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

per pendi cul ar magnetic recordi ng. BACKGROUND OF THE | NVENTI ON 10002) To
satisfy 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 ratio) peEIPABNKMAUOLOYMAGNERICMEDIAItY in a granular
magnetic | ayer of a magnetic nedia stack Tor PMR 100031 Additionally,
close lattice matching between aAND/SPHIINTER TAR&GHEEYer 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 medium having a ruthenium based underl ayer is provided. The
under | ayer FIBLD@PTHEONWVENTUONENni um and a weakl y-nmagnetic al |l oyi ng

el enent. The alloying el enent may be for refining grain size, when it has
little or no solid solubility in hexagonal cl ose-packed (HCP) phase Ru and
i s present 184914 he Thepagsentnyentzavoganeralky reletesds spetigriangessmdbnagneyic ragpeding
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anount not nepaedieadrds e&ﬁHblbbérFE;YdicﬁﬁBﬁmag]hawﬁ@orﬁhﬁgﬁmnt may be for both
refining grain size and reducing [attice msfit, where it has sone solid
solubility in_HCP phase Ru _and is present in the underlayer in an anmount in

excess of EHHEKGRQUIND @ THE &NV PMNyer may alternately include ruthenium

and two alloying elenents, one for refining grain size, the other for
reducing | ghddge Mrdahibey (RDESHIRANE %’i‘EFﬂ}rSe ¥ bl eatdTRIG VG0 DE cShARNHs: hi
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magnet i c r éensigli mggnetic recording media are required. Of the approaches to achieve this high data

density, perpendicular magnetic recording (PMR) by far appears to be the most promising. It
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-1o-noise ratio)
performance and high thermal stability in a granular magnetic layer of a magnetic media

stack for PMR.

[0003]  Additionally, close lattice matching between a crystaliine underlayer and the
overlying granular magnetic layer is desirable 1o ensure a nearly defect-free interface to

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

[0004]  In accordance with the present invention, 2 magnetic recording medium having a
ruthenium-based underlayer 1s provided. The underlayer 1s compnsed of ruthenium and a
weakly-magnetic alloying element. The alloying element may be for refining grain size,

when 1t has little or no solid solubility in hexagonal close-packed (HCP) phase Ru and is



medium Alternately, sputter target conprised of one of the rutheni um based
all oys described above is provided for sputtering an underl ayer in a
magneti ¢ recordi ng medi um. 100051 According to one enbodi nent, the present
invention is a magnetic recording mnedium The magnetic recordi ng nmedi um
includes a first Iayer conprised of rut henium (Ru) and an aIoning el enent .
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[0006]  The underlayer may further include a second alloying element. The second
alloying element has a sohd 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
sputter target in an amount not exceeding the solid solubility limit of the second alloying

element.

[0007]  According to another embodiment, a magnetic recording medium of the present
invention mcludes a first layer comprised of ruthemum (Ru) and an alloying element. The
alloying element is selected from the group consisting of boron (B), aluminum (Al),
scandium (Sc), titamum (T1), zircomum (Zr), mobium (Nb), palladium (Pd), lanthanum (La),

cesium (Ce), lutetium {Lu), and hafnium (Hf). The alloying element 1s present in the {irst



100091 According to yet another enbodinent, the present invention is a
sputter target including ruthenium (Ru) and an alloying el enment. The

al loying elenent is selected fromthe group consisting of boron (B),

al umi num (Al'), silicon (Si), manganese (M), germanium (CGe), selenium (Se),
zirconium (Zr), silver (Ag), tin (Sn), ytterbium (Yb), lutetium(Lu),
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[0010]  The sputter target may further includes 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
sputter target in an amount not exceeding the solid solubility hmnt of the second alloying

element.

10011]  According to yet another embodiment, a sputter target of the present invention
imcludes ruthemum (Ru) and an alloying element. The alloying element is selected from the
group consisting of boron (B), aluninum (Al), scandium (Sc). titantum (T1), zircomum (Zr),
niobium (Nb), palladium (Pd), ianthanum (La), cesium (Ce), lutetium (Lu), and hafnium

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



practice of the invention. The objectives and ot her advantages of the
invention will be realized and attained by the structure particularly
pointed out in the witten description and clains hereof as well as the
appended drawi ngs. 100141 It is to be understood that both the foregoing
general description and the followng detailed description are exenplary

and expl angt.ory. an i,ntended to -pravide rther ation of the
vent Don 0y Pl ' Gt B R b B B g o bt e BEPLE0 Bty fgnhut
acconpany{rg fdioavbigSooteberbifel Ncl uded to provide further understanding
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claims hereof as well as the appended drawings.

[0014]  1tis to 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 incorporated in and constitute a part of this specification, illustrate
cmbodiments of the invention and together with the description serve to explain the

principles of the invention. In the drawings:

[0016)  Figure 1 illustrates a magnetic recording medium according 1o one embodiment of

the present invention;

[0017F  Figure 2 illustrates a spulter target according to another embodiment of the present

mvention; and



underl ayers with or w thout other non-nmagnetic or nmagnetic |layers, such as
| ayers 102 and 103, disposed on substrate 101. Media stack may further

i nclude a Tube | ayer and a carbon overcoat with or w thout other nagnetic
or non-magnetic layers, such as |ayers 107 and 108. (00221 An
oxygen- cont ai ni ng CoPt-based granul ar nmagneti c nedium nmay be used in

magnetic r di | ayer 106.. The ox n in magnetic recording |ayer 106
forms an  WAEIohotigutat ok ﬁ@sg?tﬁs%saaﬂaaﬁw%aP@ﬁ}s IBHiSF BB ng
the grain ] g t o j hif Wt [

[ ayer 106, 08 e R b e 2 SR Pl Bt L Bir A e

may al so b tHeposéiteniephot.op of this granular nagnetic recording |ayer 106,
to adjust the Ms (saturation magnetization), commensurate wth the head

design. T Iy i [ 106 may be deposited on a
weakl y- mg‘ﬁ&qﬁ@fﬁ?ﬁ%@?ﬁﬂﬁdoﬁﬁgﬁ%&%ﬁf@% ne (HCP phase) underl ayer,
such as underlayer 105. which acts to enhance the Co [0002] texture of the
CoPt - basedjognepul B 1he TRENEHE AelR60 GHIRGHtILAVRIMEBEs dgtcAicid BRLAOkt forth 1o
perpendi cular to the plane rn which the nmagnetic recording |ayer 106 |lies,

t her eby coprovidsut fluHgntersandegyof theprepent peyedtionl Hrwididespperspy hoyetO0RBdneA

crystalline underl.ayer. with refined grai.n si.zes uch _as underl ayer 105, can
ot ent al 15 BTy PRtEhE"hE A i OEPRRoRBlit B Wrtaliicst MiignERerhe of Bese
recordi ng &myatc d@bls. depost itthnesd, Waxiidldwh Sfuct@Bs Md febhnididsha0t heCheegan be
enhanced when underl ayer 105 conprises an alloy of ruthenium (Ru) and a
grai n si zeshaf mideggibloanentuxecersaralytobsenrmeghaipresentiipeentiohi ner, the al | oyi ng
el enent X needs to have substantially no solid solubility (e.g., < 10 atom c
per cent (eﬁooﬁﬁ) jn ﬂchphase rut heni um at or above roomtenperature. This
insolubility || "perrrt the alloying el ement to form anor phous grain
boundaries in the ruthenium based underl ayer 105, thereby confining grain
growt h dur [eap1$pulFigie nghatraidie mapdae rédoeding GvedinsacibERaid6erding RY6HeS .

