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1 - RE-BASED ALLOYS USABLE AS DEPOCSI TI ON TARCGETS FOR
FORM NG | NTERLAYERS | N GRANULAR PERPENDI CULAR
MAGNETI C RECORDI NG MEDI A & MEDI A UTI LI ZI NG SAI D
ALLOYS CROSS- REFERENCE TO PROVI SI ONAL APPLI CATI ON
This application clainms priority fromU.S. - pfovisiona
patent application Serial No. 60/879,418 filed
January 8, 2007, the entire disclosure of which is

i ncorporated herein by reference. FIELD OF THE

DI SCLOSURE The present disclosure relates to Re-based
al l oys, deposition targets jgonprising sanme, and to
thin filmmagnetic recordi ng media conprising Re-based
alloy interlayers. The invention has particul ar
utility in the manyfacturé of high performance, high
areal recording density, granular perpendi cul ar nedi a

utilizing Re-baReHBAREDWITONS ERARIEIQE gets for

form ng i npr oveHPOBIONGY/AXSETOFORIBOKING' anul ar
per pendi cul ar NROMLARY AP N BRARNR)IEA R BACKGROUND OF
THE DI SCLOSURE MRgRRPERDIGG, NE%%?V used in

vari ous app!icat iﬁﬂ@oméll\@ﬁﬂ Eﬂ\rﬂsﬁﬂxhe conput er

bndustry for data/ﬁﬁﬁﬂﬁﬁ%@gﬁpﬁ&ﬂ?@g@ and retrieval
I'sk

applications, typically in orm and efforts are
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recordi ng density, i.e., bit density o he magnetic
medi a. THeRKEI R Blaimd HHidh h%g1 PR e.magnpet. ¢
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m¥gndtNe /8714 18afled Jamnrye’, 2097} the catitd disclomeo bflwhith is
I classified as "longitudinal" or
"%é? gﬁﬁlcﬁﬁﬁﬁs?ﬁlé%%ﬁding upon the orientation of -the
nagnetic domai ns of the grains of magnetic material. 2
THEIFROFSFE DISGEOSEBBr di ng nmedi a have been found to
be superior-to the

The present disclosure relates to Re-based alloys, deposition targets

comprising same, and to thin film magnetic recording media comprising Re-based
alloy interlayers. The invention has particular utility in the manufacture of high
performance, high areal recording density, granular perpendicular media utiﬁzing
Re-based alloy sputtering targets for forming improved interlayers underlying

granular perpendicular magnetic recording layers,

BACKGROUND OF THE DISCLOSURE

Magnetic media are widely used in various applications, patticularly in the
-computer industry for data/information storage and retrieval applications,

typically in disk form, and efforts are continuaily made with the aim of increasing

the areal recording density, i.e., bit density of the magnetic media.. Conventional -

thin film thin-film type magnetic media, wherein a fine-grained polycrystalline

magnetic alloy layer serves as the active recording layer, are generally classified

- as "longitudinal" or “"perpendicular”, depending upon the orientation of the

magnetic domains of the grains of magnetic material,



nore conventional |ongitudinal nmedia in achieving very
hi gh bit densities. In perpendicul ar magnetic
recordi ng nmedia, residual magnetization is formed in a
di rection perpendicular to the surface of the magnetic
medium typically a layer of a magnetic material on a
suitabl e substrate. Very high linear recording
densities are obtainable by utilizing a "single-pole"
magnetic transducer or "head" with such perpendicul ar
magnetic nedia. Efficient, high bit density recording
utilizing a perpendi cul ar magnetic nedi umrequires
interposition of a relativeldy thick (as conpared Wi th
the netic recording |ayer), magnetically "soft"
under | 53’9 pexpesligwyr, regording nradlarhagm bemcfohmi}/tarbelmpmng tathe
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underlayer, a relatively thin hard mdgnetic recording layer, and a single-pole
head, is illustrated in FIG. 1, wherein reference numerals 10, 11A, 4, 5, and -6
respectively indicate a non-magnetic substrate, an adhesion layer (optioﬁal), a soft
magnetic underlayer, at least one non-magneticA interfayer, and at least one
perpendicular hard magpetic recording layer. Reference numerals 7 and 8,
respectively, indicate the single and auxiliary poles of a single-pole magnetic
transducer head 16.

Briefly stated, the relatively thin interlayef 5 (also referred to as an
"intermediate" layer and described in more detail below) underlying the at least

one magnetically hard recording layer 6 is comprised of one or more layers of




non- magneti c or substantially non-magnetic material s,
and serves to (1) prevent nmagnetic interaction

bet ween the soft underlayer 4 and the at |east one
hard recording |layer 6 and (2) pronote desired

m crostructural -and nagnetic properties of the at

| east one nagnetlcally hard recording | ayer 6. As
shown by the arrows in FIG | indicating the path of
the magnetic flux flux 4) is seen as enmanating from
single pole 7 of single-pole magnetic transducer head
16, entering and passing through the at | east one
vertically oriented, hard magnetic recording |ayer 5
in the region below single pole 7, entering and

t M Shdghllic/brt SubRatlly nBRIDShE ﬂfzﬂ%ﬁi ig, @M& rved f3r gprevent

di stance, and then exiting therefrom an pass
t HRRgIglHF traackion| beimeendhe spld rpderhiyous sand the dlt 1¢aagm hagd

r‘?‘&%ﬁﬂh )2} ér%’ﬁfd (%Bﬁrgmbﬁ%e ﬁginﬁgiacer R’ﬁ %gaé gﬁelt?é é)?gpleﬁles

of S|ng e- po e gnetlc rans
diof thetaf Isast ohe maguntioally lnfd eorgiepdiyeré.ar magnetic

T qur g gty LRI EENG T ficfing b otk S Sirphat A5
r ¢f eruenqsas tseethﬁemhnaﬁﬁgr fring adm%léa )li/bglr%SQSdfgﬁgéléipSle%ﬁgﬂénc

f '
g I Z‘E’ﬂg c‘&ﬁsﬂfl et%{}%/ fa%a pa%tzeﬂ thaoush. thwa'@nl@@at k| ertivally
”Bhéhtédi‘ Viel%e i‘d&gnétﬁyﬁﬁorgmg Sla?e? "SRR e{lcﬂry Singl g/ol%“’d

whil e the grains of eac crysta ayer
ofnighing §d; tr?gebmgjwnhm(sag masa%twumdctlaynr a fd:roer detamctea bnd then

dbﬁ:ﬁﬁé RS EP Sﬁ&h&ﬁg BonBn 306" I8¢ teq;@' ?trlr:nléa%}]ctu.\a?rhard

are genera
v maglnftba I rbgordln@ layet 6t1a dlie cagioal befpve dhxlhﬁgrmnllees | dfglﬂgteepole

g St a over c | a as
oAt By el A7 Ol " Srsblgn o qroveiegt o rapapanouls
Mg pEtic anddiye 21 Gpashhsdudet! REAICER s indieREQH ﬂ{eaﬂg{re 19? ithe
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are generally in vertical registry (i.e., vertically "correlated” or aligned).
Completing the layer stack is a protective overcoat layer 14, such as of a

diamond-like carbon (DLC), formed over hard magnetic layer 6, and a lubricant

topcoat layer 15, such as of a perfluoropolyethylene material, formed over the
“protective overcoat layer.

