DEPGCSI TI ON OF ENHANCED SEED LAYER USI NG TANTALUM ALLOY BASED SPUTTER TARGET
BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON 100011 The present
invention generally relates to sputter targets and, nore particularly,
relates to the deposition of a seedlayer for a magnetic recordi ng nedi um
used for perpendicular magnetic recording ("PMR') applications, where the
seedl ayer provides for grain site refinenent and reduced lattice ms-fit
for a subsequently deposited underlayer and/or granular magnetic |ayer, and
where the seedl ayer is deposited using a tantalum (Ta) alloy based sputter
target. DESCRI PTION OF THE RELATED ART 100021 The process of direct current
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DESCRIPTION OF THE RELATED ART

j0002] The process of direct current (“DC") magnetron sputtering is widely used in a variety of
fields to provide thin film material deposition of a precisely controlled thickness and within
narrow atomic fraction tolerances on a substrate, for example to coat semiconductors and/or to
form films on surfaces of magnetic recording media. In one common configuration, a racetrack-
shaped magnetic field is applied to the sputter target by placing magnets on the backside surface
of the target. Electrons are trapped near the sputtering 1arget, improving argon ion production
and increasing the sputtering rate. Ions within this plasma collide with a surface of the sputter
target causing the sputter target 10 emit atoms from the sputter target surface. The voltage
difference between the cathodic sputter target and an anodic substrate that is to be coated causes

the emitted atoms to form the desired film on the surface of the substrate.

[0003] Other comumon approaches to sputtering include conventional co-sputtering, and co-

sputtering using a triatron. In the co-sputtering process, multiple independent sputter targets



sputter targets simultaneously. Triatron configuration co-sputtering, on the
ot her hand, uses a single sputter target with nultiple independent regions
of conposition. Adapting the above exanple to a triatron configuration, a
single triatron sputter target woul d have an region conprised solely of Xi
and a region conprised solely of X2, where both regi ons woul d be co-
sputtered sinultaneously to deposit an Xr-X2 thin film (0004) During the
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deposited over substrate 101 where seedlayer 104 forces the shape and orientation of the grain
structure of higher layers, and is commonly comprised of tantalum (Ta). Magnetic and/or non-
magnetic layers 102 may optionally be deposiled between substrate 101 and seedlayer 104,
where layers 102 may include additional underlayers, anti-ferromagnetic layers, or other types of

layers.

{0005] Next, underlayer 105, which often includes one to three discrete layers, is deposited over
seedlayer 104, where underlayer 105 is typically very weakly-magnetic, crystalline, and
hexagonal close-packed (“HCP"). Underlayer 105 is used to enhance the Co (0002} texture of
the subsequently-deposited, cobalt (Co)-based magnetic data-storing granular layer 106
perpendicular to the film plane, leading 10 a increased perpendicular anisotropy of the media.
Magnetic data-storing granular layer 106 is subsequently deposited over underlayer 103, and
optional additional layers 107, such as a lubricant layer or carbon (C) overcoat, are deposited

over granular layer 106.



magneti c data-storing granular |layer 106 is refined as well. Additionally,
close lattice matching between underlayer 105 and magnetic data-storing
granul ar layer 106 provides a substantially defect-free interface,
potentially reducing contribution to any in-plane nmagnetization. 100071 The
amount of data that can be stored per unit area on a magnetic recording
mediumis directly related to the netal lurgical characteristics and the
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[0008] In order to achieve a high recording density in PMR media, thermal stability should be
high, and media noise performance should be low. One approach to realizing the essential
thermal stability and media noise requirements in PMR media is to provide a granular magnetic
media with magnetic domains having high magnetocrystalline anisotropy (K,), and to adequately
encapsulate a fine grain microstructure in a structurally, magnetically and electrically insulating
matrix. Although significant anisotropic energy is already required by conventional LMR, PMR
requires a much finer grain microstructure with adequate grain-to grain segregation and
negligible cross-talk between the magnetic domains, in order to achieve low media noise

performance and high thermal stability.

{0009] The inclusion of an oxygen-rich grain boundary region has significantly improved grain

refinement and has provided excellent microstructural, magnetic and electrical isolation. In this



CoCr Pt - based al l oy |l ayer, since oxygen (0) in the grain boundary region
fornms an anorphous, hard and brittle grain boundary regi on which confines
the grain growth and helps refine the grain size of these oxide-containing
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SUMMARY OF THE INVENTION

[0011) The present invention generally relates to sputter targets and, more particularly, relates to
the deposition of a seedlayer for a magnetic recording medium used for PMR applications, where
the seedlayer provides for grain size refinement and reduced lattice mis-fit for a subsequently
deposited underlayer and/or granular magnetic layer, and where the seedlayer is deposited using

a tantalum (Ta) alloy based sputter target.

[0012] According to a first arrangement, the present invention is a magnetic recording medsum,
including a substrate and a seedlayer deposited over the substrate, the seedlayer comprised of
tantalum (Ta) and an alloying element. The magnetic recording medium also includes an
underlayer deposited over the seedlayer, and a magnetic data-storing granular layer deposited
over the underlayer. The solubility of the alloying element in a body centered cubic tantalom
(Ta) phase does not exceed 10 atomic percent at room temperature, and the alloying element has
o7 m_

a mass susceptibility of less than or equal to 1.5 x1 p
£



100131 The alloying el ement pronotes grain size refinenment in the
crystalline seedlayer. Just as the refined grain size of the crystalline
under| ayer hel ps reduce the grain size reduction of the subsequently
deposited granular magnetic layer, a simlar effect is realized by the
underl ayer if the underlayer is subsequently deposited epitaxially on top
of the reduced grain size, crystalline tantalum (Ta) alloy based seedl ayer.
The present invention provides for a pronDtion of grain size refinenent by
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[0015) According to a second arrangement, the present invention is a magnetic recording
medium, including a substrate and a seedlayer deposited over the substrate, the seedlayer
comprised of tantalum (Ta) and an alloying element. The magnetic recording medium also
includes an underlayer deposited over the seedlayer, and a magnetic data-storing granular layer
deposited over the underlayer. The alloying element is soluble in tantalum (Ta) at room

temperature or at elevated temperatures, has a mass susceptibility of less than or equal to 1.5

7 m’ . . A
x10 e and has an atomic radius smaller than 1.47A.
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[0016] Due to the symmetry of the BCC (110) plane with the HCP (0002) plane of ruthenium
(Ru), the present invention provides for the reduction of lattice mis-fit of crystalline underlayers,
such as ruthenium (Ru) or ruthenium (Ru)-based underlayers or underlayers composed of

different base metals, and tantalum (Ta) alloy based seedlayers by alloying the crystalline



-5 seedlayer with tantalum (Ta) and el enents which are soluble in tantalum
(Ta) at room tenperature or at higher tenperatures. These alloying el enents
formsolid solutions with tantalum (Ta) at roomtenperature or at el evated
tenperatures, and thus accordingly nodify the in-plane lattice paraneter of
tantalum (Ta), thereby reducing the lattice ms-fit. The alloying elenent
in the tantalum (Ta)-all oy based has sone solid solubility in tantalum (Ta)
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a seedl ayer deposited ovegs the substrate seedl ayer conprise
tantalum (Ta) and an alloying el ement. The magnetic recordi ng medi um al so
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not exceed 10 atom c percent at roomtenperature, and the all oying el enent
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one example the underlayer is comprised of ruthenium (Ru) or a ruthenium (Ru)-based alloy, the

underlayer can be comprised of other base metals or clements as well.

[0018] According to a third arrangement, the present invention is a magnetic recording medium,
including a substrate and a seedlayer deposited over the substrate, the seedlayer comprised of
tantalum (Ta) and an alloying element. The magnetic recording medium also includes an
underlayer deposited over the seedlayer, and a magnetic data-storing granular layer deposited
over the underlayer. The solubility of the alloying element in a body centered cubic tantalum

(Ta) phase does not exceed 10 atomic percent at room temperature, and the alloying element has

i
a mass susceptibility of less than or equal to 1.5 x107 _'IT:__ , i1s soluble in tantalum (Ta) at
g

temperatures higher than room temperature, and has an atomic radius smaller than 1.47A,

{0019} Accordingly, by wtilizing an alloying element which forms an amorphous grain boundary
in the tantalum (Ta) alloy, and which enhances crystallinity, the present invention provides for a
tantalum (Ta) alloy seedlayer which acts as both a grain refiner for subsequently deposited

layers, and lattice mis-fit reducer for eliminating residual interface stresses.
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in the tantalum (Ta) alloy, and which enhances crystallinity, the present

i nvention provides for a tantalum (Ta) alloy seedlayer which acts as both a
grain refiner for subsequently deposited Ilayers, and lattice ms-fit

reducer for elimnating residual interface stresses. -6 100201 The all oyi ng
el enment is selected fromboron (B), carbon (C, alumnum (A), silicon(Si),
plati num (Pt), and chromum (Cr). 100211 According to a fourth arrangenent,
the present invention is a nmethod of manufacturing a nagnetic recording
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t han 1'141(?}'3‘3 Jhe ¢ élhod al so includes the steps of kg sputtering at |east a
first un erFayer ver the first seedlayer froma second sputter target, and
sputtering at least a first magnetic data-storing granular |ayer over the

first u[b%%i '?Mceﬁrs{ sregcrlnla?er, the first underlayer and/or the first magnetic data-storing granular

layer are sputiered using a co-sputlering process or assembly, or using a triatron configuration.

[0023] According to an fifth arrangement, the present invention is a method of manufactuning a
magnetic recording medium, including the step of sputtering at least a first seedlayer over a
substrate from a first sputter target, where the first sputter target is comprised of tantalum (Ta)
and an alloying element, wherein the alloying element is soluble in tantalum (Ta) at room

temperature or at elevated temperatures, has a mass susceptibility of less than or equal to 1.5

x107 m’ , and has an atomic radius smaller than 1.47A. The method also includes the steps of

kg

sputtering at least a first underlayer over the first seedlayer from a second sputter target, and
sputtering at least a first magnetic data-storing granular layer over the first underlayer froma

third sputter target.

