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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 i in various applications, pamcularly in the
computcr industry for data/information storage and retrieval apphcatlons
typically in disk form, and efforts are continually made with the aim of increasing
the areal recording density, i.e., bit density of the magnetic media.. Conventional
thin film thin-film type maghetic media, wherein a fine-grained polycrystalline
magnetic alloy layer serves as the active recording layer, are generally classified

s "longitudinal" or "perpendicular’, depending upon the orientation of the

magnetic domains of the grains of magnetic material.



more conventional |ongitudinal media in achieving very
hi gh bit densities. In perpendicul ar magnetic
recordi ng nmedia, residual magnetization is fornmed in a
di rection perpendicular to the surface of the magnetic
medium typically a |layer of a.magnetic material on a
sui tabl 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 perpendicul ar magnetic nediumrequires
interposition of a relativeby thick (as conpared with
the magnetic recording |layer), magnetically "soft" '
under | ,
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0 Q& iy B RitddaMEErti® fmedium 21 with a relatively thick soft magnetic
underlayer, a relatively thin hard mdgnetic_ recording layer, and a siﬁgle—pole
head, is illustrated in FIG. 1, wherein reference numérals 10, 11A, 4, 5, and 6
respectlvely indicate a non- magnetlc substrate, an adhesmn layer (optional), a soft
magnetic underlayer, at least one non- magnetlc mterlayer and at least onc
perpendicular hard magnetic 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 interlayer 5 (al_so 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- magnetic 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 magnetically hard recording |ayer 6. As
"shown by the arrows in FIG | indicating the path of
the magnetic flux flux 4 is seen as emanating from
single pole 7 of single-pole magnetic transducer head
16, entering and passing through the at. | east one
vertically oriented, hard gnetic recording layer 5
in the regi on bel ow single pole 7, entering and
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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 nen-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 layer of a soft nmagnetic materia
sel ected fromthe group consisting of Ni, N Fe
(Permal l oy), Co, CoZr, CoZrCr, CoZrNb, CoFeZrNb, CoFe,
Fe, FeN, FeSi Al, FeSi AIN, FeCoB, FeCoC, etc.
Interlayer 5 typically conprises an up to about 300 A
thick | ayer or |ayers of non-magnetic material (s),

- such as Ru, TiCr, Ru/CoCr37Pt6, RuCr/CoCrPt, etc.;
and the at | east one hard netic layer 6 is
typically conprised of an about 100 to about 250 A
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diffusion process requires heating of the media substrate during formation

(deposition) of the magnetic layer; and (2) a second type, wherein segregation of
the grains occurs by forfnation of at leést one non-magnetic material selected from
among oxides, nitrides, and carbides at the boundaries between adjacent magnetic
gfai_ns 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, N, CO,, etc.) to the

~ inert gas (e.g., Ar) atmosphere during sputter deposition of the Co alloy-based

" magnetic layer.



5 Magnetic recording nmedia with granular magnetic
recording | ayers possess great potential for achieving
ultra-high areal recording densities. Mre
specifically, magnetic recordi ng nedi a based upon
granul ar recording |layers offer the possibility of
satisfying the ever-increasing demands on thin film
magnetic recording nedia in ternms of coercivity (He),
remanent coercivity (HQ, nmagnetic remanence (M),
coercivity squareness (Ssignal-to-nediumnoise ratio
(S\NR), and thermal stability, as determ ned by KV,
where KE, is the nagnetic. ﬁnisotropy constant of the
magnetic material and V is the volune of the magnetic
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More specifically, the oxygen present at the grain botindan'es 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), crystalline
interlayer S, typically a hcp-structured layer which enhances the Co_: <0002>
-cfystalline 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, interlayer 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 granular

per pendi cul ar magnetic recordi ng nmedi a exhibiting
opti mumrecording and stability performance.

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

met hodol ogy for manufacturing high areal recording
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gP et PH& AR mamgtic peefdmemediae cor di ng nedi a
conprising Re-based alloy interlayers beneath
gSUNMMAR Y[zt PHEMISCLOSUREINet i ¢ recordi ng | ayers. A
still further advantage of the present disclosure is

| mpr ovesl adveidpedef @y pfeaént§ EIB0E & BRPAEd Re-based alloy
per%e di cul ar magnetic recording nedia conprising

RE?A8%d all oy interlayers beneath granul ar
per pendlifigteARdvABGABE S fhe 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 my 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 |np50ved Re- based al | oy
materials, conprising > 50 at. % Re and at |east one
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In accordance with certain embodiments of the present dJsclosurc 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 éelected 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 from 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 embodi 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
r selected fromthe group consisting of. Be, B, Si,
Ti, V, Mh, Fe, Cu, Ge, Se, Y, Zr, Nb, Pd, Ag, Sn, Sb,
Te, La, Nd, Sm &, Th, Ho, Er, Yb, Lu, Hf,” Ta, Bi,
Th, and U and at |east one elenent Y selected from
the group consisting of: Al, Mo, W Gs, Pt, Au, C
~Cr, Co, N, Ir, Ru, R, and Gs. The alloy matéri al
optionally further conprises at |east one nateri al
sel ected fromthe group congisting of oxides,
nitrides, and carbi des. Another aspect of the present
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(i) a non-magnetic or substantially non-magnetic interlayer;
and

(i) a granular perpendicular magnetic recording layer in
Qverlying contact with the interlayer, wherein:

the 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.

