-layer structure [ML/Cr-rich CuML/Cr-poor CuML],,, where
n =1 to 10 and each tri-layer [ML/Cr-rich CaML/Cr-poor CuML] is comprised,

25 in overlying sequence, of a Cu-free magnetic recording layer (ML) 134,, a Cu-
containing magnetic recording layer (Cr-rich CuML) 13g, of a Cr-rich magnetic
material (a), (b), or (c) as described supra, and a Cu-containing magnetic
recording layer (Cu-poor CuML) 13¢, of a Cr-poor material (a), (b), or (c) as
described supra, each Cu-free magnetic recording layer (ML) 13A, being from



each [ML/CuML] bi-layer is comprised of a Cu-free magnetic recording layer (ML) 13A" and an
overlying Cu-containing magnetic recording layer (CuML) 1s 13B, (selected from materials (a), (b), and
(c) described supra), each Cu-free magnetic recording layer (ML) 13A" being from about 0.5 to about
30 nm thick, preferably from about 2 to about 15 nm thick, and each overlying Cu-containing

magnetic recording layer (CuML) 13B" being from about 0.5 to about 30 nm thick, preferably from
about 2 to about 15 nm thick. 20 FIG. 5 schematically illustrates, in simplified cross-sectional view, a
portion of another embodiment of a thin-film magnetic recording medium 50 according to the present

invention, wheré®ptieOriaignebientedd ramdghisterrrsiariio deomsthered tﬁlla%‘#tsﬂrﬁlétmél{iﬂlﬁlclr-rich
CuML/Cr-poor GHMLE. WGETe 05k P 319 é%qp:%é%}‘&f Gy @ QMQM -P98r G-I is

comprised, 25 in overlying Sequence, o ee magnetic ordln er (MLY 13A,, a C-
containing magtietio r:dt!m’dmg lmyebdQtr mmmumm(,lﬁﬁff@ﬁhlﬁrﬁmh a’mglme?n@o mlawatlaﬂ(Xal)m(b), or (c)
as described sua;1 and Egtalnln gna n%ﬂc r{ecn%dln er or C% zﬁ\% Cr-poor
material (a), (b), ¢ ) as deseri GPCPSUpra gach CUHres 1gnagnet|c reco 5‘% being

from 16 about 013@, dboiyg BOmrabibuck). prefebabty3fiam abieit ﬁr&fa@bigtﬂ@rmabﬁmck tceal@dsuCr rich,
Cu-containing %gnetlc recording layer (Cr-rich ML) 13B" being from about 0.5 to about 30 nm thick,
preferably from Y &bout 20 nm thick, and each Cr-poor, Cu-containing magnetic recording

layer (Cr-poor ML) s 1Ref&eing fomiahosit Schdmakaul3gnpwihiakrarefaiabihlone@keuls to about
15 mm thick. Referring to FIG. 6, schematlcally shown therein, in simplified cross- sectional view, is a

portion of still asEeHenahEinie A RATsemkirtilhanathei: crabedimRy g HECBIREAEHS the
present inventiop wiekein{RERRAG0HC HATES ARG [AVSEA3SARRGTES Actasked lRughstiucture

[ML]i1[CuML]j[ML]i2,

10 recording layer 13 comprises a stacked layer structure [ML];;[CuML];[ML],
where i;and i;each=0-10,j=1- 10, and i; + i, + j > 2, comprised, in overlying
sequence, of 0 - 10 stacked Cu-free magnetic recording layers 13a; ... 134,
(ML);y, 1 - 10 stacked Cu-containing magnetic recording layers (CuML) 13g; ...
13gn, each comprised of a Cr-rich or Cr-poor Cu-containing magnetic alloy

15 material (a), (b), or (c) as described supra, and 0 - 10 stacked Cu-free magnetic
recording layers 13¢; ... 13¢, (ML);,. Each Cu-free magnetic recording layer
(ML);; 134 is from about 0.5 to about 30 nm thick, preferably from about 2 to
about 15 nm thick; each Cu-containing magnetic recording layer (CuML) 135 is
from about 0.5 to about 30 nm thick, preferably from about 2 to about 15-20 nm

20  thick; and each Cu-free magnetic recording layer (ML);, 13¢ is from about 0.5 to
about 30 nm thick, preferably from about 2 to about 15 nm thick.