()

Substrate 10 is typically disk-shaped and comprised of a n@n—magnetic
| metal or alloy, e.g., Al or an Al-based alloy, such as Al-Mg having an Ni-P
plating layer on the deposition surface thereof, or substrate 10 is comprised of a
-suitable glass, ceramic, glass-ceramic, polymeric material, or a composite or

laminate of these materials. Optional adhesion layer 11A, if present, may



4 conprise an up to about 40 A thick layer of a
material such as Ti or a Ti alloy. Soft magnetic
underl ayer 4 is typically conprised of an about 500 to
about 4,000 A thick |ayer of a soft magnetic materi al
sel ected fromthe group consisting of Ni, NiFe
(Permal | oy), Co, CoZr, CoZrCr, CoZrNo, CoFeZrNb, CoFe,
Fe, FeN, FeSi A, FeS AIN, FeCoB, FeCoC, etc.
Interlayer 5 typically conprises an up to about 300 A
‘thick layer or layers of non-nmagnetic material(s),
such as Ru, TiCr, Ru/CoCr37Pt6, RuCr/CoCrPt, etc.;
and the at | east one hard megnetic |layer 6 is
typically conprised of an about 100 to about 250 A
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Sion process requires heating Of the media substrate during formation
(deposition) of the magnetic layer; and (2) a second type, wherein segregation of

the grains occurs by formation of at least one non-magnetic materia! selected from

among oxides, nitrides, and carbides at the boundaries between adjacent magnetic
grains to form so-called "granular” media, which oxides, nitrides, and/or carbides
may be formed by introducing a minor amount of at least one reactive gas
containing oxygen, nitrogen, and/or carbon atoms (e.g. Oz, N3, CO,, etc.) to the
inert gas (e.g., Ar) atmosphere duﬁng spuiter deposition of the 06 alloy-based
" magnetic layer. '



5 Magnetic recording nedia with granul ar nmagnetic
~recording |layers possess great potential for achieving
ultra-high areal recording densities. Mre
specifically, magnetic recordi ng nedi a based upon
granul ar recordi-ng | ayers offer the possibility of
satisfying the ever-increasing demands on thin film
magnetic recording nedia in ternms of coercivity (HL),
remanent coercivity (H,), magnetic remnence (M),
coercivity squareness (S), signal-to-nmedium noise
ratio (SMNR), and thermal stability, as determ ned by
K'V, where K, is the nmagnetsc. anisotropy constant
of the magnetic material and V is the volunme of the
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More specifically, the oxygen present at the grain boundaries in the
magnetically hard recording layer(s) of granular magnetic media forms
amorphous, hard, and brittle boundary regions which confine the growth of the |
~ magnetic grains and contribute to grain size refinement. As indicated above, the at
least one granular magnetic recording layer 6 is generally formed (e.g:, as by
sputter deposition) on a non-magnetic (or at most weakly magnetic), crysta]line
mterlayer 5, typically a hcp-structured layer which enhances the Co <0002>
‘crystalline texture of the overlying Co-based granular magnetic recording layer 6
perpendicular to the to the film plane, thereby resulting in very high perpendicular

anisotropy. As a consequence, ﬁlterlayer 6 plays a critical role in the formation of




ani sotropy. As a consequence, interlayer 6 plays a
critical role in the formation of 6 granul ar

per pendi cul ar magnetic recordi ng nedi a exhibiting
optimumrecording and stability perfornmance.

Not wi t hst andi ng t he notabl e i nprovenents in magnetic
~recording nedia . performance afforded by the granul ar
nmedi a, the continuing requirenents for increased
recording density and high performance magnetic nedi a,
particularly in hard disk form necessitates further
1 nprovenent in granular nedia technology. In. view of
the foregoing, there exists @& clear need for

met hodol ogy for manufacturing high areal recording
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granul ar perpendi cul ar magneti ¢ recordi ng nedi a

c IrS] - I interlayers beneath
g$QEQF§F93@53§ﬁ@i§g?@ﬁkﬁ%bnetic recording |layers. A
still further advantage of the present disclosure is

i mpr ovel Mg eF &y Presentt disglosurs iy impriowed Re-based alloy
peaRasdi cul ar magnetic recording nedia conprising

Re- based alloy interlayers beneath.granul ar -

per perfiifthenpdvaigaeof te present disclosure is improved Re-based alloy

materials suitable for use in forming interlayers in granular perpendicular

magnetic recording media.

Another advantage of the present disclosure is improved physical vapor
deposition (PVD) targets, such as sputtering targets, suitable for use in forming
‘the Re-based interlayers and comprising Re-based alloy materials. |

Yet another advantage' of the present disclosure is improved granular
‘perpendicular magnetic recording media comprising Re-based alloy interlayers
beneath granular perpendicular magnetic recording layers. '

A still further advantage of the present disclosure is improved
methodology for forming granular perpendicular magnetic recording media
comprising Re-based alloy interlayers beneath granular perpendicular magnetic
recording layers.



recording layers. 7 Additional advantages and ot her

features of the present disclosure will be set forth
in the description which follows and in part wll
becone apparent to those having ordinary skill in the

art upon exam nation of the follow ng or may be

| earned fromthe practice of the present invention.
The advantages of the present invention may be
realized and obtained as particularly pointed out in
the appended clains. According to an aspect of the
present invention, the foregoing and other advantages
are obtained in part by inprbved Re-based all oy
materials, conprising > 50 at. % Re and at | east one
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| In accordance with certain embodiments of the present disclosure, the
alloy is of Re-X composition, the at least one element X being selected from the
group consisting of: Be, B, Si, Ti, V, Mn, Fe, Cu, Ge, Se, Y, Zr, Nb, Pd, Ag, Sn,
‘Sb, Te, La, Nd, Sm, Gd, Tb, Ho, Er, Yb, Lu, Hf, Ta, Bi, Th, and U, and the alloy
material optionally further comprises at least one material selected from the group
consisting of oxides, nitrides, and carbides.
According to other embodiments of the present disclosure, the alloy is of
Re-Y composition, the at least one element Y being selected ﬁoin the group
consisting of: Al, Mo, W, Os, Pt, Ay, C, Cr, Co, Ni, Ir, Ru, Rh, and Os. The alloy
material optionally further comprises at least one material selected from the group
‘consisting of oxides, nitrides, and carbides.
- Further embodiments according to the present disclosure include those .

wherein the alloy is of Re-X-Y composition, the at least one element X being




Furt her enbodi ments according to the present

di scl osure include those wherein the alloy is of

Re- X-Y conposition, the at |east one elenent X being 8
selected fromthe group consisting of. Be, B, Si, Ti,
V, Mh, Fe, Cu,. G, Se, Y, Zr, Nb, Pd, Ag, .Sn, Sh, Te,
La, Nd, Sm &, -Tb, Ho, Er, Yb, Lu, Hf, Ta, Bi, Th,
and U and at | east one elenent Y selected fromthe
group consisting of: Al, M, W Gs, Pt, An, C Cr,

Co, Ni, Ir, Ru, Rh, and Gs. The alloy materia
optionally further conprises at |east one nateri al

sel ected fromthe group cons8sting of oxides,

nitrides, and carbi des. Another aspect of the present .
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di scl osur e, Wt he 2FENTREGHC or substantially non-magnetic interlayer;

and
(i) a granular perpendicular magnetic recording layer in
overlying contact with the interlayer, wherein:
the interlayer comprises a Re-based alloy material, comprising >
50 at. % Re and af least one alloying material selected from the group
consisting of: grain size refinement elements X which have an atomic
radius larger or smaller than that of Re and a solid solubility < ~ 6 at. % in |
hep Re at room or higher temperatures, and lattice matching elements Y
which have an atomic radius different from that of Re and form a solid
solution in hcp Re at room or higher temperatures,
~ According to certain embodiments of the present disclosure, the Re-based
alloy material of the interlayer is of Re-X composition and comprises at least one
element X selected from the group consisting of: Be, B, Si, Ti, V, Mn, Fe, Cuy, Ge,
Se, Y, Zr, Nb, Pd, Ag, Sn, Sb, Te, La, Nd, Sm, Gd, Tb, Ho, Er, Yb, Lu, Hf, Ta,



alloy material of the interlayer is of Re-X
conposition and conprises at |east one elenent X
selected fromthe group consisting of. Be, B, Si, Ti,
V, Mh, Fe, Cu, G, Se, Y, Zr, Nb, Pd, Ag, Sn, Sh, Te,
La, Nd, Sm &, Th, He, Er, Yb, Lu, Hf, Ta, 9 Bi, Th,
and U, and the Re-based alloy material of the
interlayer may further conprises at |east one

mat eri al selected fromthe group consisting of oxides,
nitrides, and carbides. In accordance with other
enbodi nents of the present disclosure, the Re- based
alloy material of the interl9yer is of Re-Y
conposition and conprises at |east one elenent Y
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formn er stack on the substrate surface,
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selected from the group consisting of oxides, nitrides, and carbides.

