DEPGCSI TI ON OF ENHANCED SEED LAYER USI NG TANTALUM ALLOY BASED SPUTTER TARGET
BACKGROUND OF THE | NVENTI ON FI ELD OF TEE | NVENTI ON 100011 The present
invention generally relates to sputter targets and, nore particularly,
relates to the deposition of a seedlayer for a magnetic recording nedium
used for perpendicular magnetic recording (" PMR') applications, where the
seedl ayer provides for grain size 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
("DC'") magnetron sputtering is widely used in a variety of fields to
provide thin filmnmaterial deposition of a precisely controlled thickness
and within narrow atom c fraction tolerances on a substrate, for exanple to
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and where the seedlayer is deposited using a tantalum (Ta) alloy based sputter target.

DESCRIPTION OF THE RELATED ART

{0002] The process of direct current (“DC’”) magnetron sputtering is widely used in a variety of
fields to provide thin film matenial deposition of a precisely controlled thickness and within
narrow atornic 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 target, 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 to 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 common approaches to sputtering include conventional co-sputtering, and co-

sputtering using a triatron. In the co-sputtering process, multiple independent spuiter 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 would have an region ( conprised solely of X1
and a region conprised solely of X2, where both regi ons woul d be co-
sputtered sinultaneously to deposit an XIX2 thin film 100041 During the
production of conventional nagnetic recording nedia, |ayers of thin filns
are sequentially sputtered onto a substrate by nultiple sputter targets,
where each sputter target is conprised of a different material, resulting
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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 deposited 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
perpendicu]af to the film plane, Jeading to a increased perpendicular anisotropy of the media.
Magnetic data-storing granular layer 106 is subsequently deposited over underlayer 105, and
optional additional layers 107, such as a lubricant layer or carbon (C) overcoat, are deposited

over granular layer 106.



bet ween underl ayer 105 and nagnetic data-storing granular |ayer 106 provides
a substantially defect-free interface, potentially reducing contribution to
.any in-plane nagnetization. 100071 The anount of data that can be stored per
unit area on a magnetic recording nediumis ( directly related to the
metal | urgi cal characteristics and the conposition of the nmagnetic data-
storing granular |ayer and, correspondingly, to the sputter target materi al
fromwhich the magnetic data-storing granular layer is sputtered. In recent
years, the magnetic data storage industry has pursued a technol ogy known as
"PMR (as opposed to conventional “longitudinal nagnetic recording
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PMR 1s expected to increase disk coercivity and strengthen disk signal amplitude, translating into

superior archival data retention.

[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 inciusion of an oxygen-rich grain boundary region has significantly improved grain

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



size of these oxide-containing granular |layers. Qher high or |ow nonment
CoPt (Cr) (B)-based nagnetic data storing |layers are also commonly
.Subsequently deposited on this CoCrPt-based granular magnetic layer in
order to adjust the saturation nmagnetization (M) comrensurate with
specified disk head design. 100101 It is therefore considered highly
desirable to inprove upon known sputter target alloys and conpositions, to
provi de for the deposition of a magnetic data-storing granular |layer with
greater data-storage potential, with particular regard to nagnetic
data-storing granular layers wused in PVR Specifically, it is highly
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SUMMARY OF THE INVENTION

[0011] The present invention generally relates to spuiter targets and, more particularly, relates to
the deposition of a secedlayer 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 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

a mass susceptibility of less than or equal to 1.5 x107 _']i:i
g



t he underl ayer is subsequently deposited epitaxially on top of the reduced
grain size, crystalline tantalum (Ta) alloy based seedl ayer. The present
.invention provides for a pronotion of grain size refinenent by alloying
substantially pure tantalum (Ta) with an el ement which acts as grain size
refiner in the crystalline tantalum (Ta) alloy based seedl ayer film so the
alloying elenent has little or no solubility in the body centered cubic
("BCC') tantalum (Ta) phase at room tenperature, such that the all oying

el ement fornms the anorphous grain boundary in the tantalum (Ta) alloy based
seedl ayer filmand help in grain size reduction by confining further grain
growmh during processing. [00141 The alloying elenent is selected from
boron ( bon (C, alumnum (Al),. silicon (Si), titanium (Ti), vanadi um
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under | ayers, uch as,_ rut heni Ru) or ruthenium (Ru)-based underl ayers or
under | aﬁﬂl:ﬂw%ﬁfgéwd&ryef & ?réﬂ%ﬁnm BruRsigfpfedyction by, @q%mgépﬁmr @ ety
based seffiingypficessthy. al | oying the crystalline -5 seedl ayer with tantalum (Ta)

and el ements which are soluble in tantalum (Ta) at room tenperature or at
hi gher tenperatures. These alloying elenents formsolid solutions with
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accordi ngly nodi
titanium (Ti), vanadium (V), manganese (Mn), chromium (Cr), zirconium (Zr), niobium (Nb),

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

{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

x107 l”_j_,, and has an atomic radius smaller than 1.47A.
kg

[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 rathenium (Ru) or ruthenium (Ru)-based underlayers or underlayers composed of

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



in-plane lattice paraneter of tantalum (Ta), thereby reducing the lattice
ms-fit. The alloying elenent in the tantalum (Ta)-alloy based has sone
.solid solubility in tantalum (Ta) at room tenperature or at el evated
tenperatures, so that the alloying element fornms a substitutional solid
solution with tantalum (Ta) and affects its in-plane, a-lattice paraneter.
Additionally, the alloying elenent is non-magnetic or weakly-nmagnetic in
nature, with a nass susceptibility of less than or equal to 1.5 x 10 7 3 .
Since the in-plane lattice paranmeter for tantalum (Ta) is higher kg than
that of ruthenium (Ru), the alloying elenment has an atom c radius smaller
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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 elements 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

3
a mass susceptibility of less than or equal to 1.5 x10” IE_, is soluble in tantalum (Ta) at
4

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

[0019] Accordingly, by utilizing an alloying element which forms an amorphous grain boundary
in the tantajum (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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platinum (Pt), and chromum (Cr). 100211 According to a fourth arrangenent,
the present invention is a nethod of manufacturing a magnetic recording
.medium including the step of sputtering at least a first seedl ayer over a
substrate froma first sputter target, where the sputter target is conprised
of tantalun1(Ta) and an alloying element. The solubility of the alloying

el enment in a body centered cubic tantalum (Ta) phase does not exceed 10
atom c percent at roomtenperature, and the alloying el enent has a nmass
susceptibility of less than or equal to 1.5 x10-7 The nethod al so i ncl udes
the steps of 3 kg sputtering at least a first underlayer over the first
seedl ayer froma second sputter target, and sputtering at least a first

magnet i lng ra I over_the first underlayer froma third
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first n@m@ﬁmqp@,aﬂtnacﬁlbgﬁmﬁgc.g,r anular layer are sputtered using a
co-sputtering process or assenbly, or using a triatron configuration.
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PPV Ly ugﬁerﬁﬁ%ﬁﬁlsés“ PGl CaFR Rrres et R BN Y oi e

arrangenent, the present invention is a nethod of manufacturing a nagnetic
recor di rsgutrreni'g @hleast ndiry dhdtglalfetle)vsrttb@ﬁmt sesiarter Eroimgseatnd| spaitdr targdti andt

seed| aygr ut?en%rg afa leas? l’c{lﬁ%stlr %get ;do{p as ({ fd r&?‘éﬂ%l%?;% reorve;[ t%tre %%E Um%rl]lg{/e? fl:[opnea first

sputter Targer I S conmpris
third sputter target.