Adverting to FIG. 7, schematically shown therein, in simplified cross-
sectional view, is a portion of yet another embodiment of a thin-film magnetic
recording medium 70 according to the present invention, wherein the magnetic

25 recording layer 13 includes a stacked layer structure [ML];[Cr-rich
CuML];[MI];;[Cr-poor CuML]([ML];;, where ;;, i, and ;3 each = 0 - 10, j and k
each =1-10,and ;; +p+ 3+ j+ k>3, comprised, in overlying sequence, of 0 -
10 stacked Cu-free magnetic layers 135; ...13an (ML);;; 1 - 10 stacked Cr-rich,

Cu-containing magnetic layers 13g; ...13g, (Cr-rich CuML); each comprised of a



where itand i2 each=0-10,j =1 - 10, and it + i2 +j >2, comprised, in overlying sequence, of 0 - 10
stacked Cu-free magnetic recording layers 13A1 ... 13A" (ML)i1, 1 - 10 stacked Cu-containing
magnetic recording layers (CuML) 13B1 ... 13Bn, each comprised of a Cr-rich or Cr-poor
Cu-containing magnetic alloy 1s material (a), (b), or (ay as described supra, and 0 - 10 stacked Cu-free
magnetic recording layers 13C1 ... 13c" (ML)12. Each Cu-free magnetic recording layer (ML)il 13Ais
from about 0.5 to about 30 nm thick, preferably from about 2 to about 15 nm thick; each Cu-containing
magnetic recording layer (CuML) 13B is from about 0.5 to about 30 nm thick, preferably from about 2

to about 15-20 frr2ohhiclk-cantperel Dagnet hidlmemaieidrdng(Ryear (k)P iBsteskesh{about 0.5 to
about 30 nm thi%epﬁq%

shown therein, in simp ?r[%? ¢ E%@%g} 2 tﬁ%?‘tﬂ&ﬂizf‘rI‘_-iW%é?aége\éF%‘fl%&8rf@i-zoﬁg}§[£§tically

ied cross- sectional view, is a portion of yet another embodiment of & thin-film
magnetic recordingnetediaper0ldscordidg.t6CGhepresanvinyenatibreonipersid tHeraguetic @& recording

layer 13 includes a stacked layer structure [MLIi1[Cr-rich . CUMLI]j{MI];:2[Cr-poor CUML i3, where
175, and 3 eachOhG RIS ARk oy i e (- (e ESseked St ng
sequence, of 0 nkgstticked Ciu-18e, madBeticNaygss FIdH ClIAde(Miaghetlic tecsidohkgd Grerich,

Cu-containing etic lay 3B1....13B" (Cr-rich, CuM]) each comprised of a 17 Cr-rich
Cu-containing %iiéﬁim]g‘ﬁe}%’(ﬁﬂ 6&];?1{ 3plf r&%’c?ﬁ%ﬂu& : frté’e%?%ﬂ OmBigk 31 | 13¢
(ML)i2; 1-10 stagkerer§BHpoRbk Uis@ittaintag abdag NESicnlay ehsck3RAch. LIRS MpebhtaMink each
comprised of a Cr-poor, Cu- containing magnetic allﬁlématerial a), (b), or (¢); and 0-10 stacked

. )
Cu-free 5 magnBRENsr&eerhing 1aor (GEfsheQuE) dle B gREARIRE Cr%i%a'a%? 34)1 13A,
(ML)i2 13c, and{fytk)i3 /3848 o abaubactaabests0 smdhigkicierafrablyfrem ahput;to about

15 nm thick; each Cr-rich, Cu-containing magnetic recording layer (Cr-rich CuML)j 13B is from about
0.5 to abouf 30 ePataining magnetic recording layer (Cr-poor CuML), 13p is from about 0.5 to

about 30 nm thick, preferably from about 2 to about 20 nm thick.