According to certain embodiments of the present dlsclosure 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, Cu, Ge,
Se, Y, Zr, Nb, Pd, Ag, Sn, Sb, Te, La, Nd, Sm, Gd, Tb, Ho, Er, Yb, Lu, Hf, Ta,



According to certain enbodi nents of the present

di scl osure, the Re-based 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, M, Fe, Cu, Ge, Se,
Y, Zr, Nb, Pd, Ag, Sri, Sh, Te, La, Nd, Sm GCd, Tb,
Ho, Er, Yb, Lu, H, Ta, 9 Bi, Th, and U, and the

Re- based alloy material of the interlayer may further
conprises at |l east one material selected fromthe
group consisting of oxides, nitrides, and carbi des.
In accordance with other enmgodi nents of the present
di scl osure, the Re- based all oy naterial of the
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I nter E?} another aspect of the present disclosure is an improved method of
fabricating a granular perpendicular magnetic recording medium, comprising
steps of’

(a) 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: _
@) a non-magnetic or substantially non-magnetic interlayer;
and
(i) - a granular perpendicular magnetic recording layer in
overlying contact with the mterlaycr, wherein: |
the interlayer comprises a Re-based alloy matenal comprising >

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



and (ii) a granul ar perpendicul ar nmagnetic recording

| ayer in overlying contact with the interl ayer,
wherein: the interlayer conprises a Re-based all oy
material, conprising > 50 at. % Re and at |east one
al loying material selected fromthe group 10
consisting of. grain size refinenment el enents 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

el ements Y which have an atom c radius different from
that of Re and form a solldlosol ution in hcp Re at -
room or hi gher t enper at ures.” According to certain
enbodi ment the present di sc osur e e )
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conprises f‘grm ng an interlayer of Re-X-Y conposition
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(b) comprises forming an interlayer of Re-X-Y composition 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, Sb, Te, La, Nd, Sm, Gd, Tb Ho, Er, Y0, Lu,Hf
Ta, Bi, Th, and U and at least one element Y selected from the group consisting
of: Al, Mo, W, Os, Pt, Au, C, Cr, Co, N1, Ir, Ry, Rh, and Os. The interlayer may

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

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



oxi des, nitrides, and carbides. Preferably, step (b)
conprises formng the interlayer by a sputter
deposition process utilizing one or nore targets, as
by performing one of the followng alternative
sputter deposition processes: (a) sputter deposition
utilizing a target conprised of a Re-X alloy, where
Re > 50 at. %and X is at |east. one el enent selected
fromthe-group 11 consisting of: Be, B, Si, Ti, V,
Mh, Fe, Cu, Ge, Se, Y, Zr, Nb, Pd, Ag, Sri, Sb, Te,
La, Nd, Sm &, Th, Ho, Er, Yb, Lu, Hf, Ta, Bi, Th,
and U; (b) sputter depositipn utilizing a target as in
alternative (a), the target further conprising at
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(f) . sputter deposition utilizing a target as ixt alternative (e), 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 alternative'(a) and a
second target as in alternative (g); or _-

(h) sputter deposition utilizing a ﬁrst target as in alternative (a) and a
second target as in alternative (), 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,



(h) 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 conprising at | east one material selected from
the group consisting of oxides, nitrides, and

carbi des. Additional advantages and aspects of the

di scl osure will becone readily apparent to those -
skilled in the art, fromthe follow ng detailed
description, wherein enbodi nents of the present

nmet hodol ogy are shown and described, 12 sinply by way
of illustration of the best de contenpl ated for
practicing.the present invention. As will be

anohy Y ey I SURRARSTbr e Vest BOGT conlerfRaY rroranRinicbe

s pes@pinvehtiono Asvitlibkidesttibed) thd presear disdiGsuediéicapible of other

r all without  departi fromthe irit of the
EREE bRt SbodihbilS S U5 Beetnt Al 8 sercepibi e featon
dias edrios obvioay fespeatshell MagBhl@Patitig fionl et ot ofShd Present
nature, and not as limtative. BRI EF DESCRI PTI ON
THRCRYOR gty ofbe oA W8 Jeda fessrptines afe f ibgnregqrdedh@s
efffu@itivent fatab, ddeoPiaiRBlive di SCl OSure can best be
under st ood when read in conjunction with the foll ow ng

d i ' ' various features (e.g., |ayers)
aﬁgﬂhggEﬁggggﬂéﬁppéqﬁ?HQEAVGBK%caIe but rather are
drawn as to best illustrate the pertinent features,
wher ei e fallgwing detaiadnteserntion off thasmphadisaenty af the present
S#isNbdutd &4 BdsPBE vAGGitb R Fhen'leG¥Vin @?n'mlii{){a Qﬁtho{he Following
magneti c recordi ng storage, and re Hleva system

cémvings Bgwhich ghe yasiope fedfurasi(a.g., trygrsp tiemot eewswtilygdrawn to

' ' ' i ucer. h ... DETAI LED
UL Ay e R IS BB ST
has asFl&n lais¢heprabvillyi Dlustodftesi nprsougificRecloasedtiornl Ivigrg a

for.. [ real .as interlayers in the manufacgture
JPOFSHERY & MRS oY ool o kvl vy oo of 4
r grpendicnigr chegreitic yeogrdimg dhediun and £ 5id 16 pb R traRB@idE Hiead.
recording nmedia with [ ow nedia noise. A key