100241 Moreover, the alloying elepent X i s non-magnetic. or weakly nmagnetic
(e.g., wi tEmbadiment okihs pEssERtHNY sRliprotA Befiastackigych apmeiagfackgdamaxctdr ¢
and the ab i {8, a, . S t.s |

xcel ont S AL, eRisg B AhinBHA s (s ARG TPR ™ e dgh o35

exanpl e, ahtappetgreebdimeinyot 10y Nedianwackbi@0 efayldscanckiBy pnabumorssaf( Al ) |
silicon (Si), manganese (M), germanium (Ge), selenium (Se), zjrconium (Zr),
si | ver (Ag}l}lderﬂqYﬁ%(\@m or WHRQHRFhReRE asnelt 8f W?‘Lﬂ})a}’ef% kb aﬁia@FF)l,O%@géq- um
(Cs), gol d10AWispbd BN EdbsirRic) 101. Media stack may further include a lube layer and a carbon

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

[0022]  An oxygen-containing CoPt-based granular magnetic medium may be used in
magnetic recording layer 106. The oxygen in magnetic recording layer 106 forms an
amorphous hard brittle grain boundary region, thereby confining the grain growth and
refining the grain size in the magnetic recording layer 106. Other CoPt(Cr)(B)-based
magnetic layers of low or high moment may also be deposited on top of this granular
magnetic recording layer 1006, to adjust the Mg (saturation magnetization), commensurate
with the head design. The granular magnetic recording layer 106 may be deposited on a
weakly-magnetic {almost non-magnetic) crystalline (HCP phase) underlayer, such as
underlayer 105, which acts to enhance the Co [0002] texture of the CoPt-based granular
magnetic recording layer 106 in a direction perpendicular to the plane in which the magnetic

recording layer 100 hes. thereby contributing to a very high perpendicular anisotropy.



or thallium (Th). Table | Atomc Atom c Crystal Mass

No. Radi usStructureSuscept. Solubility in Ru (10-g nB/k
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rut heni umyBas&ther, the alloymg element X needs to have substantialty no solid solubility (e.g.,
< 10 atomic percent (al. %)) in HCP phase ruthenium at or above room temperature. This
insolubility wall permit the alloying element to form amorphous grain boundanes in the
ruthenium-based underlayer 105, thereby confinming grain growth during sputtering of the

underlayer 105 and subsequent Jayers.

[0024]  Moreover, the alloying element X 1s non-magnetic or weakly magnetic {e.g., with
a mass susceptibility of < 1.5 x 107 m*/kg). Based on this and the above criteria, elements
such as the elements in Table 1 are excellent candidates for grain size refining alloying
element X. For example, alloying element X may be any one of boron (B), aluminum (Al),
silicon (S1), manganese (Mn), germamum (Ge), selenium (Se), zircomum (Zr), silver (Ag),

tin (Sn), ytterbium (Yb), lutetium (Lu), hafmum (Hf), osmium (Os), gold (Au), bismuth (B1)
or thallium (Th).



under | ayer 105 in any anmount in excess of its maximumsolid solubility limt
in HCP phase rutheniumat roomtenperature or higher. 100261 Underl ayer 105
may be sputter deposited froma sputter target such as a sputter target 200
in Figure 2 according to one enbodi nrent of the present invention. Like
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10025]  The grain size refimng alloying element X can be added to the ruthenmium-based
underlayer 105 in any amount 1n excess of 1ts maximum sohd solubility limit in HCP phase

ruthenium at room temperature or higher.

[0026]  Underlayer 105 may be sputter deposited from a sputter target such as a sputter
target 200 1n Figure 2 according to one embodiment of the present invention. Like
underlayer 105, sputter target 200 may mclude ruthenium (Ru) and a grain size refining
alloying element X. To act as a grain size refiner, the alloying element X needs to have
substantially no solid solubility (e g., < 10 atomic percent (at. %)) in HCP phase ruthemum at
or above room temperature. 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
1s added to the sputter target 200 in any amount in excess of 1ts maximum solid solubihity

limit in HCP phasc ruthemum at room temperature or higher. Alloying element X 1s present



(0030] To mnimze the lattice msfit between underlayer 105 and the
magnetic recording |ayer 106 di sposed on top of it, underlayer 105 may
conprise ruthenium (Ru) and a lattice msfit reducing alloying el enent Y.
It is evident fromFigure 3 that, if the platinumcontent in the magnetic
recording layer 106 is less than 14 atom c percent (as apparent fromthe

| i near extrapolation of the lattice paraneters of Co and as per Vegard's
| aw), the'M|the BREET g pn AE@uB fige PéwSﬁbdétﬂéhﬂmllmﬂn%feih@atl@ylna@temn“n

atom ¢ I aghySol Wk ﬁaﬁ@t&dt('ﬂﬁp)%msé Hhbe ’Z}zagﬁ diiBafd RS %at%{] t he

pl ati num content netii'c recor an 14
atom c percent, the lattice msfit redum ng alloying elenent Y needs to have
an atom WoR2HI ud. hRgh¥r than that of ruthenium S 10031] The lattice msfit
reduci ng alloying clenment Y needs to have sone solid solubility in Ru at

room t enper e.or .above, s that it for .solid solution with ruthenium
and therﬁ)&ggﬁom iHapRe pgah oy f tﬂ“éfhie» teéf?t”i (v b‘“%‘éPgtP&%Fseat MYRBEET BFBPE 105.
The |attiggsfhgfivin Je@éta%erte (R nAYhIR r@taaﬁ@bmglaaa $60 nﬂﬁtrﬁﬁgﬂﬁ&bﬁ 6N
weakly magnetic (e.qg. a nmas suscept | Ity of < g).
Based on fhPsbased gt:ttmt:&bnagxebcmoerdaag itvee 166 endzpbstdadon tﬁphﬂfesHQPahmheS are

excel l ent candi dates fo att i.t reduyci | 1.oyi n | ement Y. 10032]
For a CoPt“E al?t’é@‘h%’t‘ ayelc Orsdlfg%p{aHV%‘?‘ p}gs‘i UPIgIn EHALALTRRI ¢ he
lattice ératmreeméqn@&gataln%ﬂ'o@gla?ilnﬁﬁpiﬂtcogal?@ﬁ'ﬁ§%ﬁ1@icmtﬁﬁc}%§ﬂﬁn€aﬁ l41S

| ower than t'hat of ruthenium so'that the a-axis ttice paraneter in the

rut heni unpixasac by ¥eghalyekw) Ot jagiccedustied. of Tabne gletprrowirdesy laydri 196. dﬁgure 3
el ement s i ch '

have an atom c ra]dl us | ower than.t %%L rut heni um réel
| ower t han Ci“’%@eﬂ)a"é‘h%l“g WHF 31401 REICGPHEYN AF 0V é-deide Raghsticderodinglayer’
lattice mygfy Jaryih@P%aiHaeh &biouni ng el ement Y. For exanpl e, alloying elenment Y
may be any one of oron (B), <carbon (C or chromum (Cr). Table 2

At om cAt om cCrystal Mass Solubility in Ru Suscept. No.RadiusStructure(10-R

m8/ k ) B4G0V@AR 1%@@@2@@,&(1:11@5@@)11 g mn@glsualgké()gz'i'g used for perpendicular magnetic

60. 7700 A%?&;%g?gﬁﬁ) 8’1 %}Pt bagés Ina e?i(ca-errding layer 106 should be in the HCP phase
with a strong out-of-plane onentation along the [0002] direction. A ruthemum-based
underlayer 105 enhances the crystalline structure of the magnetic recording layer 106 1f the
HCP [0002] planes of ruthenium are onented parallel to the interface of underlayer 105 and
magnetic recording layer 106. However, any lattice rmsfit at the interface contnibutes 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 underlayer 105 and the magnetic recording
layer 106 disposed on top of it, underlayer 105 may compnse ruthenium (Ru) and a lattice
misfit reducing alloying element Y. 1tis evident from Figure 3 that, if the platinum content
in the magnetic recording layer 100 1s 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 lattice
misfit reducing alloying element Y needs to have an atomic radius lower than that of
rutheniumi. On the other hand, 1f the platinum content in the magnetic recording layer 106 1s
higher than 14 atomic percent, the latice misfit reducing alloying element Y needs to have an

atomic radus higher than that of ruthentum.