10024] According 10 a sixth arrangement, the present invention is a method of manufacturing a
magnetic recording medijum, including the step of sputtering at least a first seedlayer over a

substrate from a first sputier target, where the first sputter target is compnsed of tantalum (Ta)

-7-



third sputter target. 100241 According to a sixth arrangenent, the present
invention is a nmethod of manufacturing a magnetic recordi ng nedi um
including the step of sputtering at least a first seedl ayer over a

substrate froma first sputter target, where the first sputter target is
conprised of tantalum (Ta) -7 and an alloying elenment. The solubility of the
alloying elenent in a body centered cubic tantalum (Ta) phase does not
exceed 10 atom c percent at roomtenperature, and the alloying elenent has
a mass BGIFCTpIng qlgngpt.of he wiubilivy of therallaying plemgntiin g bedypceptaredeubiq s sol ubl e in

I . i ; h
2t om ¢ arn S O hp R PRk R Bk Ao RO RIREAR M ol 075, ™"
SPUt t ElejeliflyPhaslSRRE sn?scédt{bgh BP@?J Y §fe péﬁ% 1S58 o717 St SEREAMTY Fa[;'ntaclijnq om a
an %pu ering 4 i nmag

second sputter target, l'east ‘a fig net1c data-storing
granul ar layer over the first underlayer froma third sputter target.
100251 (Ao keghiperpteres highervhan omiterapryatmenand hahen gomienadius smaier ithen 1.4 Aa

sputter.,target., where,t sputter t.arget JjS.c i,sed of tantalu Ta) and
an-al § O s S e ST bRk Al & O elERE  Bab Hefreplsfy

cent er debnecalbdcond sputial tarpe(, hAd spuinadsy slaest Hfidst wxaeadddb sehiapiefanupaelaggnt at
roomten‘ge agure, alnd the alloying el enent has a mass susceptibility of |ess
t han or®¥ re‘&ﬁ st ppdeflayer,from a fyird SPRUET t378%§26] The al | oyi ng el enent is sel ect ed
fromboron (B), carbon (C, titanium (Ti), vanadium (V), manganese (M),
chromum (Cr), zirconium (Zr), niobium (Nb), nolybdenum (M), ytterbium
(Yb), 110025 iAseoiding)to alsafenthamranpmient she present nBéntion analsputianietast whigye.thel 00271

Accor di t .el.ght h _arrangene the present inverntion,i utter
tar get Do RaBigeshinled of APARTEHY o AR FREHemet e sPlbiHE B an
al | oyi niloging eRiident ihlacbodl kenyerag ceie tintun CT'a) phdselBbe riohedcaed B atBinicTa) at room
tenperature or at elevated tenperatures, has a nass 3 susceFti bility of |ess

f S
t han orPeEG0LAt reg tenepesatiye sangdithealloy g elemenbbas 3 rpass sHpcersibipy Pl less el 1. 474,

equal to 1.5 x10” m
kg

[0026] The alloying element is selected from boron (B), carbon (C), titanium (Ti}, vanadium
(V), manganese (Mn), chromium (Cr), zirconium {Zr), niobiom (Nb), molybdenum (Mo),
ytterbium (Yb), lutetium (Lu), hafnium (Hf), bismuth (Bi), and tungsten (W).

[0027] According to an eighth arrangement, the present invention is a sputter target, where the

sputter target is comprised of tantalum (Ta) and an alloying element. The alloying element is

soluble in tantalum (Ta) at room temperature or at elevated temperatures, has a mass

o7 m’
kg

susceptibility of less than or equat to 1.5 x1 , and has an atomic radius smaller than 1.47A.

|0028] The alloying element is selected from boron (B), carbon (C), chromium (Cr), ruthenium
(Ru), rhodium (Rh), rhenium (Re), iridium (Ir) and platinum (Pt).

[0029] According to a ninth arrangement, the present invention is a sputter target, where the
sputter target is comprised of tantalom (Ta) and an alloying element. The solubility of the

alloying element in a body centered cubic tantalum {Ta) phase does not exceed 10 atomic

-8-



kg 10028] The alloying-elenent is selected fromboron (B), carbon (O,
chromum (Cr), ruthenium (Ru), rhodium (Rh), rhenium (Re), iridium(lr) and
plati num (Pt). 100291 According to a ninth arrangenent, the present
invention is a sputter target, where the sputter target is conprised of
tantalum (Ta) and an alloying elenent. The solubility of the alloying

el enment in a body centered cubic tantalum (Ta) phase does not exceed 10

at om c percént percoanemptratuog and depdo ang elementrids b asedusaeptibiitedfdes nkanvas a mass
susceptibility of less than or equal to 1.5 x 10" '. , is soluble in

t ant al equal &a).5 &t 01 Shpds adluisle in taniglver (Tah anemparatuies hipheathus foom tkegpaadrdias an
atom ¢ radius smal 1%r than 1.47A. 100301 The alloying el ement is selected
from bqr (B).,..carbon (C | ati,pam (Pl1), and chromium (Cr). 100311

Accor d?l'ﬁ(gﬂ?soar')gkf%'ﬁtr%&ésrs %’éﬁ@'ﬁﬁ',ﬁghe present invention is a sputter target
for triatron configuration sputtering, including a first region conprised
of tantalum (Ta) and a second reqgion conprised of an_alloying el enment. The
sol ubi 194301 Jte plipying ¢leen gs ssfestrdiitom porgn (B garbemiCar datinugy @itk asant al um ( Ta)
phase QQgﬁﬁ@chgxceed 10 atom c percent at roomtenperature, and the

al I oyi ng el enent has a nmass susceptibility of less than or equal to 1.5
x10"" kg 100321 According to an el eventh arrangenent, the present invention

is as r, target for triatron onfiquration .sputterin i ncluding a
(et nUEackBiEie alfnh Sdhab rhinE Prepehl i ensdas § er L P o BGHBM sed of an
al | oyi nenffeamitsputlditigaint RYing e MGBEDH cdrfiprised bblafaiufh (TANAR] 4/58cdntikgias oom
tenperature or at el evated tenperatures, has a nass susceptibility of |ess

than orcoByiEad Afgn allaying glgmentyiThe salybilibief thgalioyingiclementiinabosghraepteied t han
1. 47A. dfic (DRI TAHRECIRY nbCexedd R a}&nﬁﬁc e ARAERRA e mbBGHURe, gﬁc?{i'lt: I nvention

is a sputter target for triatron configuration sputtefring, including a

first reginp ARl hR8dnRh si@OhRlH ol B8 thane Quats ?.Bq(lbeg:_bn
4

10032] According to an eleventh arrangement, the present invention is a sputter target for triatron
configuration sputtering, including a first region comprised of tantalum (Ta) and a second region
comprised of an alloying element. The alloying element is soluble in tantalum (Ta) at room

temperature or at elevated temperatures, has a mass susceptibility of less than or equal to 1.5

x107 %_’- and has an atomic radius smaller than 1.47A.
g

10033] According to a twelfth arrangement, the present invention is a sputter target for triatron
configuration sputtering, including a first region comprised of tantalum (Ta) and a second region
comprised of an alloying element. The solubility of the alloying element in a body centered
cubic tantalum (Ta) phase does not exceed 10 atomic percent at room temperature, and the

m i

kg

. is soluble in

alloying element has a mass susceptibility of less than or equal to 1.5 x107

tantalum (Ta) at temperatures higher than room temperature, and has an atomic radius smaller
than 1.47A.



conprised of an alloying element. The solubility of the alloying elenent in
a body centered cubic tantalum (Ta) phase does not exceed 10 atom c percent
at roomtenperature, and the alloying elenment has a nmass susceptibility of
| ess than or equal to 1.5 x101' ! , is soluble in kg tantalum (Ta) at

t enperatures higher than roomtenperature, and has an atom c radius snaller
than 1.47A. -9 100341 In the follow ng description of the preferred

enmbodi @3] I ibe &rllomaing descriptiba df thet freferred cobgaimgnt rgfetenanisgadetthstie f orm a part

t her eof, nd.i.n ich i hown by way_of  illustration a s i fic enbodi nent
nown e PR AR Py R OB g e e invid f 3hadbhnat BE Sl ingE ot her
enbodi mpeeific dibodiRentiin Whizh thediftbntibA ROS Be RiiGRE. TBE® b drdetsioodeR@biheng from
the scope of the present_ invention. BRI EF DESCRI PTI ON OF THE DRAW NGS
100351 SREPEIMEPis gnay e wtibizedandshanges geyibe mde sithpylideparingframdbe soppelthe
repr eseilefqhveRgHPNdi ng parts throughout: 100361 Figure 1 depicts a typical
thin fi'lmstack for conventional PMR nedia; 100371 Figure 2 depicts a thin
filmstack in which seedl ayer has been sputtered by a sputter target
accor di Q6 &edi tent _af present invention; 100381 Figure 3 is an
Tt SKRD--Specttinrot a tantalum (Ta) film which
denonstrates that the present invention is capable of enhancing the
crystallinity of a subsequently deposited the HCP underl ayer, while
reduci rl@”qszlt‘%f%“&ﬁ‘@‘-’ 19 the drayangs1in pibesllike geferspgeciuanbersaeprasent eqimespanding;  of
subst anfahalfudhbilye tantalum (Ta) and ruthenium (Ru) films; 100401 Figure 5
is a fllowchart” depicting a nmethod for manufacturing a magnetic recording
medi um according to a second enbodi mrent of the present invention; and
100411 Eiaures 6A and 6B depi.ct to iew and a ss-section view of a
sputterlﬁpgbﬂg%“r? 'S\FC%{"‘SFEYPA‘E%‘H“@@HFW@EI étc?'B’ﬁ',m(?né‘Qg@t'Wdé?’y, according to a
third eobwrifgure 2adtpitia thindB@ttack iV eRich Sdedlayer has been sputtered by a sputter target

according to one embodiment of the present invention;

|0038] Figure 3 is an X-ray diffraction (“XRD"”) spectrum of a tantalum (Ta) film, which
demonstrates that the present invention is capable of enhancing the crystallinity of a
subsequently deposited the HCP underlayer, while reducing lattice mis-fit;

[0039] Figure 4 depicts the lattice mis-fit of substantially pure tantalum (Ta) and ruthenium (Ru)
films;

{0040} Figure 5 is a flowchart depicting a method for manufacturing a magnetic recording
medium, according to a second embodiment of the present invention; and