! X _ : By
O AT DR RERPOR B gt oy o e T
Fime. it He@R GEGNES EBUAT 8 b o YilpR @f improved Ko-based

alloys for use, inter alia, as interlayers in the manufacture of stable, high

performance, ultra-high areal recording density granuiar perpendicular magnetic
récording media with low media noise. A key requirement for obtaining such high
performance media is formation of magnetically hard granular perpendiculér
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_hc oxygen present at the grain boundaries forms
amorphous, hard, and brittle grain boundary regions. The oxygen present at thé

grain boundaries confines the grain growth and thus contributes to grain size



per pendi cul ar magnetic anisotropy K,,. As indicated
supra, in such granul ar perpendi cul ar magnetic
recording nedia, the principal magnetic recording

| ayer typically is an oxygen-containing CoCrPt all oy
| ayer, wherein the oxygen present at the grain '
boundaries forns anorphous, hard, and brittle grain
boundary regi ons. The oxygen present at the grain
boundari es confines the grain growth and thus
contributes to grain size 13 refinenent. The granul ar
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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-bésed alloy materials,. ie.,
where Re > ~ 50 at. %, containing one or more first type alloying additives, eg,
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 solubility (i.e., <~ 6 at. %) in Re at higher temperatures, and (2) form



| ayer, is obtained by use of interlayers conprising

Re-based alloy naterials, i.e., where Re > - 50 at.
% containing one or nore first type alloying
additives, e.g., one or nore elements X, optionally

with or one or nore oxides, nitrides, and/or

carbides. Allaying elenents X for this purpose
function as grain size refiners when they are: (1)
substantially insoluble in Re at roomtenperature or
have limted solubility (i.e., <-'" 6 at. % in Re
at higher tenperatures, and (2) form 14 anor phous,
hard, brittle grain boundarj,regions and confine. grain
gromﬁh in the |nterlayer Amother key feature of the

p ment
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to expand the Re aIIo
radius than Re (i.e., < 1.37 A) serve to contract the Re alloy lattlce 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 ébility 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 alloying 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



According to another key feature of the present

di sclosure 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). 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 showmn in FIG 1
having refined grain sizes can function to 15
control/refine the grain sizes of the granul ar
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t B¥8¥es] HitGdes Ofhd E‘arﬁlkigg blaﬁng{rﬁp Eleldtenty BF ?ﬁgé 4Cor EI{}J Et%ets

by forn1ng anor phous oun aries. sed on
abeitle a8 rthex finetioRdn ximi ardysm'ea@s: @raii reiget efinkrs tpr ﬁr:mmtg

qbaﬁhgﬁ ude one or nore of Be, B, Si, Ti,

V, M, Egﬁ“gﬁ{’“@;%s Se, Y, zr, . _

2 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, Sb, Te, La, Nd, Sm, Gd, Tb, Ho, Er, Yb, Lu, Hf, Ta, Bi, Th, and

U.




Nb, Pd, Ag, Sn, Sb, Te, La, Nd, Sm Gd, Th, Ho,- Er,
Yb, Lu, Hf, Ta, Bi, Th, and U. 16 Table | At No.
ALRadi us X-tal structure Mass susceptibilty(10-8
nB8/kg) RTsolubility In Re Be 4 1.13 hexagonal -1.26
Insoluble B 5 0.97 rhonb -0.87 1% 2150C), insol uble
(RT) Si 14 1.32 dianond -0. 16 136 6 (1710C). 1% (13000)
Ti 22 1.47 hexagonal 421 2.5% 27 , insoluble (RT)
V 23 1.36 bcc 628 12% (24600), €% (ISOOC) M 25 1.35
cub 122 insoluble Fe 26 126 bcd“r—"oluble Cu 29 1.28
fcc -0.1 insoluble Ge 32 1.37 cubic Insol ubJ e _Se 34
Ao AERAEIS b Xt stpcting | 1o Mags sugceptibiity (1 cRigglubllity In Re
Bq I"\CAI ol a1‘137r /vae)@gona“n vanfanal 1'1' ~ F‘ﬁ uble
Bl .5 .1 0987, Aﬁﬁﬁ‘@mi’rl\“““i’:}“,‘;n:ﬂ AR ), Insoluble (RT)
Sit- ’-I-{4 |A! L 1‘.320J' (= 4 lé.nlodd)\/) « 170 \OUUH‘G rd 40 1} ‘:‘IO%J(HWC) 1% (13“)0)
7952 510 ({R950L) neegbnd 1JO000) — AT 44 L. 424 TOC[ 2.5942¥50C) , insoluble (R1)
vinsgd Ul €1.36SN|] b0 Becb8 di anbnd - Uszsl | nSol ubf e12%3pea), 2% (800C)
. 635 tfigamal] -1.88 [ ndol ubl e To1222 1. 43 heagonalnsoluble
Fe{0.39 Inswuble bew 57 {1.38 hexaganal insolluble [Kepluge
Cu| 82 héxae8nal in&slublle  Sm 62 P18 trigonal insol"siie
» %?4 Q1;57hovan0?1qﬁ i_lr'cr\l hl.a h 65 1 ;R hayxv.an losoluple -
Sely, 34 Ak 0416 ﬁnle | AP Qb""."“”m'sb‘ﬁlb'e
Y Rk 77U 39ILH- JU\1}81 l TD‘ﬁb,él éF \ I\1 ) TV UG.GGJ- O IICQI ral lnso'uble
Z s ubt ey hexagonal 166 ' 1% (2500C)
Nb 41 147 bee 2.81 4%(2715C), 1% (800C)
Pd 46 137 fcc 6.57 5% (1650C), 2% (1000C)
A 47 1.44 foc -0.23 insoluble
Sn 50 1.58 diamond -0.31 Inscluble
Sb 51 1.61 trigonal -1.09 Insoluble
Te 52 143 hexagonat 0.39 Insoluble ..
La 57 1.38 hexagonal Insoluble
Nd 60 182 hexagonal insoluble
Sm 62 18 frigonal insoluble
Gd 64 1.81 hexagonal Insoluble
T 65 1.76 . hexagonal 1% (2450C), insoluble (RT)
Ho 67 1.78 hexagonal Insoluble
Er 68 1.79 hexagonal Insoluble
Yb 70 1.93 . fec 0.59 Insoluble
Lu 71 173 hexagonal 0.12 Insoluble
Hf 72 1.59 hexagonal 0.53 Insoluble
Ta 73 147 " bee 107 '5.1%(2755C), 4% (2000C)
Bil 83 1.75 monodinic -1.7 insoluble
Th 90 18 fcc 0.53 " Insoluble
V] 92 . 1.39° |orthorhombic insoluble