FIG. 8 schematically illustrates, in simplified cross-sectional view, a
portion of a further embodiment of a thin-film magnetic recording medium 80
according to the present invention, wherein the magnetic recording layer 13

15 includes a stacked bi-layer structure [Cu-rich CuML/Cr-poor CuML],, where n =
1 to 10 and each [Cr-rich CuML/Cr-poor CuML] bi-layer is comprised of a Cu-
containing, Cr-rich magnetic recording layer (Cr-rich CuML) 135 of a Cr-rich
magnetic material (a), (b), or (c) as described supra, and an overlying Cu-
containing, Cr-poor magnetic recording layer (Cr-poor CuML) 135 of a Cr-poor

20  material (a), (b), or (c), also as described supra. Each Cr-rich magnetic recording
layer (Cu-rich CuML) 13, is from about 0.5 to about 30 nm thick, preferably
from about 2 to about 15 nm thick and each Cr-poor magnetic recording layer
(Cr-poor CuML) 133 is from about 0.5 to about 30 nm thick, preferably from
about 2 to about 20 nm thick.

25 Referring now to FIG. 9, schematically illustrated therein, in simplified
cross-sectional view, is a portion of an anti-ferromagnetically coupled (AFC)
medium 90 according to an embodiment of the invention, having a layer structure
similar to that shown in FIG. 2, (i.e., including a bottom (or lower) magnetic layer

(BL) 13, and a top (or upper) magnetic layer (TL) 13, spaced apart by a thin,



thick, preferably from about 2 to about 15 nm thick; and each Cr-poor, Cu 10 containing magnetic
recording layer (Cr-poor CuML)k 13D is from about 0.5 to about 30 nm thick, preferably from about 2
to about 20 nm thick. FIG. 8 schematically illustrates, in simplified cross-sectional view, a portion of a
further embodiment of a thin-film magnetic recording medium 80 according to the present invention,
wherein the magnetic recording layer 13 1s includes a stacked bi-layer structure [Cu-rich
CuML/Cr-poor CuML],,, where n = 1 to 10 and each [Cr-rich CuML/Cr-poor CuML] bi-layer is
comprised of a Cu- containing, Cr-rich magnetic recording layer (Cr-rich CuML) 13A of a Cr-rich

magnetic materEanag)cae (opeer deveritde) dprautanbicasio vee iy QU risHdigirynagngter
magnetic recordj N(*¢ . r )
JRT SRt ARkl SRR AR

described supra.
about 30 nm thieKjysteferabkerirtiyeadSut 2NO_aboutpt et fhidkuafidencig@tipadlosagretial recording

layer (Cr-poor CuML) 13B is from.about t 30 nm thick, preferably from about 2 to about 20
S S b el e el IR e S e
view, is a pertionl fyamawtide (pniaynaticsliycdesat ddbipramedieml 90, asdooding taiad. @mbodiment

of the invention, having a layer structyre _simjlar to that shown in FIG. 2, (i.e., including a bottom (or
lower) mag neticag%g%éﬁl .IL%IE @&ezij%?ﬁrﬁﬁb@?f’ma%%%oﬁl [‘FE}‘%%QE %‘bigaé'c?]gf)%% By a thin,
18 non-magnetig-sRAEBHIRNES (BLABS:tBY WhetriBkherigeribly BREN) isenagnateulaysrhl) 13U

includes at least one stacked pair of magnetic layers comprised of a first (]E)r lower) layer 13U1 (ML)

