RUTHENI UM ALLOY MAGNETI C MEDI A AND SPUTTER TARGETS FI ELD OF THE | NVENTI ON
100011 The present invention generally relates to sputter targets and
magnetic recording nedia, and, in particular, relates to rutheni um based
sputter targets and underlayers in nagnetic recording nmedia for
perpendi cul ar magnetic recordi ng. BACKGROUND OF. THE | NVENTI ON 10002) To
sati'sfy the continual .demand for even greater data storage capacities,

hi gher-~ density magnetic recording nedia are required. O the approaches to
achieve this high data density, perpendicul ar nagnetic recordi ng (PVMR) by
far appears to be the nost promising. It is desirable to provide

wel |l -isolated fine grain structure coupled with | arge perpendi cul ar
magneti c ani sotropy K' to achieve | ow nedia noise (e.g., a higher

signal -to-noise rati Wela |,stability in a granul ar
magnetic | ayer of a mwoﬂé&ﬁﬁ‘g&w&%ow Addi tional ly,

close lattice matching bet waeyp SpUTYEReTARTGETSder | ayer and the overlying
granul ar magnetic layer is desirable to ensure a nearly defect-free

interface to reduce any contribution to in-plane magnetization. SUVWARY OF
THE | NVENTI ON 10004) In accordance with the present invention, a nmagnetic
recordi ng medi um having a ruthenium based underl ayer is provided. The

under | peLDIGF TREANVERATION rut henium and a weakl y-magnetic alioying

el enent. The alloying el enent may be for refining grain size, when it has
little or no solid solubility in hexagonal close-packed (11CP) phase Ru and
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anmount risgnetxeeadinggnddiafor paputiidulinmaghbc mtdréwgng el ement may be for both
refining grain size and reducing lattice msfit, where it has sone solid

sol ubi | J i iSs present in the underlayer in an anount in
excess %#¥Fﬁ@¥N§§B§ﬁ??ﬁEJE%¥ﬁgqoh§derIayer may alternately include ruthenium
and two alloying elenents, one for refining grain size, the other for

reduci n@odAt t iTessalidfy it conltes BerfidaocoeR R Gietidhth siofgde@upadithes, Ingignal -

density magnetic recording media are required. Of the approaches (o achieve this high data

density, perpendicular magnetic recording (PMR) by far appears to be the most promising. 1t
is desirable to provide well-isolated fine grain structure coupled with large perpendicular
magnetic anisotropy K, to achieve low media noise {e.g., a higher signal-to-noise ratio)
performance and high thermal stability in a granular magnetic layer of a magnetic media

stack for PMR.

[0003)  Additionally, close Jattice matching between 2 crystalline underlayer and the
overlying granular magnetic layer is desirable to ensure a nearly defect-free interface 1o

reduce any contribution to in-plane magnetization.
SUMMARY OF THE INVENTION

[0004)  In accordance with the present invention, a magnetic recording medium having a
ruthenium-based underlayer is provided. The underlayer is compnised of ruthenium and a
weakly-magnetic alloying element. The alloying element may be for refining grain size,

when it has little or no solid solubility in hexagonal close-packed (HCP) phase Ru and is



to-noise ratio (SNR) and the perpendi cul ar magnetic anisotropy K of the
magnetic recording nedium Alternately, sputter target conprised of one of
t he rut heni um based all oys described above is provided for sputtering an
under | ayer in a nmagnetic recording nmedium 10005] According to one

enbodi ment, the present invention is a magnetic recording nedium The
magneti c recordi ng nmediumincludes a first |ayer conprised of ruthenium (Ru)

and anpr@éeh@hﬁ'tﬁ'@allﬂy%ﬂ%ﬁ‘&mﬁﬁ% élckeé%ydf?!gn hﬁﬁﬁt t’ﬂméalfo‘guf‘gcéléﬂcﬂtrnﬁ)ambtehe group
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el ement._in HCP phase ruthenium (Ru) at or above room tenperature. 100061
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Accor diRgiuk) QARMAaY, s?mbe@%r RbmpAsedBY B d th%ﬁ:%ﬂhPGasE@? R@{}m of the present

i nvention includes irst Fayer conprise rut heni um and an al |l oyi ng
el ementesciibesl abavé mprq‘vgledlfalrmtlenr& wwendutapd if porwgIdE rgmdlpgomdmhsti ng of
boron (B), alum num (Al), scandi um (Sc), titanium (Ti), zirconium (Zr),

ni obi u lutetium (Lu),
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anount nnahmexn&eﬁagﬁgm&cwuin@ Iﬁddhliﬂi)inlcluﬂysdﬁrﬁﬂ layeptorhpesedlof aythagme (Ruyent in
phase ruthenium (Ru) at or above room
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pr esentayenintdaenfouhtsdxceeding a solid solubility Jimit of the alloying element in HCP phase

ruthenium (Ru) at or above room temperature.

j0006)  The underlayer may furiher include a second alloying element. The second
alloying element has a solid solubility limit in hexagonal close-packed (HCP) phase
ruthenium of greater than 0 atomic percent at or above room temperature and a mass
susceptibility of less than 1.5 x 107 m*/kg. The second alloying element is present in the -
spulter target in an amount nol exceeding the solid solubility limit of the second alloying

element.

[0007}  According lo another embodiment, a magnetic recording medium of the present
invention includes a first layer compnsed of ruthenium (Ru) and an alloying elemeni. The
alloying element is selected from the group consisting of boron {B), aluminum (Al),
scandium (Sc), titanium (T1), zircomum (Zr), niobium (Nb), palladium (Pd}, lanthanum (La),

cesium (Ce), lutetium (Lu), and hafmum (HI). The alloying eloment is present in the first



| ayer in an anmount exceeding a solid solubility limt of the alloying

el emrent in hexagonal close-packed (HCP) phase ruthenium (Ru) at or above
roomtenperature. ]0009] According to yet another enbodi nment, the present
invention is a sputter target including ruthenium (Ru) and an all oying

el ement. The alloying elenent is selected fromthe group consisting of
boron (B), alum num (Al'), silicon (Si), nmanganese (W), germanium (Ge),
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hexagopuabsic! oseconffk@de dfother BMBSEmEM! DRREIT (it mediuARMIE Foom

tenperature, (0010] The sputter targei may further 7ncludes a second
al | oyi Pigseer Byvemion intedes a diov deyenfaroprisedyofahdeminn (Rakard anodloglingeletent.i ty |imt

i n hex .. Cl - k. CP hase rutheni.um of . greater an 0 atomc
percen?g(g%wo Fn%aeg%@egpf%gﬁgf éeEB‘@i'Q?%’PEP &qpalsléng(ﬂg)gm {?gcaé}ﬁ?’f"b’m H])y of less than
1.5 x dndiumBSkgtitaning @8 encbnalnh (B3), MbbRIne 8! paliadiRirePEN NartnbRgLa PUt t er
target in an_ anount not exceeding the solid solubility limt of the second
al | oyi Figium (ﬂ:é’n]ﬁﬁf“.’m {bwi and ]ﬂ@@@ﬂgf]@g The aljesinggiernend s raspdiimBaiirst a sput ter

t ar get - ' j: [ 1aG [ alloyin

el ciont " Tha? AP e ER eI RIRG IHET e bid5le Ay FRGRBRLT, oY of ©
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ni obi um (Nb), palladium (Pd), |anthanum (La), cesium (Ce), lutetium (Lu),
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alloying element in hexagonal close-packed {(HCP) phase ruthenium (Ru) at or above room

temperature.