[+
1



Cr241. 28BCC4. 4552. 5(1610C), 40% 300C) 100331 For a CoPt-based nagnetic
recording layer with > 14 at.%platinum the lattice msfit reducing

al l oying el enent Y needs to have atomi c radius higher than that of ruthenium
so that the a-axis lattice paraneter in the rutheni umbased underlayer 105
I's increased. Table 3 provides a list of elenents which have an atom c

radi us higher than that of ruthenium (e.g., higher than 1.30 A) and satisfy

the oth - |.bed.criteria for latti 1 STt duci | Qv -

el erent - IRREY o TR LO il il B uRband Yeink Bty cuReeSem e wiIb R )
scandi um (SR ) at fdomltnrflic)or %80&dbURMGMorm& iyl ©aisti6AMWith MRRiuAMAND) ,
nol ybdenum (M), palladium (Pd), |anthanum (La), cesium (Ce), lutetium

(Lu), haf Hrashy(pedifies fistiatplime @Tayicex pmgseten of yderlayerd Qm [hertpttise npstt i num

(Pt). Tabl e, 3- At opi ¢ At oni rystal _Mass  No. Radi,usStructureSuscept .

Sol ubi 1101 R R S el BB b R s
Sc211. 6FCGBs BBk 1.5]0307 wbhe( RBhscld o2 @ils 4vHER4beeld¥eid 885 Ekments in

2. 5% 600C) V231. 36BCC6. 2831 % (1790C), 17% 7000 Zr401.6HCP 1.661. 9% 1715C),

_] sol ubl e(lablye) g B1are 47RUCR! grEotaeE7gr biticesygs{hoaigying alloying element Y.
Mb421. 4BCCl. 1751. 5% 1915C), 38% RT) Pd461. 37FCC6. 5717% 1583C), 1% 600C)

[0032]  For a CoPt-based magnetic recording layer with < 14 at.% platinum, the lattice
misfit reducing alloying element Y needs to have atomic radius lower than that of ruthenium
so that the a-axis lattice parameter in the ruthenium-based underlayer 105 1s 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 ailoying element Y. For example, alloying element Y may be any one of boron (B),

carbon (C) or chromium (Cr).

Table 2
. . Mass
A;:’m]c ;;u:;?lc S?rysttal Suscept. Solubility in Ru
0. adius ructure (10_3 m3lkg)
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 layer with > 14 at.% platinum, the lattice
misfit reducing alloying element Y needs to have atomic radius higher than that of ruthenium
so that the a-axjs lattice parameter in the ruthenium-based underlayer 105 1s 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 lattice misfit reducing
alloying element Y. For example, alloying element Y may be any one of alumunum (Al),
scandium (Sc). titanum (T1), vanadium (V), zircomum (Zr), niobium (INb), molybdenum
(Mo). palladium (Pd). lanthanum (La), cesium (Ce), lntettum (Lu), hafmum (Hf), tantalum

(Ta), tungsten (W), indrum (Ir) or platinum (P1).



La571. 87HCP1. 022% 1431C),

Lu711. 73HCPO. 122- 39 1250C),
| nsol ubl e(RT) Ta731.47BCCl. 0728% 1667- C),
W41. 41BCC0. 3948% 2205- ),

Pt 781. 38FCCL. 2221% - 21 00C),

| nsol ubl e(RT) Cc581. 82HCP222% 1400C) ,

| nsol ubl e( RT)

| nsol ubl e(RT) Hf 721. 59HCPO. 532- 3% 1200C),

399% 1500C) Jr771. 35FCCO. 2349% 2334C) ,
2094 1000C) 100341 The lattice msfit
alloying elenent Y can be added to the ruthenium based underl ayer

209 750C)

45% 800C)
reduci ng
105 in

any anount not exceeding its maxi mum solae 3ol ubi | i ty limt in HCP phase

r ut heni u

m-at_roomtenperature or higher. 100351 Underl ayer 105 may be

sputter deposhi&Hicdf rqm,ﬂ,,gputterc :get such B@asﬁputter target 200 in
Figure 2 acclording ? cgzt p(tmgf t he Bustepht ijnvent Solbilifyke Ru
under | ayler 1[5, sputter ar nel @6& mikgleni um (Ru) and a lattice
m sfit reduc)ngl3 al| oyiing. eI emsr}ft(;@’ Lat [ice giafit reduonod )l v@rTNg
el enent Vspepds;fo havg gsong sol Ig-cSol ub I|ty3|gn RU™ &, 1900 ¢ CTRE IR T) O
TSI 0 L G R e AL B Wi o e o
t he ai ax SV! ?i qar!q QB(:E;} hnm m- b @é ’la7r90 C)lflijﬁ/?(zaﬁbﬁ‘)
sputter .a?r’gat 390, | al féyi n eI emdhlP Y nebds tbfhe an bPEREHS RAvi ng an
atomic radius greater _thanjthat of ruthenium For_dedmneaablatfO0re) a- axi s
lattice patbapetélr in alrdit heni umB@€ed underlayber spuldXerEACHrBa019pME)er
target 2DMo al 1 9yi ng eliefrent Y neRds to be an elenent| 5hsi g 5a0), 3ROFRT)
radius | egg | haﬁlf,t hat —qfs7 uf heni upgCATToyi ng &} ewrent [Y;7-51346€0), T9@&0PC) L
sputter rget épu Mgy anount [pp exceedi gy bis ~TTEXA TR o &]D;imbllé(km)ty
limt in P rtth "'li - at—f; m-tenperatuse—or—ni S iy 0036
100371 T“ﬁlﬁrwn S ai nI tg i r eI IJ@E:‘H’ herlembhodicnent % 4 0 I]L%QIUbTe(R‘T’j
venti oh ey bal illudtihred wi tHCPet or choe ROST ISR Q°9.dnseInbl e ReE)
stack 100 Hf | usf’?at ed thet ein. A HEBpt - based gf-ahul ar ??éé{n@tzﬁ)@ @ecor di ng
| ayer 106 is|deposited on top of a HCP rufheni um Insoluble(RT) -

Ta 73 1.47 BCC 1.07 28%(1667°C), 20%(750°C)

W 74 | .41 BCC 0.39 48%(2205°C), 39%(1500°C)

Ir 17 1.35 FCC 0.23 49%(2334°C), 45%(800°C)

Pt 78 1.38 FCC 1.22 21%(~2100°C), 20%(1000°C)

[0034]  The lattice misfit reducing alloying element Y can be added to the ruthenium-

based underlayer 105 in any amount not exceeding 1ts maximum solid solubility limit in HCP

phase ruthenium at room temperature or higher.