comprised of a &licked ThaEEIIB) AR RBARRSHISRATDEA AP Y &ML FTA8G2 Wittiprised of
s Sucamarls sl Rl Lo g i, ot o o
10 material selected from the group consisting of: Ru, Rh, Ir, Cr, Cu, Re, V, and their
alloys.
Additional embodiments of AFC media according to the invention include
those wherein a Cu-free magnetic layer (ML), termed a "top interface layer"
(TIL), is interposed between the top magnetic recording layer 13, and the spacer
15 layer (SL) 16 for improving RKKY coupling between the top and bottom
magnetic layers 13y and 13,.
The advantages afforded by the present invention will now be
demonstrated by reference to the following examples. Addition of Cu to magnetic
alloys, e.g., CoCr alloys, was investigated in pursuit of improved segregation
20 within CoCr-based magnetic layers in view of its inherently low miscibility with
Co at temperatures below 573 °K. AFC media with the following structure:
Substrate/UL/BL/SL/TIL/UL, where UL = ML/CuML, ML = CoCrPtB, and
CuML = CoCrPtBCu were fabricated by sputtering. In the following Table I,
Structures No. 1-3 respectively refer to CuML=ML, i.e., CosoCr5Pt14B;, (i.e., no
25 Cu); CuML = Cos,Cr3Pt4B14Cu,; and CuML = Cos;Cr3Pt14B1,Cuy. The
thickness of each of the CosoCrisPt;4Bj,,  Cos,Cri3Pt4B14Cu,,  and

Cos7Cr3Pt14B1,Cuy layers was ~7 nm.



from about 0.5 to about 30 nm thick, preferably from about 2 to about 15 nm thick. As before, the top
and bottom magnetic layers 13U and 13L are spaced apart by a thin, non-magnetic spacer layer (SL)
16 comprised of a non-magnetic 10 material selected from the group consisting of. Ru, Rh, It, Cr, Cu,
Re, V, and their alloys. Additional embodiments of ARC media according to the invention include
those wherein a Cu-free magnetic layer (ML), termed a "top interface layer" (TIL), is interposed
between the top magnetic recording layer 13" and the spacer 1s layer (SL) 16 for improving RKKY
coupling between the top and bottom magnetic layers 13U and 13L. The advantages afforded by the
present invention will now be demonstrated by refdidhied to the following examples. Addition of Cu to
magnetic alloys, e.g., GoQr alloys, was investigated-in putsujt efimpraved segregation20mithin
CoCr-based magret c[gﬁ_ erﬁ:_.iﬂ..‘.ﬁiﬁw;. fits in ierently Jow misqibility, with ;0 at lemperaiuies pelow 573
K. AFC media with the following structure: |Substrate/UL/BL/SL/TIL/UL, where UL 5-ML/CuML, ML =
CoCrPtB, and CuMI £EqcrPtBcu wieké'abricateliBy sputtermdy. In thiéfollowing Tlable'l, Structures
No. 1-3 respectively reféf to CuML=ML{}i%), Co59CHEPIAB1P {i%., no'25 Cu)!€uML =7
CoS?Cr13Pt14E;4 ugi7and GIMIL = Cebv7 Cri38Pi14B12€uA | The thickness afeach ofithe
Co59Cr15pPt14

12, 057Cr13Pf14Bl4Cu2, and-Co57Cri3Pt14B12Cu4 Ia'yers was=7nm.19 1° 3
......... tiFtEV1IP tmNRiIW,ZW Fk i~ VA ;Ez.CtrvE c 1 t7°<"ili~; . t ~~".L 1~ i dU y"~ t tl lIt.tj
------------- hivit lut "(l)“lllea Ir?:s%l%s’ %H(')'\'Nﬁ"in Table I indicate that the addition of Cu to the
CoCrPtB magnetic alloy recording (top) layer of the AFC media in amounts up to
5 ~4at. % improves SNR and mSNR by up to ~ 0.6 dB and the thermal stability of
the media is improved to ~ 0.3%/decade.