{0010}  The spulter target may further includes a second alloying element. The second
alloying etement has a solid solubility limit in hexagonal close-packed (HCP) phase
ruthenium of greater than 0 atomic percent at or above room temperature and a mass
susceplibility of Tess than 1.5 % 107 m’fkg. The second alloying element is present in the
sputier target in an amount not exceeding the solid solubihity lim1l of the second alloying,

element.

[0011]  According to yet another embodiment, a sputter target of the present invention
includes ruthenium (Ru) and an alloying element. The alloving element is selected from the
group consisting of boron (B), aluminum (Al), scandium (Sc). titanium (T1), zirconium (Zr),
miobium (Nb), palladium (Pd), lanthanum (La), cesium (Ce), lutetium (Lu), and hafnium

(HN. The alloying element is present in the spuiter target in an amount not exceeding a solid



solubility limt of the alloying el enent in hexagonal close-packed (MCP)
phase ruthenium (Ru) at or above roomtenperature. 100131 Additi onal
features and advantages of the invention will be set forth in the
description below, and in part will be apparent fromthe description, or may
be' |l eamed by practice of the invention. The objectives and ot her advantages
of the invention will be realized and attained by the structure

par ti cigluitiy iR m&&jam%gielkrﬁeh?inwe&%éfﬁ:f]tcﬂﬁéﬁﬁdkl@@ (19CP AfAse ammﬁ, her eof as
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wel | as the appended draw ngs. 1001 is to be understood that both the

f or egdiRiy 2Emep e ropradempesatiien and the fol lowing detailed description are
exenpl ary and expl anatory and are intended to provide further explanation
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to one enbodi ment of thé present Invention;” 100171 Fi'gur lustrates a
sput t ef f.aFhreallogmgetaiantistpoesantan Herspeteb tuigaran afounhexcpediseasolidi nvent i on;

and -4 0181. Fj e i S r illustrating t rjati in the a-axis
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pl at i ngEY) GOt Hte @eAAEMDABILEDO Oone aspect of the present invention. DETAILED
DESCRI PTION OF THE | NVENTI ON 100191 In the follow ng detail ed description,
nuner ous specific details are_set forth to provide a full understandi ng of

the pr 943k i Additienabfeatures apd pavaplasesnidhesnventinp Wl B setfettonghe or dinari |y
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of these peci i'nstances, we own structures and
t echni graescedies inodntibeefihe elijantimes anddéteandvattog@nodile inventiopsslabe | y obscuring
the pr ?esaﬁgéd 411%%83%(1019)? the structure particularly pointed out in the wnitten description and

claimis hereof as well as the appended drawings.

]0014]  Itis 1o be understood that both the foregoing general description and the following
detailed description are exemplary and explanatory and are intended to provide further -

explanation of the invention as claimed.
BRIEF DESCRIPTION OF THE DRAWINGS

|[0015]' The accompanying drawings, which are included to provide further understanding
of the invention and are incorporaied in and constitute a part of this specification, illustrate
embodiments of the invention and together with the description serve to explain the

principles of the invention. In the drawings:

10016]  Figure 1 ilustrates a magnetic recording medium according to oné embodiment of

the present invention;

[0017)  Figure 2 illustrates a spuller target according to another embodiment of the present

invention: and



100201 1. Ru-X 1002] 1 Figure | illustrates a magnetic recording nedia stack
100 according to one enbodi nent of the present invention. A nedia stack
such as nedia stack 100 may include a substrate 101 (e.g., glass or

al umi num (Al')), a seed |ayer 104, an underlayer 105 and a magnetic
recording |layer 106. Media stack 100 may al so include one or nore soft

underl ayers with or w thout other non-magnetic or magnetic Iayers such as

| ayers an [of 0 dj.a urt her
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oxygen- cont ai ni ng CoPt - based granul ar magneti c nedi um may be used in

magnet i¥ PersTeal AFSYer 106. The oxygen in magnetic recording |ayer 106
forms an .amorphous hard brittle grain boundary region, thereby confining

the grqnmgn.%bs@eﬁwﬂefw@Fﬁgxéﬂwmﬂd}a size in .the magnetic recording
| ayer 106. her (B)-based mgnetic layers of | ow or high nonent

may al so be dep05|ted on top of this granular magnetic recording |ayer 106,
to adj U§f3%lhe 1Nﬁw(fslémun&ﬂeteﬂﬁdﬁgmlpnammmus spesHeatetails atesset forthio t he head
desi gn. cC rec rd|n e deposited on a
weakl y- pﬁé‘é’ﬁ%? fu&m{"&f“ﬁgg? tHg klhﬁé’&?‘?gf ’%‘5en@?'§]al¥ & "?%%’p(’rﬁébgf)‘ﬁ%§g)loﬂ’ﬁderl ayer,
such asordinadlrskialyem ho5 wbiirhpraeitsnicatienmansephtiRc@oiho@Q3he bembsr € of the
CoPt - based granul ar magnetic recordin g | ayer 106 in a direction

per penoﬁpéﬁ‘faﬁle‘ﬁl(!ﬁ tipathgy ’éi'ﬁ@“‘i%‘ml kot ﬁ‘ﬂ{ﬁnét“? techniguss hayenpt besper 106 i es,
Lner ebye ORI {90 nfeoteE BB ARTAEANG kg Rl SOLT 0PY -5 1002) A

crystal I ne un a er W|t SI zes, such as underlayer 105, can
potentially help in the grai n si ze reductl on of a granular magnetic

recor di if§20layer R¥eX deposited epitaxially on top of it. This effect can be
enhanced when underlayer 105 conprises an alloy of ruthenium (Ru) and a

31 aront 18 oo BB ARG ETEER cPmrel R R AR RaP AU OCERRRE L B *2°15 St ¢

per cent er(lbtid.lmeﬁt))flhﬂ pH@Bn pinaason. UA esdialsnach kuabras alediasiack 000 mappehde ure. Thi s
i nsol ubi |it m t the aIIO|nge t toforma hous grain
boundar P&t r%’l%’h‘ég heH Ry ‘5 f"é(?fg]ro"*l@s““ F'H@’Fg‘b)?ﬁo ¥ i ni ng grain
growt h gidphene reeBidide8hyed 9061 MebR stdelaql@w may 8o Hefdabrk sSuhsegsent | ayers.
underlayers with or without other non-magnetic or magnelic layers, such as Jayers 102 and
103, disposed on substrate 101. Media stack may further include a Jube layer and a carbon

overcoal with or without other magneltic or non-magnetic layers, such as layers 107 and 108.