[0035]

Underlayer 105 may be sputter deposited from a sputter target such as sputter

target 200 1in 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. Lattice misfit reducing alloying element Y needs to have some solid

solubility in Ru at room temperature or above. Moreover, alloying element Y 1s non-

magnetic or weakly magnetic (e.g.. with a mass susceptibibty of < 1.5 x 10 m*/kg). For

imcreasing the a-axis lattice parameter of a ruthemum-based underlayer sputtered from

sputter target 200, alloving element Y needs to be an element having an atomic radius greater

than that of ruthemum. For decreasing the a-axis lattice parameter 1n a ruthemum-based

underlaver sputtered from sputter target 200. alloying element Y needs to be an element

having an atomic radius less than that of ruthemum. Alloying element Y 15 added to the
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based underl ayer 105. Underl ayer 105 may conprise ruthenium (Ru) and a
single alloying elenent Z that can act as both a grain size refining
alloying elenent and a lattice msfit reducing alloying elenent. This
single alloying elenent Z may act as a lattice msfit reducing elenent if
the alloying element Z has sone solid solubility in HCP phase Ru at room
tenperature or higher and therefore forns a solid solution with ruthenium
thereby sapfiercerssg 2P & anaansuntat priscpagdisenermuThsdidsiohdiiitydimayn HgP

el ement th?é'nﬁin%ﬁuﬁ\ &ﬁpq rgﬁr)éal, ‘Qrff S ﬁ]gh{ Lfiner if the alloying element Z is
SO

added infeéxeeSs of 1ts g., in excess of that solubility
limt by as nuch as 10 at.% . In another enbodi ment, Z may be added in
excess of{0D86) soBubRwZy limt by any anmount (e.g., by not nore than 10 at.%
or by nore than 10 at.%. (00381 For increasing the a-axis lattice
paraneter in_the rut heni um based under | ayer 105, gle al|oying element Z

needs to B83%h el SHBRE 3EANING AFF brooRier F%rpﬁgne@ﬂ eztlerprmahlw‘fﬁ%eﬂmbm«w be
rut heni U”i!uuﬁ%eﬁ‘%g@% ér@ﬂ:e IQ%(%I?’IQ%l‘}e?IC r@é&r}iﬁ)‘g héalia El?'i 06 ﬂgki}ﬁte therein

rut heni um based un ayer ngle all6ying e errent nee sto be
el ement h@uPngasan gafnrmmrmmaﬂiiu&cbahsg ndmnlll)(ha;tdepoinerdLmhep|olﬁmH(C1®ﬁ39¢m{l'rlhe

single alloying elemeb 3 ma netic or. weakly %életlc ? vmtha
mass suscePEf PPttt U %r'aly@r awfmpeegeaheﬁuw éﬂ‘élatsﬁ'é aHlvan

criteria, elEH)%nfstQHﬁ'}taﬁ act a@ b-[)ﬁp.la Bratn §2€ r81h % l‘?&tm @Qmeﬂﬁﬁﬁ% ta?t‘]cesrhﬂﬂ _

alloying elenment Z for refining~grain size du0| ng Ice msilt. For
exanpl e, sidnging -dlolyow aigneiteﬁmmsng!myojaagamammé 10fy baren lﬁlB):e, midar bon (O,
' ani u adi u m um (Cr)

| d :
gi ?L“OEE‘L“ %@zwg ?rﬁe%tﬁﬁh%%@}wn&eﬁvm S(S%)e SOBQISP@BI'{EW? Hﬁ“)" FﬁPé?]RHéhum
(La), ces FdHMh é&%&rm&@em hh@ﬁ%ﬁ%‘ﬂ\?Wi‘%@é mrHl@a(s%%gl)solutlnﬂﬂt\ﬂllym}(e-ﬁﬁ)m 1591%9§t en

(W, |r|d|um pl at rnum ( . -11 Tab tomc Atomc Crystal” Mass
No. Radi us Sffedotamesusiséptice pnrameier This single al]oymg element Z may also act as a grain

size refiner if the alloymg element Z is added in excess of its solubility liiit (e.g., in excess
of that sohubility Iimit by as much as 10 at.%). In another embodiment, Z may be added n

excess of 1ts solubthty himit by any amount (e.g., by not more than 10 at.% or by more than

10 at.%).

[0038] For mncreasing the a-axis lattice parameter in the ruthenium-based underlayer 105,
single alloying element Z needs to be an element having an atomic radius greater than that of
ruthemum. For decreasing the a-axis lattice parameter in the ruthenium-based underlayer
105, single alloying element Z needs to be an element having an atomic radius less than that

of ruthenium.

[0039]  The single alloying clement 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 criteria, the elements
in Table 4 are excellent candidates for single alloying element Z for refining grain size and
reducing latice misfit. For example, single alloying element Z may be any one of boron (B),
carbon (C), alumimum {Al). scandium (Sc), titanium (T1), vanadium (V). chromium (Cr),
zircomumn (Zr), niobium (Nb), molybdenum (Mo}, palladium (Pd), lanthanum (La}, cesium

(Cey. Jutctium (Lu). hatniom (HI). tantalum (Ta), tungsten (W), indium (Ir) or platinum (Pt).
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Solubility in Ru (10-8 nB/k ) B40.97RI - TOMB- 0. 872% 1660C), ] nsol ubl e( RT)
C60. 77D AMOND- 0. 623% 1940C), | nsol ubl e(RT) A] 131. 43FCC0. 824% 1920C), 1% RT)
Sc211. 6FCC8. 82% 1100C), | nsol ubl e(RT) Ti 221. 47HCP4. 2114% (1825C), 2. 5% 6000C)
V231. 36BCC6. 2831% (1790C), 17% 700C) Cr241. 28BCCA. 4552. 5(1610C), 40% 3000)
Zr 401. 6HCP1. 6619% 1715C), | nsol ubl e(400C) Nb411. 47BCC2. 8129(17740),

5% 1000C) Mp421. 4BCCl. 1751. 5% 1915C), 38% RT) Pd461. 37FCC6. 5717% 1583C),
194 600C) La571. 87HCP1. 022% 143] C), | nsolliabled RT Cc581. 82HCP222% 14000) ,

| nsol ubl ¢(RT) Lu711. 73HCPO. 122- 3% 1250C) | nsol ubl e(RT)

Hf 721. 59HCPO| g&;z 3%303 oq) Insg% Jﬂ@ Ta7Blasd 7BCGL. 0728/, (1667C) ,

209¢ 7500 Wy 1220 9% 1500@5&@771 35FCCE ot #3R4C) |
45% 8000 Pt781‘%8|::d}3 2‘21/0{ U’b 209 60081 G0401 The singl e

al | oyi ngl"gerenty 2 ¢an gag; a aeoR}fbM@e _rurnenl(ggnz baS azf%pl%%bb@ §e RiT'?

any arr_Du CI T??&beb.a U|O -H.a ILISbiLI Lt:)]ﬂ ;u SOl ué;b?l ty |.%0/1 ]94 C T'SOKI,L ?RTI)J

|

r ut heni um-at ...tc.. e H-e—or—highe 3 ex

limt by ﬁg b as | 10145 04 1004G " Undet awﬂ«g 105 n4%h'p"29nﬁ:} g (Rddnosi t e
froma sputter ?brg=t s}Lﬁ;h s spli€er target 880 in |FG(F Q0 hdewheili& T o
one enbozllTrmt 9% the preEsent i nd@aPion. Li ke 4.2hder | jal/Bh (185,°C3 plus ¥6600°C)
target 200vnay 2hcl ide 1r34 heni umK@®0) andi a sigg e al || Dk Hg7RIENEIMY(780T O
grain siyeyelipgngland jqtf{ice maf1t reducinggs Thrs $1 vdlsgoaty, QY Hho°C)

~

el enent Y 7By agh 16 HCP 1.66 1.9%(1715°C),
Insoluble(400°C)
Nb | 4l 147 BCC 281 29(1774°C), 5%(1000°C)
Mo | 42 1.4 BCC 117 51.5%(1915°C), 38%(RT)
Pd | 46 137 FCC 6.57 17%(1583°C), 1%(600°C)
La | 57 1 87 HCP 1.02 2%(1431°C), Insoluble(RT)
Ce | 58 1.82 HCP 22 2%(1400°C), Insoluble(RT)
Tu| 71 173 HCP 0.12 2-3%(1250°C), Insoluble(RT)
Hf | 72 1.59 HCP 0.53 2-3% (1200°C), l
Insoluble(RT)
Ta | 73 1.47 BCC 1.07 28%(1667°C), 20%(750°C)
w | 74 141 BCC 0.39 48%(2205°C), 39%(1500°C)
Ir | 77 135 FCC 0.23 49%(2334°C), 45%(800°C)
Pl | 78 138 FCC 122 21%(~2100°C), 20%(1000°C)

{0040}  The single alloying element Z can be added to the ruthenium-based underlayer 105
in any amount n excess of 1ts maximum sohid selubility limit in HCP phase ruthenium at

room temperature or higher (e.g., 1n excess of that solubility himit by as much as 10 at.%).