Still another aspect of the present disclosure is an improved method of
fabricating a granular perpendicular magnetic recording medium, comprising
steps of: _

(2)  providing a non-magnetic substrate having a surface; and

(b)  forming a layer stack on the substrate surface, the layer stack
including, in order from the surface:

(i) a non-magnetic or substantially non-magnetic interlayer;
and

() a granular perpendicular magnetic recording layer - in
overlying contact with the mterlayer, wherein: |

the interlayer comprises a Re-based alloy matenal comprising >

- 50 at. % Re and at least one alloying material selected from the group



(ii) a granul ar perpendicul ar magnetic recording | ayer
in overlying contact with the interlayer, wherein:

the interlayer conprises a Re-based alloy material,
conprising > 50 at. % Re and at |east one alloying
material selected fromthe group 10 consisting of
grain size refinenent elenents x which have an atom c
radius larger or smaller than that of Re and a solid
solubility < - 6 at. %in hcp Re at room or higher
tenperatures, and lattice matching elenents Y which
have an atom c radius different fromthat of Re and
forma solid solution in hdp Re-at room or higher
tenperatures. According to certain enbodinrtents of the
prese lntcomisthlftg oué‘u giin size pefirieinent clemeEAts 65 wfh%mdlve afMatomic -
i nter r e- ompos),t | conpri sing at | east one
el erren? Xcﬁuss% E?resgja?[?rgtﬁﬁ %ﬁ‘@t ‘gﬂ%ﬁ?ﬂggéﬂ]& Yoy 57~ © the 70 In
B, Si, AEp Re\at rdéim ofRigh&ltemfseratursae mdiatti€é mabtdlingRemdes Y
sn, Sb, .Tg,. La, Nd, Sm.Gd, Tb, Ho, Er, Yb, LU, Hf,
Ta, BiVhiefhhave & aipmigadipy,differony Spmihgt of Re angh form a solid
conpr i $6tufén ing2p Re®l Jrid fromthe
group consi sti ng of B%)?%Jggl,ﬂé}% t@@gga@'?rsgnd carbides. In

accor dAWedfet ¥ enraiy cushesimiente mifstho fpresti disdeserd, step (b)
dics r : | 5€ mng an.i.nter]ayer

of SERAGH Bl 28, iyl MR X Sbmp BBl fofish, el Ong
s éleamenty seleeied from tiy growp coosisting éfhBe, &, SAIT], WiMn,\Re, C8, Ge,
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s @icTH, ead 1. Qe italayeanpy fomer conpie of 12X bileSaterial selected
nitri des, and car Further enbodi nents of the

b
8 E{PuE &pn5 %‘I*"F ﬁé‘iﬁﬁn‘é‘:"{dﬁ%%‘i Gdfes n step  (Db)

conpr i §Psech@aitenfitASthbr ¥nfddi&s & thEBreXenY d%@ﬁ?ﬁé,i s&%?%)
conpri.si at least one element X selected fromthe
gFg‘B{b"% g‘?@{*& A% igfprlayge of Be-Sjcomppsitiop comprising, atdgast one
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one nefwthentmbelimatted the prasédt disglonu ifis itkdst Mbein step
o&)i) %Sﬁlprisneist orimdlggs hn ?ﬁ?grla(}:rgrr (k))tl 193?«:-3{ composition comprising at least
one element X selected from the group consisting of: Be, B, 8i, Ti, V, Mn, Fe, Cu,
Ge, Se, Y, Zr, Nb, Pd, Ag, Sn, Sb, Te, La, Nd, Sm, Gd, Tb, Ho, Er, Yb, Lu, Hf,
Ta, Bi, Th, and U and at least one element Y selected from the group consisﬁng
of: Al, Mo, W, Os, Pt, Au, C, Cr, Co, Ni,. Ir, Ry, Rh, aﬁd Os. The interlayer may

further comprise at least one material selected from the group consisting of

ot

oxides, nitrides, and carbides.

Preferably, step (b) comprises forming the interlayer by a sputter |
deposition process utilizing one or more targets, as by performing one of the
following alternative sputtef deposition processes:

(a) sputter deposition utilizing a target comprised of a Re-X alloy,
where Re > 50 at. % and X is at least one element selected from the group



Preferably, step (b) conprises formng the interlayer
by a sputter deposition process utilizing one or nore
targets, as by perform ng one of the follow ng
alternative sputter deposition processes: (a) sputter
deposition utilizing a target conprised of a Re-X

all oy, where Re > 50 at. %and X is at |east. one

el enent selected fromthe group 11 consisting of. Be,
B, Si, Ti, V\ M, Fe, Cu, Ge, Se, Y, Zr, No, Pd, Ag,
Sri, Sb, Te, La, Nd, Sm &, Th, Ho, Er, Yb, Lu, Hf,
Ta, Bi, Th, and U, (b) sputter deposition utilizing a
target as in alternative (a)ll the target further

conprl sing at | east one material selected fromthe
fb‘lﬂﬁ% Be:Ehgl.dil V.d¥ndiss Cure, Sed8Zr, Bih,Pd; dghSniesib, Te,
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oxes. e fepolon Hficing o st sqapristioRe Y aloy,
demmsa Rbon 50at| %zangas taR @Rl oﬁ@%hbxﬁ%@legtfed Frdf q&% Erém
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a%chSr catﬁanmg §t b@stl@agnatmraé selectpd fiom thel @rom;edorfstsnﬁg of

thfgldgg | of AL, M, W GCs, Pt, An, C Cr,
Mdég%%‘:%ﬁég nd Os (f) . sputter deposition

ut il z(ehg aﬁpﬂ'&@Tgbposamm utllabjgar tagget m;n(rﬁéd of ARetXa0 Moy,
f 9(5"91”’ | east on e sel ect ed ‘
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caf BeciBs 51, (19)V,Syin,tHee Cud@p oy, tv, 20 N, Pl Ap,"Sh, &bf T&,3a, Nd,
ﬁ ﬁhzﬁn aI‘%lg aﬁ ;3a) and a second target as

1 i B SREL,  S s
uie!léctedl P hef drbg cdnﬁﬁeﬂﬁgt o AL Mo OB el ) A%,
Ru, Rh, and Os;

(f) . sputter deposition uﬁ_lizing a target as in alternative (g), the target
further comprising at least one material selected from. the group consisting of
oxides, nitrides, and carbides;

(8)  sputter deposition utilizing a first target as in altemnative'(a) and a
second target as-in alternative (¢); or _.

(b)  sputter deposition utilizing a ﬁrst target as in alternative (a) and a
second target as in alternative (c), at least one of the first and second targets
further comprising at least one material selected from the group consisting of
oxides, nitrides, and carbides.

Additional advantages and aspects of the disclosure will become readily
apparent to those skilled in the art from the following detailed description,

wherein embodiments of the present methoddlogy are shown and described,



second target as in alternative (c), at |east one of

- the first and second targets further conprising at

| east one material selected fromthe group consisting
of oxides, nitrides, and carbides. Additiona

advant ages and aspects of the disclosure will becone
readily apparent to those skilled in the art fromthe
foll owi ng detail ed description, wherein enbodinments
of the present methodol ogy are shown and descri bed, 12

sinmply by way of illustration of the best node
contenpl ated for practicing the present invention. As
will be described, the prestht disclosure is capable

of other and different enbodinents, and its several
desiraply dyawvay eflidlusipationlof thd bexd rhoﬂé eattémplate'd fol prlattititss the
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gr anul.ar endi cul ar netic recordi ng medl a wth
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hi gh performance media is formati on of nmagnetically

hBETAUIED DESCRERTIORNOF QWEDISOLeRYRdt ng | ayers with
wel | -isolated, fine grain structure coupled with |arge

per permteGiibsaht AREBEIE hafBé 3R AAPodsion of improved Re-based
alloys for use, infer alig, as interlayers in the manufacture of stable, high
performance, ultra-high areal recording density granuiar perpendicular magnetic
recording media with low media noise. A key requirement for obtaining such high

performance media is formation of magnetically hard granular perpendicular
recording layers with well-isolated, -ﬁhe grain structure coupled with large
perpendicular magnetic anisotropy K,,.

As indicated supra, in such granular perpendicular magnetic recording
media, the principal magnetic recording layer typically is an oxygen-containing
CoCrPt alloy layer, wherein t!ae oxygen present at the grain boundaries forms
amorphous, hard, and brittle grain boundary regions. The oxygen present at the
grain boundaries confines the grain growth and thus contributes to grain size




As indicated supra, in such granul ar perpendicul ar
magnetic recording nedia, the principal magnetic
recording layer typically is an oxygen-contai ni ng
CoCrPt alloy layer, wherein the oxygen present at the
grain boundaries forns anorphous, hard, and brittle
grai n boundary regi ons. The oxygen present at the
grai n boundaries confines the grain growh and thus
contributes to grain size 13 refinenent. The granul ar
per pendi cul ar magnetic recording layer is usually
deposited on a non-nagnetic or weakly magnetic,
crystalline hcp-based intertiayer which enhances the
Co <0002> texture of the Co-based magnetically hard
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magnetization.