{0022]  An oxygen-containing CoPt-based granular magnetic medivm may be used in
magnetic recording layer 106. The oxygen in magnetic recording layer 106 forms an
amorphous hard britile grain boundary region, thereby confining the grain growth and
refining the grain size in the magnetic recording layer 106. Other CoPY(Cr)(B)-based
magpetic layers of low or high moment may also be deposited on lop of this granular
magnetic recording layer 106, to adjust the Mg (saturation magnetization), commensurate
with the head design. The granular magnetic recording Jayer 106 may be depostied on a
weakly-magnetic {almost non-magnetic) crystalline (HCP phase) underlayer, such as
underlayer 109, which acts to enhance the Co [0002] texture of the CoPi-based granular
magnelic recording layer 106 in a direction perpendicular to the plane in which the magnetic

recording layer 106 lics, thereby contributing to a very high perpendicular anisotropy.



10024) Moreover, the alloying elenent X is non-magnetic or weakly magnetic
(e.g., with a mass susceptibility of < 1.5 x 10" nB/kg). Based on this and
the above criteria, elements such as the elenents in Table | are excellent
candidates for grain size refining alloying elenent X For exanple,
alloying elenment X nmay be any one of boron (B), alumnum (Al), silicon
(Si), manganese (M), germanium (Ge), selenium (Se), zirconium (Zr), silver
(Ag), tin (Sri), ytterbium (Yb), lutetium (Lu), hafnium (Hf), osm um (GCs),
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ruthenium-based underlayer 105, thereby confining grain growth during sputtering of the

underlayer 105 and subsequent Jayers.

[0024]  Moreover, the alloymg element X is non-magnetic or weakly magnetic {e.g., with
a mass susceptibility of < 1.5 x 10”7 m*/kg). Based on this and the above criteria, elements
such as the elements in Table ] are e;ccellent candidates for grain size refining alloying
element X. For example, alloying element X may be any one of boron (B}, aluminum (Al),
silicon (Si), manganese (Mn), germanium (Ge), selenium (Se), zirconium (Zr), silver (Ag),
tin (Sn), yterbium (Yb), lutetium (Lu), hafnium (Hf), osmium (Os}, gold (Au), bismuth (B1)
or thallium (Th).



Bi 83 1.75 RHOWMB -1.7 Insoluble Th 90 1.8 FCC 0.53 Insol uble 100251 The
grain size refining alloying elenent X can be added to the rutheni um based
under | ayer 105 in any anmount in excess of its maximumsolid solubility limt
in HCP phase rutheniumat roomtenperature or higher. 10026] Underlayer 105
may be sputter deposited froma sputter target such as a sputter target 200
in Figure 2 according to one enbodi nent of the present invention. Like .
under| ayer 105, sputter target 200 ggﬂ( i nclude ruthenium (Ru) and a grain
size refining alloying elenent X Act as a grain size refiner, the
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room [tAgperdturk, f44 iincof®or atj on 6f23pl atjilmelbley _cobalt can significantly
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magnetiiYbh fecoa di hg hggen 106CCFI gure 8s59shovgndondlerari ation 1n the
a- axi qlgf 11 cey paf angizgr [1 n pcROoPt | baSgq, Mgrelig(1n6eRhintélubiRYRT) W h
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used flog, pET %encr (,w;qﬁ TEYTEERC CCOR LT (iiSlubid ™ netic
2l Pl Iho L\
recor |d§4 | ag;gl 06 ﬁé‘“ ¢t | EPI 1 e |\6 Pt 11150]\11)]6
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Th 90 1.8 FCC 0.53 Insoluble

[0025]  The grain size refimng alloying element X can be added to the ruthenium-based
underlayer 105 in any amount in excess of its maximum solid solubility limit in HCP phase

ruthenium al room temperature or higher.

[0026)  Underlayer 105 may be sputter deposited from a sputler target such as a sputter
iarget 200 in Figure 2 according to one embodiment of the present invention. Like .
underlayer 105, sputter target 200 may include ruthemum (Ru) and a grain size refining
alloying element X. To act as a grain size refiner, the alloying element X needs 1o have
substantially no solid solubility (e.g., < 10 atomic percent (at. %)) in HCP phase ruthenium a
or above room temperature. Moreover, the alloying element X is non-magnelic or weakly
magnetic (e.g., with a mass susceptibibity of < 1.5 » 107 m’/kg). Finally, alloying element X
is added to the spuiter target 200 in any amount in excess of ils maximum sohd solubiiny

limit in HCP phasc yuthenium at room {emperature or higher. Alloying element X is present



with a strong out-of-plane orientation along the [0002] direction. A

rut heni um based underl ayer 105 enhances the crystalline stricture of the
magnetic recording layer 106 if the HCP [0002] planes of rutheniumare
oriented parallel to the interface of underlayer 105 and nagnetic recording
| ayer 106. However, any lattice misfit at the interface contributes to
residual stress, potentially creating defects in the magnetic recording

nedi a C 0 and can further increase.undesjrable.in-plane .

e oot PIBE S tyrsB0E an S S ol 18T SRR HETRALE AP Buoledelotiuin | ayer 105
and t hiexag@abdlose-FRrel CiTRY phhRy@heniil (RisR0p fbve FodnPRnferdtlre. Under | ayer 105
may conprise ruthenium (Ru) and a lattice msfit reducing alloying el enent

Y. It {@ Vi gfnt fg(om Figure 3 that, if the platinumcontent in the
magnet 002%]e ¢ diB#g-I ayer 106 is less than 14 atom c percent (as apparent
fromthe |I|inear extrapolation of the lattice paraneters of Co and Pt as per

Vegar din;ezslavmurhmg ab@hid PRure Shdiher RUBGHRA FHihO)k NG RVENRAImaY veeeds to have
an atom c radius Tower than thatgof ruthenium On the other ahand, if the

pl at i nukstcded with rdferendedo thegnasnitic reewydinginmgid stagk i 00 flusirated HiegdirerA t han 14

atom c rcen the lattjce m.sfit r ci,n | | oyl ng.e t Y needs to have
oL GRS eI Bkl fechofithyel 764 s fbafted B Sl Pt ot co
m sfi t nitiegien-Basedh@¥iape 1Ise MR MatifuneSRighlyQoliBNEn 66HHR a8 flongl sol ubility in