[0022] The first seedlayer, the first underlayer and/or the first magnetic data-storing granular

layer are sputtered using a co-sputtering process or assembly, or using a triatron configuration.

|0023] According to an fifth arrangement, the present invention is a method of manufacturing 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 ﬂ and has an atomic radius smaller than 1.47A. The method also includes the steps of
kg

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

third sputter target.

[0024] According to a sixth arrangement, the present invention is a method of manufacturing 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)
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-7 and an alloying elenment. The solubility of the alloying elenment in a body
centered cubic tantalum (Ta) phase does not exceed 10 atom c percent at
room-tenperature, and the alloying elenment has a nmass susceptibility of

| ess than or equal to 1.5 x10'7 " 3 is soluble in tantalumkg (Ta) at
tenperatures higher than roomtenperature, and has an atom c radius smaller
than 1.47A. The nethod al so includes the steps of sputtering at |east a
first underlayer over the first seedlayer froma second sputter target, and
sputtering at least a first magnetic data-storing granular |ayer over the
first underlayer froma third sputter target. (0025J According to a seventh
ar r angermden alldymgm!eemnt Thersobibilitpnf the aBoysmeudi¢ment e lgeiy centbred entiibhe sputter

1, T e AP A e s
o PR B R PELEL I, o G, P

The al l oyi ng el ement i s sel ected from boron (B), carbon (O, titanium (Ti),
vanadi urfl a)(at/}emnm;leﬁ'ies@r (i yoore remaperagure, (a@d has ani oo ra.ﬁms(siira)lt;r tharobﬂﬁm (Nb),

and. tungabarilipiso P Ty ot ol vl i oLt e o by B 1

i nventi cfmmsmosq)mlttartaﬁgalr gmispumhmgm tcha afsptﬂatgaasnctcmagmnngngmmnaysed of
tantal um The alloying element is soluble in

T d
t ant al urﬂ"’%‘@}f‘%‘“’?fbﬁ%’efgﬁ%“ %Fﬁf%““(ﬂtaégz Yel evated tenperatures, has a mass

susceptibility of less than or equal to 1.5 xI0'7 "3 , and has an atom c
r adi us srral |ler than 1.47A. kg [0028) The alloying elenment is selected from

boron (BPY*AYEIHNEY 2 SERPBATARSERERY therRie AR {FRTON Ra)SPUteh SEIBLnYREEYC r heni um
(Re), 1 rdoidtMrkdihis corpfis®] FehMIn((Th) and 1R AR inLAGRERT The {PutAlit) bPiHR

arrangement, the present invention is a sgutter target, where the sputter
target iadloyisaplemsadn abodyneanisrerhqubirayntalne (An) Rilseripenpotekeasdnd atomie sol ubi | ity

of the e‘% déeﬁyehP&arﬁleﬁfﬁ@fﬁur&,Qn@tll@%ﬂé!ylﬁg%%ﬁqla&&'FHaEs LIPS 1R phgse does

not exc

equal to 1.5 x107 7 m’
kg

[0026] The alloying element is selected from boron (B), carbon (C), titanium (T1), vanadium
(V), manganese {(Mn), chromium (Cr), zirconium (Zr)}, niobium (Nb), molybdenum (Mo),

ytterbium (Yb), lutetium (I.u), 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 i tantalum (Ta} at room temperature or at elevated temperatures, has a mass

0‘7 m
kg

susceptibility of less than or equal to 1.5 x1 , and has an atomic radius smaller than 1 A7A.

{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 10 a ninth arrangement, the present invention is a sputter target, where the
sputter target is comprised of tantalum (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-



-8 percent at roomtenperature, and the alloying el enent has a nmass
susceptibility of less than or 3 equal to 1.5 x 10-7 is soluble in tantalum
(Ta) at tenperatures higher than roomtenperature, kg and has an atom c
radius smaller than 1.47A. 100301 The alloying elenent is selected from
boron (B), carbon (C, platinum (Pt), and chromium (Cr). / 100311 According
to a tenth arrangenent, the present invention is a sputter target for
triatron | configuration sputtering, including a first region conprised of
tantal um (Ta) and a second region conprised of an alloying el enent. The
solubility of the alloying elenent in a body centered cubic tantalum (Ta)
phase deesemat rrexctemgderdliregndiihe afeyigLeltmeait haODihIsSIREPetikityy dF ledlart Hre

al l oyi ng el ement has ,a mass susceptibility of |ess than or equal to 1.5
x10-7 " equalto k§x10DABR2%s Adwid¢ th tagalum (Ta) @ tamerdlrealis ke geneodim tdnfperapire,s ent
invention is a sputt®r target for triatron configuration sputtering,

i ncl udi diﬂ Sfd'nraﬁ; 'F?ﬁil%%m%ﬁmhgrf? f tantalum (Ta) and a second region
conpri se of AR a oying el ement.” The alloying elenment is soluble in
tantalum (Ta) at room tenperature or at el evated tenperatures, has a nass

suscepti il L ess than o equal to 1 10- Z and ha n _atom c radius
slr:nl I gr IIF#Q:HL%‘? %‘yﬂm %e'ﬂ‘a‘t ‘S(Sﬁ{fé'é?%ﬂ&:‘%&’(%ﬂ W’g Ct‘%’o& (gwpaf‘f’WHZ?&d’ﬁgenent , ot hiau
present chrongthi(Gn.is a sputter target for triatron configuration

sputtering, including a first region conprised of tantalum (Ta) and a second
region conprised of an alloying elenent. The solubility of the alloying

el ement [peB1¢ ARESHing €5 h EnBflarrdadBhén HBOpRldaNntdiion ANPGRS ot rigk&eed 10
atom c percent at roomtenperature, and the alloying elenment has a nmass

suscept i9gpfigurgtionfspytiesing: inglRdipg a digiy s¢8iqnocompsisediad tantalem (Ta)jagd 8 g¢ogbd eegion kg
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

alloying element has a mass susceptibility of less than or equal to 1.5 x107 ’]’c’_j .
4

[0032] According to an eleventh arrangement, the present invention is a sputter target for triatron
configuration sputtering, including a first region comprised of tantalom (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 m’
kg

, and has an atomic radius smaller than 1.47A.