Briefly stated, according to a key feature of the present disclosure, grain

size refinement of the interlayer, as well as of the overlying granular recording
layer, is obtained by use of interlayers comprising Re-based alloy materials, i.e.,
where Re > ~ 50 at. %, containing one or more first type alloying additives, e.g., .
one or more elements X, optionally with or one or more oxides, nitrides, and/or
carbides. Alloying elements X for this purpose function as grain size refiners

~ when they are: (1) substantially insoluble in Re at room temperature or have
limited sblubility (ie, <~ 6 at. %) in Re at higher temperatures, and (2) form



where Re > - 50 at. % containing one or nore first
type alloying additives, e.g., one or nore elenents
X, optionally with or one or nore oxides, nitrides,
and/or carbides. Alloying elenments X for this -purpose
function as grain size refiners when they are: (1)
substantially insoluble in Re at roomtenperature or
have a limted solubility (i.e., <- 6 at. % in Re
at higher tenperatures, and (2) form 14 anorphous,
hard, brittle grain boundary regions and confine grain
gromh in the interlayer. Another key feature of the
present disclosure arises fdémthe requirenent for
strong <0002> orientation of the Co-based hcp granul ar
- perpapiivs itad, brittkeggrein toundary rebiong ahd yerifineVdriie Rrowth in the
rqﬂ&% fgent is nmet by orienting the hcp <0002>

crys bl anes parallel to the film plane. However
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radivs than Re (i, < 1.37 A) serve to contract the Re alloy lattice, whereas
addition of alloying elements Y with larger atomic radius than Re (i.e., > 1.37 A)
serve to expand the Re alloy lattice. :

According to another key feature of the present disclosure and illustrating

its versatility, is the ability to utilize Re-based alloys containing either one of X or

Y alloying additives.(as in' Re-X and Re-Y alloys)' or both X and Y alloying
-additives (as in Re-X-Y alloys):

Elements suitable for use as allojn'ng additives X for Re-X alloys are

presented in Table I below. As indicated above, a crystalline interlayer, such as

interlayer 5 shown in FIG. 1, having refined grain sizes can function to



its versatility, is the ability to utilize Re-based

al l oys containing either one of X or Y-alloying
additives. (as in Re-X and Re-Y alloys) or both X and
Y alloying additives (as in Re-X-Y alloys). Elenents
suitable for use as alloying additives X for Re-X
alloys are presented in Table | below As indicated
above, a crystalline interlayer, such as interlayer 5
shown in FIG 1, having refined grain sizes can
function to 15 control/refine the grain sizes of the
granul ar perpendi cul ar magnetic recording |ayer when
the latter layer is grown epstaxially on the surface
of the fornmer layer. This effect is enhanced when the
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greater ., or gﬁl l er than that of Re. The alloying

aa‘af {FPapired | Onest RRY-mRgNFlip oty Weald)t mpgnclinc 685 With 4 Bass
MRydcEpHBiIR loehd § sty 167 HPlkg Ofndt 15y ﬁé‘%"ﬁﬁét&n‘% ¢ taliud ‘&é%te?%r
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L B! b o et B Bl B S 600 S ol of
abxides, mitiidey and chibidés af bey sf ﬂﬁcﬂ&h&w@fﬁ@bl%h? 0P %EHer
di s%:l‘osu&le @ i nc)] ude, one or nore of Be, B, Sl

© ctign Inqumilyy mppner agpgraipgsizengefingss by §Brmmg

T&noﬂpﬁous@am Poindedgs, Th, Ho, Er, Yb, Lu, Hf, Ta, Bi,
Th, and
C Based on the above criteria, Re-X alloys according to the present

disclosure may include one or more of Be, B, Si, Ti, V, Mn, Fe, Cu, Ge, Se, Y, Zr,
Nb, Pd, Ag, Sn, Sbh, Te, La, Nd, Sm, Gd, Tb, Ho, Br, Yb, Lu, Hf, Ta, Bi, Th, and
u. '



"U. 16 Table I At No. At.Radius X-tal structure~Mass
susceptibilty(10-8 nB/kg) Rrsolubllityln Re Be 4 1.13
hexagonal -1.26 Insoluble B 5 0.97 rhonb -0.87

1% 21500), insoluble (RT) Si 14 1.32 dianond -0.16
10% (17100), 1% (13000) Ti 22 1.47 hexagonal 421
2.50/.(2750C), Insoluble (RI) V13 1.36 boc 6.28 12%
(24600), 2% (800C) M 25 1.35 cub 12.2 insoluble Fe
26 126 boo Insoluble Cu 29 1.28aflelc -0.1 insol uble-
Ge 32 1 37 cublc Insoluble Se 34 1.16 nonoclinic

ol al | )
f TOA NS, b Bt Rad{us *’x it sﬁ:ctdrla" aWéé%tsc#:&ﬂgﬂb-b‘ kgl bie ﬁi’soi‘hbihtyln Re
BL] O ATEXAUURFAT {1 Riagdn#o ( £ 2781 insoluble
BIP 25 15C) 094 %|( 80 P 46 1. 37-0BEC 6. b/ 5o 17Bioa, Jnsoluble (RT)
FPh (12000( 192_Hg 4@mdd44|fcc - 0. 2816nsol ubl e| 1o (HO0C), 1% (1300C)
M| 5&2di landad_-|0. Btreoteiso| ubl e  Sh481 1. 61 _hi 7 - [nEpluble (RT)
Y hs@Publl e 1380 {52 1Pc913 hbxagonal $&°% 39 | nsol [ h %% (2460C)-2% (800C)
Nh‘ QS?S varjia\"'\gl LS I\H 60 42%') havgnn’\ol insoluble
Fot P a1t Jos bo T et Realtble 4 b4 4 oJnsoluble
C IQ\QQU C128.)III U4a chcU l! UUII 1 LILILI a}_lf Ul © \W V| )= L. U.Fnsoluble
Egkx%gm a7 TS YT ubh g T 51— 76— hexagorma insoluble -
34% 240UC) 1 1a1S @I Uhhtn&MidicR | NO 6/ 1.778 heXagohal inscluble
YTinsab ull e1.8r 68 Hewagdhalnekagonal T as®l ubl e Insoluble
Zr 40 1.6 hexagonal ] 166 1% (2500C)
Nb 41 1.47 bce 281 4%{(2715C), 1% (800C)
Pd 48 1.37 foc 8.57 5% (1650C), 2% {1600C)
Ag 47 1.44 foc -0.23 Insoluble
Sn 50 1.58 diamond -0.31 Insoluble
Sb 5% 1.61 trigonal -1.09 Insoluble
Te 52 143 hexagonal -0.39 Insoluble -
La 57 1.38 hexagonal Insoluble
Nd G0 1.82 hexagonal insoluble
Sm 62 1.8 trigonal insoluble
Gd 64 1.81 hexagonal Insoluble
To 65 1.76 . hexagonal 1% (2450C), insofuble (RT)
Ho 67 1.78 hexagonal Insoluble
Er 68 1.79 hexagonal Insoluble
Yb 70 1.93 feo 059 Insofuble
Lu 71 173 hexagonal 0.2 Insoluble
Hrf 72 1.59 hexagonal 0.53 insoluble
Ta 73 147 bee 1.07 5.1%(2755C), 4% (2000C}
B 83 1.75 monodinic A7 . insoluble
Th 90 18 foc 0.53 Insofuble
U 92 - 1.39 arthorhombic insoluble




Yb 70 1.93 The 0.59 Insoluble Lu 71 1.73 hexagona
0.12 Insoluble H 72 1.59 hexagonal 0.53 Insol uble

Ta 73. 1A7 boo 1.07 5.19% 2755C), 49 20000) BI 83 1.75
nonodlnic -1.7 insoluble Th 90 1.8 fcc 0.53 Insol uble
U 92 1.39 orthorhonbic Insoluble 17 Elenents suitable
for use as alloying additives I¥ for Re-Y alloys

according to the present disclosure are presented in
Tabl es Flpmagsguitaple fgsasanpallovingjadditivent & Rafyolleys ardeedingdpthe

Co-phasf dlsﬂés&’a WbeGresfRddRR Tabis Ul A NTBANE tAsGndi@e B6HvA Ghe Acp
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o Ghend FRRB: apa e Paa RS oy 5 it 1 e

at segaenof tienjpe Rd-hase, interlgyer. (ShicatPt dn highly Roluble 1£c§:oca Noom