Ru at roomtenperature or above, so that it forms a solid solution with
r ut henlefpeetie. thhwcapgralon Pf pladnuhm dobalptaasieniicaniyy ehapeg (isgarhiast er of

under | : » ' LS r y ' tw:Y,.L§8 al so

non: meiail S B3V Ry B e RalheCpban FUHIcR L ULRGABETRE i3 5 °2 1
x 10, 7shByYskbyg varBaer éh 1be afalkis3atacechardneetabow €olr-bised magndioecoordnglayes i N Tabl es
2 and 3.are excellent candidates for lattice msfit reducing alloying

el enent¥"V.VAYREEINUELFOUEE, bt - hased nmagnetic recording layer with < 14 at. %
platinum the lattice msfit reducing alloying elenent Y needs to have

at om c [g02d} usweWeiaghfitteddidihg Hedialtbr MOMusédof peaperddiRlandghdicl attice
paranmeter 1 n the rutheni umbased underl|l ayer 105 Is reduced. Table 2 provides

a | i st reprangeiidiR)s ity trbased anagrelicTararéing BarPruiO6isbowd be Hute H(APhate 1 ut heni um
(e.g., \Jifﬂ%r_oﬁg@&-oﬁtﬁ%c@ﬁcﬁ‘l@ﬁo@%ﬁgﬁ ¥ %daﬁ] meb%n.qb%ﬁeﬂﬁ-ﬁ%sfehed criteria for
reducing a I Y. F

| attice mstit | oyi ng el ement or exanple, alloying el enent Y
may be vadgylayerel 05fenbancenih B)ystallipasiponure 6 the maghetismeaemdipOidyer 106 if the

HCP [0002] planes of rutheniumn are oriented parallel to the interface of underlayer 105 and

magnetic recording layer 106. However, any lattice misfil at the interface contributes to
residual stress, potentially creating defects in the magnetic recording media stack 100, and

can further increase undesirable in-plane magnetization.

|0030]  To minimize the lattice misfit between underiayer 105 and the magnetic recording
layes 106 disposed on top of it, underlayer 105 may comprise ruthenium (Ru) and a laftice
misfit reducing alloying element Y. 1t is evident from Figure 3 that, if the platinum content
in the magnetic recording layer 106 is less than 14 atomic percent (as apparent from the
linear extrapolation of the lattice parameters of Co and Pt as per Vegard's law), the laltice
misfit reducing alloying clement Y needs 1o have an atomic radius lower than that of
ruthenium. On the other hand, if (he platinum content in the magnetic recording layer 106 is
higher than 14 atomic percent, the lattice misfit reducing alloying element Y needs 1o have an

atomic radius higher than that of ruthenium.



Table 2 Atomc Atomic Crystal Mass No. Radius Structure Susscepl.
Solubility. in Ru (10- g) B 4 0.97 R HOWMB -0.87 29 1660C , Insoluble(RT) C
6 0.77 DIAMOND -0.62 3% 1940' C), Insoluble(RT Cr 24 1.28 BCC 4.45
52.5(1610C , 40% 300C 100331 For a CoPt-based nagnetic recording |ayer
wth> 14 at.%platinum the lattice msfit reducing alloying elenment Y
needs to have atom c radi us higher than that of rut heni um so that the

- axi . ' h d.
Tanl o 30} ov P RNACRYg: hhcliiEnBhba St Y REGE SREEaRY B bl gher t nan

t hat ofin Rmhlrmnmuamﬁeeatgrq or abbgeb@di tHah@ forihs 3QokY sorntbnsath wiheniuheanat her
above-described criteria for lattice msfit reduci ngﬂmal | oyi n el ement Y.

For ex&pib é”“"ﬂ‘ﬁ"é"ﬂ’%’@’ Ripasra dittise) pagpmster ghyndgreyend 0 ]FMFI?W scandi um
Sc " ; | mol ybdenum
(o). b PREHI T e RORT M foRlpagelic S LN fgnerif{ W“?@S) nal v
(H). tsamtpilhulnty of Td)5. lf)ﬁnd&ig)z riB:(sW on it aiduhe {Uov} crtriplid lemen( AL ) -9 Tabl e
3 At Cr No. Rad t S lubilit Ru
LT NIT N S T e IR
29%¢1100C , Insoluble RT Ti 22 1.47 1-1CP 4 21 14% (1825C), 2.5%600C V 23

1.36 qu)ﬁ] 28 FEAYCIMUMASed mAAIAi Hordind 124 whihbe kﬁﬁ%gf&ﬁn&m&?{é fa(ilce ) ,
| nsol ubl e(400C Nb 41 1.47 BCC 2.8] 29(1774C), 5% 1000C Mb 42 1.4 BCC 1.17
51. 594 T93HceducgRoyIRTINg element Y needs 1o have atomic radivs lower than that of ruthenium

so that the a-axis Jattice parameter n the ruthenium-based underlayer 105 is reduced.

Table 2 provides a list of elements which have an atomic radius lower than that of ruthenium
(e.g., lower than 1.30 A) and satisfy the other above-described criteria for lattice misfit
reducing alloying element Y. For cxample, alloying elemem Y may be any one of boron (B),

carbon (C) or chromium (Cr).

Table 2
. . vlass
Atomic Alorfnc Crystal Susce Solubility in Ru
No. Radius Structure Jp
(10 m/kg)

B 4 0.97 RHOMB -0.87 2%(1660°C), Insoluble(RT)
C 6 0.77 DIAMOND -0.62 3%(1940°C), Insoluble(RT)
Cr 24 1.28 BCC 4.45 52.5(1610°C), 40%(300°C)

[0033]  For a CoPt-based magnetic recording Jayer with > 14 at.% platinum, the Jaitice
1-nisﬁt reducing alloying element Y needs to have atomic radius higher than that of ruthenium
$0 that the a-axis lattice parameler in the ruthenium-based underlayer 105-is increased. Table
3 provides a list of elements which have an atomic radius higher than that of ruthenium (e.g.,
higher than 1.30 A) and satisfy the other above-described criteria for Iattice misfit reducing
alloying element Y. For example, alloying element Y may be any one of aluminum (Al),
scandiun (Sc). titapium (T1), vanadium V), zirconium (Zr), niobium (Nb), molybdenum
(Mo). palladium (Pd). lanthanum (La), cesium (Ce), futetium (Lu}, hafmum (Hf), tantalum

(Ta), tungsten (W), iridium (1) or platinum (Pt).



Pd 46 1.37 FCC 6.57 179% 1583-C), 1% 600C La 57 1.87 HCP 1.02

2% 1431C, I nsol ubl e(RT) Ce 58 1.82 HCP 22 2% )400C , Insoluble RT Lu 71
1.73 HCP 0.12 2-39% 1250C, Insoluble R Hf 72 1.59 HCP 0.53 2-3% (12000,

| nsol ubl e(RT) Ta 73 1.47 BCC 1.07 28% 1667-C), 20% 750-C) W74 1.41 BCC
0. 39 48% 2205-C), 399/,(1500'C) 1 77 1.35 FCC 0.23 49% 23340C), 45% 800-C)
Pt 78 1.38 FCC 1.22 21%-2100C), 20% 1000C 100341 The lattice msfit
reducing alloying elenent Y can be aﬂﬁ§d to the ruthenium based underl ayer
105 in any anount not exceedi ng |t! [ rrum solid solubility limt in HCP
phaserrutihrenumrat—roonytenpetrat ure—opf ng hef- 0035(—Yndertayer105 my be