10041] Figures 6A and 6B depict a top view and a cross-section view of a sputter target for a

triatron configuration, respectively, according to a third embodiment of the present invention.
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-10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON (00421 The present invention
provides for further grain size refinenent in the underl ayer and

subsequent |y deposited nagnetic data-storing granular |ayer, by depositing

t he underl ayer on a crystalline tantalum (Ta) alloy based seedl ayer. The
tantalum (Ta) all oy based seedl ayer includes conponents which act as grain
size refiners, since the conponents have limted solubility in tantalum
(Ta) aDETHdhEDDRSCRIDNMON(ORTHE(INMBENIONMAt el y 20-23 C, or 68-73 F), formng
an anor phous grain boundary regi on which confines further grain growth of
the tantalum(Ta) in the granular layer. Furthernore, the present invention
provi deg4Rpmhé B&se:ﬁ ﬁﬁ:@ﬁt‘idﬂ}oﬂﬁestiﬂ?ﬂshﬁé 1grsaﬁ sizk %ﬁnbhcﬁl%\fﬁe&hdéh@yeﬁﬁ‘r%m ayer and
under | ayer by alloying the tantal um | oy based seed | ayer with

el errent:@ssmanﬁv depasitecamagretiodgFatoriag gmmlm laﬁfn’p?ar daposiingthe underiyer et air es

el evat ) interface
are %ﬁ’I i ze '88 (:(?S};?q{osltblg%ﬁtsf/ccﬁagg %ﬁﬁ%@@gﬂ?gﬁé&ﬁ} gésact% sgésdl{yﬁg refined
grain mmﬁie@i:omb@eﬁrsyﬂﬁai dct aaegrumdme Irefiiers, hiatdate catipm@nts havelimited si ze

reducti on of the subs uent deposi ted granul ar | ay a simlar
ef f ect SPELHIGIT 9mluRy(T4] Haoorh {RRREEIE (dﬁ1gt>ﬁaepfaﬁer@ﬁ§§@5 G, %r&%s’éq diént |y
deposi §&¢higPhd ﬁﬁ&bﬁsh&)/s é?é‘intbei?mﬁf- fefiBn %%%Qﬁ&rs%ﬁher%h%@ roilysE@k! ine
tantalum (Ta) all oy based seedl ayer. Substantially pure tantalum(Ta) is

al | oyedamwzmr{’l‘ahmamd gxymﬂg layes. nﬁmhewmorchthaptcscrmmvgntmnmrgwdes foethener in the
cryst al Hu@%orti gﬂl&))g lat ICSBTIIIS ﬁ[t %lel ¥ H\e 3@ ysrez%a Xeerga(y%.ll %ﬂlle&ﬂ% tﬁ‘é {ag%'l uld el ement

has |ittle or room
t enper qTay oy bused s&é&ﬁl&:y&rhﬂﬂﬁdl&r@mmmﬂﬁmﬂnalfnmrﬂm dt hsonareaipeixouss agd ai n

boundar in the tantalum (Ta) alloy based s | ayer filmand help in grain
si ze rééue'vtrﬁtawssiﬁvetaﬂ?-iom Tegm Fmperaue. mla?trrea&@ﬁmsaﬁm “BF%%QSS’%‘? ng. 100441
The al |\g%iAde®) a“,,gnﬂgrgnmgaptl c or weakly magnetic in nature, with a
mass susceptibility of Tess than or equal to 1.5 x 1 7 "' . Table 1, bel ow,
provides a |ist of aI |l oying kg elenments which can be alloyed with tantal um
(Ta) t I i i r aj I : ction in
the. seadlbljahets FRVELE b X oblhe €A ER b Bl e Bl SEM

reduction of the subsequem]y deposned granular magnetic layer, a similar effect is realized by
the underlayer if the underlayer is subsequently deposited epitaxially on top of the reduced grain
size, crystalline tantalum (Ta) alloy based seedlayer. Substantially pure tantalum (Ta) is alloyed
with an alloying element which acts as grain size refiner in the crystalline tantalum (Ta) alloy
based seedlayer film. The alloying element has little or no solubility in the BCC tantalum (Ta)
phase at room temperature, such that the alloying element forms the amorphous grain boundary
in the tantalum (Ta) alloy based seedlayer film and help in grain size reduction by confining

further grain growth during processing.

|0044] The alloying element is non-magnetic or weakly magnetic in nature, with a mass

susceptibility of less than or equal to 1.5 x 107 ';: Table 1, below, provides a list of alloying
94

elements which can be alloyed with tantalum (Ta) to form an enhanced alloy which provides for
grain size reduction in the seedlayer film, although other elements which meet these

characteristics may also be used as well.
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characteristics may al so be used as well. -11 Atom c Atom c Mass

susceptibilty (100- Roomtenpenture solubility Benent Nunber Radius Crystal
Structure 8nBfk in lantalumfa) B 5 0.97 A rhonbohedral -0.87 2% (2092 C),
insoluble (RT) C 6 0.77 A dianond cubic -0.62 7% (2843 *Q insol uble (RT)
face centered Al 13 1.43 A cubi c 0.82 5% 2100C ,insoluble (RT) S 14 1.17
di anond cubic -0.16 5% 2260 ;1% 1(100Q Ti 22 1.47 A hexagonal 4.21
| nsol ubl e( RT) body centered V 23 1.36 A cubic 6. 28 | nsol uble (RT) M 25
1.18 eubi-er—12-2— nc:‘ﬂ .‘.:Igl a.( DT) b d“fla fnnf nlrn ( 26.1.28 A mlhlj c_4.45
5 ceply res
27% 1p T 3/@ p‘;{' C;‘a%fs 8’1 | ﬁ heqagdh¥d b§B’ i(ﬁsdﬁ?ﬁ’l ‘é’g’% bb'&i‘i”’ bent er ed
Nb 41 1. ‘BII‘\ LIUI %.b-’AII Ul"‘lO e 66 _l%} 1 17
| - o 4 QAN le MFS,Q]'“BI F‘ T)
| nsol 6 0 8T lqmnct:gpbl ITT"JOR \D%gl € % Coble 11.73
A hex gUlId]l_ D121 bUiﬂJUI facc cen cmd{ 594 :IU}\CIUUIICII e re) |1roL.‘|“:asb|l ce ') 83 1.75
A nmonbcl iypicf-1,.7 | ns,g“gb Q d gnt ered 0\% 74 1. 4156%&9&%)““0]33‘:&[}? bl ubl e
Si 14 1LI7A | diamond cubic -0.16 5%(2260 °C); 1% (1000 °C)
Ti 2 1474 hexagonal 4.21 Insoluble(RT)
body centered
\% 23 1.36 A cubic 6.28 Insolubic (RT)
Mn 25 1LIRA cubic 12.2 Insoluble (RT)
body centered
Cr 26 128 A cubic 445 27%(1965 °C): 3%(1000°C)
Zs 40 1.6 A hexagonal 1.66 Insoluble (RT)
body centered
4] 147 A cubic 2.8l Insoluble (RT)
body centered
Mo 42 14A cubic 1.17 Insoluble (RT)
face centered
Yb 70 193 A cubic 0.59 Insoluble
Lu 71 1.73 ;} hexgonal 0.12 Insoluble
Hf 72 1.59 A hexagonal 0.53 Insoluble
Bi 83 1.75 A monoclinic -1.7 Insoluble
body centered '
W 74 141A cubic 0.39 Insoluble

Table 1: Alloying elements which provide for grain size reduction in the seedlayer film.

[0045] The alloying element can be added in high atomic percentages, such as 50% in the

tantalum (Ta) based alloy, although higher or lower atomic percentages can also be used, such as

1%, 5%, 15-25%, or 40-50%. The alloying element can also be added in excess of its maximum

solubility limit, at room temperature or higher temperatures. “Higher” than room temperature or

“elevated” over room temperature means any temperature over room temperature, which is

ordinarily considered approximately 20-23 °C, or 68-73 °F. Example temperatures which would

be higher than or elevated over room temperature would be 25 °C, 100 °C, 1000 °C, 2500 °C
5000 °C.

[0046] By alloying the tantalum (Ta)-based seed layer so that residual stresses at the interface

. or

are minimized and crystallinity is enhanced, the present invention provides for the reduction of

the lattice mis-fit between the seedlayer and underlayer. The BCC (110) plane is the

predominant crystallographic orientation of the approximately 30 nanometer tantalum (Ta) films
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Table 1: Alloying el enents which provide for grain size reduction in the
seedlayer film 100451 The alloying el enent can be added in high atom c
per cent ages, such as 50%in the tantalum (Ta) based all oy, although higher
or |ower atom c percentages can al so be used, such as 1% 5% 15-25% or
40-50% The alloying el enent can al so be added in excess of its maxi num
solubility limt, at roomtenperature or higher tenperatures. "Hi gher" than
room t alepasited om theamorphehendseald undee roano @mpeanpe defosition nexadidoran Puk esther at ur e

over roomt r.a ich is, .ordi i consi dered roxi mtely 20-23
/e RS RE R EC  BhE it RO oY R riBeR i BR). FRLATRSR o1 avat od
over r afventienpeiRies for tidattibR oflitice mifBt 6 cris?ithCratidridih @u) OF rutRBiish C.

10046) By alloying the tantalum (Ta)-based seed | ayer so that residual

st r essdBurbasedhundeslayers anddtantglum (hah phayagedsssedlayeys by plloying Peicsystaliiignced, t he
resentg,l | [ ' ' 1s-fit between
Phe seestuEE W TR (PO nl lerlehR JARE MNP T abidfor) 8 bBORE 200

cryst altemperapte ar abhighattenparatucs. Theseappyioxelamesk for8lsolid salmedrarwithant al um ( Ta)
films - deposi ted on the anorphous substrate ynder roam tenperature
deposi (PHARETAL T TS of AL G METRA s 0l TS ToTOR Y STRHE U6 1 b t he
HCP  ( 0GQ3)ane 1:ai&@ sakaniddé i tdnddirh IRed), theRBy RIJBSRE the Thiliv@Rts@N provi des for the
reduction of lattice ms-fit of crystal Yl ne rut heni um (Ru) or ruthenium

(Ru) - based underl ayers and tantalum (Ta) all oy based seedl ayers, by alloying

the Cry[gflﬁm’ltl{\éggioglﬁggieﬂ%ﬁ{ in%cttlanltaﬁmﬂ'la}'-gﬂ(&;rtﬁ%cid;\ﬂg s6i€ WBH Sutithgth are soluble

in tant room tenperature or r tenperatures. These
al | oyi nigntaluen(@la) st rhom mersprratdreswlati¢le aues! tempdratutes soahatnhe alwyingtelenmom

tenperature or, at .el evated. .tenperatures, _and thus accordi ngly .nodify the

b1 anfernsg eyt BtySpd A M A g 7 Sl s g TRRAE AT e | at 1 ce
ms-fi t?qrﬂrﬂtﬁéﬂ Iaddieonally,abd DB yRigemein ishoh iBagheatit & weik(yTRignatit fynohased has
sonme solid solubility 1n tantalum (Ta) at roomtenperature or at el evated

t eNPer akih 8Snas$uskdpBbiliy6r 18R S1EqEAIeE Nt 107OP IS Sthes wRShiplaseilana@l  sol i d
solution with tantalum (Ta) and affects its inkplane, a-lattice paraneter.