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

3
alloying element has a mass susceptibility of less than or equal to 1.5 x107 l:_, is soluble in
g

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

than 1.47A.



tantal um (Ta) at tenperatures higher than roomtenperature, and has an
atomc radius smaller than 1.47A. -9 100341 In the foll ow ng description of
the preferred enbodi nent, reference is nade to the acconpanying draw ngs
that forma part thereof, and in which is shown by way of illustration a
speci fic enbodi nent in which the invention may be practiced. It is to be
under stood that other enbodinments may be utilized and changes nmay be nade
wi t hout departing fromthe scope of the present invention. BRIEF
DESCRI PTI ON OF THE DRAW NGS 100351 Referring now to the draw ngs in which

| i ke reference nunbers represent corresponding parts throughout: [0036]

Fi gure 10@dpircths fcrilowrpg' dratrifition of fhie Iprafetalcinbodimeng mferabdean aladdPRheredi a;
100371 E d hln fi st dIa e
sputtere%gﬁﬁgn%n 8& §€%¥%e %%%g% fﬁaﬁfg“gmglss “Bl 5Pn?§%mﬁresent

i nventi Gmmfic()ﬁﬁiﬁmufang uf\emBh tle isventier ayy be practed.i D tO bé(e)rstcmlabﬁtroum of a
tant al um f|| nstrates that the present ention_is

capabl e © Bﬁmg%ﬁ &eﬁﬂ 5?&?&?%??& pa W%MHE@H@EW&I B EOPE 8HE he HCP
under | ayedsentWidichBor. educing lattice ms-fit; [0039] Figure 4 depicts the
lattice ms-fit of substantially pure tantalum (Ta) and rutheni um (Ru)
films; 100401 Figure 5 is a flowhart depicting a nethod for manufacturing a
magnet i GRI€EGEYOAPTIRY OFTHRDRAWINGs t 0 a second enbodi ment of the present
i nvention; and 100411 Figures 6A and 6B depict a top view and a
cross-section view of a sputter target for a triatron configuration,

ETAr e LR AR OB A ek B IR T e R e R BRI HARCC,

for furtpags thgmghentsi ze refinement in the underlayer and subsequently
deposited magnetic data-storing granular |ayer, by depositing the underl ayer
on a crystalline tantalum (Ta) all oy based seedl ayer. The tantal um (Ta)

al | oy begoesh] Famd Byaicts a typical thin film stack for conventional PMR media;

j0037} Figure 2 depicts a thin film stack in which seedlayer 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

{0041] 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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i ncl udes conponents which act as grain size refiners, since the conponents
have limted solubility in tantalum (Ta) at roomtenperature

("RT") (approxi mtely 20-23 C, or 68-73 F), form ng an anorphous grain
boundary regi on which confines further grain growh of the tantalum(Ta) in
the granular layer. Furthernore, the present invention provides for the
reduction of the lattice ms-fit between the seedl ayer and underl ayer by
alloying the tantalum (Ta) alloy based seed |ayer with el enents soluble in
tantalum (Ta) at roomtenperature and tenperatures elevated fromroom
tenperature, so that residual stresses at the interface are mnimzed and

cryst al [DEFANEDSDESERIPTEAN CHOUMBINYEMIIGN t he refined grain size of the

crystalline underl ayer hel ps reduce the grain size reduction of the
subsequent |y deposited granular magnetic layer, a simlar effect is realized
by the [00M2§ Thapesent invef@nipachadds dyrefarthed gFdidSHOdAndrhant theheo shdegidyestphd axi al |y
on top of, the reduced grain,  size, crystalline tantalum (Ta) alloy based
seed| ay&Pbsegypgy ?H‘is'éqqg'?a%?‘édat‘%'ﬁ@%%ﬁ‘(“ﬁ)]aﬁe& by depRsains g yiledyenPr dyi ng

el ement M BlihcasitHuRI T Mo bded SectR b athe tdhtdnhif (Td) ¥BS Pbdstd@ediafral um (Ta)
all oy based seedlayer film The alloying elenent has little or no

sol ubi | iipgludes compongaie whightag) AT sive reliRers eSinge theyypoasAsehaye dimited such t hat
t he al | QB g RNmi@h ' d > tal um
(Ta) all 03}] _blfﬁgd seerclllll(ay)regri récl?l?tr% nc?gﬁhgvgj?fr@%r% ax?ﬁkkg{}?eoyzge 1’18{ ﬁ?\ﬁ ﬁfg

conf i ni rfgrmifig pn aerpheusigraiy bovadarydegivmyhish codmes figiherigamatowthef tiel oyi ng

el ement || t] k | C_ | : i Ss

Susoapt I ERPRR TERHAE et Bl SHEE b ERAE b o BB PO PSS, o

pr ovi deseduckips bf bé latick ayis-hgbetivgerahe seediagerwhd oirdeclayer bbg abid Yimy the tamdldm t ant al um
(Ta) to fo an _enhanced al.l oy whjc rovj des f rain size reduction in
the seediay S Prtthiedifes fun sl BrBh Lo%im Chp albfidsriisgfore She

char act aemnpérhfes @RYatad FomF6or S@thetfuraBblihat rdslduitseBises AttRineridsse
susceptibilty ({110"- Room t.enperature solubility Denent Nunber Radi us
Crystal Temiigedsnd caysialinyy 5 eihasseflal um (Ta) B 5 0.97 A rhonbohedral -0.87 2%
(2092C), insoluble (RT) C 6 0.77 A dianond cubic -0.62 7% (2843 O);

insolubIeSRT) o ) o
[0043] Just as the refined grain size of the crystalline underlayer helps reduce the grain size

reduction of the subsequently deposited 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, crystailine 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 %’i Table 1, below, provides a list of alloying
g

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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face centered Al 13 1.43 A cubic 0.82 5% (21000), nsol uble (RT) Si 14 1.17 A
di anond cubic -0.16 5% 2260; 1% (1000 Ti 22 1.47 A hexagonal 4.21
Insol ubl e(RT) body centered V 23 1.36A cubic 628 Insoluble T) M 25 1.18 A
cubic 12.2 Insoluble (RT) body centered ( C 26 1.28A cubic 4.45

2794 1965C) ; 394 1000C) Zr 40 1.6 A hexagonal 1.66 Insoluble (RT) body
centered Nb 41 1.47 A cubic 2.81 Insoluble (RT) body centered Mo 42 1.4 A
cubic 1.17 Insoluble (RT) face centered Yb 70 1.93 A cubic 0.59 Insol uble
Lu 71 1.73 A hexagonal 0.12 Insoluble 1I-1f 72 1.59 A hexes onal 0.53
Insoluble Bi 83 1.75 A nonoclinic -1.7 Insoluble body centered W74 1.41A
cubic 0.39 Insoluble Table 1: Alloying elenents which provide for grain