sputter depesiitedatamin spllIrgah]tarqet h as|sputter large) 200 fn

Fi gure 2 |acpar dilngalimsohe esthadipent gﬂé}“pre‘ent iSoleitity dm RuLj ke

under f.ayer 105 _{sputteritarget_200 av(l Onew (kg tuthenium (Ru) and a {attice
m sti . Aledudidng | alll43i hg el &@nt Y. | Lat t0.8%e m b#%(1%6Wci WRE) | oyi np

el enepeY, nedds |t o Inavel some FElid  $ol ub8Bity [ 2%RUI0BICY healublefRIr af ure or

above| Vo eeer,| alll4yi hg el ex@nt Y i|s narzi mag Ne4%¢ ] S5 QE alsby serane ic
(e. g.-| wihx®m mass syusceptibigady of ¥ 1. %% I0- 3m§/(§<g)bpcj—@+;%(10@a*é)ea ing the
a- axi §AATTH{E par gngrel of gqgdp t henjurmt b,a%ed a E‘gﬁ/fg\yxgbc)spmiel ed—f1 om
e
ofy

sputter target 200, ‘al | )yl ng e errent Y ne s to let!ﬁ nt having| an

It

aton ¢ t HHH he—a—paXi S
Latti Nbga',a, 2 f“‘“&? !!S‘L'D A”ﬁ;céﬁ‘“tmm.a ZQ(IZ “CEE/E( e Clmn tter

L
v

t ar getf . Ir\n n]n4rl bent B@an:dc to bellan e 5h‘|§ﬁ‘ﬁ]9£{:§°¢)lﬂ%8°é(*RTaI om C
radi ug Pdeks 46had 1 hh37 of rut GG um Al | oyi-Hg el eh¥nfl593Q, HAGOE'G)o the - 10
sputt ¢lathr gt 200 §.87 ahy andl@R  not {excele@ ng | 2%( WP T mssloblieRTol bibi 1 ity
l'i mit|ide HCP8 phasel.8ut heni urtH@R room t enper at uj 2%Qra00PQh rsolub@BB1L B. Ru-Z
[0037) Ltuf nimg ggain73 ojFi gungCH, anogt herg. gbody nese4(1250°ENandnd

i nventign| mey; bg 159 HCP 0.53 . |2-3%(1200°C),
Insoluble(RT)
Ta| 73 1.47 BCC 1.07 28%(1667°C), 20%(750°C)
W | 74 1.4] BCC 0.39 48%(2205°C), 39%(1500°C)
Iy 77 1.35 FCC 0.23 49%(2334°C), 45%(800°C)
P1 78 138 FCC 1.22 21%(~2100°C), 20%(1000°C)

[0034]  The lattice mishit reducing alloying element Y can be added to the ruthenium-
based underlayer 105 in any amount not exceeding its maximum solid solubility limit in HCP

phase ruthemum at room temperature or higher.

10035}  Underlayer 105 may be sputter deposited from a sputter target such as sputter
target 200 in Figure 2 according to one embodiment of the present invention. Like
underlayer 105, sputter target 200 may include ruthenium (Ru} and a lattice misfit reducing
alloying element Y. Laitice misfit reducing alloymg element Y needs to have some solid -
solubility in Ru at room temperature or above. Moreover, alloying element Y is non-
magnetic or weakly magnetic (e.g., with a mass susceptibility of < 1.5 x 10 " m*fkg). For
increasing the a-axis lattice parameter of a ruthenium-based underlayer sputiered from
spuiter target 200, alloyving element Y needs 1o be an element having an atomic radius greater
than that of rushenium. For decreasing the a-axis lattice parameter in a ruthenium-based
underlayer sputtered from sputter target 200, alloying element Y needs 1o be an element

having an atomic radius less than that of ruthenium. Alloying elemeni Y is added to the

- 10 -



illustrated with reference to the magnetic recordi ng nedia stack 100
illustrated therein. A Copt-based granular magnetic recording |ayer 106 is
deposited on top of a HCP ruthenium based underlayer 105. Underlayer 105
may conprise ruthenium (Ru) and a single alloying element Z that can act as
both a grain size refining alloying clenent and a lattice misfit reducing
alloying elenent. This single alloying elenent Z nay act as a lattice msfit
reduci ng elenent if the alloying elenment Z has sonme solid solubility in HCP
phase Sﬂﬂ‘eéf"”g?‘g&%"f ERPEP A P cgreeding Als mazianp padidesobibdity §pnein & ol i d sol uti on
Wi th pHiRGHiRnt 1966RYemRIAGE L Aghit S a-axis lattice paraneter. This single
alloying elenent Z may al'so act a§ a grain size refiner if the alloying

elenent Z is added in excess of its solubility Iimt (e.g., in excess of
that d803@bi | i3y RU-%it by as much as 10 at.%. In another enbodinent, Z maybe
added in excess of its solubility limt by any anmount (e.g., by not nore

t han . %0-Qr.: £ at 00381 .For increasing the a-axis
latti glgof)ﬁr a(r}r]\:?'tme'lrqg f}igig?"ﬁ ﬁoe ]?‘%? Hé%h:%&]en{ a %dldmﬁﬁ‘(fir'ﬂcﬂ?,ﬂmﬂg?"?‘ogﬂ}?@jﬂ?g al | oyi ng
el enerillusfrae@adish teferbig e ag he heigRaic rB@vdiRg nkbiadt:eK 00 NIRGH4ed GeRat & than that

of rtrj{f(ﬁ)eni um For decreasing the a-axis lattice paraneter in the

r ut herff U bR &pa8ag e recording layen Hi6ds denosiisdny tep efie HCPZuthewiam- t 0 be an
el ement;savqRg 18% onj [ : ' . 100391 The
i gl e e R 18 e 88 ph Al @by S LSB Phoir 2 1
mass Siswentbiticat pcigh balhh, ¢hain siz@telinmgflogng cBasathdm Ihvcsmasfd t he above

criteria, .the, el em?nts i T.aale 4 are exce]lent candidates_for single

al | oyi'h C@]geﬁg’ﬁf"gf Ry Jé'?'? ARG 2YPuphelemsn Zmay 29 ayadtee Mabti ce misfit. For

examﬂr@duc%i;ﬁ‘l?hﬂelﬁhfmi‘iaﬂ'@ig,tﬂé?ﬁéﬁl za]aerwmb&m%menﬁ% fnepPpARe®Dx carbon (C).
. C),

al um num ( scandi um ( titanium (Ti), vanadium (V), chromum (Cr),

zi r corfegihi¢rppgraturg eydigher pindotherefane {omae agehid Sotion path radheninmg Pddeby | ant hanum
(La), j: (* lut et | )ei i Ui t ant ), tungsten
(v TR oy Sl P OB sms o URlepiti by RBE AT ol
Mass Naize reaokeruSthBatlogtgielemSuseis ptidedSolexdesd oftits solubiRty lihitQe.8, im dxkess

of that solubility limit by as much as 10 at.%). In another embodiment, Z may be added in

excess of its solubihty limit by any amount (e.g., by not more than 10 a1.% or by mare than

10 at.%).