Additional ly, the alloying el ement is non-nmagnefic. or weakly-magnetic in
nat ur e, PARPE rﬁ’&?i“"éﬁtaégspl?’gmrlﬂ?wi’%f’?%@’ Q%P)otpeéﬁ(l?é‘?g ‘f%“‘i‘?‘ iMoo 7
Si nce t f8midraBud BMalled tRanQBat of 1.47A, which is the atomic radius of tantalum (Ta). Based on

the above criteria, Table 2 (below) provides a list of alloying elements which can be alloyed with

tantalum (Ta) 1o form alloys which provide for potential lattice matching with the subsequently

deposited underlayer, further enhancing crystallinity.

Mass suscephibilty (1078 Room temperature

At No.| At.Radius |Crystal structure m3/kg) solubiity in tantalum (Ta)
B 5 097 A thombohedral 087 2% (2092 °C), insohuble (RT)
C [} 077A diamond cubic 62 7% (2843" C); msoluble (RT)
Al 13 143A | face centered cubic 082 5% (2100°0), Insoluble (RT)
Si 14 117A diamond cubic 0.16 5% (2260 °C); 1% (1000 °C)
Cr % 128A  |body centered cubic 445 21% (1965 °C); 3% {1000°C)
Ru 4 4A hexagonal 0.54 45% (1970C). 2% RT)
Rh 15 134 A face centered cubic 132 16% (21 10°°C); 8%{1000°C)
Re 75 141 A hemagonal 046 47.3 % (2590 °C); 4% (2000 )
Ir 77 135A | face centered cubic 0N 7.3% (479 °C); $% (1600°C)
Pt 78 138 A face centered cubic 122 9.5% (2470°C); 1.5% (500°C)

Table 2: Alloying elements which further enhance crystallinity & reduce lattice mis-fit.
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kg parameter for tantalum (Ta) is higher than that of ruthenium (Ru), the
alloying elenment has an atomc radius snmaller than that of 1.47A, which is
the atom c radius of tantalum (Ta). Based on the above criteria, Table 2
(below) provides a list of alloying elenments which can be alloyed with
tantalum (Ta) to formalloys which provide for potential lattice matching
with the subsequently deposited underlayer, further enhancing

cryst al0P48]; The alingisg elereoeithRuoiiumeily) dicthasal stediNer isstddRhdithin gy yst al

trict . | ubi lity.i t al Ta). ., B,5.0. 97 A _rhonbohedral -0.87 2%
? o TR L g ol B oty R T
i nsol udr abo¢dlin tanluml®al. 43 A face centered cubic 0.82 5% (2100° C), I|nsoluble

(R7) Si 14 1.17 A diannnd cubic -0.16 5% (2260'C); 1% (1000'C) C 24 1.28
body centered cubic 4.45 27% 1965' Q 3% 1000*0 Ru 44 1. 34A hen onal 0.54

A5% 1978461, i A 2% - 0 .
8% goo@ﬂg@'ﬂg Lelitts o 3 thin Shackdy WAE LERIEE %’gé’ 8“%"?"%1’263/(2" yigphrb e
1. 35 Addcarsingde ene sbiodimontofOheomesenBinyenive’ Byicfygleonaime)ic rieomBglmEHuA f ace

center ' 2 % ' 0; 35% 5000 Tabl e 2: | oy ng el enents.which

Furt neireulied fipsnouplt ofygr et ity Pudie, Pt SSqRERAEY The

al | oyi tagtabtine(Ea) tand &h ARG ingaérAdniNThelMigrizlit ¢okiaRatdedigndiso)ifdludes amdded Wi t hin
the solubility range or in excess of the alloying elenent's high solubility
it peeriayss dtpes puar thesseedayen 89 @ magpcticAatadterng srayular daysa dapositgslir e 2

depi ct §yéd theliMdedldyefn St ack in which seedl ayer has been sputtered by a sputter
target according to one enbodi nent of the present invention. Briefly, the
magneti c recordi ng medi um includes a substrate and a seedl ayer deposited

over tﬂ% Eﬁtrat .t he seedl ayer coppri,ged of, tantal &gg% nd

2l 1oy NPSBIR g déoil MRente focoiding i gOfansidss sbatsete At pnsCieedigber 204
deposited over the substrate, seedlayer 204 comprised of tantalum (Ta) and an alloying element.
Layer 202, which includes one or more underlayer, anti-ferromagnetic layer, or other type of
layer is deposited between substrate 201 and seedlayer 204, although in alternate aspects of the

present invention layer 202 is omitted.

[0051] Magnetic recording medium 200 also includes underlayer 205 deposited over seedlayer
204, and magnetic data-storing granular layer 206 deposited over underlayer 205. Magnetic
recording medium 200 also includes fayer 207, which includes one or more layers such as a

carbon (C) overcoat or a lubricant layers, although in altemate aspects layer 207 is omitted.

[0052]) Underlayer 205 is comprised of ruthenium (Ru) or a ruthenium {Ru)-based alloy,
although other base metals typically used in the art may be used in conjunction with or instead of
ruthenium (Ru). In particular, nickel (Ni), terbium (Tb) or titanium (Ti) could also be used as an

underlayer, as could any material with a HCP structure at room temperature.
[0053} According to one aspect associated with this arrangement, the solubility of the alloying

element in a body centered cubic tantalum (Ta) phase does not exceed 10 atomic percent at room

temperature, and the alloying element has a mass susceptibility of less than or equalto 1.5 x107
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under | ayer deposited over the seedl ayer, and a magnetic data-storing
granul ar | ayer deposited over the underlayer. [00501 In nore detail,
magneti ¢ recordi ng medi um 200 i ncl udes substrate 201 and seedl ayer 204
deposited over the substrate, seedl ayer 204 conprised of tantalum (Ta) and
an alloying elenent. Layer 202, which includes one or nore underl ayer,
anti-ferromagnetic |ayer, or other type of |layer is deposited bet ween

bst r at’e .th f th
or csoniigi rveRe RNkl Re Py B pAEHAEH By b SR o PRE R GM hoci um 200

al so |pcludes underlayer 205 deposited over seedlayer 204, and nmagnetic
dat a- smgluﬁnd:ugmmt Bmitédipebord 0 68 epbwi (Cé‘chlmianmuﬁdﬂesiliaye(rSi)Q(i&nidhh@‘ri)et ic

recordl n m 200 al | udes yer 207 ich.in des e or nore

| ayor o ARERR I EREni T Phroy SR B Geoli 4 pighiirs QU EoLBRERG on |

al t er ng¥e), rabhhB(YYRtetid@ (Lb)S hafiuni @), bishQbas), unaiﬁrngayﬁ(wgoémcs conpri sed
of ruthenium (Ru) or a ruthenium (Ru)-based alloy, although other base

met al s !OWHP&:CJ?'PS‘/“%%'BG]WFPB! the ab e criteyiajsen brswsgd phwelbrip GPRIBRSRDMMPTOr | nst ead

of  rujdeni anhéggq)sledlerkn%&t' cular, nickel (N), terbium (Tbh) or titanium
(Ti) could also be used as an under | ayer, as could any material with a HCP

structure at roomterrperature 100531 According to one aspect associ ated

cent or MSATAR BOFEHER D7 ki (L& ot S YA Bng T b 2t oom

t enper a@gr@ﬁl,s:@rrdﬁﬁdm ﬂielc@stanmeemmﬂt(maaﬂoﬁbﬁ@asmm@eﬁmn bs.h¢etmeof | ess than
or equal to 1.5 x10- El enents whi ch _neet these paraneters and which

coul d Bléomek%lﬂagntthaehmemyp ﬁ‘d“‘@ll%’ﬁéﬂie B Qg tantalym (E2) phiase 24 FOMMBIMPETAHed t O,
?Or on (k@allogﬁgla%&?ﬁgmﬁ?lﬂé%%ﬂ&(}fé%mb%'uhd ﬂn%..sla?nahhh gﬁj{?tr%g’]’( ﬁ%')e& vanadi um

, hanganes rom um zi rconl nmol ybdenum
(M), yeedéaybi fulm gndodids ihgradt sieemefbaiion by abmfinimg {urthyr groingmewth duBng , and
t ungst mcgv,%n QO her alloying elenents which neet the above criteria can be
used ad Wel1 & in conjunction with or instead of these |isted el enents.
[ 00541 As such, substantially pure tantalum (Ta) is alloyed with an all oying

el enen ich
t[OOS\g? ccor%mg to a second, allemate aspect associated with this arrangement, the alloying

element is soluble in tantalum (Ta) at room temperature or al elevated temperatures, has a mass

susceptibility of less than or equat to 1.5 x107 ': , and has an atomic radius smaller than 1.47A.
g

Elements which meet these parameters and which could be used as the alloying element include,
but are not limited to boron (B), carbon (C), aluminum (Al), silicon (8i), chwromium (Cr),
ruthenium (Ru), rhodium (Rh), rhenium (Re), iridium (Ir) and platinum (Pt). Other alloying
elements which meet the above criteria can be used as well, in conjunction with or instead of

these listed elements.