size reduction in the seedlayer fil [0045] The_alloying elenent can be
added [ n th ALSHR ¢- @‘gﬁn’&ent ages, Ssu 255 gussgobin(IPhEpRommarimseTely hased
al | oy, HEPHBy Hﬁﬂfg.eg‘ﬂ e Smenrl o oo SEkEages | spjalpyp (T such as
1% 59—th—25p—pr 103?§A,A§“ﬂp£“ﬂ?h Ag—el-itlnt—can AR SE00. BUBBL B excess
of itsMmaxrmir—sot ot } f’a“ﬂg%g’{——heem—t—'%%"rat t % 8.’8435?)%53.1““6@1‘)
t enper at uggs. | " H,ghgr gﬂah Sﬁffénperaturggor "ef eyaj edl over rgo
t enper aruiEnEang = 'Y,l TF{PE et A kL ‘35’ . 1% (1000 °0)
or di nafTTy; CO[TSTHET €U 0PT PXTIBLELY £0-23 q21m 6813 L ERGHES
t emper atures whi ch urd body centered
\ 23 136 A cubic 6.28 Inscluble (RT)
Mn 25 LISA cubic 2.2 Insoluble (RT)
‘ body centered
{ Cr 26 128A cubic 4.45 27%(1965 °C); 3%(1000 °C)
Zr 40 1.6 A hexagonal 1.66 Insoluble (RT)
body centered :
Nb 4 1.47A cubic 2.81 Insoluble (RT)
body centered
Mo 42 14A cubic 1.17 Insoluble (RT)
face centered
Yb 70 1.93A | cubic 0.59 Insoluble
Lu 71 173 A hexagonal 0.12 Insoluble
Hf 72 1.59 A hexagonal 0.53 Inscluble
Bi 83 175A monoclinic -1.7 Insoluble
body centered
W 74 1.41A 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, or
5000 °C.

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

predommant crystallographic orientation of the approximately 30 nanometer tantalum (Ta) films
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be hi gher than or el evated over roomtenperature would be 25 C, 100 C, 1000
C, 2500 C, or 5000 C. 100461 By alloying the tantalum (Ta)-based seed | ayer
S0 that residual stresses at the interface are mnimzed and crystallinity
I s enhanced, the present invention provides for the reduction of the
lattice mis-fit between the seedl ayer and underlayer. The BCC (110) plane is
the predom nant crystall ographic orientation of the approxinmately 30
nanoneter tantalum (Ta) filnms -12 deposited on the anorphous substrate
under room tenperature deposition conditions. Due to the synmmetry of the
BCC (110) plane with the HCP (0002) plane of ruthenium (Ru), the present

i nvent i QRpayitey bilgs afr@fphbﬂ@subaehﬂ@aﬂdaﬂm@fn tebdrhtafe dBpSsifiddf conllitiohy Ihaltb tHe
rut henium (Ru) or ruthenium -based underl ayers and tantalum (Ta) all oy

based sééwgfé PEthe BECGE 1|183y1iﬂﬁ'¢? wmtheﬂf%l’t@w?r) idane gbpiibenipar (R the Prassihl um ( Ta)
and el e%ﬁoﬂ‘?ﬂo@ﬁe@fo‘?tﬁcikd&{l& dNattiBO AL &tBr ChHR%anRE r&tﬁammkmnﬁmwﬁlﬁn or at

hi gher tenperatures. These alloying elenents fTormsolid solutions with

t ant al urfRpJFbdsedundedaynrs @rﬁlﬁ@rrteivmlr@abarllowba@ﬂeweimqm \enepbmgalneecs’ystdhm: t hus
accor di t (Ta), t her eby
P aduct ng ot P S blankeRen C14)oRl BRREh bl ar AR Sy Bl CED' I € Tl al
(Ta)-al Itglytpebatsmcbrhakugb@mnmmmds s"éﬂlaabalﬂqyur;g dlementfiotrakeliv s(OM)ansawlth oom

t enper at.u t el eva ted e hat t allo forns
2 subs 1L UEREE a R R FER AR T iR el TGP TR, ol e,
a- Iattm&-mqmaﬂmmt;ﬁfmmé\ﬂdftanmnaﬂl [Ta), thétebyalelynig e Blutenriit-fit.S non- magnetic or
weakl y-magnetic in nature, wth a nmass susceptibility of |ess than or equal
ffo 1.5 x 10-7 " 33 . Since the in-plane lattice kg paranmeter for tantal um

(Ta) is poghemetaléfing BaineMfin fHetARALMITTS) Wby bhike had dome B8d JIe¥ERtn has an
atomc radius smaller than that of 1.47A, which is the atonm c radius of

t ant al unARErm (TRhA aePTs FFMACFErE Bb e Iated tsmpsTatorgp Sethat thp alleyins deiitdes a | st

of al | oygngs @Lﬁ%ﬂ&&a\(‘@lﬁ@oﬁﬁ@n Q‘i‘th@drké?&’rﬁ@ra\’)"ahli'afféd’f‘ms%h‘ﬂiﬂnﬂaabanf& formalloys
whi ch provide for potential lattice matching wth the subsequently

deposi t erhrameter |aldaionalty thetedloyia klgmenirig nen-yogestic ionivegkly-wagnetis i paps, ty (JOA
-8 Roomtenperatur At No. At.Radius Crystal ;ructure nB/ k) solubility in

t ant al umv(ll]‘g_)nass susceptibility of less than or equal to 1.5 x 10 Y. Since the in-plane lattice
4
parameter for tantalum (Ta) is higher than that of ruthenium (Ru), the alloying element has an
atomic radins smaller than that of 1.4713;, 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) to form alloys which provide for potential lattice matching with the subsequently

deposited underlayer, further enhancing crystallinity.

Mass suscepfibilty (107-3 Room temperature

At No.! AtRadius |Crystal structure m3/kg) solubility in tantalun (Ta)
B 5 097A thombohedtal .87 20, (2092 °C), insoluble (RT)
C 6 077A diamond cubic 262 7% (2843° C); insoluble (RT)
Al 13 143A | facc centered cubic 082 5% (2100°C), Insoluble (RT)
Si 14 117A diarond cubic .16 5% {2260°C); 1% (1000 °C)
Cr 24 128A body centered cubic 445 21% (1965 °C); 3% (1000°C)
Ru 44 134 A hexagonal 0.54 45% (1970°C); 42% (RT)
Rh 45 134 A face centered cubic 1.32 16% (2110°C); 8%{1000°C)
Re 75 141 A hexagonal 046 47.3 % (2690°C); 44% (2000°C)
Ir T 135A | face centered cubic 023 73% (2479°C):; 5% (1600°C)
Pt it 138A face centered cubic 122 9.5% 2470°C); 3.5% {500°C)

Table 2: Alloying elements which further enhance crystallinity & reduce lattice mis-fit.
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B 5 097A rhonbohedral -0.87 2% (2092C), insoluble (ICT) C V44 0.77 A

di anond cubic -062 7% 2843C); insoluble (KT) Al 1.43 A face centered cubic
.0.82 5% (2100C), Insoluble (RI) Si 1.17A dianond cubic -0.16 5% 22600); 1%
(1003C) O 1.28A body centered cubic 4.45 27% (1965C); 3% 1000C) Ru