10038] For increasing the a-axis lattice parameter in the ruthenium-based underlayer 105,
single alloying'elemem Z needs 1o be an element having an slomic radius greater than that of
ruthemum. JFor decreasing the a-axis laltice parameter in the ruthenium-based underlayer
105, single ajloying element Z needs 10 be an element having an alomic radius less than that

of ruthemum.

10039}  The single alloying element Z is non-magnetic or weakly magnetic (e.g., witha
mass susceptibility of < 1.5 x 107 m’/kg). Based on this and the above crileria, the elements
in Table 4 are excellem candidates for single alloying element Z for refiming grain size and
reducing lattice musfit. For example, single alloying element Z may be any one of boron (B),
carbon {C). aluminum (Al). scandium (Sc), titanium (Ti), vanadium ( V), chromium (Cr),
zirconimm {Zr), niobium {Nb). molybdenum (Mo), palladiim (Pd), lanthanum (La), cesium

(Ce). hmetium (Lu). hafuium (HI). tantalum (Ta), tungsten (W), indium (Ir) or platinunt (P1).
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B 4 0.97 RHOVMB -0.87 29 1660C , Insoluble(RT) C 6 0.77 DI AlvlIOND -0. 62

3% 1940C , Insoluble(RT Al 13 1.43 FCC 0.82 4% 1920C), 1%RT) Sc 21 1.6 FCC
8.8 294 1100C), Insoluble(RT Ti 22 1.47 HCP 4.21 149 1825C), 2. 5% 600C V 23
1.36 BCC 6.28 31%1790C , 179% 700C C 24 1.28 BCC 4.45 52.5(1610' O,
40%(300C Zr 40 1.6 HCP 1.66 1.9% 1715C), Insol ubl e(400C Nb 41 1.47 BCC
2.81 29(1774C), 5% 1000C) M 42 1.4 BCC 1.17 51.5%1915C), 38% RT Pd 46
1.37 FCC 6.57 179%1583C1 1% 600C La 57 1.87 HCP 1.02 2% 1431' O),

| nsol ubl e(RT Ce 58 1.82 _ HCP 22 Efeq4100C , Insoluble(RT Lu 71 1.73 HCP
0.12 2-3%12500C)  lnsoluble(RT E|If 72 1,59 HCP _0.53 2-3% 1200C),

I nsol bl §(Rerfa | 73k 47] BOC1. 07 28% 166Wa8), 20% 750C) W 74 1.41 BCC 0. 39
48%2205-655%8%}% J Z}’”.?' +

r g 35 HCC Suseépt49% 2334 Se)ubilts% RAOC At 78
1. 38 Fcc 1. 2% 219 doic ‘76000 (10D#dkpYhe single alloying el dment Z
can be mdded4to

heni piohased underigyer %(16GO?QDMSQHQHNT)I N excess

t he.gut

of it § GTEIXT TRIM 40T Ty50] UDH{ANBND M T Totdo” PIEEe olb &, WL etk (RTH O™
tenperayureQr 1 ghEers (U -hF eXcess ofghiat AT AT py—gs nuch
as 10 %tg' % a0 1(044\6 Uur‘crl ey e —+05—ray- ~e§sputt“; :‘ﬁ PRH-ea—From-asput ter
targe Heh—as—dputier—t+targ 200—HA-Fi-gt (SR - 115014ble( di ment
of thbThy - 4 oh. LiHEP indel | ayA21105: | MU {18257 ? S%(609G6) rny
i ncl ufe’ rlut ¥8ni ym (I8 hnd aB&Cngl e lal | 09i28g el k#kat1798°Chi 7% 740TC)si|z e
rei ni h&raind MVattli cd- W sfit rBEGci ng.| Thi 4481 ngl e5u5(1610°6), 4NEBETC) Z |may act
as a |art)i cetOm dfitl.6 edpici ngHG® enent i f 16be al | g7 16PEpENt Z has |sone
solidisoljubility in HCP Insoluble(400°C)

Nb 4] 147 BCC 2.81 29(1774°C), 5%{1000°C)

Mo| 42 1.4 BCC - 1.17 51.5%(1915°C), 38%(RT)

Pd 46 1.37 FCC 6.57 17%(1583°C), 1%{600°C)

La 57 1.87 HCP .02 2%{(1431°C), Insoluble(RT)

Ce 58 1.82 HCP 22 2%(1400°C), Insoluble(RT)

Lu 71 1.73 HCP 012 2-3%(1250°C), Insoluble(RT)

Hf 72 1.59 HCP 0.53 2-3% (1200°C),

Insoluble(RT)

Ta| 73 147 BCC 1.07 28%(1667°C), 20%{750°C)

W 74 1.41 BCC 0.39 48%(2205°C), 39%(1 500°C)

I 77 1.35 FCC 0.23 49%(2334°C), 45%(800°C)

Pt 78 1.38 FCC .22 21%(~2100°C), 20%{1000°C)

[0040]  The single alloying element Z can be added to the ruthemum-based underlayer 105
n any amount in excess of its maximum solid solubility limit in HCP phase ruthenium at

room temperature or higher (e.g., in excess of that solubility limit by as much as 10 at.%).

[0041}]  Underlayer 105 may be sputier deposited from a sputter target such as sputter
target 200 in Figure 2 according 10 one embodiment of the present invention. Like
underlayer 105, sputter target 200 may include nuthemum (Ru) and a single alloying element
Z for grain size refiming and lattice misfit reducing. This single alloying element Z may act
as a fattice mmisfit redlaéing clement if the alloying element Z has some solid solubility in HCP
phase Ru at room temperature or higher and thercfore forms a solid selution with ruthentum,
thereby affecting its a-axis lattice parameter. This single alloying element Z may also act as
a grain size refiner if the alloying element Z is added in excess of its solubility limit {e.g., in

excess of that solubility limit by as much as 10 at.%). In another embodiment. Z may be



phase Rum room tenperature or higher and therefore fornms a solid solution
with ruthenium thereby affecting its a-axis lattice paraneter. This single
alloying elenent Z may also act as a grain size refiner if the alloying
element Z is added in excess of its solubility limt (e.g., in excess of
that solubility limt by as nuch as | Oat.%. In another enbodinent. Z may
be - 1 2 added in excess of its solubility limt by any amount (e.g., by
not mor e han 10 more than 10 at. % . For increasi n% the a-axis
]

lattic® dﬁér‘%%ﬁ%*r" {5 5%"'[’U‘E3hlé‘ﬂi‘ BirApasRern! (hereby BYlarors Yintlobd arbsm sput t er
tar get méR0iha® 1 M&H %), aFdr OydrO8in |lﬁ‘en§5'£|s I%uﬂ:@%%s.m{c& BEa Alnenfil#AERYL having an