10041]  Underlayer 105 may be sputter deposited from a sputter target such as sputter
target 200 n Figure 2 accordimg 1o one embodiment of the present invention. Like
underlayer 105, sputter target 200 may include ruthenium (Ru) and a single alloying element
Z for gramn size refiming and lattice nisfit reducing. This single alloying element Z may act
as a lattice misfit reducing clement if the alloying element Z has some solid solubihty in HCP
phase Ru at room temperature or higher and thercfore forms a solid solution with ruthenium,
thereby affecting its a-axis lattice parameter. This single alloying element Z may also act as
a grain size refiner 1f the alloying element Z 1s added in excess of 1ts solubility It {e.g.. in

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



as a lattice msfit reducing clenent if the alloying elenent Z has sone
solid solubility in HCP phase Ru at room tenperature or higher and
therefore foms a solid solution Wth ruthenium thereby affecting its
a-axis lattice paraneter. This single alloying elenment Z may al so act as a
grain size refiner it the alloying elenment Z is added in excess of its
solublllty limt in excess ofthat solubility limt by as nmuch as 10 at.

I n anot hedgsthwdixsesstof 1 sppilge Iimiy by amy gaguiineek dasrotgnorettians B aipYel qrtby

' ' ML by 30¥e %%Umat(ﬁ I ar &é’m‘?&%; Ladi Q?aﬁ‘néeo ﬁﬁm%l’c? D¥uin pBls- tEq ap 10

% . For 1ncreasin he a-a tice n'a ru ent um ased

underl ayeI’unﬂﬂtlli)teeE}adtci’efcbffbmmphtteﬂ’tatg%[ geo, sa@e aBbyigh elemdno ¥l mgdeloavent Z
needs to be an el enent haV|n8 an atom c radi us greater than that of
'

r ut heni umelgpgnt JaxmgagiatgnicHadiys gigater thag thatcel yiicansr eFos ﬁecaeqsmaféﬁwmﬂoas ed
under | ayerlaﬁlB%Bl%Eq%%rflﬁg%ﬁ&%}neﬁastea 98&1@%9@ S| fo aé lugg,l HQ@&S&%
avil n an I US at

needs to be an ment atomc r ess t rut n|um

The si ngl elklimydlages|Zneds taZbe Sn BlefrefBINSH Gn @fom&eakdlys regiahitkat(c€. 9., Wi th
a nass susceptlblllty of < 1,5 x 10-7 nB/kg). X00421 4, Ru-X-Y 100431
Tur ni ng ag&iEnien-FiBepaste, a“ézmgr?éffm%rm?owmrfm@mcr% Yrbbenpoiahgdaei- ovithy be

i1 ustrated wd, £e 1to.tie etic recording nedia stack 100
illustrate tﬁégx%ﬁgﬁﬁfg Eéged granul ar magnetic recording |layer 106 is

deposited on top of a HCP ruthenlun} based underl ayer 105. Underl ayer 105
may conprij9843] t eAnaRu-X-0f heni um based alloy Ru-X- Y, where X is a grain
size reducing alloying element and Y is a lattice msfit reducing alloying

el enent . ﬁ@é ﬁ Tg act as.a ain size refi t he_al | oyi ng. el ement needs
to have sut®fdhti gPW%ﬁga‘%lﬂgﬁg‘é“Eﬂo]l FBPIDEE V“B%d@“e“‘ of s pagses INVENRRINAY BS e
rut heni um ﬁfudrﬁ@ﬁ’%@n%ﬁ%ﬁ%@ﬁ@l]@m@@f%@ Tecd}ﬁ’iﬁg%\(&fm staBE 160 hAXIrAGd ThEBRNtA X 1S

non- magnetic or weakly magnetic (e’ g., wth a mass susceptibility of < 1.5
X 10-7 nB/Kght- bﬁedgralnylarahﬂlgmyimg:cetdem@hwerxl (iﬁslsaudedletdmntthp of aﬁi@hnumnnluased

der| f it d
e P et e 0 Ob gt B FEE e Goh Bt Ry Ten S dstiat Dosti bkl ¢

reduci ng ah QyeRax e @gﬁm si¥e RERES L MobRVR | SAGR 501V asra{tulalrhllsﬁvreunc1n§J at
room tenperature or ove. Moreover, alloying clenent Y is non- magnetic or

weakly raghetingelemegt, with a mass susceptibility of < 1.5 x 10-" m /kg).
For increasing the a-axis

[0044]  To act as a grain size refiner, the alloying element X needs to have substantiaily no
solid solubihty (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 Iimit in HCP

phase ruthenium at room temperature or lngher.

10045]  Lattice mishit reducing alloying element Y needs to have some sohd solubility in
Ru at room temperature or above. Moreover. alloying clement Y is non-magnetic or weakly
magnetic (e.g., with a mass susceptibility of < 1.5 x 10"/ m’/kg). For increasing the a-axis
lattice parameter in the ruthenium-based underlayer 105, alloying element Y needs to be an
element having an atomic radius greater than that of ruthenium. For decreasing the a-axis
lattice parameter in the ruthenium-based underlayer 105, alloying element Y needs to be an

clement having an atomic radius Jess than that of ruthenium. Finally, alloying element Y is
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| 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 'tthe a-axis lattice paraneter in the
rut heni um based underl ayer 105, alloying elenment Y needs to be an clenent
having an atom c radius |l ess than that of -ruthenium Finally, alloying
elenment Y is added to the ruthenium based underl ayer 105 in any anobunt not
exceedi ngadded torthe miheniweibrerdsgidgary ¢t A S| ipANY ameupaP! sHassLtheMkUmEL 1 oom
tenper at Uéo‘%élosf M8 mit H9 IRRE Sk ﬁhu}nhﬁsr'so klertnﬁglja[%r Iﬁmﬁ,ﬁ > provides a
list of can 8ates for grain size re Ining alloyfng el ene and lattice
m sfit reducing all oyi ng elenment Y. Table 5 Grain Size Refining Lattice
Msfit Reflddbhg Batdd aethvbsénteriRebatde Agréviiayi g dElcendiditieXArl @yinizebeAnpat Y
AIoning nent. Y (for Pt > 14 (for Pt < 14 at. B (2-50 at.%9 A (0-4
.NB (OE‘Q%’FE‘B6 ”@“t%‘%’élé‘t‘lc%@é}‘(féd%lag "5’6’3(2“%61‘33“% 4?)/@ Al (4-50 at. % Ti
(0 14 at. %9 C (up to 50 at.% Si (up to 50 at.%V (0-31 at.%9 M (up to 50
at. 99 zZr (0-2 at.% Cu (up to 50 at.% Nor{ih29 at.% Ge (up to 50 at.% M (up
to 50 at.%9 Se (up to 50 at.%Pd (0-17 at .%,)) Zr (2 50 at.%La (0 2 at.%