1. 34hexagonal 0.54 45% (1970C); 42% (RT) Rh 1.34 A face centered cubic 1.32
16% (2110C); 8% 1000C) Re 1.41A hexa onal 0.46 47. 3% 2690C); 44%2000C) Ir
1. 35A face centered cubic 0.23 7.3%2479C); 5% 1600Q R 78 1.38 A face
centered cubic 122 9.5% (2470C); 3.5% (500 C) Table 2: Alloying el enents

whi ch further enhance crystallinity & reduce lattice ms-fit. -13 100481
The al | 3#BlhThd divging clemenhia Ibfa!rantaluunﬁ'[(a]'d)oyd:la*ed;se@ﬂ@edissté@ﬂl \aiylém thes added

Wi t hin ik cess | ement’ s high

sol ubi | %({l@bl*lt?{qglé“géfoa rn{ %’xgés% &e%ﬁiogp%gfémcmrs hi hos\;)étﬁnﬁx ll{dl {] room t(:rfxg?ratufeoo 491

Fi gure Qrd:e:peontsanmlmin(h)fl | m stack in which seedl ayer has been sputtered by
a sputter target according to one enbodi nent of the present invention.
Briefly, the nagnetic recording nmedium includes a substrate and a seedl ayer
deposi t gi48) BiguieBedepichsd thad fim dhif 16 @Bith 336AlayEHip bePudred bpdipatibitafgta) and
an all o§i ng.el ement. The ma netl c recording nmedium al so_ i ncludes an

under| a ‘éﬁog(d‘égpté’éﬂnf’ EORdEenY ¢ shegpresgnisipuntion, nBriefly, the rRagneticresording gedygn

gr anul aipchlt €5 sbeRAS bidslsee@MGdr demﬁemslﬁef {RY%EbstraleOfe Odedlafer R ngé%;t(ﬁl X
magneti ¢ recordi ng medi um 200 i ncl udes substrate 201 and seedl ayer 204

deposi t &dtabira (Ta)19ed applayingelemant e Hheapegnetomcerding mesinan aiso inghvded am ( Ta) and
an all Oﬁh&gla or t1ted oV ViR segcﬁgyer Wha & ana ﬁl&fc "d?fgsséoqﬂlg sg?zgmm)iage gﬁinle&yer

nti -ferronagnet c layer, or other ty eposi't etween
subst r aveer2ungadayeeed| ayer 204, although in aI ternate aspects of the
present invention |ayer 202 is omtted. [00511 Magnetic recordi ng nmedi um 200
al so includes underl ayer 205 deposited over seedlayer 204, and nagnetic
dat a- st o050 Irgimasewdeeil, magteric 26rdigpasiiim A0 ineludessibstiaby/ 21 a0 ScedMpepieti C

deposited over the substrate, seedlayer 204 comprised of tantalum (T2) 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 layer 207, which includes one or more layers such as a

( carbon (C) overcoat or a lubricant layers, although in altemnate 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 (T1) could also be nsed 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 equal to 1.5 %107
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recordi ng nmedi um 200 al so i ncludes | ayer 207, which includes one or nore

| ayers such as a carbon (C) overcoat or a lubricant |ayers, although in
~alternate aspects layer 207 is omtted. 100521 Underlayer 205 is conprised
of ruthenium (Ru) or a ruthenium (Ru)-based alloy, although other base
metal's typically used in the art may be used in conjunction with or instead
of ruthenium (Ru). In particular, nickel (Ni), terbium (Th) or titanium
(Ti) could also be used as an underl ayer, as could any material with a HCP
structure at roomtenperature. 100531 According to one aspect associ ated
with this arrangenent, the sol ubi Iity of the alloying elenent in a body

centereg’culic tan a um has rcent at room
t enper afgr Le%] “RAG° P t(égfs)ﬁd)%é“ﬁg ﬁﬂn We{gc usc’ﬁcgﬁs tﬁ? Olrtgc}yl"lgtpege%efml ess than
or equal to 1. 5 xlO 7 -14 . Elenents Whl ch nmeet these paraneters and

whi ch ciodhék, bet ars sol lagitedhe b@tdndﬁi) regrbeh €@k alumirkgn (AR Isiiden (E’alltmeamn oy limted

to, bor n Sili Si m(Ti),

vanadi ‘Q%?(i}@n (ﬁ%ﬁ%%g%eée% Mn]ﬁu mﬂé‘ﬁ ?r@r)“,lmélfr cndéltlmﬁ%(wg’ e u|("?Jm (Nb),
nDLbede(pMnm yt(eoipm (Ybj, dmbtnun:lrl(l(qu)afmbmt(Hf)l hmfmjthmmr)] diﬂftmgs;m((wg) pOuersmuth (Bi ),
and tungst en oyi ng el enen iC et the above criteria can
be used’gf%"\%éﬁel\{ge“fs W]B%hfnﬁﬂélﬁ %’ﬂv‘g\frftﬂ‘aoﬁantbf’ ST thHB‘é‘@thq“s“f Tel enent s.
(00541 nseslisiiihess bied aldinemk| y pure tantalum (Ta) is alloyed with an all oying

el enment, which acts as grain size refiner in the crystalline tantalum (Ta)
al |l oy based seedlayer film Since the alloying element has little or no

sol ubi | jop34)i As $uRR, sB6 adtany phr rzan(é[ﬁ)] (PH3SQA103¢Ed WRRE b AbHER, whitihg@l | oyi ng
el ement forns t he anor phous grain boundary’in the tanta um (Ta) alloy based

seed| ay#rerp s sfmenindbe ¢ystafhng wynglure(Tagallnyttasd segdlaxsafilmi Biged et her grain
growt h spect
255001 at L RYsTop RETRUR G ot bRty BREE B P A TR oBhrh Kl

t ant al uﬁlr:(all“%)lnaclemcmrfwmnbmmruhcms(granabowﬂwamebdtzmatmer(’&amle;s badeds a mass

suscept ée%hl:ayéé?ﬁll?lfand g%? 217&%11 size g@on tyocovlbﬁmmlg' %urthe{ gliaﬁl e%rowthhcla gipgn atomc

radi us ar anet ers and
whi ch cpwkebsing. used as the aI I oy| ng eI enent include,

[0055] According to a second, alternate aspect associated with this arrangement, the alloying

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

susceptibility of less than orequal to 1.5 x107 - , and has an atomic radius smaller than 1.47A.
4

Elements which meet these parameters and which could be used as the alloying element include,
but are not limited to boron (B), carbon (C), alaminum (Al), silicon (81), chromiom (Cr),
ruthenium (Ru), rthodium (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 histed elements.