. H H H h I'I n t R
b i, oo 30 b GNOLAE bl b oy e B 58
Pt latlice payprenior gf Coberdvee gfthedwen atorgics giﬁiekcwrﬁeg @ltlltecpyqswg

addiistlostes, Bb @H@ﬂﬁg Sddtive @ Rntp ‘Ye&ﬁéﬁtpréséht ﬁrhtﬁe Re interlayer, chan ¢

.| nter] a%)flsn%{t ﬁ"%?ﬂtegaﬁ{a" a" axis latti] c ar aﬂnlxra% ﬁ]mm

% JPrTEoa € Solde 9
te mefmﬂammroealtore gboalyind hdlitak bleyénnmaygthdiid nov eqeited g b¢ non-

MYy aor2HL or.w%akﬂprﬁaglh&ﬂ% £ %thta%lasﬂgsc%?gﬂlwg 7 %txl 1657 B kcg.

weakl'y magnet’ C, eptibilit
1.5 x vdloymgaidige elpanPféergr Red¥ialiqyy evhish M@rﬁ%mo(raﬂw larger

. Rethn &k, |0y Guddipmb tHRaMEcodF REbA&ed id@iidsrs hd el in Ttablan b%@w

o SR AL 65 o A B g

‘ad than Re endghis wentret the 14tide ofRe-Dasalidtalageradné girenlina'v&leaﬂbelmc.
and thus contract the |lattice

us smaller

radius smaller than Re,
of Re-based interlayers are given in Table 1l bel ow
Table Il At No. At.Radi J#blxItai structure Mass
susceptibilty (10.8 nBl kg) RTsol ubIIIty in Re PI 13
T Z3nd, CCAcRadRe | Xam staatundd [ Tiaks Juetpitiiey (b6 BaiBp O | 1- lﬁslaﬁ%ynm
Ab450) 1 89%4H000) RV 74 |[TAL BEE Baz3Y 2094 287 GUl
Mi5ee0) @ 76 1. 88 hexagonal 0.108 sol ubl e pnsmgmgc)wa(smc)
Wiec742d 458 banobe  adw (6000) 029 20%(2625C), 12% (1500C)
Os 76 1.38 hexagonal 0.06 soluble
Pl 78 138 [ 122 A59%( 24500), 40% (600C)
NA, however thin film of Au-Re
shows Au having solubility of
ot 7o 1.44 fec 018 42% at 500C
Table III
AtNo. | AfRadius | Xtalstructure Mass susceptibilty (10-8 m3/kg} RT solubilityin Re
C 6 0.77 _diamond -0.62 11%(2505C), 7%(2200C)
Cr| 24 1.28 bec 4.45 25% (2354C), 10% (1500C)
Co 27 1.25 hexagonal i soluble
N[ 28 124 cubic 17.7%(1620C}), 9% (600C)
Ir 77 1.35 foc , 023 15%( 2645C), 8%(500C) |
Ru 44 1.34 hexagonal : 0.54 soluble )
Rh| 45 {34 fcc 132 24% (2620C), 12% (500C)
Os| 76 |VBC] Hoss IS US0HEBonal | 0.06 soluble




NA, however thin filmof Au-Re shows Au hating
solubility of Pu' 79 1.44 fcc -0.18 42% at 5000

Table Il At No. AtRadius X-tal structure Mass
susceptibilty(10-8 nBl kg) RTsolubilityin Re C 6 0.77
di anond -0.62 11990501, 7% 22000) Cr 24 1.28 boo 4.45
25% (23540), 10% (15000) Co 27 1.25 hexagonal .
soluble NI 28 1.24 cubic 17.7%1620C), 9% 6000) Ir 77
1.35 fcc 023 15% 26450), 80/0(5000) Ru 44 1.34
hexagonal : 0.54 soluble Rh 45 1.34 too 1.32 24%
(26200}, 12% (5000) GCs 78 oc9t.891, .a5049b gnat 0.06
soluble 18 The alloying adgdgtive elenment(s) Y can
performlattice paranmeter nodul ati on and reduce

i Bheedllopihgiadditive etbmbdi) Recal §eA6nI RiRE paMSletephioBulbitf and
edu%ver.lix!%@g %rganu atB Eerpendj cul ar magnetic recording

Py P RHER a8 1o Pubeckeinferayaiowiths thi toveriyieg arpular
perpérdiculag infagifBis irB3RARS Ly by »bhén)’ad'déd"}ot puré'Re Gy 'aﬁgﬁpﬂdmtﬁihv? u

el ements Y can al so serve a dual = purpose of provi di ng
to thfr maximymy golpbifity, linitnAlleyine pdditivecelements N cap alveseredal dunl

438 oL ¥io it MRl P gy L imt. . Fionall
D ot T g Frain ﬁ% rEFEIEh B et C g A, il Aot or
the magimyin salptilitydingih Firedlycalloping edditiveelembnts edreled gided foahe Re

o j.4e itrid .and, carbides, in ich .,

- i coBRtoR Yl 8) i e ot Dol e, n
carbigs, inndichdtsahca imetier fiteti@r £3@ith stk sFnasur e
t.epml f ti f _Re-b d [ d PVD

o ot TRaeEL FRove, e hrpednt FlploSireycmiomnteion ImAGRR of e based

alloyonel PV soufca| &.y hﬁlﬁteﬁﬁ%ﬁ}%&s\! @or[tﬁﬁing Rt RBst6n8NoRe alfoying
additial |(031(S§ g{ bot hyX and Y alloying additives (as In
K (BRI Ret 1l Re-Y allovior hpthoy endal plloring edditivasrips inReny-Y
alloysy,AWBich Rlo9sl VAt AERAY &dpﬂﬁdg' bl af 0 %dvah?ar 83, (R8s
dnterlayers for tgranul ar perpendi cular rrggne i C
formipg imanreyed dntaslayiers. forgtsmulangferiendionter nagetic adobmiite: matia, Py

of theSRUBERS af pPBt | taraets congf | .at ed t he
~ present dlgyss%fngsur e Jg%%égg%% aﬁ?gﬁ?ﬂ#etafgs ?%ﬂ%ﬁf’ﬁegﬁgl e
presextediabasotcogire b fabuidateli by cofvtional methodologies, including, for
example, powder metallurgical techniques comprising consolidation and densification of

powders of the constituents or by solidification metallurgical techniques comprising
melting and casting of the alloy compositions.

According to the present disclosure, the interlayers are preferably formed by
sputter deposition techniques, including reactive and/or non-reactive sputtering utilizing a
single target or co-sputtering of plural targets, as for example, by performing one of the
following alternative sputter deposition processes:

' (2)  sputter deposition utilizing a target comprised .of a Re-X alloy,
where Re > 50 at. % and X is at least one element selected from the group
consisting of: Be, B, i, Ti, V, Mn, Fe, Cu, Ge, Se, Y, Zr, Nb, Pd, Ag, Sn, Sb, Te,
La, Nd, Sm, Gd, Tb, Ho, Br, Yb, Lu, Hf, Ta, Bi, Th, and U;

. (b)  sputter deposition utilizing a target as in alternative (a), the target
further comprising at least one material -seléc_ted from the group .consisting of
oxides, nitrides, and carbides;




exanpl e, powder netallurgical techniques conprising
consolidation and densification of powlers of the
constituents or by solidification netallurgica

techni ques conprising nelting and casting of the

al l oy conpositions. According to the present

di scl osure, the .interlayers are preferably formed by
sputter deposition techniques, including reactive
and/ or non-reactive sputtering utilizing a single
target or co-sputtering of plural targets, as for
exanpl e, by performng one of the follow ng
alternative sputter depositil®n processes: (a) sputter
deposition utilizing a target conprised.of a Re-X

aI | oy, (c)/\lnersputﬂe depsitiont utilifiransl takgdtScodlpris@P 8f 2 FOLY alloy,

‘%ﬂ%n E\/'g ﬁ]t eqr!%f r%? ¢ he %%%? e(f%]ﬁﬁllt ;é;gcr}:qzb ﬁ'fo;qgtllgle ggﬁo%p ‘
'quona"ermg dfaAl Ndo, vﬁrms,ﬁqlAuTb, Chieo, B, r, X8, RbUnd 6, Ta,

Bi , andUe§_ er, dep03|t|on ut|I|Z|nga
tar get (g% i SPuff QFR?&‘F‘PQ Stifiziyg adargetag iy alterntivet(pethe target