Er 68 1. 79 hexagonal Insoluble Yb 70 1.93 . fcc 0.59
I nsoluble Lu.71 1.73 hexagonal 0.12 Insoluble Hf 72
1. 59 hexagonal O. 53 Insoluble Ta 73 1.47 boc 1.07 5.1
% 2755C), 4% (2000C) Bi 83 1.75 nmonodinic -1.7 .

insoluble Th 90 1.8 fcc 0.53 Insoluble U 92 1.39

ort horhonbic insoluble. 17 Elenments suitable for use
as alloying additives Y for Re-Y alloys according to

the pr %&ﬁ,@&m Siesifd BSHE & ﬁsgng%&ﬁ%gtyeﬂr R&ym so%o,h#ng RNk

I1l below. As indicated ove based

gr BIRRtdisclawre as presepedyin Tablghil enc Il beloyyy GF rvgwtady@mep the hep
_deQ@les&E Srartilhr tpla@erumme:r ma%Hﬂid‘ Q&ﬁdlﬁié 1aty$teis ldEﬂmeﬂ -onakE Apper
I nt.e C I g room
t ehp écrea%/fﬁtgl% thI %c g?s%)r a?rlaﬁeﬁ ' %Pﬁt %‘%gy 5°21 r é“su e
si gmpdritgaritcophratigeofi B ik Ke cimteswltyn significant cha%epartlmf‘e‘t &is

of la@@e 56t (Bhedatl@ of @L Rfger Mma&uJ d?gl %%cogfmgpg the present

Accor to thegdoresent di scl osure, the allaying
adﬂqus% 'é? Wpg adifive glemeptsyy, e prefent 'E‘H'é: Reinterlayer, Thange
| ntherd"ay rattice hangeter ke byalforaatios of ailxtilseleuqmamnmceﬁ rddfn

exgéeritlgg BF%J)V% nl‘l%fall%%gﬂgdltc"pe] e]lll tn{ercl)tnrgay d% 1S n.lcz)ie Teq F& %O&I non-

ure or tl ve e
rmyagntsmor veakly oragyetiey gign with o wass Bécqn@mhty abghex i’ rm/kg

weakl yAﬂWéeamhﬁve Senfbnts YWEdr Redy ARy whittp HaQ/QtafoHl'lé lla&lys lﬁlfger |
1.5 x 10-7 n8B/ k g%%/ 1%eﬁtladdltlve el enents Y
Rdbap Ry wﬂ;ﬂgmm Gthe, aged inteflayees qre giyenin Tf“H%\ﬂ bﬂ@‘,v-
andlefehuﬂloﬁxg)ﬁﬂtﬂivé tlemdnat Y foe BeOf allb-vihichadvd didndit taiye smaller
ar S [ ‘

o e 8 Lol Bl R e Pt Mseq IRV ARSI Bl I o

radius smaller than Re, and thus contract the lattice

of Re-based interlayerstgjigygiven in Table 11 bel ow
Table Il At No. At.Radius X-tal structure Mss
usceptibilty (10-8 mQ/ ka)-RT _sol ubility 1 Qe Al_13
1 Mof 1 At Radius, S(-tal,str ity (10 — RT solubllity in Re
N-l i 4.3 s o MAL 7 A A4 A1 2 ). % (R-r) .
M,l:)/ % 4 :)Ubw) V14T 19PC—Uo39 J“W@?ﬁ%—/ )2 8%(500C)
Wi 2994 THO0GN 76 l.vmg : TP0%(2625C), 12% (1500C)
Cs 76 1.38 hexagonal 0.06 soluble -
Pt 78 1.38 . fcc 122 45%( 2450C), 40% (600C)
' NA, however thin film of AuRe
. . shows Au having solubility of
laul 79 1.44 _ fco 0.18 42% at. 500C
Table III
AtNo. | AtRadius | X-talstructure Mass susceptibilty (10-8 m3/kg) RT solubllity in Re
C 6 0.77 .diamond . 0.62 11%(2505€), 7%(2200C)
Cr 24 1.28 bee 445 25% (2354C), 10% (1500C)
Co 27 1.25 hexagonal ) soluble
Ni 28 124 cublic ) 17.7%(1620C), 9% (600C)
Ir 77 135 foc _ 023 15%( 2645C), 8%(500C) _
Ru 44 14 hexagonal: 0.54 _solible )
Rh 45 * 1.34 : foc 1.32 ) 24% (2620C), 12% (500C)
Os 76 FD@? 51389914.050 Y04 onal- 0.06 - soluble