[0056] In this regard, lattice 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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but are not limted to boron (B), carbon (C), alumnum (Al'), silicon (Si),
chromum (Cr), ruthenium (Ru), rhodium (Rh), rhenium (Re), iridium(lr) and
.platinum (Pt). O her alloying elements which neet the above criteria can be
used as well, in conjunction with or instead of these |listed el enents.
(00561 In this regard, lattice ms-fit between the seedl ayer and underl ayer
is reduced by alloying the tantalum (Ta)-based seed | ayer, so that residual
stresses at the interface are mnimzed and crystallinity is enhanced. The
alloying elenent in the tantalum (Ta)-all oy based has sone solid solubility
in tantalum (Ta) at roomtenperature or at elevated tenperatures, so that

t he al | {l0SAPAceirdingfita thvd, mitemateulosdct alsti asostddtedswith thisSatanpérment whé toldtality al um
(Ta) and,affects i.ts in-plape, a-lattice ar er.. -15 1005 According to
& ohi £ oot Grefifiitk véed RS Bieudhbi it Rp kRO Phe dard s gErreAd0 AP

sol ubi | ipéryentaf robhiftedpdranitel gndethe B Ying dlerfer® Qskya ©ER s@ICEEt TN o€ lckPmbRbUM ( Ta)
phase does not exceed 10 atomic percent at roomtenperature, and the

al | oyi nggedl NESKIAL 3 WRKEbISHIERMNThY dt Yenserdn@EShip R Moot tdlerdge . 5 X10
t "'3, is soluble ifa tantalum (Ta) at tenperatures higher than room

t enperatu kg and has_a om adj us smal | er an 1. 47A. El enents which
reer t nebbfis apthaBE FonE Sl that T £l PHetnid St Ghect R vy Wiy

i ncl ude cotldbe ased as ete Allbyibg emient ihdud) biBYe n@ A td EJron (B, tdrbarion)( Al ),

silicon(Si)., platinum(Pt), .and romum (Cr O her al | oyi el ements which
meet théﬁlgh’b'{)g(‘gﬁ’i %‘&PF&')CQW‘B‘@“ (ﬁlgd\ng\ghﬁ%ﬂgqr{l qu?r c@ﬁfi@@t”i“&ﬁﬂgﬁ*’f‘ﬁ "g}"acqﬂ nst ead
of thesendet Gt @6bve chitetiiRiM Bo ust@@SWAN, ThkSnjRIibA Gith 8F indeRe6thdemekits from both
he grain refinenment and reduction of lattice ms-fit, as described in nore

det ai | &K&FBYS- Specifically, by utilizing an alloying el ement which forms an
anor phous grain boundary in the tantalum (Ta) all oy based seedl ayer film
and which enhances crystallinity, a tantalum (Ta) alloy is provided which
act s as [8i8h Thisgegicnlar espeai denefivy from bbdhdbgmin iyfingaposindgddyctigrelattiond | attice
ms-fit reducen far P ij' L-nat i on . ' gr% : [ [ 00591
The first se’edI(:lﬁ:lts;‘/:er(?dtl ?\%0 Pérp"élp %ﬁ%e??%&%rgﬁ%%% (Li)ﬂrlhpéﬁen llﬁ"r&gr{g e?réanéér?\@t% ?'ich
dat a- st derimmsganguramtioas grain boundary in the tantalum (Ta) alloy based seedlayer film, and which

enhances crystallinit)}, a tantalum (Ta) alloy is provided which acts as both a grain refiner for

subsequently deposited layers, and lattice mis-fit reducer for the elimnation 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 tnatron. As indicated
above, the co-sputtering process uses multiple independent sputter targets with independent
power supphies 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, due to its
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| ayer are sputtered 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

cont enpor aneously positioned within the vacuum chanber controlled the
uniformty of the sputtered surface by selectively sputtering one or nore of
the nultiple sputter targets. 100601 The present invention relates tantalum
(Ta) alloy based seedl ayers which are deposited in conjunction with an
under | ayer and/or a nmagnetic data-storing granular nedia |ayer, in magnetic
medi a stacks used for PVMR The present invention provides for grain

refi nenent of the underlayer by epitaxially depositing an underl ayer on a

t ant al uringted solabiligyoriasebdilay wstathlui (T a) staecth aygieratnb e Fertlidi@hapresenng el enment
of the tantalum (Ta)_alloy acts as .a grain size refined formng an

anor phod®'<ghen Rf"%'g&%fam? T dé’ﬁ“?fhoﬁ?fﬂcec’g’fﬁaéﬁﬂﬁew&e? H}"w gﬁF‘ii{WegF)?é % ‘?’(.Wﬁ h, due
to its -BA®Gtdnialint €Xh)-aDb}BHskd $e¢d iyed, BAIAMNEIRE tHeloyystairdigNéfthalBaderider, alsing0OM
tenperature. Further, the present . invention provides for the reduction of

| atti ce HpEDg plemeris Hibish fomesqlidmelytienstvith wetajum dia) (g expandaad/operntiaghbal um
(Ta) - al haychased seed | ayer, enhancing the crystallinity of the underl ayer,
using alloying elenents which formsolid solutions with tantalum (Ta) to
expand and/or contract the lattice. 100611 Using the present invention,
seedl ay h i 1 i i er i i ] netic
rodi o <ounf HefheThe ol R e MRSy BERPSAI, LY AT RSBLIARN oh ol

dat a- st an imagnetigmaadid sacksrpdlich ihdydera GoRi(CyHBaokiGPedngdrenly maghetit dyterstariag

correspondi nal v .increased sj t he .subsequent|y deposited.l ayens are
Cormed” U meclfiet 3306 So0E et inaS B BER SR bR R TGSV The

al | oyi ngubdequmuly depditteclayat alelformedseecthaysiandddnérpitzighe dcbdlaypot Bati al for
lattice . mi smatch, wi } h, HCP unde Ig&ew_. Th& al 1 qyi ng el enent, hfas t he

pr opensi B§PRYMEHHT #lqving iement- 4t oy R rersepdlpa rr gty tegrotsnig! tar BBk

sol uti onmisiARh Sl HEP edelIRgErd. NBhel Ao Pin@ BR nleAr Had tHel fo6pensiBAb 3RAiRIn 8 tant al um
(Ta). As a result of each of these |Inprovenents, the si gnal -to-noise ratio

("SNR') ‘aptaiupe (Tehlattice By fopmingeiolid selytiqn. sheeety pffegingdhe in {eBEgle 3 is an

XRD Specﬁz{r%té}fof ?an?a%rﬂ angmal %rrestuﬁ%rf@:!ndﬂr@f(l;@é in’iﬂr&%e‘ﬂ@,i ®E si@%ﬂ&%i@@?aﬁé t hat
the allo |£]g elenent is calllpable of enhancing the crystallinity of the HCP
under | ayé‘S_ Asand K, for the PMR media stack are improved.