C ORRhérSdoRtprding| #3845t GRS nRi t
grou cgri?g,l stnlgng of oxi desgrjfﬁ?%c}l d}g(grﬁ tgggwugr%’hg&ng of
- Oxides, nitrides, and carbides; . - 19 (c) sputter deposition

| Re- Y .al |
Re. > o400 - hftebGing SRR Yilfile € erfy Toinbrifid AP Re S0F effov
f rvdiere Re >gﬁ0(ﬁ§|¢%, X aradileast ong elxineAt seldvted fibim (B, grdtip, cofisting -

depoqg?’trjlocl?n’ u.tl Pizr n&Lt%u’t%ger E%{&dagsyh(g%’tég%&t gl;feTe( £3. Nd,

t i, tGa, gu HoIEn; ¥beku, VDS, Bij T =0 U, aa@tr i9 ﬁﬂeﬁ@hﬁé é1éthent

e m t he rou nsj sti oXi

o FeFrig fomL A siatpistuting ) Als M, Oy O bbb Gtk Co, N, I
uu'ml,ngmgog target conprised of a Re-X-Y alloy, V\,here
Re > 50 at. % X is at |east one el enent selected from
the grb¥p cﬂ’ﬁ‘é‘P’é‘llqpﬁﬁj“mbﬁtﬂlZBE a BrgeBas mTaltematva) tEe;arget

%ﬁl@?ccﬁﬁns%% atZ[eastl\gﬁg Iﬁﬁenﬁ‘%?lea?d ﬁ%%l the.l_ﬁrou %nsH’tm%ﬁg
YOF@eﬁwmé@s%nddﬁ@@B,enent sel ected f rom t he gr oup

conSI s L?) ng ﬁ)futtél ddeg%@ﬂopfv'\{ ‘i%gﬁp‘if}” @gﬁbﬁ 10 %"ﬁmﬁ s @ d\if“ﬁ’ga

aSQcancym‘geass lmraltamtener(a)t ove (e), the target
(h)  sputter deposition utilizing a first target as in altgmétive (a) and a

second target as in alternative (c),‘ at least one of the first and second targets
- further comprising at least one material selected from the group'consisting of
oxides, nitrides, and carbides.

In summary, the present disclosure provides improved Re-based alloys containing
alloying additives which are particularly useful in the formation of crystalline interlayers
in layer stacks of thin film, Co-based granular perpendicular magnetic recording media,
Certain of the alloying additives promote refined grain size in the as-formed interlayers
as well as in the subsequently deposited granular perpendicular magnetic recording
layers, whereas other alloying additives reduce lattice mismatch/misfit between the Re-
based interlayer and the overlying Co-based granular perpendicﬁlar magnetic recording

layer, The enhanced magnetic recording layers' afforded by the present disclosure



further conprising at | east one material selected from
the group consisting of oxides, nitrides, and
carbides; (g) sputter deposition utilizing a first
target as in alternative (a) and a second target as
in alternative (c); or (h) sputter deposition
utilizing a first target as in alternative.(a) and a
second target as in alternative (c), at |east one of
the first and second targets further conprising at
| east one material selected fromthe group consisting
-of oxides, nitrides, and carbides. In summary, the
present disclosure provides29nproved Re-based all oys
.containing alloying additives which are particularly
facilifpie mpanufapiuren of f Wighrenerformarkee,c hight @kali reeorditige démite r sranular

4 hion Ll m, Co-based anul, ar .
porpo@ilr Sh@RAS rOlordk heila Bl PTG plasfibto o ey (SO and
increaded perpéndicutag negdetic ansstrgpyonot e refined grain size in

the asyforned.interlayers as well, as in the

subseqlbRE PLVIRES gg‘?"f‘@ﬁ‘”@ PURETCRY sPEEifip defailvare a9t forky seabias
r epeviftti mguteriaky etfuctudd® pestessed, AL, ah! Sibn%o aRGVilid \4e Better
redgc% I ttéﬁﬁln1snafph/n]sf|t-betmeen the Re- based

| Rasifanine of the RSB 1R gHewevsR dbel Ptpsent imeention, can be
Poraaedl witloit eRanltt 6aNLIMaCRY . fore] RGN A RS
magnetic recording layers affor eg y the present

d iitangrsy elidmovwmy Pracessinge toshimqifea candr etrafturks diave not been
p Na] , ' densj & ranul ar

P erolbAIR G Rer B0 ol Bkad BBt SRR ieofpr oved
si gnal Only-the preferrei ¢nabodBiR)s efiitle preseitdasedon and but a few

p I Gl maaneti ¢ ani sotropy. .In the previous _ |

d g% Cri ptul?gt] i f%rr?ﬁ e l?sS?‘%}X'é 31“?{1 clgéfiéﬂ’ Ir'}ée p&?s@ﬁts‘gf"l?slﬂ’fet ki is

strche apdergqrelcthiat thenmeeni Rlventiontis WapabISE ufd RCASDAS other
.provi de a better understandi ng of

et.C.y. i.n order to

T REMpda ] | AHEPBERS et er Sutcrsibly cgkrghanges  andlor
| modificitions within thescops 80thk fRhtie Em#t &%ﬁ@%&bﬁ ferbi, t e
details specifically set forth hereln. I'n other

i nstances, well-known processing techni ques and
structures have not been described in order-not to
unnecessarily obscure the present invention. Only the
preferred enbodi nents of the present invention and but
a few exanples of its versatility are shown and
described-in the present disclosure. It is to be
understood that the present invention is capabl e of
use in various other




conbi nations and environnments and is suscepti bl e of
changes and/or nodifications within the scope of the
i nventive concept as expressed herein. 21 Wat is
Clainmed Is: 1. A Re-based alloy material, conprising >
50 at. % Re and at |east one alloying materi al
sel ected fromthe group consisting of: (a) grain size
refi nement el enents X which have an atom c radi us
| arger or smaller than thagjof Re and a solid
solubility < -6 at. %in hep Re at roomor higher
tenperatures; and (b) lattice matching elenents Y

4 San atomic radius larger or smaller than

that of Re andafREBased 8y Ras@ll L@dnﬁ:ﬁsmg >NePatRe, RE afiP AMeast
or higher tenperatures, 2. The alloy material as in

cl ai ﬁ?elaﬂoﬁ’ﬁ%m"*} rigl S@G‘ffﬁb@?‘fl thsrgra-csnsighise o onpri si ng at

| ?aStB one (agl enBaln a&e&@fhlﬁﬁfe&caérﬂeam mcl%e%ran Q@Hﬁd &Hng@ﬁrger
0] e,

Ce, Zr
Pd g‘bsm@ﬁr t%glbthaq-gf 120 gnd Néohdgﬁlub@ﬂy <-|-r§ atH% m hep Reysé room or
herTampe&turesTm and U. 3. The alloy materi al

accor |ng Eé of the preceding clains, further
conpri si n@’ ice maishing pigresnis Y VaishdRYL#n RPwiA Tagias larger or

gr ouanmﬂmaﬁtthdagafqie ad 88,2 sdHdt oluties in 3RS Read: Rb&l8r higher
4. The al|loy material according to claim1l, having a

conpEPFRBf>Re- Y and conprising at | east one el ement

\éssel ect egi fr omet mﬁ,ygﬁaéim @mﬁu%ﬁﬂ m%hha%g AomﬂM@iuon !% x and

al | oiePflfP&ﬁ’éls |ahiea%e%?lap?f§ pt wlesteg fiom thegrogp é@@&Pﬁ%Of 5%, 51

cl.ai v, M P&, GeoswNi 31 1@, 8d, AL88!swTe, MBNAT §@! Gd, Tb, Ho,
selected fromthe %foup conS|st|ng of oxi des,

ni t r Pa&S; L bl eabhilieendH. The alloy material

accor di ngsto ame Moy LRriRl REQHIH D ﬁiyaifrme prE@¥inP lairs, further
conmposition Re-X-Y and conprisin | east one el enent

X sefoRPrisine & depst Aee myteniaipselssiedi fsam ﬁ@e gFoup mensiging i oxides,

Ti, MridM) and:@rbuﬁld Ge, Se Y, Zr, Nb, Pd, Ag, Sn, Sb,
Te, La, S Er Yb Lu, Hf Ta, Bi,
“Th, and le and € qllgégllateaﬂ@ccordmg to claim 1, having a composition Re-Y

and comprising at least one element Y selected from the group consisting of: Al, Mo,
W, Os, Pt, Au, C, Cr, Co, Ni, Ir, Ru, Rh, and Os.