atom c radius greater than that of ruthenium ecreasing the a-axis
latti céﬂfb’-allﬂmfépwcrtdﬂfrw1rsmlh)eW&mﬁ%smlmﬂbgnlga;WensﬂmdmneI:Ie fim om sput ter

t ar get al.lo el s.to he an elenent having an

at oni ce%g' Plusav1"gana RS r%/({ﬁastggr% e ﬁ‘hér‘i’?ﬂlﬁg@"ﬁq’é P ‘Sﬁ‘:&am i%g'Sel enent Z is
NoN- Magmedel parddrict kSRl ythERGHDhied uhBerBiyer s%nﬂé}e@rmmﬁﬁuéu&@a@toobdiﬁg]éy of < 1.5
x 10-7 pB/kg). 100421 4. Ru-X-Y 100431 Turning again to Figure 1, another

enbodi AEMEnDFlemert Zopesdeierbe; amelamenbhnvirgandomiciTadiug lesg thap hetdf reference to
the MRgngldicm! $hOLHL @q”ggﬁﬂ%afﬂm%iég;?nxa'glda&tgr%qu;ytnba?gg, b w20t - Pased

granul ar nagnetic recor osite
r ut henimass suseepatilinyales | Ayero’ g)Under | ayer 105 may corrprl se a ternary
rut henium based alloy Ru-X- Y, where X is a grain size reducing alloying

el enen Y,is_a tice msfit reducing alloying elenment. 10044] To act
as a gﬁ?ﬂ@ﬁfim e B&vﬁ-&ér, the alloying elenment X needs to have substantially

no solid solubility (e.g., < 10 at.% in HCP phase rutheniumat room

t enper qowma Ofl‘uﬁqli)ﬂg\/@gam lW%WBranoﬂﬂeenﬂiddWéﬂWGfﬁk%ﬁ’@@ﬁl ﬁ@ehﬁom@.ﬂyﬁr@gnetl C or
weakl y netic g' a mass susceptibili x 10"' nB/kg).

Fi nal | ylhﬂ aeéw"ﬁg’e'@r@h@mﬂwu%aéftfmtt@m hedip a@ﬁek&mmstﬁa@éher@ndén ayer 105
in any ; isql HCP phase
Ut honi oy fted SEnBISE BREndl ricoRITER 100 1oy it bEYHCE herdin 0, 0

al | oyi regsedlvadenityery} Gieéﬁsmlmyuha@femspntsn;stmemdem@dyubuhbmltim -baged oy Ru-X-0oom

t enper gt ur.e .above. over, allo netic or weakly
nmagnet ?% ‘(‘E’egj‘ is 3 PPHY size T @‘50'1%’8&95' % ﬂ't 3}"1%3 ]ityge 9"% ﬁ’gﬁ kg). For

i ncr easiivging BRn@nAXI S

10044]  To act as a grain size refiner, the alloying element X needs to have substantially no
solid solubility (e.g., < 10 a1.%) in HCP phase ruthenium at room temperature or above.
Moreover, the alloying element X is non-magnetic or weakly magnetic (e.g., with a mass
susceptibility of < 1.5 x 107 m?/kg). Finally, alloying element X is added to the ruthenium-
based underlayer 105 in any amount in excess of its maximum solid solubility limit in HCP

phase ruthenium at room temperature or hitgher.

[0045]  Lattice misfit reducing alloying element Y nceds to have some solid solubility in
Ru at roosn temperature or above. Moreover. alloying element Y is non-magnetic or weakly
magnetic (e.g., with a mass susceplibility of < 1.5 » 107 m'/kg). For increasing the a-axis
Iattice parameter in the ruthenjum-hased underlayer 105, alloying element Y needs to be an
element having an somic radius greater than that of ruthemum. For decreasing the a-axis
lattice parameter in the ruthenium-based underlayer 105, alloying element Y needs to be an

element having an atomic radius Jess than that of ruthenium. Finally, alloying element Y is



| attice paraneter in the rutheni umbased underlayer 105, alloying elenment Y
needs to be an elenent having an atom c radius greater than that of
rut henium For decreasing the a-axis lattice paraneter in the

rut heni um based underlayer 105. alloying element Y needs to be an el enent
having an ;atom c radius |less than that of ruthenium Finally, alloying
element Y is -13 .e added to the rutheniumbased underlayer 105 in any

anount not exceeding its nmaximum solid solubility limt in HCP phase

r ut herfdGsd @ihe B@?ﬁlﬂ@ﬁﬁéﬁétﬂﬂﬂ@lwr HiSgheny amoeu 63t Basdchgoits mivememcr i ter i a,
Tableglpg(qu { | SQr grain size refining alloying

el enent ' d ﬁsnﬁvgeﬁtr% m?e"#rﬁgi u@lnn:g RN pmugfghﬁﬁ[’ 'v: Table 5 Grain Size
Ref i ni ng Lattl ce Msfit Reducing Lattice M sfit Reducing Alloying Elenent X
Al | oyi lR846E emmed oh tiebaogritenp, Elablmén:tm\)fdcs(aﬂm oiRtapdidates Pér @f o sikk refiding. /0 B

(2-50 aq]tm%%&%gag# %}?tl ﬁ‘(f)’/‘: %&?M eng %an@)% &_Fg‘?'?‘a“ .%Sc (0-2 a(.9% C (0-3

at. 9% Oat %9 Si (up to 50 at.
(0-31 at.% WM (up to 50 at.%9 Zr (0-2 at.% Cu (up to 50 at.% Nb (0-29

at.% Ge uto 50 at. % (up to 50rme% Se (up to 50 at.% Pd (0-17 at.

% V
7

Zr (2-50 at.
-% Lu

%La (0-2 at.

%

Ag (up to 50 at.

%Oe(OZat% Sn

(up to 50

(0-3 al.% _ Yb
b CaaiSize !
Alloying Element X

tofining 0.

48 A’Eﬁoy%g ERfeht®
(for Pt > 14 at.%)

t . anvkeisid REGudTE

E‘ztn{‘hlh‘l'lsi‘ PReduE)
g ﬂfeuﬁ 9g
(!'or Pt < 14 a.%)

% Ta (0-28
11. %

B (2-50 2.%)

Al (0-4 al.%)

B (0-2 at.%)

C (3-50 at.%)

Sc (0-2 at.%)

C (0-3 al.%)

Al (4-50 al.%)

Ti (0-14 ai.%}

Cr (up to 50 at. %)

S1 (up to 50 at.%) V (0-31 a1.%)
Mn (up to 50 at.%) Zr (0-2 m1.%)
Cu (up to 50 at.%) Nb (0-29 a1.%)
Ge (up to 50 at.%) Mo (up to 50 21.9%)
Se (up to 50 at.%) Pd (0-17 a1.%)

Zr (2-50 a1.%)

La{0-2 at.%)

Ag (up to 50 at.%)

Ce (0-2 a1.%)

Sn (up to 50 at. %)

Lu (0-3 a1.%)

Yb (up to 50 al.%)

HIi(0-3 a1.%)

Lu (3-50 at.%)

Ta (0-28 al.%)

Hf (3-50 a1.%)

W {0-48 m1.%)

Re {up to 50 al.%)

Ir (0-49 1%

Os (up to 50 at.%)

PL(O-2Y at.%)

Au (up to 50 at.%)

Bt (up to 50 at.%)

Th (up to 50 at.%)

[0047]

Undcrlayer 105 may be sputter deposited from a sputter target such as sputier

target 200 in Figure 2 according to one embodimeni of the present invention. Like

underlayer 105, sputter target 200 may include ruthemum (Ru), a gran size refining alloying

element X, and a lattice misfit reducing alloving clement Y. To act as a grain size refiner,

the alloying element X needs to have substanniiatly no solid solubility (e.g., < 10 a1.%) in

HCP phase ruthenium at room temperature or above. Moreover, the alloying element X is

. . - - .73
non-magnetic or weakly magpetic (e.g., with a mass susceptibibty of < 1.5 x 107" m'/kg).