Ag (up to 50 at-9%Cc (0-2 at-"1¢ T94 t u/ Gu
to (50pat . % [Fl f G¢9inSiae Reffining ( 3! % %“e ig‘%%‘ :{Zﬁj& }flﬂ ‘{‘ﬂ%ﬁeﬁm A’% ( oP 48
at. % Re (up tAlbGing!ERgrient (D- 49 t> 14 at1.%) (for Pt < 14 at.%)
B (2-50 at.%) Al (0-4 at. %) B (0-2 at.%)
C (3-50 at.%) Sc (0-2 at.%) C (0-3 at.%)
Al (4-50 at.%) Tt (0-14 at.%) Cr (up to 50 at.%)
S1 (up to 50 at.%) V (0-31 at.%)
Mn (up to 50 at.%) Zr (0-2 at.%)
Cu (up to 50 at.%) Nb (0-29 ai.%)
Ge (up to 50 at.%) Mo (up to 50 at.%)
Se (up to 50 at.%) Pd (0-17 a1.%)
Zr (2-50 at.%) La (0-2 a1.%)
Ag (up to 50 at.%) Ce (0-2 at.%)
Sn (up to 50 at.%) Lu {0-3 at.%)
Yb {up to 50 at. %) HI(0-3 at.%)
Lu (3-50 at.%) Ta (0-28 at.%)
H{ (3-50 at.%) W (0-48 a1.%)
Re (up to 50 at.%) Ir (0-49 a1 %)
Os (up to 50 at.%) Pt (0-21 a.%)
Au (up to 50 a1.%) L
Bi (up to 50 at.%)
Th (up to 50 at.%)

10047} Undcrlayer 105 may be sputter depostied Irom 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 nclude ruthemium (Ru), a grain size refining alloying
element X, and a lattice musfit reducing alloving clement Y. To act as a grain size refiner,
the alloying element X needs to have substanually no sohid solubility (e.g., < 10 at.%) n
HCP phase ruthenum at room temperature or above. Moreover, the alloymng element X 1s
non-magnetic or weakly magnetic {e.g., with a mass susceptibility of < 1.5 x 107 m/kg).
Finally, alloying element X 1s added to the sputter target 200 m any amownt m excess of s

maximum solid solubility hiit m HCP phasc ruthemium ot reom temperature or hngher.



Cs (tipto 50 at. 9Pt (0-21 at.% An (up to 50 at.%9 Bi (u to 50 at.% Th (u
to 50 at.% 100471 Undcrl aycr 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 wunderlayer 105, sputter target 200 nmay
include ruthenium (Ru), a grain size refining alloying elenment X and a
lattice msfit reducjing alloying elenent Y. To act as a grain size refiner,

the all owﬁgceémﬁémdv%%e%@éﬂﬁ FaGR ¥ asedsdriiexe fgmwlgbffqlwb%l&f WY pyRpom
(e.g., téﬂﬁafam{% ot %oJéCﬁknm%%ér EHE;ﬂﬁge}%@ﬁYrQ%%trﬁ %ﬁgww%qﬂ @\é@‘

Mor eover e alloying elenent X 1is netic or magnet | e.g.,
with a ndsg. wﬁcemasbmksctmﬂnhtymfl<55xx 10° nqg)/ Rg:)mcreEsmgltlh@/a agisllayice g

el ement X i s added to t he er t et 200 | any anount excess of its
mexi mum SBFFRCELIN TR Pf‘qt%ﬁgp%}gsreﬁ. ﬁwﬁré%fg?lo%% feNBRat ure or

hi gher. elérflierlrlait’ hk&R tmb%fahtexéﬁgwaogx aly «Qw&gm@,u@g%aicr\’hﬂ%%omt fifin SOMTE
solid solubility in room terrpgrature or above. Moreover I oyl ng
el ement Worslenmasmgglme:ﬂamsdattmeainlamenmgmeu'utd:nem@m gased whildrlayemagiered from
susceptlblllt%/Ita For i ncreasin theaaX|s | attice

par anet erSPUHe ﬁgﬁ ﬁWHéssféalnﬁﬁ*d‘éP|es o bepiniarat brvehRienETatws dess 200,

al I oyi ng (ng}, @R B rhORELS ﬁlﬁalge aAByiRL L IE M1 h«a\élqa@em s?:hﬁ@? 1‘%r§€@§0@'§1 gyeater
than that of ruthenium ecreasing the a-axis tice paraneter in a

r ut heni unarbawd croti deellargats sputtuer edid sadnb ispunt ax Ht(}Pr@eatsc 2@bemaim myoaog

el ement Y needs to t?e an el enment having an atomc radius |less than that of
r ut heni umeBEFAMTSPT MENEyi ng el ement Y is added to sputter target 200 in any
anount not exceeding its maxi mumsolid solubility limt in HCP phase

rut heni umqiagy OO'Whﬁ@t']EE?Jr@steHﬁ%v@ﬁhcm 19R&een f)QlQﬂgﬂarIWMbé&Ueb%lm ﬂ?@r@ﬁcé vEat i on
has been particularly described with reference to"the various figures and

enbodi nmenvarioustfigineudng %@qmmen@t r@@hlmtlﬁéne uvﬁ@rg@omféﬂ these atd 1905 1 hustriaben

pur poses on nd ,shoul oL tin SCco

mvent onbe P g e e he G R TR R CRBRL G
exanpl e, H’i&ﬁyl@ﬂ&&eﬂiys it eplehet ﬂﬁ)in*b&&t]oapﬂ?bf eﬁm;ﬂe tthe RGN0 magRet i C
recordi ng. Granul ar magnetic recording | ayer 106 may be any Copt-based
nmagnet i ¢ PREIEEDIG tohorgi tudinah siaenelys e arding. nie g ket !’&uh‘éﬁ“f’rbq(émay

be any CoPt-based magnetic layer with or without oxvgen. A media stack may include 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
cyhindrical, 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.



or less layers than those shown in Figure 1. While 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 nearly any other
shape. Many changes and nodifications may be made to the invention, by one
having ordinary skill in the art. ~cithout departing fromthe spirit and
scope of the invention. WHAT IS CLAIMED I'S: 1. A nmagnetic recordi ng nmedi um
conpri si NHATABAdtAIMERIScompri sed of ruthenium (Ru) and an al |l oyi ng

el enment, the alloying element selected fromthe group consisting of boron

(B), aI um num, (Al ), IA)]%I @ﬁqgr}eé&i’)n)cmn%p §(§I}qpr(]é\]/h germani um (Ge), sel enium

(Se), zirconium (Z erbium (Yb), lutetium(Lu),

haf ni um (Hf ), osm uenfirS¥ejyergohpriséd o) mtlﬁlﬁln&m:l'f(hui Big arantbih@klehism ( Th), the
alloying elenent present in the first layer in an anmount exceedlng)a solid

solubility linmt of thewlloymesiemgnieelastadtrom thegagpsansiciesel aer éd).( HCP)
phase rut Eﬁ‘ﬁm Hig, (@Jlm%én P:{l) %mﬁxeggnés%clﬁ@egﬁﬁ{a% dth ‘?gr:)g sell{ll]% e%mon um

recordi ng medi um'or” &1 al oyi ng Tesen in the

first | ay@r)lsmvaﬂ(mypumsmpymrbmm (ram), Lctaia ric), parsent(Hdgy, eaintimiey gblie
solid solubility limt of the aIonlng el ement in hexagonal close-packed
( HCP) pha§%“}Qﬁﬁéﬁhﬂ%9aP%ﬂP“&F“&I?hbove roomtenperature. 3. The magnetic

recording medi um of gl é\kdi?grli}'géel\éﬁ%? %qli‘ﬁ]fh'erfﬁE ]E%qb h‘ﬁ%ﬁﬁ%{ exc%e{m 'aXoBd?

second al | oying el ene secon avin

sol ubi | i t yollubitity it dfakagidndhg eleasat nﬂaﬁ(hg@hd] (W G2 pphlaaie(H@R)neﬁwmménhgﬁeat er
than 0 atom c percent at or above room tenperature, the second alloying

el ement hé@?hﬂ‘53H%§%“§GB@EEFF%?WHty of less than 1.5 x 10-' m/kg, the
second al |l oying el ement present in the sputter target in an amount not

exceeding the solid ARlHAitY Jo!remq% nXg i reRaAN xﬂlemxuwz,]@yﬁg&meﬁ is The

magneti c recordi ng nedl u fal m wherein the second Oyl I ement

has an at (pnésemrmdhtuﬁrs@iaybessart dmaourl n80ndke than 10 atomic percent greater than the solid
solubility hmit of the alloying element 1in hexagonal close-packed (HCP) phase ruthenium

(Ruj at or above room temperature.