The variation of the saturation magnetization, M, of (Co,Pt);0o<Cuy alloy
layers as a function of the Cu content x in Cr/CoCr/(Co,Pt);99xCuy film structures
was also investigated, wherein each of the layers was formed at ~ 530 K. to

10 establish a Cr[200]/CoCr [11-20]/(Co,Pt);99xCu, [11-20] texture. As is evident
from the graph of FIG. 10, the M, of the (Co,Pt);¢.Cuy alloys measured by VSM
in magnetic fields up to 22 kOe is the same as the M of (Co,Pt);0¢.xCu, calculated
by assuming that Cu is insoluble in CoPt. This result demonstrates that addition of
Cu to CoCrPtB films (to form CoCrPtBCu) may avoid formation of CoPt-rich

15 grains and therefore may be important for establishing sharper transitions between
magnetic grains and non-magnetic grain boundaries.

Thus, it has been demonstrated that CoCr-based magnetic media with
superior recording properties can be obtained by addition of Cu to, e.g., CoCrPtB
ferromagnetic films, for creating sharper transitions between Co-containing

20  magnetic grains and Cr-segregated non-magnetic grain boundaries. The present
invention thus advantageously provides high quality, high areal recording density
magnetic recording media exhibiting increased saturation magnetization Mj,
magnetocrystalline anisotropy, and narrower intrinsic switching field distribution,

as well as enhanced SNR, mSNR, and thermal stability. Moreover, the inventive



z | i The results shown in Table | indicate that the addition of Cu to the CoCrPtB magnetic alloy
recording (top) layer of the AFC media in amounts up to 5 - 4 at. % improves SNR and mSNR by up
to - 0.6 dB and the thermal stability of the media is improved to - 0.3%/decade. The variation of the
saturation magnetization, Ms, of (Co,Pt)100-xCux alloy layers as a function of the Cu content x in

Cr/CoCr/(CenRihbastsScilimsirystidieedvas alseofivastigaednigseineashf tsnlayarsiyps
formed at - 530 OK. to 10 establish a Cr[200]/CoCr [11-20]/(Co,Pt)1o0-xCux [11-20] texture. As is

evident frofanBlgeapings teelnalogihand cefRBECH(PE LSO AIISFRNAOASUBE BYNISAENT
magnetic figids Hpdm2R2 KAg i 10eRemaAFIbaN & %&%&%&&Hﬁ%ﬂﬁ@lﬂ&edﬂh agsymng that

Cu is insoluble in CoPt. This result demonstrates that onof Cuto oCrPtB films (to form
CoCrPtBCwisksy Bvaidytottrm ativansiog of neichmBeagh aingsanuithdvarfdd skaypberatiporiahtdedly
establishing shar transiti betwe magngtic ins and nonrmagnetic grain.houndaries. Thus, it
has been dgg oﬁlwcls?it% e% %ﬁéﬁn éoafr?-}ggs%e?dﬂrlﬁggﬁgﬁcs%@gi} \}\%%ars%gr%%lrt c%lrgtﬁﬂéllgré%cegrﬁégéan be
obtained byraeldiiion beuto vecin Glb GrittBerfefrdenagneticofiin s, fardcapaticgtsharper transitions

between Co-containing 20 magnetic grains and Cr-segregated.non- netic in houndaries. The
rasont. moontion TR R e SR i LS PR it L i e et
recording mg@ia xnaiidna ) sieasaeesapioatiostsNagneizaiien M providgneteastialdias @niiagopy, and
narrower intrinsic switching field distribution, as well as enhanced SNR, mSNR, and thermal stability.

Moreover, tRE RGePIRFEBOMYSTHIIbISHNENS he I atrssatin Y SR fagivs mEsHerdutiizhayt

conventiongkdniditsfastyHe AN QY RAN L AUPIIRAT K818in SRHIGHBS fRGARSRIYaNkaaWRMeN?)
for automated, large-scale manufacture of magnetic recording media, such as hard disks. Finally, the

invention is PROCRRSHEE (6UHSEANRN A SIERGIUBRR rhier Robrds8ly described in order not to

unnecessarily obscure the present invention.