{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 1s
crystalline with the (110) planes of BCC tantalum (Ta} parallel to the film surface. Due to the
symmetry of the (110) plane of the BCC tantalum (T4a), it is a very favorable surface for the
growth of the ruthenium (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 rathenium (Ru) alloy
based underlayer also promotes strong (0002) texture growth in the granular magnetic recording
layer. Inthe Figure 4 example, with their respective crystallographic orientations, substantially
pure tantalum (Ta) and ruthenium (Ru) films have a lattice 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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shown, when deposited on an anor phous substrate at roomtenperature, the
tantalum (Ta) filmis <crystalline with the (110) planes of BCC tantal um
(Ta) parallel to the filmsurface. Due to the synmmetry of the (110) plane
of the BCC tantalum (Ta), it is a very favorable surface for the growth of
the ruthenium (Ru) films with the HCP (0002) planes parallel to the film
surface. As depicted in Figure 3, the strong (0002) orientation in the

rut henium (Ru) or ruthenium (Ru) alloy based underlayer also pronotes
strong (0002) texture growh in the granular nmagnetic recording layer. In
the Figure 4 exanple, with their respective crystallographic orientations,
subst antmaabfayturipglh akRdtic aédordifgl Mk diaMdndluddd @R stop of Bpbefihg ABeRoyarsd | attice
ms-fit of aaéy’ﬁlproxi tel% 5.6% Alloying tantal um (Ta} wi th_an al ] oying

el enent STV gver & SYHstSRE oM 3 et PrHieRteresh Wasp Sedittsatey targgtissomprised ¢ s

5. 6% M Sarftathm (FHQ0S dn MGgEIand®. Thd meMBaakd idRALChE RepsoMpideds hOkast
manuf acturi ng a magneti c recordi ng medium according to a second enbodi ment
of the priaieiderdaygicier e firpseediaygr frqma serond) srptisr target, Andhenyiipmng aiddapip a
magnet i i TRGL: L i a first
seed| ayg}rgtgl\q/%?gg&ghﬁﬁa éhﬁ&?%lr%??fésg{esﬁsr%&tntg éerﬁ?;ﬁrrég]g% kﬂ&}\%&lg&t@ ﬁg&f irst
sputter target is conprised of tantalum (Ta) and an alloying el enent. The

met hod F0E] A t i | fir nder | ayer
over t nU RO oIR8 sRS-ERSeGing RS0 A Blytiits. sties b or P g
| east a fefromagnetielgyet orondedayest ae dagstgdovel te shtayare (0ee$SAhelnfaltesitte

pegi ns. (vesh Sasoescarit S ot 350 Brpinediont e sfrbReR T s woliggRarRe
Fayer, Of subfIEhed fir@i @ FiSst sputr thege® Siiefthe Vit spuiter @tk kainprided lof PinRROA {Ta) | N
alternate, aspects of the present |nvention, step S501 is omtted, At |east
a first BdanpEgERe ?lgn%rﬁ&%tm%ﬁ)-ows fe%ihl_gaadﬁr%qd_egf Peppayerdesdiptiop ot e

1 oyl e R Bt WU B) and an
descri p?qeaﬂi_nb*fc_ogtewlatsps}zd@s thg firss sepdlayes b@dn_tdi;@{t physiqal %enm%saéion wihdhe t he
the i1 st Suk e R ARRRRRD oay B HORKAL) b il R ERE ayer,
since additional |ayers may be deposited between the substrate and the fi rsi
seedl| aye [ I.n t |a i rrangenent,
the. o P ERhetE o il 8.8 ARRS o AREBENCHE by el AR I
(Ta) phadencoasa bty cemered dullio tatadurn €T') phasedbesatot exyoed 10 atomic percent at room

temperature, and the alloying element has a mass susceptibility of less than or equal to 1.5 x107

3
M _ . Elements which meet these parameters and which could be used as the alloying element
kg

( include, but are not limited to boron (B), carbon (C), aluminum (Al), silicon (S1), titanium (T1),
vanadium (V), manganese (Mn), chromium (Cr), zirconium (Zr), niobijum (Nb), molybdenum

(Mo), ytterbium (YD), lutetium (Lu), hafmum (Hf), bismuth (B1), and tungsten (W).

[0066]) According to a second, alternate aspect associated with this arrangement, 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 _’;:_3_, 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 (S1), chromium (Cr),

ruthenium (Ru), rhodium (Rh), rhenium (Re), iriddium (Ir) and platinum (Pt).
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tenperature, and the alloying elenent has a mass susceptibility of |ess than
or equal to 1.5 x10-7 "j °~ Elenments which neet these paraneters and which
coul d be used as the-alloying elenment kg include, but are not limted to
boron (B), carbon (C), alumnum (Al), silicon (Si), titanium (Ti), vanadium
(V), manganese (M), chromium (Cr), zirconium (2Zr), niobium (Nb), nolybdenum
(M), ytterbium (Yb), lutetium (Lu), hafnium (H), bismuth (Bi), and
tungsten (W. 100661 According to a second, alternate aspect associated with
this arrangenent, the alloying elenment is soluble in tantalum (Ta) at room
tenperature or at elevated tenperatures, has a mass susceptibility of |ess

t han or [emapAcicadihg b xthid, faltvinate Bfdt NaSasBEiAOWIR tmﬁmaugerﬁéml th€follthiy 1. 47A.
kg E e &es whi- c neet, these paranmeters and which coul d be used as the

al'| oyi ng" Brafietie FFB?’tSd‘éa bogy; pentgred cHBic tantalim Sl phass stogngt Bxceed A9 pigmiq C)
al um nuedcdit)at rodinl tkmPtatadl, hnd HE Bﬂﬁﬁﬂﬁ’@léﬁlﬁ has 4 Wb ‘%ﬁ‘écb‘%\éfllﬁy)of 1e50@gdi om (R1),

rhenium (Re), iridi um(Ir) and pl atinum ( 71" According to a

third, %hﬁa@[d‘ﬁSQI@E@Ctls i ﬁ&%ﬁﬁhﬁt(?g)awt ef'amr@s KERR R TEG te rﬁ&?ature
sol ub|I|ty of the akloying elenent in a body centerfed cubic tantalum (Ta)

phase does, not exceed.10 a nt at roomterrper ature, and the
al | oyi n@“‘z}’%“r?é‘ri‘f"”i’fﬁg"‘ erg}i"g@e%{‘? -bFIemeRts gihichduse! thesepaggmeters and whigh 1 5

10-7 " 3ouldibs u§dd|aHH{eQﬂIb§in§ RMBhUMRI IR butdre AR TRAleAtdHGSn gmgtﬁsort@n room
t enper at ur e, as an atomic radius snaller than 47A. El enents which

neet thé‘glé'“E“a‘Pé‘gﬁtsélFé’n(aﬁﬁ)dplﬁﬂi‘%(P‘b@m‘ erpeiums€e)-as the al | oying el ement

|nclude but are not limted to boron (B), carbon (C, alumnum (Al),
|I|con(S|2 plati num (Pt), and chromum (Cr). 100681 At least a first
under | ayl@@e8] At @@&Itatfgstemd@wf%r is hpntieredsverstbe st yeedlajerdronaa swouhspuspuatger

t ar get 5 h niy (Ru) or
a rut henlgnigjéngﬁ-%i)9 ased"mae )feﬂs ‘381@‘?1%‘333%?4‘%4 %@Q{[ﬁa é%g(g%né%r[lgl&ge% ecrﬂel enent s
typi cal Iayomsnhﬂough i hlecroatd asrpecns twberstidysdnis typieallyfused inahe med1 bersubginytedfol i on

wi th rutheni,um

) .. o]l I t t
under | afelpscdéng J%‘f&ﬂ?‘?ﬁ’%ﬁ&‘%ﬁﬁ‘?{gf‘ﬁ@ é‘%ﬁ&f 559]&5 I(Nﬁlrcl’lf ﬁ'(r?pﬂ ik %ré)eglltiﬁﬁé%“r ioul d al so
be sput tat&thyesie pas@itieted. with the seedlayer, although seedlayer could also be sputtered

separately.