Pt 78 1.38 fcc 1.22 45% 2450C), 40% (600C) NA
however thin filmof Au-Re shows Au having solubility
of Au 79 1.44 fcc -0.18 42% at. 500C Table 11l At No.
- ALRadi us X-tal structure Mass susceptibilty (10.8
nm8/kg) RT solubllityln Re C 6 0.77 dianond -0.62
119 2505C), 7% 22000) Cr 24 1.28 bco 4.45 25%
(2354C), 10% (1500C) Co 27 1.25 hexagonal -sol ubl e Ni
28 124 cubic 17. 7% 1620C), 9% (6000) Ir 77 1.35 foc
0.23 159% 2645C), 8% 5000) . Ru 44 1.34 hexagonal
0.54 soluble Rh 45 1.34 fcc 1.32 24% (26200, :
120/ .(500C) Os 76 DC91, I\/B9]9% . 0503Monal "0.06 sol uble
18 The alloying additive et®nment(s) Y can perform
I Lge.par amet er nodul ati on and reduce
mﬁi‘%ﬁﬁ%’ﬂ’?ﬁﬁ@ﬁ‘{e %‘?‘“‘i"?@ ?eé‘-“ba%"&!lmi laitige parpmpteninpdulatipa and
reducevmismatahingfiarofl @fe Reeyap@INdhieh ngt.i g (%Qﬁ
. I%Xelr when .added.to pure Re in%ﬁoﬁﬁ?s% t%ﬁ\;rﬁ&%[ p lar
PEIPERY Y PBIGHS, FecprtingorYasiWhen wddadrp tpureaRe dy amepndsolithin we up
to thefl @KU 61ty Alr$i© ﬁlﬁfyﬁ% Qidﬂ%lelen?éﬁrtéog.scemoafl oPdeR%! dhtgag
rajn size refirnenent and lattice matching en adde
purpo, ?10116858‘@‘%@8 8rain siperefigment and bittidoinhatehing whert added iredxcyss of
the matinaQyi ik di vV s .s can.be added tq t e i
e o SRS i Finel TR e SR P e T Re
. in combpipnowitl@se onimork deateriah selected it &Bong Bxidkd, @htrides, and

carhid . unction as .grai.n size refiners.
carbidel 4 R ilslilfos B ber ey o8 B itk BB <
Cc On timdigatealt mVé»athdtSQﬂ.di)s‘clo‘Q&et Qfétﬁﬁﬂlpla?ésl t%_ﬁﬁatﬁ;ﬂ%ftﬁi@ol ase(%
S e.g., sputterin argets, contalning a east -
alloys A PYIY goutses; d g,y Sajering fafbets, contaiming at Rest v ¥corr% alfoying
additied (o jtsBe-Nrand ReTy K118y or'bth BOMIAY 28GR E la&cﬁt?ve(sg‘% ihRe-X-Y
, Wwhich al]oys and targets conprising

e-X-Y alloys) )
alloysgawéclé Aoy, \%%ttgrégté UROMPTiSInE | samsd afeopdvanisgsausly Wtiiged ed

formirignitedvay &it&layers f : ' : | Gedi
oy . 1 ks A Ul PRy B

recordji ng medi a.
of the g based: “‘?‘E’.S qud FTY sewreqs{g-gt apwiéariop tergatsk aqitemated Py tthe

present disclosure can be fabricated by conventional 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: '

' (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
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;

| (b)  sputter deposition utilizing_a target as in alternative (a), the target
further comprising at least one material selected from the group .consisting of

oxides, nitrides, and carbides;



present disclosure can be fabricated by conventiona
nmet hodol ogi es, including, for exanple, powder

nmet al | urgi cal techni ques conprising consolidation and
densification of powders of the constituents or by
solidification petallurgical techniques conpr.ising
nmelting and casting of the all oy conpositions.
According to the present disclosure, the interlayers
are preferably fornmed by sputter deposition

techni ques, including reactive and/or non-reactive
sputtering utilizing a single target or co-sputtering
of plural targets, as for npl e, by perform ng one
of the followng alternatlve sputter deposition

Coor B0 Pk iy J5BRRE b Bibokb i s BEAGhey
i whete Reas$0 ane%ednd¥ris as ddasiCorRdelbment delegted rtw:p the group
con51 ﬁtl npAg’ol\,I E@' Oér?tSASb CTlgé,é{) I\/h Fep@mm ’ Tge,

Ho Er (@) Yb, spltter ddpositich utﬁ’lzmg@targ@ﬂﬁ% H alt(eﬁw)atlww U8 target
dﬁ.&&?tlon utilizing a target as in alternative (a),

LFYRprising, pt feast qus ppterial ieglogted ifioms theogreummaensisting of

Setiaed Bitkidds Ondlch®idqas.oup consi sting of oxides,
nitrides, .and carbi des; 19 (c) sputter dep03|t|on-

utili Ziehg aswtsqrgcteposetmmmlgm aofargst Gumprised o6y Revkidf allaxe
>

wﬁ&g ?%J 86 0 265,’ I‘)’(S s 3t lglxsct) Pﬁéﬂf’m%cw}n ‘E?gf%ﬁéj eglnél G
cqaf_, IB@oB j, Ti, |V,,Mﬁat1~‘e Ru, GesRe, & Zr,(D, deiAtgt Slti,theEFeSlla‘, Ndp
u | r a [ ve e ar

f3im ﬁéﬁ%gﬁ%??s?bﬁg oy T B 5, AR B s G et
ti’eﬂaec(.pdd’m]n tieengroay torgistiig o A10NB, W)ids, PHeSs, Y, Co, Ni, Ir