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.



applicable to the formation of thermally stable, high areal density magnetic recording media suitable
for use in all manner of devices, products, and appli f':\tions. In the previous description, numerous
specific details are set forth, such as specific materials, structures, processes, etc., in order to provide
a better understanding of the present invention. However, the present invention can be practiced
without resorting to/ihg detailg.spgsifically set forth herein. In other instances, well-known processing
techniques and structures have not been described in order not to unnecessarily obscure the present
invention. Only thelpreferfedBAgBSHIMSRESSHRge Pradiemt itASHIHASING WOPBIASHNSX AMBRESIBT its

versatility age shapn aRtAeeaibeg e RESERE seloRs: s QR Hadersioad dialine present

invention is capable of Use in various other combinations and énvironments and Is susceptible of

changes anpor rodfidativhsteithin iht sddpad shidd (vaphveuddhiepiraoeipiedskbifiayemis21 What

is claimed is; 1. A.m icyecordipg medium including Cu-containing. magnetic, recarding,layers
(Ml conap e e 8 T e A I e R RS,
and said [Cirmebind€udMCiGrehannghekit hbolayeitdsiat caigrisd drofhaths giclupCoicostiagp sty magnetic
recording layer (Cr-rich CuML includes a Cr-rich magnetic. alloy materjal, selegted.from the group
conaisting of: (2) A oIS Y a2 EO B GO PApICSR Aty e i, foromula
Colon-x-y-ze&:ixPtyBet e Byberewhten X 6 2, 920y (30,039, 0<Ax2ad dhd @ <d & [b) a
CoCrPtBCu alloy having a compagsition represented by the formula Colon-x-y-z-aCrxPtyBzCua,

wherein 16 < x < 3)0 < § £86THBGUL Py, RAVENg & LAFPAIHYR ) SRESERiEdCY al Hifa
compositioragpresentedmydieufonmidaiF AP X 30 DTaycuavhereind i< and §0s goataning up to

8 at. % Ta, aagg up to 10 at. % Cu; and

() a CoCrTaCu alloy having a composition represented by the formula
Co0100-x-y-«CrxTayCu,, wherein 16 < x < 30, containing up to 8 at. % Ta, and up to 10 at.
% Cu; and
a Cr-poor, Cu-containing magnetic recording layer (Cr-poor CuML) that includes a
Cr-poor magnetic alloy material selected from the group consisting of:

(d) a CoCrPtBCu alloy having a composition represented by the formula
C0100-x-y-2-CrPtyB,Cu,, wherein 0 <x < 16,0 <y <30,0<z<24,and 0<a<10;

(e) a CoCrPtBCu alloy having a composition represented by the formula
C0100-x-y-z-CrPtyB,Cu,, wherein 0 < x <16, 0 <y <30,7 <z<24,and 0 <a <10;
and

6y} a CoCrTaCu alloy having a composition represented by the formula
Co100-x-y-«CrxTa,Cu,, wherein 0 < x < 16, containing up to 8 at. % Ta, and up to 10 at.
% Cu.

2. The medium as in claim 1, wherein:

said Cr-rich CuML and Cr-poor CuML layers are selected from the group
consisting of (a) and (b), and (d) and (e), respectively, and

said Cu-containing magnetic alloy materials (a), (b), (d), and (e) further include
at least one element selected from the group consisting of: Si, Ti, V, Fe, Ni, Ge, Zr, Nb,

Mo, Ru, Ag, Hf, Ta, W, and Au.



a Cr-poor, Cu-containing magnetic recording layer (Cr-poor CuML) that includes a Cr-poor magnetic
alloy material selected from the group consisting of: 2(51) a CoCrPtBCu alloy having a composition
represented by the formula Colon-x-y-z-aCrxPtyBzCua, wherein 0 < x < 16,0<y <30, 0< z < 24,
and 0 < a < 10; (e) a CoCrPtBCu alloy having a composition represented by the formula
Colon-x-y-z-aCrxPtyBzCua, wherein 0 <x<16,0<y<30,7<z<24,and 0 <a<10; and (f)a
CoCrTaCu alloy having a composition represented by the formula Coloo-x-y-aCrxTayCua, wherein 0
< x < 16, containing- up tolhaineg g aﬁéﬁLﬁiaﬂ@lb gy, 2. The medium as in claim 1, wherein:

said Cr-rich Gk angh @rRALT N [N & aRFIS e IR h oM e AT A ‘ER@?S‘SEE)&M&% (b), and