{0056] In this regard, laltice mis-fit between the seedlayer and underlayer is reduced by alloying
the tantalum (Ta)-based seed layer, so that residual stresses at the interface are minimized and
crystallinity is enhanced. The alloying element in the tantalum (Ta)-alloy based has some solid
solubility in tantalum (Ta) at room temperature or at elevated temperatures, so that the alloying
element forms a substitutional solid solution with tantalum (Ta) and affects its in-plane, a-lattice

parameter.
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as grain size refiner in the crystalline tantalum (Ta) all oy based seedl ayer
film Since the alloying elenent has little or no solubility in the BCC
tantal um (Ta) phase at roomtenperature, the alloying elenment fornms the
anor phous grain boundary in the tantalum (Ta) all oy based seedlayer film
and aids in grain size reduction by confining further grain growh during
100551 According to a second, alternate aspect associated with

ItO L?gezsdogﬁlgéﬁ@wmg {de.third) iermege aspecs pispasspeialed with|tkis prangemenl, thespipllivat  room
Lemper g e aud¥in@hicfbR4ih gy ﬁﬁ&%cﬁén‘&c?ﬁalﬁﬁlsﬂg) PRSCaoc ARFERELLI] diloticOf | €5

t han or equa as an om c radi us sna erth

1. 47A pkrgent &l swertempeviatucd) andde atlngseelpmesirhas & massasudcephbidiny cijadsdh:hﬂ)rused as
the alloying el enent, include, but are not limted to boron (B), carbon (C),
al um nogoal & ).5 x0T |L'6D,ns §iuhle irclantalwniiTa) firtgmperatute dighenthbiijom teimpetiature, ( Rn)
rhenium (Re), iridim (Ir) and platinum (Pt). CQher alloying el errents whi ch

Teet e RRUS G ERLAENR RS IR Beteld i CAMAURGLL00 N 1 o NSt ead

of these T'isted ele etvveen

t he seedildyensaing lh&ﬁb&h@)&ﬁmﬂnﬁmﬁkﬂdﬂ&ﬁdarbmoﬁlim m@ordnr(a)tcaﬂioal(am (Ta) - based
seed | aye hat. r?%t@‘*“? st(}raﬁsses at the _interface are mnimzed and

cryst al"f{’F’HP'{'V (A, ghgen ke (B ayicheemiviEn:  Other gloyiagelamemts phy- al | oy

based hagt #eABowQUritdia c%ﬂb&'%e'd'agWel]nmtcaﬂj‘lﬁét}émw(xiﬂaar 1&§eaﬂ%@me§@ﬁ§?&f ature or at
el evated tenperatures, so that the allodying enment fornms a substitutional

sol i d slmentson with tantalum (Ta) and affects its in-plane, a-lattice
paraneter. -15 100571 According to a third, alternate aspect also associated
with this arrangenent, the solubility of the alloying elenent in a body
cent er 40058} Tihis ﬁaawuair dspetiiheb &s e Wnethe Ralin RfiGEacht hitd addatich omﬂnece nt at

roomte and the all|oying ele t hasamass suscetlbll | ess
t han or™ g‘.{d’él egcribed | mprg dotadl gbove; §P§B EPE XW'IFH}&“&IHHV'CW&%“&E“W eratures

hi gher gbhadan’ KRk cﬁﬁ@%@wnaary ik gwealﬂﬁalbﬁs(Tﬁ)rhlI@S' @,ﬂaea sée?myés fifBhl Shichhan
|.47A. El ements which neet thése paranmeters and which
enhances crystallinity, a tantalum (Ta) alloy is provided which acts as both a grain refiner for
subsequently deposited layers, and lattice mis-fit reducer for the elimination of residual interface

Stresses.

[0059] The first seedlayer, the first underlayer and/or the first magnetic data-storing granular
layer are sputtered using a co-sputtering assembly or process, or using a triatron. As indicated
above, the co-sputtering process uses multiple independent sputter targets with independent
power supplies which are contemporaneously positioned within the vacuum chamber controlled
the uniformity of the sputtered surface by selectively sputtering one or more of the multiple

sputter targets,

[0060} The present invention relates tantalum (Ta) alloy based seedlayers which are deposited in
conjunction with an underlayer and/or a magnetic data-storing granular media layer, in magnetic
media stacks used for PMR. The present invention provides for grain refinement of the
underlayer by epitaxially depositing an underlayer on a tantalum (Ta) alloy based crystalline
seedlayer, where the allying element of the tantalum (Ta) alloy acts as a grain size refined by

forming an amorphous grain boundary region and confining further grain size growth, dueto its
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could be used as the alloying elenment include, but are not limted to boron
(B), carbon (C), alumnum (Al), silicon(Si), platinum (Pt), and chrom um
(Cr). Oher alloying elenments which neet the above criteria can be used as
well, in conjunction with or instead of these listed elenments. 100581 This
particul ar aspect benefits fromboth the grain refinenment and reduction of
lattice ms-fit, as described in nore detail above. Specifically, by

uti | i zlimygedsolehilityyor myokabidite imt tamthlucih(Taj atrroem sempreravungh Fushayy the prebeundary i n

the taptal.um (Ta I based edl ayer_film an Lch, enhances.

cryst ainlk’?“rﬂot"f,(m‘a&tsjjﬂ't lﬁ%ﬁ?@f%aﬁ?tﬂﬁ? Séﬁ‘&mﬁeﬂgﬂ%ﬁ?b?ﬁe%‘f‘%“ 2eBHG grain
r ef i neBCOaantaltTRY IR ba¥edIRPO Tyt £ Enantifg the capthilirdyt be Bhderlajdr, usprhucer for
the elimnation of residual interface stresses. 100591 The first seedl ayer,

the fi AUQYingrdepens which fopmsolidisalutipRsoyitiniagiabum Tayte expandoandfng cgmeastiibar | ayer
are spyktgred using a co-sputtering assenbly or process, or using a
triatron. As indicated above, the co-sputtering process uses nultiple

i ndependent sputter targets with i ndependent power supplies which are

conte ousl ositioned within the vacuump chamher controlled the
it 1 or IUHT GFHE e dER 0 mFeou hebdlithr s AROR FRAERRG PERERUFIG BREUER mor e of
t he nuld inpgrRtic Aedialsick$ WhigR irfcludtQUEPLCTIB) PXi@s&iHaininY AAEhAR dafl @bz t ant al um
(Ta) alloy based seedl ayers which are deposited in conjunction with an

under | &jpphlanmadiadaysr ardiorar HEP dased uadertayergs goragspondinglu inceeapeghsince then magneti ¢
medi a ' i OV| rpgrain

refi ne?f%%te&%lp H?ﬁ%ﬂ%e@?%%%“ﬁﬁ%ﬁ?&bf gﬁ@%égﬁ%?‘?ﬁ%é&gﬁyéﬁfﬁ | ayer on a

t ant al umofphaadting [thepalloly mgedtnuamy, abatrystalbine sedldyayanimisdsehepdtrgiabfdr yattg el enent
of the t.antalu l.oy act.s a qgrain size refined by forping an

amor phgﬂgmﬂglé?”m‘h@\'ﬂﬁpga%ésg% @ﬁﬁ“égkmeﬂﬁ 'ﬁ’é%'?eLH’?'FFé’F“yg'PJ\f{Wa’Ei"}@eg?ovw h, due
t o its tantdiom|(Ta) tattide BPIotMirg 4 361i@solufiem ihedbylaffécting thamt ghatalidifide)at room

tenperature. Further, the present  invention provides for the reduction of
| at t i cdarpmeterof tagtadure EFp)t A apmesltiof sacd of st ImprRYergishthe signalgemoisg fiter um

(Ta) - ald-vr"Ba%& %, 3650 i’ﬁﬁ@ﬁ\ﬁdi@@@@lﬂﬁerﬁgﬁog@d.cryﬂ allinity of the underlayer,

using alloying elenents which form so solutions with tantalum (Ta) to
expand and/ or contract the

[0062] Figure 3 is an XRD spectrum of a 30 nanometer tantalum (Ta) film, which demonstrates
that the alloying element is capable of enhancing the crystallinity of the HCP underlayer. As
shown, when deposited on an amorphous substrate at room temperature, the tantalum (Ta) film is
crystalline with the (110) planes of BCC tantalum (Ta) paralle! to the film surface. Due to the
symmetry of the (110) plane of the BCC tantalum (Ta), it is a very favorable surface for the
growth of the ruthenjium (Ru) films with the HCP (0002) planes parallel to the film surface. As
depicted in Figure 3, the strong (0002) orientation in the ruthenium (Ru) or ruthenium (Ru) alloy
based underlayer also promotes strong (0002) texture growth in the granular magnetic recording
layer. In the Figure 4 example, with their respective crystallographic orientations, substantially
pure tantalum (Ta) and ruthenium (Ru) films have a Jattice mis-fit of approximately 5.6%.
Alloying tantalum (Ta) with an alloying element which is soluble in tantalum (Ta} substantially

eliminates this 5.6% mis-fit.

[0063] Figure 5 is a flowchart depicting a method for manufacturing a magnetic recording

medium, according to a second embodiment of the present invention. Briefly, the method of
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| attice. 10061] Using the present invention, seedlayer grain size is
refined, and perpendicular anisotropy in nmagnetic nedia stacks which

i nclude a CoPt (Cr)(B) oxide containing magnetic data-storing granular nedia
| ayer and/or a HCP-based underlayer is correspondingly increased since the
subsequent |y deposited | ayers are fornmed over the enhanced, crystalline
seedl ayer. By incorporating the alloying elenent, the crystalline seedl ayer
m ni mi msufamrim mgrieail: récordingumediom inaﬁltknﬂte(sltepvdftshuttdﬁﬁg anldest bdyers. The

al | oyi enen s, t.h opens r in i he tantal um attice

by £ or BBV R s AREeA Foll Bl plyiget BB fhs Brleprners MaHE: tHoRd Phe)

par anetantahwii (T2 ahdbnialldyi) clerént aThefethbd 8o RRieDthe sIRESEF spittering ARALS, t he
gnal - }5 noi se ratio &SNR’ iﬁyand K. for the PMR nedi a stack are inproved.

(0062) Y ypderiaysroverths first sepdlayer forap sa:os@smweaeéran@ spRiErDgRt(leasy af i | m

whi ch q?sqrm i ng the

Cryst a1y ARt (Rssd i gt by Yyeh e e RBLridEr SORTINE Gl ERAARE

anor phous substrate at room terrperature t he tantal um (Ta) filmis

crysta with t 110 Ianes tant al um Ta) arallel.tothefilm
sur f aciddﬁgﬁ tdﬁglei é’ﬁ £ sxpeg'l"s {Sﬂ‘g’ %f‘“ ?%?}g‘ 18 - KR "8t al um (Ta),

it IS ferkoda nét&\awaa,mramamafya@ear& @epdsh@l ovar ekhbsirhtet(fiep ESONEM aldntay) fil s
with the HCP 0002) planes parallel to the filmsurface. As depicted in

Fi gur e23pecte Rbthe presery "(tmntz') skspi SO Mamhed. pAklpast 2 firsh seelmyeURGAUISFd Qe heni um
(Ru)  allstyrafiarssla W?édt@)’% il iRt Plth'ﬁPsrl Fp’im% lrafq_}.gls(cg Bﬁledtoq)fﬁ Em@EgM h in
the granul ar magnetic ecor ayer n t | gure exanple, wth their
r espec@ndan gdloysigadldrogt sddp S:SQQD i Anisaeaddusndemb@i bmheadbbyc dq_:scmmnmalﬁtmb um ( Ta)

and ru |um ) fil haye a.l atg I OX tely .5.6%

A oyl REOH Ry e the 5y ERYEYE ity I quBleaisehts RS BRI ¥t ant al um
(Ta) subsdimyicoremplated) that hatfieg séddlfyePoeShdied phisical &&%aﬂ.cﬁicgw thdheis a

fl owchart dep| cting a nmethod for manufacturing a nagnetic recording nedium
accor disHg12en sinse nahlgners may e depasied lml@%e@ﬁbe ww@ﬁe ARshthe BFst agedlayet pe

met hod of 17 manuf acturing a magnetic recordi ng nmedi umincl udes the step of
sputterin | east a first seedlayer over a substrate froma first sputter
target, IW%& Fecondingftd ppe asppettassociatedrwytit thisgrrgegements ghe solubility of the alloying

element in a body centered cubic tantalum (Ta) phase does not exceed 10 atomic percent at room

temperature, and the alloying element has a mass susceptibility of less than or equal to 1.5 x107
m.l
ke
include, but are not limited to boron (B), carbon (C), aluminum (Al), silicon (Si), titanium (Ti},

. Elements which meet these parameters and which could be used as the alloying element

vanadium (V), manganese (Mn), chromium (Cr), zirconium (Zr), niobium (Nb), molybdenum

(Mo), ytterbium (Yb), lutetium (Lu), hafoium (Hf), bismuth (Bi), and tungsten {W).