3. The magnetic recording medium of claim 1, wherem the first layer further

compnses a second alloying element,

the second alloying element having a solid solubility limit in hexagonal close-
packed (HCP) phase ruthenium of greater than 0 atomic percent at or above room
temperature,

the second alloying element having a mass susceptibility of less than
1.5 x 107 m'/kg.

the second alloying element present in the sputter target i an amount not

exceeding the sohd solubihity himit of the second alloying element.

4. The magnetic recording medium of claim 3, wherein the second alloying

element bas an atomic radius of less than 1.30 A

5. The magnetic recordmg medium of claim 3, wherem the sccond alloying

element is selected from the group consisting of boron (B). carbon (C) and chromium (Cr).
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5. The magnetic recordi ng nmediumof claim3, wherein the second all oying
elenment is selected fromthe group consisting of boron (B). carbon (C) and
chromium (Cr). - |Ib 6. The nmagnetic recordi ng medi umof claim3, wherein the
second alloying elenment has an atom c radius of greater than 1.30 A 7. The
magnetic recording medium of claim3, wherein the second alloying elenent
is selected from the group consisting of alum num (AI ). scandium (Sc),

titanium (Ti) % vanddE gmgneyc regprdiphmeaiunzes clann shvbgigimte, seﬁm%u)ermgn (VD) ,
pal | adi un%l%_‘l%)g)ﬂ has ag%&ﬁ{}q%&g%}?eg{s@ﬁ% f%)}g\ lutetium (Lu), hafnium (H),
, 1 Il

tantal u and platinum (Pt). 8. The
magneti c recordi ng nediumof claim1, wherein the magnetic recording nedium
is a perpendicdlar ﬂmgrmig'netids ecordih g edidh ofitladn BTMen&ign&tsieeorrmwﬁiglg

medi um of claim1, further conprising a substrate, seed layer, and a

gr anul ar ﬁlﬁgwatwéelreé‘@érfm%&q Fowp consstngd alginem ¢A )e"rPGP‘éiP diteof
claim?9, 8 i iy t he
st 1 ay oo g ares, PRt T RRbilE Oxb EmASpASLRI LT ANBLER 1)

recor di nglmﬂdﬁmm (Lmtprq&suum @), latdlnunstLd)a!yza”numo(mf)L s@cthloh (Tu), Inmymm(@ﬁu) and
an al |l oying,. el em% the alloying elenment selected fromthe group

consi sti n I Yrmydy and PP num (Al), scandium (Sc), titanium (Ti),
zirconium (Zr), niobium (Nb), palladium(Pd), [|anthanum (La), cesium (Ce),

lutetium (Lu), gand hﬁ{e%lﬁfﬂe(ll:"fréoor& he n?édlxﬂwo@g]a‘?rlne!”%{eraﬁwmwﬂ&c rgforfﬂnr st
| ayer in an amount not exceeding a ~solid solubility Timt oy| ng

cl enent i mdqlanagmmatrpemms@apmgmdlc(rbﬂﬁ)i mEhasdunr. ut heni um (Ru) at or above
room t enper at ure. The magnetic recordi ng nedi um of cl a| m 11 further

conprising a s str seed e | aye The
magneti c recorgg3 %@?ﬁ’ﬂwwéf‘iﬂr %f’“ﬁﬁ@r"i ?’?‘n]e "fH 0 Hﬁ’”él"@rf’eﬂlbsﬁr@e %or
reduci ng lsatd jaGer, %&E'g?ank]ﬁatr\lﬁﬁg,'ﬂeﬁbﬁec&d}ﬁé I:Jyél\/er and the magnetic layer. 14.
~ A nagnetic recording redium conprising: a first layer conprised of

rut henium (Ru) and an al |l oyi ng el ement.
10. The magnetic recording medium of claim 9, wherein the alloving element is

for refining grain size in the first layer and the granular magnetic recording layer.

11. A magnetic recording medium, comprising:
a first layer compnsed of rathenium (Ru) and an alloying element,
the alloying element selected from the group consisting of boron (B).
aluominum (Al), scandium (Sc), titanium (T1), zirconium (Zr), ntobium (Nb), palladium (Pd),
lanthanum (La), cesium (Ce), lutetium (Lu), and hafnium (Hf),
the alloying element present 1n the first layer in an amount not exceeding a
solid solubility linmit of the alloying clement in hexagonal close-packed (HCP) phase

ruthemium (Ru) at or above room temperature.

12. . The magnetic recordmg medium of claim 11, further compnsing a substrate, a

seed layer, and a magnetic layer.

I3. The magnetic recording medium of claim 12, wherein the alloying element s

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

14. A magnetic recording medinm, compnising:

a first laver comprnised of ruthenium (Ru) and an alloving clement,

17 -



- 17 the alloying el enent selected fromthe group consisting of boron (B)

al um num (Al), scandium (Sc), titanium (Ti), zirconium (Zr), niobium (Nb),
pal | adium (Pd), Ianthanum (La), cesium (Ce), lutetium (Lu), and hafnium
(Hf), the alloying elenment present in the first layer in an anmount exceedi ng
a solid solubility limt of the alloying elenent i n hexagonal cl ose-packed
(HCP) phase rut heni eratur gnetic
recordi ng medi um of Lhén ﬁorﬁ”)i%gleWﬁglrseﬁ?%CY fm%rlll “6% NG C@Pé‘ Rg© fEOTOB?g ent in
the first alumygimi(AIBBcAHRUA{SAOLARRE (THZIAGnAIS (X0, rﬂ@ﬁﬁnﬂ’ﬂ(N alRkuh e, t he
solid solubility 'imt of the alloyi el ement in_hexagonal ose- packed

( HCP) phaé@ﬂ?ﬁﬂuﬁb@ﬁ}rﬁes’cﬂwcﬁtIuéﬁﬂuﬁbﬂxﬁg prsbhafpewb et ure. 16. The magnet i ¢

recording medi um of tﬁé?ﬂ}r@ elem‘ér x%sexﬁ?HH{é dﬂs{‘%yﬁre e St r?&n exceed%%%dsoll Qrer.

and a magnetic | ayer BYTE recor wher ei n

t he al | oyisembaltemaiit of He afl@j?mg%fdniﬁnmg] gé@gamﬂla@etpmckéw(}ﬁttpﬁbhdsamhexﬂnﬁi t he
magnetic | ayer and for reducing lattice msfit between the first |ayer and

t he magnet(RE) ptgFapova wonplegmgralaie. t ar get conprising: ruthenium (Ru); and an
al  oying el enent selected fromthe group consisting of boron (B), alumnum

Al), I i

(2)) Siver (A TROGEARE b ine BREARR RN, WRHGR U RS
osm um ( CHD)‘esegOindhe ﬁﬁﬂﬂ)ayeblrSdiﬁJﬁrho(nBlr)o rangt thingfl 0 aoani¢ Pedcent gteamf Hmyumrgsohd

el enment present in the sputter target in an ampunt exceedin

sol ubi | i t ysofbakity ligpit PB@eailpwﬂﬁ&%%ﬁ%hﬁxqgﬁﬂ?ﬂe@!%d?ﬁék@% %@B? B%'éﬁ@dhwm:)
phase rut(gﬁrfv\ﬁ P £BYe ¢ (ﬁ)tmpf{ Quf roomtenperature. 19. The sputter target
er t "oy

of claim1l el n Ing elenent is present in the sputter target
in an anount no nore than 10 atom c percent greater than the solid
solubility [Iinmd of Theimaghdtryicogdelgenmedum of daxabdfaithal @seprpagkedibéirit€R)

phase rut henlﬁl §Ru at or . above roomtenperature. - 18
eed Jaye a magnetuc layer.