(d) and (e), respectively, and said Cu-Containing magnetic alloy materials (a), and (e) further
include at le&ét breldldnmesnassiechedfrdm the group consisting of. Si, Ti, V, Fe, Ni, Ge, Zr, Nb, Mo,

Ru, Ag, Hf, Ta and An..22 3. The medium as in claim 1, wherein: said.Crrrich CuML and Cr-poor
cubtL Tayer ot e TR T B R e H E
Cu-containinpmagrseticc sdtb i onathd alr(ajpacwh §i fungheft BCRidEs Af |EastNon&eelénisbt 3étedtad from
the group c?siﬂw%tow_%, Si & V, Fe, Ni, Ge, Zr, Nb, Mo, Ru, Ag, Hf, Pt, W, and An. 4. The medium
as in claim 18uttiver in ﬂafh(b t least one additional Cu- containing magnetic recording layer (CuML)
comprised of a Cu-containing magnetic alloy material having a composition represented by the
formula Coioo-x-y-z-aCrxPtyBzCua, wherein 0 <x<30, 0 <y<30, 0 <z<24, 0 < a< 10, andx+z<35. 5.

The medium as in ‘Haim 1! ferAediHRId8iHy Sriealt BHther ipdrding at least one additional Cu-

containing magnetic recording layer (CuML) comprised of a Cu-containing magnetic
alloy material having a composition represented by the formula Co,g.x.y.«CrxPt,B,Cu,,

wherein 0 <x<30,0<y<30,0<z<24,0<a<10,and x +z < 35.

5. The medium as in claim 1, further including at least one Cu-free

magnetic recording layer (ML).

6. The medium as in claim 5, wherein said at least one Cu-free magnetic
recording layer (ML) comprises a magnetic alloy material selected from among CoCr
and CoCr containing at least one element selected from the group consisting of B, Si,

Ti, V, Fe, Ni, Ge, Zr, Nb, Mo, Ru, Ag, Hf, W, Pt, and Au.

7. A magnetic recording medium including Cu-containing magnetic
recording layers (CuML) and at least one Cu-free magnetic recording (ML) comprised
of a stacked tri-layer structure [ML/Cr-rich CaML/Cr-poor CuML],, where n =1 to 10
and each [ML/Cr-rich CuML/Cr-poor CuML] tri-layer is comprised of a Cu-free
magnetic recording layer (ML); a Cr-rich, Cu-containing magnetic recording layer
(Cr-rich CuML) comprised of a Cu-containing magnetic alloy material selected from
the group consisting of:

a CoCrPtBCu alloy having a composition represented by the formula

C0100-xy--C1PtyB,Cu,, wherein 16 <x <20,0 <y <30,0<z<24,and 0 < a < 10;



magnetic recording layer (ML). 6. The medium as in claim 5, wherein said at least one Cu-free
magnetic recording layer (ML) comprises a magnet'E alloy material selected from among CoCr and
CoCr containing at least one element selected from the group consisting of B, Si, Ti, V, Fe, Ni, Ge, Zr,
Nb, Mo, Ru, Ag, Hf, W, Pt, and An. 7. A magnetic recording medium including Cu-containing magnetic

recording layers (Guivio.ad @ l8as) aneifiglal REHGEFRAAGIRY W%@%&‘ﬁﬂﬁ@‘tcﬂﬁo@?ﬁz@c‘(ed
tri-layer structure [ML/Cr-rich CuML/Cr-poor CuML],, where n = 1 to 10 and each [ML/Cr-rich