[0066] According to a second, alternate aspect associated with this arrangement, the atloying
clement is soluble in tantalum (Ta) at room temperature or at elevated temperatures, has a mass

-7 m
g

susceptibility of less than or equal to 1.5 x10 , and has an atomic radius smaller than 1.47A,

Elements which meet these parameters and which could be used as the alloying element inciude,
but are not limited to boron (B), carbon (C), aluminum (Al), silicon (Si), chromium (Cr),

ruthenium (Ru), rhedium (Rh), rhenium (Re), iridium (Ir) and platinum (Pt).
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tantalum (Ta) and an alloying el enent. The nethod al so includes the steps of
sputtering at least a first underlayer over the first seedlayer froma
second sputter target, and sputtering at least a first nagnetic
data-storing granular |ayer over the first underlayer froma third sputter
target. 100641 In nore detail, the process begins (step S500), and certain
| ayers, such as an anti- ferronmagnetic |ayer, or underlayers, are deposited
over tKe6Hubxbrditgto(asthizd, afibfhile. aspedt alkd HEoAded wak ﬂﬁ@iﬁar@@m&ﬁ\?qlﬂrsgl%ﬁmy
|nvenhgog E{%%t 501 is omtted. At |east a first seedlayer is sputtered
over ¥ theloymgelement in 2 bogy ceptessd pbis tantalyrg 6T2) Ripeerdoes pet expeedt] Ogiarmie er

t ar get pdréenf ATHS @ HpRituted Bidthd! Hi‘k(ygr@ elerAidHl hdla ﬁjkés%ﬁéc?&ét;ﬁ}ei%@g{osé iﬁaﬁug@ 5502) .

As is readily understood by the above description o

sputt eéd.uﬂﬁ_otltﬁax fgr i"i . %ﬂlt@é’ﬁnrlaﬁ'tﬁﬂlﬁr(?:é)t d%? ?ﬁnﬁ%&?érhgﬂigheril anisréglgllqgrygeﬁﬁgx%,s ary

(although it is cegtainly contenpla I'rs e’'in
direct physical comunication with the seedlayer, since additional |ayers
may beangdids an aemipradivs smatlerahanubéth. aElemanid whitd et hesspasathetgrsrand whzb651

Accor dj . i t.t,h this. arrangenme the lubility of
t he al #dc?)%? ir’l‘gusgg‘laseﬁrr%%p Silﬂggﬁﬁgh@k@gc’r\%%e éré?}gll c“:f1 g?\ a’PBEﬁ’c%’)""% $e does not
exceedalifuratmofAly, sgeon@i), phatinum (), she oipemidni(@). and the al | oyi ng el enent has
a mass susceptibility of less than or equal to 1.5 x10"7 m . Elenents

whi ch neet these paranmeters and which could be used as the alloying el enent

kg | ) . |
g | nCtMg Abihst 31RstWAHerldye? i ShlutfeRedRREAT: GRA seeﬁﬁgmporﬁ g)scc)oﬂh gﬁ}’t %mﬁlrjé#‘l( )Cr ),

silicon ( 5) titanium (Ti"), Vvanadium (V), manganese (M
zi r con{stap52A).  Thei frli underlaysy is cropriteded suthenfuvh (Rulyar tagptheninm((Ri)-basedit et i um

Second o P el bt b oS PR ENsh pins ALY 6T g °

el ementr used $miafinetiomwith Ritaéninm (Ra) suwh ak AR {EDRE titinitine (LY. e Rievat ed
tenperat ures, .has a mass , . susceptibility of |ess than or equal to 1.5 x10-7
i alPAeRA¥eT s corpmtered it ‘EE segighsretlthongihseediayea could alseibg seyftesedani ch neet

t hese p@am*,ers and which could be used as the alloying el enent include,
but are not limted to boron (B), carbon (C, alumnum (Al), silicon (Si),
chromium (Cr), ruthenium (Ru), rhodium (Rh), rhenium (Re), iridium(Ilr) and

Pl ati Nygieof sl teast a first magnetic data-storing granular layer is sputtered over the first underlayer
from a third sputter target. (step S505). The first magnetic data-storing granular layer is co-
sputtered with the seedlayer and/or the first underlayer, although the seedlayer and/or the first
underlayer could also be sputtered separately from the first magnetic data-storing granular layer
as well. An additional layer or layers, such as a carbon (C) overcoat and/or a lubricant layer, are
sputtered over the first magnetic data-storing granular layer (step $506), and the process ends

(step S507). In an alternate aspect, step 5506 is omitted.

[0070] Figures 6A and 6B depict a top view and a cross-section view of a sputter target for a
triatron configuration, respectively, according to a third embodiment of the present invention.
Briefly, the sputter target for triatron configuration sputtering, includes a first region comprised
of tantalum (Ta) and a second region comprised of an alloying element. As shown in Figure 6,
triatron configuration co-sputtering uses a single sputter target with multiple independent

composition regions. This single triatron sputter targel would have an region comprised solely
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- 18 100671 According to a third, alternate aspect also associated with this
arrangenent, the solubility of the alloying elenent in a body centered
cubic tantalum (Ta) phase does not exceed 10 atomic percent at room
tenperature, and the alloying elenment has a mass susceptibility of |ess than
or i equal to 1.5 x10-7 ' , is soluble in tantalum (Ta) at tenperatures

hi gher than roomtenperature, kg and has an atom c radius snaller than

1. 47A. oBastalunt T ahvkridciregipe tomnhisd splatyanfed; ewlerabath wigiads wanddibelcdsgputtsred as t he

al I oyin | ement . include,, b arg not limted to boron (B), carbon (O,
al uni ni‘}ﬁ%"ﬁﬂ'e)"}‘ﬂ%f?‘i’e%ﬂt%ﬂ%'%ihé& Hm (Pt), and chromium (Cr). 10068] At
| east a first underlayer is sputtered over the first seedl ayer froma second
sputter targct (step S504). The first underlayer is conprised of ruthenium

(Ru) o031} In messidatai! Ruptersarselcd01 o1 tagtromeanfigurgtion sputipring ingludesdiypaegion ot her

el emen f}{"q'é " ] d ed in

conj un%?zl%)n rﬁt@#ﬁ/‘ﬁ E@ﬁ} %%Eﬁfﬁgé%%g%gm?%2{14*#?98@&{1? %%T%ﬁﬁ (Ti). The
first Althoggh faytaegios 6@Disdiustrvred edambdtiidé frmubr edd second reglantédddhillaaenkdayer
could al so. be sputtered separately. 100691 At |east a first _imgnetic

dat a- 56O MBS GPARIME FoSPSRyRT PPUNCTGH B BATaRbn SUFRat RS AP RaPCt r om
third gpdivisfins badl@8 usedlt6g21129205) . The first nmagnetic data-storing granul ar
| ayer is co- sputtered with the seedl ayer and/or the first underl ayer,

al t hough the seedl ayer and/or the first underlayer could also be sputtered
separa far I.r - . [ |.ar well. An
2 1 ST (etlTig o phe Sheck A0 Bt B BBl HERT o Beah Bhrea BiG'0L 20
| ayer, tatadumgPa)tiphesealdeonmextded 16 avimicpgoat atrodmitemnpdratuie) gndthanlidydng | ayer
(step S506), and the process ends (step S507). In an alternate aspect, step
S506 i eleatent hasd. makd kOdptibiliyy bERssARareerckqod 6@ 5>’ &1 pphate pussitielalibying
cross-section view of a sputter target for a triak on configuration,

respectivel y,. according to. a third e di nent, -of ..t h esent i ntion.
Briefl fl,le"feﬂé lgcaﬁfct(éﬁ ?gpﬂg{ml*eg?o)ttfofoaﬂ hcar%ﬁf(Fgﬁng ﬁ&ﬁs‘sapuur?'f] %’PR%Q: i ncl udes
a fi lristtitz_rrﬁghq?),o.@ﬁmﬁnirﬁe'd), rr:cafrng.’nv_aswi @m)ntHrdmjuna(Cl), zirs@domdZegiobinmodibpr i sed of
an a %(I)l%gdegun%r{e og,'y‘uéﬁ)iusm %, lu?ctiﬁlmg(ﬂxi hgfnium (Hf), bismuth (Bi), and tungsten

(W).

[0073]) According to a second aspect, the alloying element is soluble in tantalum (Ta} at room

temperature or at elevated temperatures, has a mass susceptibility of less than or equal to 1.5

x107 ”’:_J, and has an atomic radius smaller than 1.47A, where possible alloying elements
£

include (but are not limited to) boron (B), carbon (C), silicon (Si), aluminum (Al), chromium

(Cr), rathenium (Ru), rthodium (Rh), rhenium (Re), iridium (1r) and platinum (Pt).