17. The magnetic recording medium of claim 16, wherein the alloying element is
for refining grain size in the first layer and the magnetic layer and for reducing lattice misfit

between the first layer and the magnetic layer.

18. A sputter target compnsing:

ruthenium (Ru); and

an alloying element selected from the group consisting of boron (B},
aluminum (Al), silicon (Si), manganese (Mn), germanium (Ge), selenium (Se), zirconium
(Zr), sitver (Ag), tin {Sn), ytterbium (Yb), Jutetium (Lu), hafnium (H{), osmium (Os), gold
(Au), bismuth (B1) and thallium (Th).

the alloying element present in the sputter target in an amount excecding a
solid solubility limit of the alloying element in hexagonal close-packed (HCP) phase

ruthemum (Ru) at or above room temperature.

19. The sputter target of claim 18, wherein the alloying element is present in the
sputter target in an amount no more than 10 atonnc percent greater than the sohd solubility
limit of the alloying element i hexagonal close-packed (HCP) phase ruthentum (Ru) at or

above room temperature.

- 18-



20. The sputter target of claim 18, wherein the alloying elenent is for
refining grain size in an underlayer and a granul ar magneti c recordi ng

| ayer of a magnetic recording nedium 21. The sputter target of claim18,
further conprising a second alloying elenment, - the second all oyi ng el enent
having a solid solubility Iimt in hexagonal close- packed (HCP) phase

rut heni um of greater than O atom c percent at or above roomtenperature, the
second al | oyi mif-el efBhsPHIE gl phay Kuydwptin Bid alloyingrclpipsat is haryehpmex 10- 7
nBf kg, t SEC I ' i - o
arount nof oy o O 8 S A IR SR Bl Recp R B L BF a Tl 1o lne

el enment . @A2diukhe sputter target of claim 21, wherein the second all oying

el enent has an atom c radius of less than 1-30 A 23. The sputter target of

claim 21, wherein the second allqying elenment is selected from.the group
consi sting of bbron PBFPUEAHER ¢ C)]a‘&hh&cfHFEfr’ﬁcl?ﬂﬂp('@}“)g.a sEAONCr koM pg eledtent,
target of claim 21, i -0V 1L QG g . ] )
radi us of greater tﬁﬁé@ﬁ%@%@%ﬁ&%gﬁ@ﬁfﬁ% ggﬂ%%? Q@é(fégog‘{ﬁgb C gi]ﬁ?lffﬁ?é& e‘?gfen

t he seconpackkd (§TCRYpkdsemetiteniusn séfestee thanfr gomidyeergmouporcadngesbong of

al um num (Al'), scandium (Sc), titanium (Ti), vanadium (V), zirconium(Zr),
niobiun1(&ﬁﬁ?nmﬂpybdenun1(wb), pal | adi um (Pd), |anthanum (La), cesium (Ce),

et um (L), haf niumacht) o 20k lEn ling R85 LEBol Wb sniglmy 1) and

platinum (Pt) 26. A sputter target conprising: rutheniu and an
al 1 oyi ng él5embof nsdgect ed fromthe group consi sting of boron (B), alum num
(Al'), scandium (Sc),, titaniu i zi rconi um ni obi um ( Nb al | adi um

: Ti) Zr), ) P
(Pd). |anthanum (L&}S s¢eef 8 §le&)€!em%'}e Bmsaﬂwe&?)%puaﬁrdwwﬁhm PRI he
al Loying el &Ry (e ESRMLalbil il EndRITEELecb A IS ihdcReAIOUNt nOL exceeding a

-19 solid solubrlity I'imt of" the alloying el enent 1 n hexagonal cl ose-packed
(HCP) phase
22. The sputter target of claim 21, wherem the second alloying element has an

atomic radius of less than 1.30 A.

23 The sputter target of claim 21, wherein the second alloying element 1s selected

from the group consisting of boron (B), carbon (C) and chromium (Cr).

24. The sputter target of claim 21, wherein the second alloying element has an

atomic radius of greater than 1 30 A.

25. The sputter target of claim 21, wherein the second alloying element is selected
from the group consisting of aluminmum (Atl), scandium (Sc), titanium (T1), vanadium (V),
zirconium (Zr), niobium (Nb), molybdenum (Mo), palladium (Pd), lanthanum (La), cesium
(Ce), lutetium (Lu), hafmum (Hf). tantalum (Ta). tungsten (W), mdium (Ir) and platinum
P, |

26. A sputter target comprising:
ruthenium (Ru); and
an alloying element selected from the group consisting of boron (B),
aluminum (A1), scandium (Sc). titamum (Th), zircomum (Zr), niobium (Nb). palladium (Pd).
fanthanum (La), cesium (Ce). lutettum (Lu). and hafmium (H{).

the alloying element present mn the sputter target in an amount nol exceeding a
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rut henium (Ru) at or above roomtenperature. 27. The sputter target of claim
26, wherein the alloying elenent is for reducing lattice msfit between an
under| ayer and a granul ar magnetic recording | ayer of a magnetic recording
medi um 28. A sputter target conprising: ruthenium (Ru); and an alloying

el ement sel ect ed fromthe gr oup consi sting of boron (B), alumnum (Al),
scandium (Sc), .ti éam um zirconium (Zr), niobium (Nb %_* gal | adi um (Pd),

| ant hanunyQ1dselutd @’lllﬂﬂ‘(’ ea]\olﬁréltq WQ‘L&?CX%ﬁﬂalﬁé‘Pﬁ’i’rW? NCPp phasgl | oyi ng

el ement phﬁﬁ@rﬂ&m (Ru) RorSBULE forh # nﬂj%trathlré an anount exceeding a solid

solubility ITrmt 'of "the alloying el'enent in hexagonal cl ose-packed (HCP)
phase ruthenium (Ru) at or above roomtenperature. 29. The sputter target
of claim 28, waérei ﬂ"hthputaetrltmsgiehgfcéiia‘nﬁﬁthl'ieseipn}e?sadmimg]elbmnt 'spfu; teedcingr get

in an anount no.SElmbethan 10aomccgercent reater th g !Id )
sol ubi | i t PG Y1 BFWERR 28 MPEGHHGT Rrba8TRUiaR %I&oﬁ’&? BALpeicp)
phase rut hepiMay GRdjungt or above roomtenperature. 30. The sputter target
of claim 28, wherein the alloying elenent is for refining grain size in an
underl ayer and a granul ar magnetic recording |ayer of a magnetic recording
medi um and f or28r eduskmgter targetcmmpinsinigt bet ween t he underl ayer and the
granul ar magnetic re%ordi ngRI ayer - 20
ruthenmum (Ru); 4an
an alloying element selected from the group consisting of boron (B),
aluminum (Al), scandium (Sc), titanium (T1), zircomum (Zr), niobium (Nb), palladium (Pd),
lanthanum (La), cesium (Ce), hutetium {1.u), and hafmum (Hf),
the alloying element present in the sputter target in an amount exceeding a

sohd solubility limit of the alloying element in hexagonal close-packed (HCP) phase

ruthenium (Ru) at or above room temperature.

29.  The sputter target of claim 28, wherein the alloying element 1s present in the
spulter target in an amount no more than 10 atomic percent greater than the solid solubihty
limit of the alloying element in hexagonal close-packed (HCP) phase ruthenium (Ru) at or

above room temperature.

30.  The sputter target of claim 28, wherein the alloying element s for refining
grain size in an underlayer and a granular magnetic recording layer of 2 magnetic recording
medium, and for reducing lattice mis{it between the underlayer and the granular magnetic

recording layer.