CuML/Cr-pebt:CtiAL ti-areraecdmiprisél @faycudfleé nfagrétiané ording 18yérdviL); a Cr-rich,
Cu-containing magneye e digadety it 4 d b PRBHRGH el % CrecRiaiinacragnetic alloy
material selected from the group consisting of: a CoCrPtBCU alloy having a composition represented
by the formufer Caicu.xwherms@ribtyBzCu) wheteining upxie 80f. 0« Tas @l dp<te KM, @ < a <
10; 23 a CoC%lrgtBCu alloy having a composition represented by the formula Coloo-x-y-z-
cCrthszCfiua, wherein 16 x <30,0<y<30,7<z<24,and 0<a<10; and a CoCrTaCu alloy
having a compositioQ repras&niechhiatim fomagie titotocoxdyn £ Giyer Y Cymow hizeih ) b mprs &D,
containing up.to 8 at. % Ta, and up to 10 at. % Cu,; and a Cr-poor, Cu-containing magnetic recording
Jayer (Cr-poo} Lt EBHEHE M B B8 RRATRIHY s el oMb R SERHR FOBRTBE B the grou
consisting of: a Co(RIBDuUBUIR Y. ey gy thgantpagiisiePresestatibihthéoforal £0baR-X:y-2-
aCrxPtyBzCua, wherein 0 <x <16, 0 < <z<24,and 0 <a<10; a CoCrPtBCu alloy having a

, 0 <30,0
composition&gredihitd B’P?FFénfc?rﬁEﬂg ¢0105-Y-5-20a¢ i iyBzcid Qihdreil’ < x < 16, 0 < y < 30,
7 <z <24, and 0 T 5dAiB0d )& FaGhRL Aoy hing H cemeasjand epreseaied Ry, the formula
Coloo-x- y-z-cCrxTayCua, wherein 0 < x < 16, containing up to 8 at. % Ta, and up to 10 at."% Cu.
«CrPt,B,Cu,, wherein 0 <x < 16,0 <y <30,7<z<24,and 0 <a < 10; and
(c) a CoCrTaCu alloy having a composition represented by the formula Cogg.x.

y2-«CrxTa,Cu,, wherein 0 <x < 16, containing up to 8 at. % Ta, and up to 10 at. % Cu.

8. The medium as in claim 1, in the form of an anti-ferromagnetically
coupled (AFC) medium, comprising:
a bottom magnetic layer spaced apart from a top magnetic recording layer by a

non-magnetic spacer layer.

0. The medium as in claim 8, wherein:
said spacer layer comprises a non-magnetic material selected from the group

consisting of: Ru, Rh, Ir, Cr, Cu, Re, V, and their alloys.

10. The medium as in claim 8, wherein:
said top magnetic recording layer further includes at least one Cu-free magnetic

recording layer (ML).

11.  The medium as in claim 8, further comprising:
a top interface layer between said top magnetic recording layer and said spacer

layer for improving RKKY coupling of said top and bottom magnetic layers.



8. The medium as in claim 1, in the form of an anti-ferromagnetically coupled (AFC) medium,
comprising: a bottom magnetic layer spaced apart frﬁm a top magnetic recording layer by a
non-magnetic spacer layer. 9. The medium as in claim 8, wherein: said spacer layer comprises a
non-magnetic material selected from the group consisting of: Ru, Rh, It, Cr, Cu, Re, V, and their
alloys. 10. The medium as in claim 8, wherein: said top magnetic recording layer further includes at
least one Cu-free magnetic recording layer (ML). 11. The medium as in claim 8, further comprising: a
top interface layer between said top magnetic recording layer and said spacer layer for improving
RKKY coupling of gaid to?ﬁé‘ﬂl@&iﬁ%mﬁ%ﬁﬁiﬁ El)é%'iﬁp%%iﬁ - The medium as in. claim 1 comprising:
a non-magnetic substrate and non-magnetic seed and underfayers. 13. The medium as in claim 12,
further comprisingnagietistsobetride andagpreticagnetiayecdendesnleniay®rsich CuML and the Cr-poor
CuML layers.

13. The medium as in claim 12, further comprising: at least one non-

magnetic interlayer between the Cr-rich CuML and the Cr-poor CuML layers.