5. The alloy material according to any of the preceding claims, further
comprising at least one material selected from the group consisting of oxides,
nitrides, and carbides,

6. The alloy material according to any of the preceding claims, having
a composition Re-X-Y and comprising at least one element X selected from the
group consisting of: Be, B, Si, Ti, V, Mn, Fe, Cu, Ge, Se, Y, Zr, Nb, Pd, Ag, Sn, Sh,
Te, La, Nd, Sm, Gd, Tb, Ho, Er, Yb, Lu, Hf, Ta, Bi, Th, and U and at least one
clement Y selected from the group consisting of: Al, Mo, W, Os, Pt, Au, C, Cr, Co,
Ni, Ir, Ru, Rh, and Os. |



el ement Y selected fromthe group consisting of. A,
M, W GCs, Pt, An, C, C, Co, N, Ir, Ru, Rh, and OCs.
22 7. The alloy material according to any one of
claims 1 and 6, further conprising at |east one

materi al selected fromthe group consisting of oxides,
nitrides, and carbides. 8. A physical vapor deposition
(PVD) target conprising the Re-based alloy naterial
of claim2. 9. A physical vapor deposition (PVD)
target conprising the Re-based alloy material of
claim5. 10. A granul ar perpendi cul ar nagnetic

recordi ng7medi TR aldyRtbddl Rebordidto Ay RAANMBERRLH £d 6, further
substrate, having a surface; and | ayer stack on

sai d°THBEINEattcledt, opg caterialy |S?}e‘1t%ily éPms‘lhﬁ HOUPneqnEiginegof prdes,
or dehitdide®ing adrbidsir f ace: (i) a non-magnetic or

substantial ly netic interlaye and (ii)

gr anul ar ger pe%oﬁq@EiFagr” apAy GRRsition ﬂ%\)éa} @r%?bcq%@wg |ﬂFF Re-based
over hijdyight&RNéftdim t h said interlayer, wherein: said
interlayer conprises a Re- based alloy materia

conprisi ng > 56 Phygical gpnes deppgitigp (Ii’\@aiiargah@%rus’ag ithfgfe-based
mat eslicglmat@labotRamfr om the group consisting of. grain
size refi n ment el epents X which have an atoni c radi us

| arger or & mal A RERCPHdicuIgE mpsgeliGgeoqdigg pedium, comprismg:
sol ubi li tg) < - Bnét-madhelisdbRrdiRvAaL a sk@RB) 88 hi gher
tenperatures, and lattice matchin | ements Y whic

have an ) oni & AErAAE OBTIR SHEHS Firte CHALEER 98 l%ﬁwmg, in

f or NvrderSnt shidQkMés: on in hcp Re at roomor hi gher
tenperatures. 11. The nediumas in claim10, whe

sai d Re-based 8l | oy? FREEHEHNICOTT %@Ftantfaméwa%?et}csm&ﬂayer
"Re- X conposition anghd conpri ses at | east one el ement X

sel ect ed from}he group (fon5| sting of. Be, B, Si, Ti
V, M, Fe, Cu, Legrany rzPemw&wu%@a magpeticg fecordipe lgyer in
La, Nd, Sieri¢dg c&f@act ok saEI interlayer, wherein:

said interlayer comprises a Re-based alloy material, comprising > 50
at. % Re and at least one alloying material selected from the group
consisting of: grain size refinement elements X which have an atomic radius
larger or smaller than that of Re and a solid solubility < ~6 at. % in hcp Re at
room or higher temperatures, and lattice matching elements Y which have an
atomic radius different from that of Re and form a solid solution in Acp Re at

" room or higher temperatures.
11. The medium as in claim 10, wherein:
said Re-based alloy material of said interlayer is of Re-X composition and
comprises at least one element X selected from the group consisting of: Be, B, 8i, Ti,
V, Mn, Fe, Cu, Ge, Se, Y, Zr, Nb, Pd, Ag, Sn, Sb, Te, La, Nd, Sm, Gd, Tb, Ho, Er,
Yhb, Lu, Hf, Ta, Bi, Th, and U.



Yb, Lu, Hf, Ta, Bi, Th, and U 23 12. The nmedi um
according to any one of clains 10 and 11, wherein:
said Re-based alloy material of said interlayer
further conprises at |least one material selected from
the group consisting of oxides, nitrides, and
carbides. 13. The nedi um according to claim 10,
wherein: said Re-based alloy material of said
interlayer is of Re-Y conpogition and conprises at

| east one elenent Y selected fromthe group consisting
of: Al, M, W GCs, Pt, An, C Cr, Co, Ni, Ir, Ru, Rh,
and Os. 142, Th&“hé@@cﬁitﬁ@a&féﬁcﬁﬁ gy b1 AW 208 1P|ufiﬂef6§1

10 and 13, erei said Re-based all oy nmaterial of
said inte F*P‘i@‘@ Paﬁeg PHgygpat if padcbinteglpyer é‘gﬁ’ﬁf y@rises at least one
mat efdagtialSele@ed £6n EHe%P@tﬁn'%@nﬁzﬁgJBf &S, I nStiladgar@fcaBidedles,

es. 15, The nedlun1accord|ng to

nitrides, r
any one of clalﬁ%“ﬁ up geoppling fR&lesm K0, WS Re- based
al oy mat efid Re-béed $BbyEImbidEiArdf 3¥i@ intb:Saydi is BE RE-YY composition and

conposi tjon rises at | east one el enent
sel efRSF % %aftﬁ’éw Q{s%ﬁg e sriested fromy ths roupgonsistingspt: Ag;Mo, W,
\L/ |V0s HEeAu Qucr, @?bNﬁgé RY,, ézhzﬁnd(bb I_F’d Hng, TSn Sb, Te
a, r u a
and u and t | @a e%%ﬂ%ﬂ@%%wmwaoéelﬁ@& lf)raeﬁld-’t W@erem

group c Oi%d B.é—biﬁﬁd @I[oy rﬂdtenal\/Bf saW 1nQiayePFu11h@:lb0m§r1se@'at least one
Co, N, medi_ um accor di ng

to cPaﬁeﬂ?lf%‘e"%fé%ﬂﬁ Bgn, ansr@en%%f%tﬁe%|nft’a§,65ﬁ&@ EFPIFS: of
said i nlt e;ﬁ ayeThefltiédnhﬁﬁccﬁﬂlEﬂytb %Soxﬁtoffblﬁﬁﬁtlo@@m wherein:
material fr ou sj sti.ng, of ox

nitrides, aé‘ﬁgéfs e lpaataterisl otaaitiRtEiesF 0# ReKr ¢ spnpgitign and
gr anwnﬁﬁ*lsﬁelﬂéﬁﬁﬁdh@él&ﬁé’nt m@l@&tsd ﬁomﬁl&%&@loﬁﬁlﬂsﬂﬁﬁgbﬂﬁb B, Si, Ti,
conpy,i s gve s of; d%‘#b vi ding_a_naon- magnet

SuboVr Sinofn e S8 LA tpEEE Arih Spny o r g Tpeho, B,
st ackb,an, S-HI Th, ﬁbﬁi ad © &dlat 888,008 %leﬂlehtav @éle&&daﬁ&n the group
i ncl udin n order frﬁ? m sai d _surface:

(i)
non- ‘H’&@lﬁt |°é rMeyWsPu it CyChEs- Iﬁ‘a{:fn%’t‘ ﬁ%‘ ?’H‘t(éﬁ'l ayer;
and (ii) m.gor Hmtﬂxﬁé’duﬁl@ﬁdé&rddig%lblaﬁn rRemekine recording

layer in sca)u 5 e—g/asvf:ci3 alloy material of said interlayer further comprises at least one
material from the group consisting of oxides, nitrides, and carbides.
17. A method of fabricating a gramular perpendicular magnetic
recording medium, comprising steps of:
(a) providing a non-magnetic substrate having a substrate; and
(b forming a layer stack on said substrate surface, said layer stack

including, in order from said surface:




contact with said interlayer, wherein: said interlayer
conprises a Re-based alloy material, conprising > 50
at. % Re and at |east one alloying naterial selected
fromthe group consisting of. grain size refinenent
el ements X which have an atom c radius |arger or
smaller than that of Re and a solid solubility < -6
at. %in hcp Re at room or higher tenperatures, and
lattice matching elenments ¥4which have an atomc
radius different fromthat of Re and form a solid
solution in hcp Re at room or higher tenperatures. 18.