ﬁ\’rtpi#tfd 0 e) sputter dep03|t|on ut|I|2|ng a target
§Iécb f a Re-X-Y alloy, where Re > 50 at. % X

is at (If)eastsp@m deb@itﬁﬂtuti&@ing%tt&%etf z{sqmaitgx%a%fjeo(@}) the tgrget

nsi s F Ce,
YP rt% sp@ atA@ast gﬁe ngsenairéeleq_%g er@ the%up@pnsrmng of
Hoxidds nitrides, ahll carblides; Ta, ‘Th, and U, and Y is at
| east ope el ement selected fromthe group consi sting

of :  Al(B) Vb SPytfer @gposition uhjfjzing:a fizst tanget, asNp altemativerta) andia
ad%@g;@?tar @{Qsﬁgkgr{,aeg{ve@ﬁp&m tion utilizing a target as
! _

in alternative (e) e target -
(h) sputter deposmon utilizing a first target as in altcrnatlve (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 perpcndicular 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
carbi des; (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 sumary, the
present disclosure providesy nproved Re-based all oys
containing alloying additives which are particularly

facilitate ShiHuf ' -ystalline i.nterlayers in
R ayer Se%cggﬁgﬁ" ofh%gpgﬂf(?ﬁa%e’ %é-ﬁoégeed ’&P&W a‘{ens‘&' granular
perpenskiquins megneticarccondipganedia mith mpliome] sigtil20-noifie atiai (SNRJ and
: ' L ve ronote refined grain size in .
mcrea%%?.eg;g{@%drmrr%g%%b é??‘%o)ir é’B g as well as in the
subse gg et prlyvideqodmi:ﬁ;mﬁmngrm&{lﬁ @p@ﬁqultzﬁwlis atd sgg fof@,gga,@ﬁ he
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si gnalogi i ' iR .ner eased
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e . pract.iced withaut. resorting to the details
AR R0 Al B e ot iiaRive qoneh persprembheris,
wel | - 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 capable of use in various
ot her



conbi nations and environnments and is susceptibl e of
changes and/or nodifications within the scope of the

i nventive concept as expressed herein. 21 Wat is
Clained 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 that of Re and a solid
solubility < -6 at. %in hc® Re at roomor higher
tenperatures; and (b) lattice matching elenents Y
WHhisalaila¥ - an atom ¢ radius larger or snaller than

~ that of Re and forma solid solution in hcp Re at room
or hi ghert: t erfp&edasfdedioy materigh comprigingyto8rat-ate Resandppt least

cl aiofe Aoylp\hdigHal sl Tkt thé Brolfe cafisiith ofCONPr i si ng at
| east one el enment X selected fromthe oup consi sting
of . Be, éa) Si gralq-ﬁxze vﬁn%ent Fl@mer(til v@éc %gée awatorz}c raq“bs larger

Pd oA@malﬁfrlthanSBat ofRe 4@, a lkd sgﬁiblll@ck ~6Mht. %Qn hC[ERe at’Rom or
Hf, Ta, Bi, Thuy, and U. 3. The alloy materi al

acc&‘f%‘?‘r}tﬁm?‘(‘fa%lﬁ B t he precedi ng clains, further

conpri si g) at 1ht@esinaeRife BRIkt 3 which ‘ﬂQ\tee&ln HEBO AN larger or
grou oxides, nitrides, and _carbides o

i stin f
4. éﬁ%ﬂt %y‘*ﬁ‘agE?‘Faﬂ“d afi%@br“oﬁoh@ splytien & fsPLRe Rh g9y oahlgher -
corrpaﬁpetauﬁres Re-Y and conprising at |east one el enent
Y sel ected fr hie)cgn oup, conS| sti n

f

Os, Pt, a, atqqla ay 1|n cl m emgﬁocoegmmgon l}ﬁ-g and
a: I @ymm@ataéasm@w[mdﬂgxtseleawlfr@xﬁl thehg;ocq:r &ﬁ@i@ﬂu{ggcl,f Be, B, Si, -
cl ai r east_one materia

sel éljg"ts% rl;(?n&l"h%e S‘F {frpf cgﬁsﬂ)a‘gﬁgnﬁnéﬁ’ b%iltdeNd, Sm, Gd, Tb, Ho,
ni t 1Broes Luphf] TeBibTidesnd . The al l oy materi al
according to f the rece clains, having . a
conposi t |%0n Rglnh%i( @Oya??ﬂtce r?ﬁ?‘ﬁr‘gi‘%g’ ay of therecggine Haims, further
el emsempmsnag seleagt @@ maenalteRcted IfRap tg0BBUE tcoMGstiaf .of Bides,
B, V. ,Mh, Fe, Cu, Ge, Se, Y, Zr, No, Pd, Ag,