Finally, alloying efement X is added to the sputter target 200 m any amount in excess of its

maximum solid solubility limit in HCP phase ratheninm at room temperature or higher.



OCs (up to 50 at.% Pt (0-21 at.% Au (u to 50 at.0/0) (up to 50 at.% Th (u
to 50 at.% 100471 Undcrl ayer 105 may be sputter deposited froma sputter
target such as sputter target 200 in Figure 2 according to one enbodi nent
of the present invention. Like underlayer 105, sputter target 200 nmay

i nclude ruthenium (Ru), a grain size refining alloying elenent X, and a
lattice msfit reducing alloying clement Y. To act as a grain size refiner,

the alloying element X needs to have substanti al L;{Yﬁ no solid solubility
(e. g. Latdcy gt redpcing allpyipg glessat Yineesine bave seme 5ol oﬂtéxrb'efrraﬂiurweroorn above.

P ek P Gy R M SR g (29

el eme(g Xvilb aarchsleshsteptﬂaﬁﬂysﬁﬂtltSe* 16 éméyeg) FoPincreaginy Umnmdanis Jattiteexcess of its
maxi mum sol i d sol ubil i H% limt in ?se rut hcni unu at room tenperature
T

or hi giameter na puthenypsbsedpinger] %HWPHEIE% PP dArestedl. MBeds to have sone
sol i deRgleHPY hkbdt b Be%eﬁheﬁﬂ%nﬁ(ﬁ%ﬁlenﬂﬁlﬁ gﬁ’éwe@%\ﬁq}:atwrrﬁﬂt\!rﬁﬁm al I oyi ng

element Y is non-magnetic or wea magnet | ¢ a nass
suscefor dgcrdasipg dlie acaxis B!ttxcemrammﬁkg)mh#mm -based @nddriager dpstieredfvm | atti ce

o1 ayehg s bPacaft DBRdA AR B RPN R R RGE R oGk PR s orat or

than thatthfiof AhdRithU FinallFallotiagehashNy i$ fikedrobplber 1aighi 20D iRgh@AMELEr in a
rut heni um based underl ayer sputtered from sputter target 200, alloying

el eme ROV gXCeEG B oS FXETEHERHd subilHYy liawt a6 phasaheiyreasroomhan t hat of
rut hen I alloying elenent Y is added to sputter target 200 in any
anountérlr.‘ll%%ra‘g{(egggk ﬁ{; its maximumsolid solubility Iimt in HCP phase

rut henium at room tenperature or higher. 10048) Wile the present invention
has bd@M8har Winld the b;csdﬂs'lmebbedhw'uetn pefaleiycesdibed hath rvfardnoe® theé gur es and
enbodi nents, it s ouId be dt t.h are f stration

o poSBEOt IS O SHUE RS SR ARE RN o Y Fhedf FisdSEUBREAR ¢ he

I nventgugbsesldigy end@ouldenot Barhyecmdﬂ}aﬁmvx@yr& st@pel JTRl SRR ohh @ herdviRiytbieon.  For
exanple, the present invention nmay be applicable to |ongitudinal magnetic

r ecor dMYy. ol AYAYF 1 inppleRent the ‘Pté"é’éfPﬂl Ry g apele. thepresgy invention may be-

applicable to longitudinal magnetic recording. Granular magnetic recording layer 106 may
be any CoPt-based magpnetic layer with or without oxygen. A media stack may inc¢lude more
. or less layers than those shown in Figure 1. While a round sputter target 1s shown in Figure
2, a sputter target may be in any number of other shapes, such as rectilinear, solid or hollow
cylindnical, or nearly any other shape. Many changes and modifications may be made to the
invention, by one having ordinary skill in the art, without departing from the spirit and scope

of the invention.
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be any CoPt-based magnetic layer with or wi thout oxygen. A nedia stack may
include nore or less |layers than those shown in Figure 1. Wiile a round
sputter target is shown in Figure 2, a sputter target may be in any nunber
of other shapes, such as rectilinear, solid or hollow cylindrical, or

near IWhamyclaitdedris:shape. Many changes and nodi ficati ons may be nmade to the

i nvention, by one having ordinary skill in the art, wthout departing from
the spirit and scope of the invention. 15 Wat is clainmed is: 1. A magnetic
recordi ng tedi um magmet irsiording mefliuns icompsising:conpri sed of ruthenium (Ru) and
an alloying ele t, the alloying el enent selected fromthe group consisting
of boron (B), aP thc?lﬁm%e‘i@géﬁh‘?ﬁw 1) and; ancadloyigetemant, zi r coni um (2r),

ni obi um (Nb), L. ag: %Qr ﬁg}&lﬁ? gnvﬂgﬂﬁa ! ' (Lu),
and haf ni um (HP?‘F aﬁﬁgﬁg}e]]@@g%tnsglegﬁgmn mre) es nctonlgln e b% ﬁ?l)s(tB)’l Egﬁl/ﬁdulmr? an
anmouniAlnctaretume €86 ) Nigfamusali )i zirsomivunb (Zn) tniobiumi(Nby fpalldtium  Pdly lanthaahre et i n
hexagonal e- pac H ha rut henium (Ru) at or above room
teme@é%@eiame%ﬂ‘@%ﬁ&g%%ﬁ%mﬁﬁmi ng medium of claim1, further conprising
a substrate, a : ' . Ran=Tolp il -acor di ng
medi um of cl ai mﬁgsﬁ%gggﬁﬁl? ﬂ@@%ﬁ @?ﬁg}%%g%&?ﬁaﬁug@&r educ?Hr?gapslOgtlt8 tice

m sf i solubelitywdmmit ofwhe Bllowhg Elayrent ialdxidoaalndopeqiacked @&, phagetruthenium (Ru)

at or above room temperature.

2. The magnetic recording medium of claim 1, further comprising a substrate, a seed

layer, and a magnetic layer.

3. The magnetic recording medium of claim 2, wherein the alloying element is for

reducing lattice misfit between the first layer and the magnetic layer.
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