[0074] According to a third aspect, the solubility of the alloying element in a body centered

cubic tantalum (Ta) phase does not exceed 10 atomic percent at room temperature, and the

¥
alloying element has a mass susceptibility of less than or equal to 1.5 x107 ’.:__. , is soluble in
g

tantalum (Ta) at temperatures higher than room temperature, and has an atomic radius smaller
than 1.47A, where possible alloying elements include (but are not limited to) boron (B}, carbon

(C), silicon (8i1), aluminum (Al), and chromium (Cr).
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triatron configuration co-sputtering uses a single sputter target with

mul tiple i ndependent conposition regions. This single triatron sputter
target woul d have an region conprised solely -19 of tantalum (Ta) and a

regi on conprised solely of X1, where both regions would be co-sputtered
simul taneously to deposit an Ta-Xj thin film 10071] In nore detail, sputter
target 601 for triatron configuration sputtering includes first region 602
conprised of tantalun1(Ta) and second region 604 conprised of an aIoning
elenent out si de_annul us and

S ocon 100758 ALaUERR of bf 2Rl An d0Feled plringREh g Srdn iR bbDis aSp R

posi t i amgelcaherdehe sputtdrifgetiicanprived of @n@RReaPandin dlloling e®itent MAREs  or
di visions_coul d be used al together. 100721 Accordi ng to one aspect, the

sol ubi |5Pﬁl§‘"'b¥ of the aligyeng glergent |"zaﬁb?ﬂy Geptegedisybg tentatum (2e) Rhass does p%lrﬁxsqed m ( Ta)
phase dl@f‘a'ior&@tpex%%ﬁ%?%oi'rpte hire, RRA ﬁﬁ%il?fihgmgg}ttlﬁgﬂﬁkéé His€epti gr 6ﬂ€~ss

alloying elenent has a susceptlbl ess than or equ

i(ll(r)n '[76 C}hin r eﬁ’g@gﬁl ?%ﬁﬁn b‘bjeb\ghér% éﬁ)ﬂﬁﬂe %@gﬁh%@%& lhnf]{f&é“@ﬁt z(r? K{:L)Iﬁﬁfedqt i um

(Ti), vanadium (V), manganese (M), chrom um ( §mﬁ) zirconium (Zr), niobium
(Nb), W@de??(bﬁﬂ((%)tltamm €Fi \@ml(tmeV) Ingangane Mmsvhromm{%zerppr)mmbl smut h

(Bi), e | I oyi ng
el errent gﬂﬁtﬁ\g))lrw%%dﬁﬁ 9&' ()Qﬁ%%,ﬁh??g} m§n gﬂgﬁ 5@9@%&{ B'é 8®at ed
terrper a(tBu)r and tuhgssens( W it csnisivelp] th allding ﬂémérﬁSSSsoldbwlinmﬁquﬁﬂ'aI:ﬂ rdon® X10, 7

r"j , and has an atom c radi us snﬁller t han 1b§ /A, Where possi I 1 oyi ng
el emnt@mRﬂ'a‘“F%?:rlaualé“{‘%'FmQF'@'W ?Slarﬁ‘i‘séd“sFEB“ 8y ghlegsghan 8%1?‘15‘6 o(é)a silicon
(Si), a|Lb(I’j§1,l;]u chrgm um r ut _bglum(Ru) rhodi um (Rh), rhenium
(Re), E'Pdr‘)aséha‘OHP‘éfaidﬁiﬁﬁF’@ﬂﬁ")‘haf[ bt Wherecrsstibleglipwing eleRePd aspect ,

t he sol ubil |%y of the alloying elenent in a body centered cubic tantalum
(Ta) phiaskdé@Rcaabt @) BéloA (B) tabHLIC) Sthromiunt (T ritBemerh aRUY, thodRiRdl t he

(Rh), rhenium (Re), iridium (Ir) and platinum (Pt). Further alternatively, the solubility of the
alloying element in a body centered cubic tantalum (Ta) phase does not exceed 10 atomic

percent at room temperature, and the alloying element has a mass susceptibility of less than or

E}
equal to 1.5 %107 ’:_, is soluble in tantalum (Ta) at temperatures higher than room temperature,
4

and has an atomic radius smaller than 1.47A, where possible elements include (but are not

limited to boron (B), carbon (C), platinum (Pt), and chromium (Cr).

10076} Based on concepts disclosed by the present invention, sputter targets of tantalum (Ta)
based alloys can be used to produce crystalline tantalum (Ta) alloy based seedlayers with refined
grain size, refining the grain size of the crystalline underlayer and promoting the subsequently
epitaxially deposited granular magnetic layer. To its advantage, the present invention provides
an additional approach to alloy the tantalum (Ta) alloy based seedlayer, reducing the lattice mis-
fit between the tantalum (Ta) alloy based seedlayer and the underlayer, beneficially affecting the
crystallinity of the underlayer. Each of these benefits enhances SNR and increases perpendicular

anisotropy in the media stacks used for PMR,
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al l oyi ng el enent has a nmass susceptibility of less than or equal to 1.5
x10"7 2! 3, is soluble in kg tantalum (Ta) at tenperatures higher than
roomtenperature, and has an atomc radius snmaller than 1.47A, where
possi bl e all oying elenents include (but are not limted to) boron (B),
carbon (C), silicon (Si), alumnum (Al'), and chromum (Cr). -20 (0075]
According to an additional, non-depicted arrangenent, the present invention
i s a spPW7TEThe invangien hasbeen dedchibedswith paticularithetrative oobulimendsl Ibis tbdat al um ( Ta)
and an_al | oyi enent. The .soluybility of th | 1 ovi.ng el epgpnt in a body
cent or Biterid iy She Evetiion o et Rbe bonB ceisibed srbaiRp S prd TRt rcenf. o
room t effEngésdnd meodifidatiohis YBaybd Midatey 1RbR BE BEdidapskall IFRhE aRWatept ddphiingy of | ess
than or equal to 1.5 x10'7 "' e , where possible alloying elenents include
(but aftemibe spifigndsgonef thadgvesipan (B), carbon (C), titanium (Ti), vanadi um
(V), manganese (M), chromum (Cr), zirconium (Zr), niobium (Nb),

nol ybdenum (Mo), ytterbium (Yb), lutetium (Lu), hafnium (H), bismuth (Bi),
and tungsten (W. Alternatively, the alloying elenent is soluble in tantal um
(Ta) at room tenperature or at elevated tenperatures, has a nass
susceptibility of less than or equal to 1.5 x10 " , and has an atom c
radius smaller than 1.47A, where possible alloying elenments kg include (but
are not limted to) boron (B), carbon (C, chromium (Cr), ruthenium (Ru),
rhodium (Rh), rhenium (Re), iridium(lr) and platinum (Pt). Further
alternatively, the solubility of the alloying elenent in a body centered
cubic tantalum (Ta) phase does not exceed 10 atom c percent at room
tenperature, and the alloying elenment has a mass susceptibility of |ess than

or equal to 1.5 x10-7 " 1 , is soluble in tantalum (Ta) at tenperatures
hi gher than roomtenperature, kg and has an atom c radius smaller than
1.47A, where possible elenents include (but are not |limted to boron (B)

carbon (C), platinum (Pt), and chromium (Cr). ]0076] Based on concepts
di scl osed by the present invention, sputter targets of tantalum (Ta)
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based al |l oys can be used to produce crystalline tantalum (Ta) all oy based
seedl ayers with refined grain size, refining the grain size of the
crystalline underlayer and pronoting the subsequently epitaxially deposited
granul ar magnetic layer. To its advantage, the present invention provides

an additional approach to alloy the tantalum (Ta) alloy based seedl ayer,

reducing the lattice ms- fit between the tantalum (Ta) all oy based

seedl aﬁﬂbﬁ&%ﬁ@hﬂerl ayer, beneficially affecting the crystallinity of

t he underl ayer. Each of these benefits enhances SNR and i ncreases

per pendi cul ar anisotropy in the nmedia stacks used for PMR 21 _ 100771 The
i nventilon hasmbgetic aesalingaaediivhf donprisingcul ar il lustrative enbodiments. It is

to be understood t_hat the invention is not limted to the above-descri bed
enbodi ment s 238t vari ous changes and nodificati ons may be made by those

of ordi nary ;skididver Gedobi | ' TS bl scope of
the inventi (gn. - 2’5} \Algk%dgfvaéﬁél\/%%wl;aé‘ggf}.ag%drr%ggn%ti cl %ﬂ?&?’g?ﬁg{ (njggfhgm
conpr i sinddjoyingelemigatir at e; a seedl ayer deposited over said substrate, said

seedl ayer c L] 0 ntal um.,Ta),.and n alloying elenent; an underl ayer
deposi ted o%ggng%ﬁgersé"ggﬁﬁyg?’?rS%\’ﬁﬁe%t"a#ﬁbﬁgfi c data-storing granular |ayer
deposi t ed owahagheiicldaidrihgy@nlavisr deposied oler bdid undeflaydie al | oyi ng el ement
in a body ce“%er,ed cuhic tantal um (Ta) phase does not exceed 10 atomc

r

percent at rgbE® sHpRiltaf ik alignine glceieat i abedy semtagd aipictapiaim (Faghae nass
susceptidak htekc@ld 10%f5int Bakemar RUHALmpRathredady 10° 7 3 m kg 2. The magnetic

recordi ng medium accordinhg to Caim2, wherein the alloying elenent _is
wherein the alloying element has a mass susceptibility of less than or equal to 1.5 x10

kg

2. The magnetic recording medium according to Claim 2, wherein the alloying element is
selected from the group consisting of boron (B), casbon (C), aluminum (Al), silicon (Si),
titanium (T'i), vanadium (V), manganese (Mn), chromium (Cr), zirconium (Zr), niobium (Nb),
molybdenum (Mo), ytterbium (Yb), lutetium (Lu), hafnium (Hf}, bismuth (B1i), and tungsten
(W).