Sri ““%‘EFS dndgardldes Nd. Sm Gd, Th, Ho, Er, Yb, Lu, Hf,
Ta, Bi, Bh, ante lall@nldataﬂial |a&ﬂ)8d1ng)!ﬁ&la1m 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, Nj, 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, 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 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, Au, C, G, Co, N, Jr, 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 claimz2. 9. A physical vapor deposition (PVD)
target conprising the Re-b d alloy material of
claim5. 10. A granul ar perpendi cul ar magnetic
recordi ng_medium conprising: _(a) a non-magnetic
subst r at e’-havi he§ 2lloy gpariabaccardina(th any opegieriaiag d apd én further
sali dcoa@hgﬁmg % Qeast bA afdteria bdlectedY 86m Sh@ Gloup oM eingJof ilides,
order. from said surface: (i) a non-magnetic or
subs‘f‘ﬁﬁlﬁﬁ’él‘q‘}i’rtﬁgﬁﬁ- magnetic interlayer; and (ii) a
granul ar ger peRinGditadkagoRaeRkiti6n (IBASY tHhgBOconipyiSihg tHe Re-based
overlying contact with said interlayer, wherein: said
i nt e%lloéiyg‘fenéb(ffﬁlai”gés a Re-based alloy material,
conpri sing > 58 phidical Yagde depasitiah (NVERSthrg@N@nipkikiY tHeRe-based
materjal selected fromthe group consisting of grain
si zeflPgMmaiEaEH N ément s X whi ch have an at oni ¢ radius
| ar ger origmal hefantiaperpdrdiculel mig@e@decddif®medlum, comprising:
sol ubi |Ité -6 at. %in Ecp Re at rqom or higher
tenper at ues, AFRPPAPHCROTRICHYNG 2 SEeiPd v which
have an @} oni £laké&diadl oflsdidl euteiidte furDoR, shidlayef stdR imNdling, in
form 3 sfol [ d.dsolfut ion in hcp Re at roomor higher
t enpBFALPEEI ¥T2The nedi um as in claim 10, wherein:
sai d Re-based @ | Oya f@heHag@dticOdr Sdbtentiay Glohaya@heticSinhlayer;
Re- X conposition and , conprises at | east one el enent X
sel ected fromthe g‘?’lﬁiup consisting of: Be, B, Si, Ti,
V, M, Fe, Cu,(ile, HegranGlarZperpddiculd, mA@etiSriecordhg [Ager in
La, Nd, SnJ Gd, Th, Ho, EJ, .
overlying confdct with said 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 Acp 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.
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, 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.



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 conposition and conprises at

| east one elenent Y selectéd fromthe group consisting
of: Al, Mo, W GCs, Pt, Au, C, C, Co, N, Ir, Ru, Rnh,
and GCs. 14 The nmedi um according to any one of clains

10 and 132 whethsimediugacgording oy eng pf fdvmﬁéi? apq 4, wherein:

sai d i nt ehldaeHasddWlib] BlatcFiNdTTshid Sfteritlyed MARdr cOMBrises at least one
materi al selected fromthe group consisting of oxides,

ni t iRl selgqied fepyhegaup qagsistingot puides, Atides spd Fbideso

any one af. ¢l aindedfind Rcdrfting WAL 10, wherkid: Re- based
alloy material of said interlayer is of Re-X.Y

conposi t is8id WSC%%W@aécggl gk sapdegléquabqﬁés 8] Rergrgomposition and

sel anngﬁlseﬁ aamst Bﬁ: GERAP YCRREHed FroMAh®ErouBonsiBing3dfi AlliIMo, W,
% Se, Y Zr No, Pd, Ag, Sri, Sb, Te,

La Pt, éﬁac&lceri%‘“ IpRu, Rh.and Q5" |y " Hf, Ta, Bi, Th,

and U andaat Im%edmﬂeaceéramgmanyoa@be&mﬁmammﬁ, Rerein:

group conS|st|

u C. C,
Co, Ni, ISFdRgp asq%w?l%ﬁate@gl of pgd *w%ygﬁnmhca@ewa plrigast one
t 0 Ghatdrial sefectedi®in@hdlgrospédisiRargasLidesahitriés,MBd €drbiads. Of
sai d |nterlayer further cgnprlses at Ieast one

mat eri al Pr om tAGEGHBLATCUBHE (SIV 9ge BF ClyRr Lo 14, wherein:.
nitrides ,salam@-tﬁladdanldﬁﬁlateﬁai of AnidVBidragerad otfwéaxncaimpagman and
granul ar, endlc | ar netic recording. nmediu
conpPPBiY 8 shyre e“tﬁaf)xﬁﬁgiﬁﬁdofr%‘g‘ha PSR SO iHRS ?che B, 81, Ti,
subsit, na GFehGNIGlgSé!, S WS, a’tdeAgamd S(),b])e Larmd, rsgn, a}dl ay,Ho, Er,
sta

oo LHAR 1 B dBr R G ard s G5Sipd Siten 3 eyt the group

non-comsistiag bt AhME WD Bt, iAal CyCmOo,-Nin Tt IRb, andtGat | ayer ;

and (ii) ul ar. per di cul ar etic recording
| ayer in lg\/ er ?[3\ dlugl acgorgmg to claim lrgagﬁerem

said Re- based 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 granular perpendicular magnetic
recording medium, comprising steps of:

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

) 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 refinenment

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 roomor higher tenperatures, and
lattice matching elenents Y which have an atom c

radius different fromthat &f Re and form a solid
solution in hcp Re at roomor higher tenperatures. 18.
The net hod according to cl a\%ﬁm 17, wherein, st e& gb)

conpri sesd) f orhRHgRIENEUR Y sphsfaatiailynop-mgepgicpgtertayer; and
conposi ti@n and ge@URf ipsipeiailar] agieti® Recofdigimiyer i overlying
sel ected fromthe %’r oup consisting of: Be, B, Si, Ti,

v, Ngntaptgvithesgid ipigrlayen whereing N\ " pg Ag, Sri, Sb,

Tﬁ’ La;JI Ndid i&ﬂlay@dccﬂ@ﬁei@ReEﬁsed\ihoy hadterikif corﬂ_pﬁisin];@iz 50 at. %
Th, and U. 19. The nethod according to any one of =
ol i fend 7t lgpjonzalloyiig P@feﬁagflgﬁeg f@% (eGP QBYSNG Phrigkn size
a Sakfindnithedémaney X Which haddunt do@hic CANRNArE® Dr athallee @5h tHANES Re
material . selected fromthe group consisting of :
oxt ol S sp Py 2t Tt e 50T OrReerisPThstptures. and laice
accansltHige dlemehsaY Whikk hawiaraeiniic fldRP diffejenCHEM Hab&8Re and form
formng ,a ,said interlayer with Re-Y conposition and
conparﬁ(’gfl ﬁ‘ﬁ“téi’t““i’@?s]?eaéﬁ%o“é‘?r\énﬁ%ﬁf temperdlifSSct ed from t he
group conss. st iTig mkthodaccoMding W claim 17 whbttin &ep @), cdshiprises
Ni , tllr,. Ru,.. Rh,. and éﬁ@%l' The. net hod ac.corqi ng tol
any UG SAY HRYL PR RE-SEomRATEPR AN CfPHSing pleast one clement
CONX b& &Sedf fednithie gromp Sansihting) b Ble AY,e1, MOV Mn fRe; ChgGe, Se, Y, Zr,
conpri ses, at, | gast on ter) sel ect ed m 1.

o ol 2rad s 56 TorAoSrane Ody b, igEs Vbl 1P hisha aoy.
22. The next hodTiaanahdi decprtling ananyane obHélaialsdi7 msd 1§ wherein step
21, erein ste b) .conprises.f i Ng_a sai .
it PSR es ed ? i P B S R S f s gnggmaterial
| easseleond fremnelmegrbupConaitimg beokidds pmitridbe ag aathidesonsi st i ng
P, Ag, 9 bt iifisie i T, i uef g Shvpriss
"~ Lu, fofming 3 sgid Bierlayidn withiR-Ycamgbsaibn heh®mpeisiag el leazedie ement
selegted fromthe group .consi.st | : , W .
. haSedd B S AR FRICALI hipofh b, pleti i
met g Racadr@i ng to - claim 22, wherein 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) conmprises 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) conprises perform ng one of the
following alternative sputt®r deposition processes:
(a) sputter deposition utilizing a target conprised of
a Re-X alloy, where Re > 50 at. % and X is at |east

one el eme?®  selheonehod sceprdnBdo gnoens L ehimnsiT ing2l, gtherein step
Be @) co%'g)nsgé fonﬁ{ng Q@ald E@erla@i‘ ’w1@qle-)$eﬁ co%npozﬁlon Mb co%nsmg at

Hf , lqr:a?t oI elen{eﬁt Xéﬁlgctggl fr@g)the%mpt@ps@@ﬁ@g,ﬁq §n81 Ti, V Mn, Fe,
uti | hZidegsa vt 2r aed, P&SA% Rn2dd, &Nat !\MeSx{xadd 1Hai, EavgStu, He,
further comprisin east one material selected from

t he T Birplhe anfst enqd pigeast onsyalameat Y splegied Gerg theggipup consisting of:
car bpAidgR; W ok, IﬁPAAI tceh @%pﬂslnt ROMRILEAd OLI NG a target
conprlsed of a oy, Wwhere Re > 50 at. %and Y

is at | eadt onE‘eeF‘étﬁ%tac%’é%‘"é&:f‘édlaf“i‘% trherer gep (b) comprises
CONSfoghihp 9 sal@fnterl%'er vJ\}@oh M¥heRomptises MeastCone Qaten(a:pseleNed from

Ir, Ru, , and Gs; (d) sputter deposition utilizing a
tar dée grqup sonsiginef Asidesyaittides, aadgabidesr get  furt her

conpri si ng at TiRaMhANRHBhEé My sl fClal {7 oM IW%erem step

group consisting of-oxides, nitrides, and carbi de

26 (PryompsisestiemipgissinteriaysT by p PRUPEPasion RRaess utilizing one or

conphérs eflgedf Re-X-Y alloy, where Re > 50 at. % Xis

at | east one el enent sel ect ed fron1the grou _

consi st i n295 of : Th epact (g acgi»rdmg-lto any OIWI’P clagx to %ﬁewhg@m step

Y, Zb) dkprifd, peﬁgmu%‘,ongbof R, fd-l-l@wmléldalteﬁfﬁhv@putte}_bdeposmon

Ho, Er, Y Lu, Hf, Ta, Bi, Th, and U and Y I s at

| eahO%HE el ement sel ected from the group consi sting

Of Al l\@) Wsp@er dBpositiya, ut@zm@’ a tﬁge. dUknpn!;Jd, ofR4l, RN, alloy,
[

sputter deposi tion ut zmgatar get as
Io

an
B T P08 ferd XA RH Rk ppyeren selerted
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;

m the group consisting

) 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;

©) 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, Ru, 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 targets further conprising at

| east one material selected®romthe 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,
Tb, 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;

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

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

nitrides, and carbides;

(2) 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.