The net hodi) accamneh-f@giedic 6 sibsrkidlly Mﬁhegnet@ﬁ@ﬂa;(eb)and
conprises _formn sai d |nterlayer with Re-X

conposi ti &7 and & i BTpRgdistlay anegpetis cafiagdpyer ix overlying

sel e@br&@btfﬁtﬁﬁﬁldﬁ&:ﬂgyéﬂuﬂm@@m& sti ng of Be B S| Ti,
V, M, Fe, ((P,J %{
La, I\Id Sml @ﬁeﬂaﬂg co%nsegra Wse %]onixﬁateneg cozBprlsmIg,P 50 at. %

and  Ble ad®at léﬁﬁ&)ngﬁiﬂdjﬂfﬁ 13860 Qdié&&dtf@mﬁﬁb’ g@ﬁkﬁcdﬁfms&ig&if@am size

17 an er ei rlses formn
i nt er‘?%a%?m F‘E’HS ?e’r&la"é P?lgcefg g 1 ﬂwgee@tsmaﬁ?é T that of Re
mat eandd solid edlawilie Jorapmy irhlﬁcp g{e(wﬂoﬁﬂﬁ ﬁigﬁ&rl tékﬂpe@eftures and lattice

OX|des nityrides car bi des.
accofichgee mevtaYﬁﬁ&% hay e %?‘chéi‘dé‘ﬁ defﬁﬁ)rerg?rﬁﬁrth% gERe and form

form egldaomamdmmap RE hiay&h oy\mgﬂibr RRp¥ra6REspOsi ti on and

co risin ast o e element Y selected fromth

gr ng c on St | ge acc mg\A? c%%m wlﬁaem @tep Cg'b) cefapnses
N, FdrmingRUaid Iﬂherla@éldwﬁBRe -RLomphi@ionRhd &ﬁnﬁﬁﬁl laflicild oheelement

an e of clainms 17 and 20, erej.n_ste b

compfiEisged %?%@?&%Pﬁpastwﬁpégéaﬁéh Tt ko B Se. ¥, 7
CONMPNb SRS Agf Sd, 8B Sie, DA NABh G, Alb, 16 Erevs, 26, ff, 78) Bilveh, andU
group con stlgg%ofpafldes nitrides, and car i_des.

22. The ntthod HGOHBEN IO oEFlasHiTed 1%, gt scp
21, W edirﬁibr[heéﬂoﬁﬂmé 8 ki€ DRy &OShidHOfthd}Godpr$sds &t least one material

|nterla h Re- X- Y co osition and r|S|ng at

| eastelss ﬁf’u%‘)é@fgt&g griflesopifrides %‘f% %®onsi sti ng

(F)Ij Be, BZO Sl TH_d mei\ﬁod Mdcorﬁﬁg to lelmcf? vﬁﬁgemYEtegr(b) Nilnpnses
r

A
Lu, ﬁ?fmng?aalg mteﬂaim Wl%ﬁf chalﬁaosgtomae%%qm 2 &1 Iz3pre element

sel egtseldotbd ﬁmlttm;grgﬁpbtﬁls@mfsm o, Of/; Os Ak, Ad\/tc dA/ CERN, I
Co, N, if, Rh, and

nethgglgh%%k 'ng to cIa|n122 "wherei n step (b)
conpri seszi., The method according to any one of claims 17 and 20, wherein step

(b) comprises forming a said interlayer which further comprises at least one material

selected from the group consisting of oxides, nitrides, and carbides.



formng a said interlayer which further conprises at

| east one material selected from the group consisting

of oxides, nitrides, and carbides. 24. The net hod
according to any one of clainms 17 to 23, wherein step
(b) conprises formng said interlayer by a sputter
deposition process utilizing one or nore targets. 25.
The net hod according to any one of clains 17 to 24,
wherein step (b) conprisesjyperformng one of the
follow ng alternative sputter deposition processes:

(a) sputter deposition utilizing a target conprised of

a Re- X al hgy, Tﬁ@ﬁfe&oggc&)r(ﬁx% @tany $&BE12nds S 736 2 eﬂ?l%ﬁ‘em step
one el ement selected fromthe group consisting

Be, ga) cgl'npnspp‘ fonmngwaldpgterl@gr witlaRe-ZeY cympgitionNipd cqpaprising at
Ag, @ast 0%9 elel-'n—@nt X—?eiec{},_q 'fro%e ofe CJ;Q étnlfé)of B, B ¥R i, M, Fe,

Bi, Th (b) sput eposi t

Hf ,
util ictli G S Y:a?fgg’t’ PalsAgrSraISb,equb@,u% S(I7a53d "glalHﬂ) Bargebu, H,
furt here;coRRL 3 Ad a@fea.J.t &8s Ele{ilé}ﬁ YRfRfeh om%ﬁé g@h& Bords sHB of:

t he roup consi st n(grc oxi d nitri
T,

car bt é‘é" V&3s, Bip it o%@éﬂflpélnREtﬂiﬂﬁpzl ng a tar get

conpri sedyf aTReméuah! Q¥ordindhs' @ifRer>> v?‘rgréi'rtl ste Y0 @ donfprises
is at |east one elenent seleéted fromthe gro

consfuming@ saigfinterigyer wich {arthensomprises Plhleastpnecflater@d) seleged from

T, B grdBh co®RAnd St oxfddd, nfRe AH cAlBRESI tion utilizing a
target as in alternative (c) said target further

conpri si ngtat Teumethedhaccaidingtp any seq efcalains 7 dmd eherein step
'9 ro Ufb) CORSHsd foRBing Eai@ X dRFer byl sf:ﬁﬁt{eg Sayosﬁwpr‘aée,rs?htgﬁﬁrg one or

sputter deposition ufilizing a target
coon?@%ﬁE@$ Re-X-Y alloy, where Re > 50 at. % X is

at |east one elrRIBEhLPSSERE fa{ll@ Bid gfeclagﬁ@ ll'@ to 24, wherein step
consisting of. Be, B, Si G, Se,

Y, Ztb) QEiprigmg pqs@rmgg’ronesgf thfe follgarmg[\@lter@,mve GyutterT@eposmon
, cessd®, Lu, Hf, Ta, Bi, Th, and U, and Y is at

| east one el ement selected from the group consi sting

of . A, M3) W snager depositipn uidlizingr a taget ¢gmprised oRa, RRK, alloy,

and wi&e REE 50304 LRIK HEPRS Bh@&elﬂén't bdietddGrofh the b6 cARisting
in alternative (e), said target
of: Be, B, Si, Ti, V, Mn, Fe, Cu, Ge, Se, Y, Zr, Nb, Pd, Ag, Sn, Sb, Te, La, Nd, Sm,
Gd, Th, Ho, Er, Yb, Lu, Hf, Ta, Bi, Th, and U;

(b) sputter deposition utilizing a target as in alternative (a), said target
further comprising at least one material selected from the group consisting of oxides,
nitrides, and carbides;

{c) sputter deposition utilizing a target comprised of a Re-Y alloy,
where Re > 50 at. % and Y is at least one element selected from the group consisting
of: Al, Mo, W, Os, Pt, Au, C, Cr, Co, Ni, Ir, Ry, Rh, and Os;

(d) sputter deposition utilizing a target as in alternative (c) said target
further comprising at least one material selected from the group consisting of oxides,

nitrides, and carbides;



further conprising at | east one material selected from
the group consisting of oxides, nitrides, and
carbides; (g) sputter deposition utilizing a first
target as in alternative (a) and a second target as
in alternative (c); and (h) sputter deposition
utilizing a first target as in alternative (a) and a
second target as in alternative (c), at |east one of
said first and second targebg further conprising at

| east one material selected fromthe group consisting
of oxides, nitrides, and carbides.

(e) sputter deposition utilizing a target comprised of Re-X-Y alloy,
where Re > 50 at. %, X is at least one element selected from the group consisting of;
Be, B, Si, Ti, V, Mn, Fe, Cu, Ge, Se, Y, Zr, Nb, Pd, Ag, Sn, Sb, Te, La, Nd, Sm, Gd,
Th, Ho, Er, Yb, Lu, Hf, Ta, Bi, Th, and U, and Y is at least one element selected
from the group consisting of: Al, Mo, W, Os, Pt, Au, C, Cr, Co, Ni, Ir, Ru, Rh, and

Os;

® sputter deposition utilizing a target as in alternative (e), said target

further comprising at least one material selected from the group consisting of oxides,

nifrides, and carbides;

(g) sputter deposition utilizing a first target as in alternative (a) and a

second target as in alternative {(c}; and

(h) “sputter deposition utilizing a first target as in alternative (a) and a
second target as in alternative (c), at least one of said first and second targets further

comprising at least one material selected from the group consisting of oxides,

nitrides, and carbides.