3. A magnetic recording medium, comprising:

a substrate;

a seedlayer deposited over said substrate, said seedlayer comprised of tantalum (Ta) and
an alloying element;

an underlayer deposited over said seedlayer; and

a magnetic data-storing granular layer deposited over said underlayer,

wherein the alloying element is soluble in tantalum (Ta) at room temperature or at
elevated temperatures,

wherein the alloying element has a mass susceptibility of less than or equal to 1.5 x10”

m’

kg

, and

wherein the alloying element has an atormic radius smaller than 1.47A.
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selected fromthe group consisting of boron (B), carbon (C), alumnum (Al),
silicon (Si), titanium (Ti), vanadium (V), manganese (M), chrom um (Cr),
zirconium (Zr), niobium (Nb), nolybdenum (M), ytterbium (Yb), lutetium
(Lu), hafnium (H ), bismuth (Bi), and tungsten (W. 3. A magnetic recording
medi um conprising: a substrate; a seedl ayer deposited over said substrate,
sai d seedl ayer conprised of tantalum (Ta) and an alloying elenent; an
under | ayer deposited over said seedlayer; and a magnetic data-storing

granul gar | ayer deposited. over,.sai d upnder| ayer erejn the alloying el ement
5701 bt o T PSR Gh g g s plPlep MR S GREE{R aliplia e

t enper g@ldtiedSronhe pRiup cohidsting 0P ¥orag (BY, €arbon (G)pguminiRs@ly yiieemtSiRi | ity of |ess
than or equal to 1.5 x10"7 M3 -, and kg wherein the alloying el enent has
an at offrempusg(Grd retheniva (Re) hodmumyBa), heniveg (Re), ingiem Rshandinl8muec®hei ng medi um
according to Claim3, wherein the alloying elenent is selected fromthe
group consisting of boron (B), carbon (C, alumnum (Al), silicon (Si),

chr om &im ( C)e magretierecondingRogdium hordimg ©OREImM 3, véheraimsdidedderfayérds um (1r) and

platinum (Pt). . .The netic rec i,n di um according to Caim 3,
wher ei ﬂ°f§é{i‘saz‘ af]la@}epgy}aﬁl&? ra ﬁ“ﬁ'ﬂ%@%’qﬁ%"gﬁﬂ%ni um (Ru) or a ruthenium
(Ru)-based alloy. 6. A magnetic recording nmedium conprising: a substrate;

a seedl ayer deposited over said substrate, said seedl ayer conprised of
t ant al Bm ( TA)magnetic rsePTding aRadiun. PBRBTINE:

a substrate;

a seedlayer deposited over said substrate, said seedlayer comprised of tantalum (Ta) and
an alloying element;

an underlayer deposited over said seedlayer; and

a magnetic data-storing granular layer deposited over said underlayer,

wherein solubility of the alloying element in a body centered cubic tantalum (Ta) phase
does not exceed 10 atomic percent at room temperature,

wherein the alloying element has a mass susceptibility of less than or equal to 1.5 x107

kg
wherein the alloying element is soluble in tantalum (Ta) at temperatures higher than room
temperature, and

wherein the alloying element has an atomic radius smaller than 1.47A.
7. The magnetic recording medium according to Claim 6, wherein the alloying element is
selected from the group consisting of boron (B), carbon (C), aluminum (Al), silicon (S1),

platinum {Pt) and chromium (Cr).

8. The magnetic recording medium according to Claim 6, wherein said underlayer is

comprised of ruthenium (Ru) or a ruthenium (Ru)-based alloy.

9. A method of manufacturing a magnetic secording medium, comprising the steps of:
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an under| ayer deposited over said seedlayer; and a nmagnetic data-storing
granul ar | ayer deposited over said underlayer, wherein solubility of the
al l oying elenent in a body centered cubic tantalum (Ta) phase does not
exceed 10 atom c percent at roomtenperature, wherein the alloying el ement
has a mass susceptibility of less than or equal to 1.5 x10'7 M -kg-,
wherein the alloying elenent is soluble in tantalum (Ta) at tenperatures
hi gher t han sputtaring taeiepst i dirst seedlayndowh e sebistrate fie ned fisy spageabper MhefeBahan

LR AT RARKE T g RN ) S

consi sthien@loPing RRnwAt iB)bod§ 3EMORA CEbic taddallith (REYVPhAL HoesSiok E£RES (Phidmic Pl ati num
(Pt) and chromium (Cr). 8. The nmgnetic recordi ng nmedi umaccording to Caim

6, WwhePEICENISATPMUSHERTabYR g vheresripe plivingofernent hasy wass(smepp@nliy of lesheni um

(Ru)-based alloy. 9. A nethod of manufacturing a magnetic recording nedium
conpri $hangreneal &g bpx18f ——: 24 sputtering at least a first seedl ayer over a
substrate froma first utter target, wherein the first sputter target is

conpri sed ofpfiRRhahiBast 1 kst AR A Jerdvbiakt Rtk &e rﬂgﬁtﬁon‘(‘@ ?Jc@hcpsp?ﬁl:ﬂmégi't y of

the alloying elenént in a body céntered cubic tantalum (Ta) phase ‘does not
exceedan® atomic percent at roomtenperature, and wherein the alloying

el enent has ; ) tibili |l ess than.or equal 1.5 x107 kg
eput teri ng. Sp(RRE pCURF Fh Mgl Bl ST aA TR 19Fr § Bdlfupeddietrn o
second fapwh tidrd spangeirget. and sputtering at least a first nmagnetic

data-storing granular |ayer over the first underlayer froma third sputter
t arget.

10.  The method according to Claim 9, wherein the alloying element is selected from the
group consisting of boron (B), carbon (C), aluminum (Al), silicon (Si), titanium (Ti), vanadium
(V), manganese (Mn), chromium (Cr), zirconium (Zr), nicbium (Nb), molybdenum (Mo),

ytterbium (Yb), lutetiovm (Lu), hafnium (Hf), bismuth (Bi), and tungsten (W).

11.  The method according to Claim 9, wherein the first seedlayer, the first underlayer and/or

the first magnetic data-storing granular layer are sputtered using a co-sputtering assembly.

12. A method of manufacturing a magnetic recording medium, comprising the steps of:
sputtering at least a first seedlayer over a substrate from a first sputter target, wherein the
first sputter target is comprised of tantalum (Ta) and an alloying element, wherein the alloying

element is soluble in tantalum (Ta) at room temperature or at elevated temperatures, wherein the

3
alloying element has a mass susceptibility of less than or equal to 1.5 x107 _'E__, and wherein the
g

alloying element has an atomic radius smaller than 1.47A;

sputtering at least a first underlayer over the first seedlayer from a second sputter target;
and

spultering at feast a first magnetic data-storing granular layer over the first underlayer

from a third sputter target.
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10, The method according to Claim9, wherein the alloying elenent is
selected fromthe group consisting of boron (B), carbon (C, alum num (Al),
silicon (Si), titanium (Ti), vanadium (V), manganese (M), chromum (Cr),
zirconium (Zr), niobium (Nb), nolybdenum (M), ytterbium (Yb), lutetium
(Lu), hafnium (H ), bismuth (Bi), and tungsten (W. 11. The nethod according
to daim9, wherein the first seedlayer, the first underlayer and/or the
first ddgneilhe mdthod-astwding tp Glaom U2, avhekay the alioying gemtmiriesklectddrfgpra the

co-sputtering.assenbly. A hod of facturd. a na ic recordin
medi 5mgr%u8r§‘8%1§ f%d’%é"é#gﬁgrbfﬁqfé)' §‘§H¥‘t"é‘?”ﬁ)§ Si’tm'r @dgghrgmf"i”%g&)seedl ayer 0\g/er
a substrithé:gurh(R), shddiurh (RBPHiehiam (RaY, §dium\WrLamli platini (Pl r st sputter target

is conprised of tantalum (Ta) and an all oying el enent, wherein the alloying
elenment is soluble in tantalum (Ta) at roomtenperature or at el evated

t enper ayur e i i t eI of

| ase than on "senmRBediBe LGN I PARERRR A5 BE TR GUCGRRAL B Mgt T
has an tht fnst magnetic datashaing @ranbhaiaydr. ¢ fputispditieg b no-spilttelieg agsemblyi r st

under| ayer over the first seedlayer froma second sputter target; and
sputtering at least a first magnetic data-storing granular |ayer over the

first usder i efiethddr R6dr@inkfid Cehifin Wikdreih Miedatt underydPis cdmprigediofod accordi ng
to Claim12, wherein the alloying elenent is selected fromthe group

consi stTrthgnism (Byy o pgenivmyRgibagedpllon| uni num (Al), silicon (Si), chronium
(Cr), ruthenium (Ru), rhodium (Rh), rhenium (Re), iridium(Ir) and platinum
(Pt). 14. The nethod according to Claim1l2, wherein the first seedl ayer, the
first ukbder |Aayethodnd Mmanufattoeng a megnetia geretding wediemstompnsgrgghanepsad: | ayer are

sputtered using a cossputtering assenbly. 15. The.nethod accordin o Caim
T Wher ei n pREehenLIESH iisagi Ry S5 3 i gt ST api G rpRg b

r ut heni fuR pRlgrtBgeEidl cainpided of fantahniEldy ast &7 allIRinY keRerderl, Wh@rein SOMbIIRY i0f

recordi ng medi um conprising the steps of: _sputtering at |least a first
seed| ay®F aludre elememdr p hedy sonisrsdeubictantalym (Talihasegogy pot exprefdDtamie

percent at room temperature, wherein the alloying element has a mass susceptibility of less than

orequalto 1.5 x1¢7 ’:_j , wherein the alloying element is soluble in tantalum (Ta) at
£

temperatures higher than room temperature, and wherein the alloying element has an atomic
radivs smaller than 1.47A; |

sputtering at least a first underlayer over the first seedlayer from a second sputter 1arget;
and

sputtering at Jeast a first magnetic data-storing granular Jayer over the first underlayer

from a third sputter target.
17.  The method according to Claim 16, wherein the alloying element is selected from the
group consisting of boron (B), carbon (C), aluminum {Al), silicon(Si), platinum (Pt), and

chremium (Cr).

18.  The method according to Claim 16, wherein the first seedlayer, the first underlayer and/or

the first magnetic data-storing granular layer are sputtered using a co-sputtering assembly.
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first sputter target is conprised of tantalum (Ta) and an all oying el enent,
wherein solubility of the alloying elenent in a body centered cubic
tantal um (Ta) phase does not exceed 10 atomic percent at roomtenperature,
wherein the alloying el enent has a mass susceptibility of |less than or
equal to 1.5 x10"7 m , wherein the alloying elenent is soluble in tantal um
(Ta) at kg tenperatures higher than roomtenperature, and wherein the

al l oying el enent has an atomc radius snmaller than 1.47A;, sputtering at

| east a first underlayer over the first seedlayer froma second sputter
target; and sputtering at least a first nmagnetic data-storing granul ar

| ayer over the first underlayer froma third sputter target. 17. The nethod
according to_Claim16, wherein the alloy |ng el enent is selected fromthe

group cddsi stlifpgredodasresaing ty Claym 16 gvheraty the frst wncarlayerds somprised ofn( s; ) |

pl at i nughBlilm (REfor £RERIT TR d1foy. The nethod according to O aim 16,
wherei n the lfll’nr(stjj%reed aye'rm E’b)asfel rst ‘under | ayer and/or the first magnetic
data-storing granular |layer are sputtered using a co-sputtering assenbly.

-26 19. The nethod according to Caim 16, wherein the first underl ayer is
conprised of ruthenium (Ru) or a ruthenium (Ru)-based alloy. -27
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