[0069] At least 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 S506 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 target would have an region comprised solely
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100691 At least a first magnetic data-storing granular |ayer is sputtered
over the first underlayer froma third sputter target. (step S505). The
first magnetic data-storing granular layer is co- sputtered with the

seedl ayer and/or the first underlayer, although the seedl ayer and/or the
first underlayer could also be sputtered separately fromthe first magnetic
data-storing granular layer as well. An additional |ayer or |ayers, such as
a carbon (C) overcoat and/or a lubricant layer, are sputtered over the
first magnetic data-storing granular |ayer (step S506), and the process ends
(step S507). In an alternate aspect, step S506 is omtted. 100701 Fi gures 6A
and 6B dépnaiuna(Tapanda egioancdmpried eclslyod &Y i virre/bathuegiona wepldtieen-spatteget f or a
triatron. configuration,. r ively, according to a third enbodi ment of the
present “I"hVen Oggﬁ.?o é@?%‘%ﬂe@a?ﬁf%g@ﬂyutter target for triatron configuration
sputtering, includes a first region conprised of tantalum (Ta) and a second

regi on ised of an alloyin | ement. As_shown in Figuyre 6, _triatron
conf | guﬁﬁfm ogre 'ti‘ﬁt%’ﬁ“ﬁdzfég‘%é’?£°féf1ﬁ§‘1"e°°§'6%ﬂf?‘é%“ SPUEEE e R 58iRe

I ndepen@entom@ReP oftahtaRh (rmgiaﬂmgeco%kgioﬁ 604 t@nprise@bf ANalPRAERMenAr get woul d
have an region_conprised solely -19 of tantalum (Ta) and a region conprised
sol el y ¢¥thRpeh igpiaegiongPhis ilnsiraled asp puisidreanaplus part seeondgegien i sakiwsasdy o

deposi t »38n ferSirciehB rdshécfive BORThE cAdbd RV &sddth itdmatS RipeliSor b 1RBds For
triatron configuration sputtering includes first region 602 conprised of

t ant al urer diFigjons gopld bewssd dltegegficon 604 conprised of an all oyi ng el ement .

Al t hough first region 602 is illustrated as an outside annul us and second
(egion 604 is illustrated as an inner circle, the respective positions can
be reverl8&R] Ascating tnaiteaispesp dlet slubdity df the elieyig dérage $n a bodydientessd@nbiccoul d be

dalt ther. [00721 A di to. t, th | ubi.ljt f th
al | oyi nd RRRHRD FhfF=gioBR i et o samicisTestt dapvh ety Pabetiodig not
o s dtheRab PRt o Pk SRR TR 5 M0 5 e oo oS gl ™ "o

possi ble alloying kg elenents include (but are not limted to) boron (B),
car bon (e®ments ihdheder(bitSird pot dimatedl m)ipofohl (B), catbbn &), sibednl|S)), alvauresdh (A, (V) ,

mangane i - Chr om (Cr i r i WAY ni obi u . denum
(o -y o pE T Y et S5, AR el ol U (R g Rl
t ungst emolybdenum (Mo), ytterbium (Yb), lutetium (Lu), hafnium (Hf), bismuth (Bi), and tungsten

(W).

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

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

x107 m’
kg

, and has an atomic radius smaller than 1.47A, where possible alloying elements

include (but are not limited to) boron (B), carbon (C), silicon (S1), aluminum (Al), chromizm
(Cr), ruthenium (Ru), rhodium (Rh), rhenium (Re), iridium (Ir) and platinom (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

3
alloying element has a mass susceptibility of less than or equal to 1.5 x107 'I': , 1s 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 (S1), aluminum (Al), and chromium (Cr).
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(W. [00731 According to a second aspect, the alloying elenent is soluble in
tantalum (Ta) at room tenperature or at elevated tenperatures, has a nass
susceptibility of less than or equal to 1.5, and has an atom c radius
smal l er than 1.47A, where possible alloying elenents x10-7 -'3 kg include
(but are not limted to) boron (B), carbon (C, silicon (Si), alum num (Al),
chromum (Cr), ruthenium (Ru), rhodium (Rh), rhenium (Re), iridium(lr) and
plati num (Pt). 100741 According to a third aspect, the solubility of the

al l oying elenent in a body centered cubic tantalum (Ta) phase does not
exceed 10 atom c percent at roomtenperature, and the alloying el enent has
a mass susceptibility of less than or equal to 1.5 x10.7 ' 33 , Lis soluble

in kg tantaluﬂ§STa at tenperatures higher than roomtenperature, and has
an at omil®07Shdcerrdiagn nsadditionalnop-depicted giapgensgt dhajprescay lrwallﬁa IS PHEFT

ol unt na o AGE RSkt RdA oSl (il (P e pine Stk e Sona
non- dep|S@hb@t}é?frt%@]@mﬁtelem%bmrﬁrt@éﬁ aenterad ewbi¢ @ntalus @ag phpse dees nptexgead, wher e
the sputjeg rﬁ:@ 91‘3 nt E%SQM&EQe {mdﬂﬁ@&li’dy&h@eﬁ%@gt ARG AlLs 8l cgéf{l):ol fly §F gpEnt .

The sol ubi | Ing element I'n-a y centere c’ tantal um
(Ta) phag &% éalﬂpfs%@%d d the
aIonlng £1 ng has a nugs‘é%?@%%?Pﬁlpﬁﬁgfa'“ e%gﬁﬁgﬁgﬁggg ggﬁ% (%%?1 5
x10"7 " where possi bl e_ al | oyi ng el emsnts i nclude (but are not limted to)

kg bor orPO(CB‘)(B)fFéFbSBﬁC)( ajanium ¢T3k vanediom §V). panganese el chromivg SGesErcomm
chrom umz{iChibpiudl (NP defufth %Mog"yﬁi%}ﬁm {\fﬂ?)l?:e YEse Rk, b %é\i}&ﬁ{ bi um

Yb), | utetium (Lu), hafnium , and tungsten
t er nat(Byehng, tun%@néwowltnga@veéyrﬂmalbsms clenishiais soluble it tahtlalm( (fa) atapomoom
fol
L erper alhferiycth sPURRLSEB R Aol sy NBRoAIRST Y FERRE L) oLy Of ! ess

t han or as an cra er’ t han

1.47A, Vmﬁempf)gh%l }B£ fn ﬁhmy&&gs g‘\tl'laqupﬁltaﬁ 1.47A, where possible alloying elements

kg

include (but are not limited to) boron (B), carbon (C), chromium (Cr), ruthenium (Ru), rhodium
(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

07m

equal to 1.5 x1
kg

, s soluble in tantalum (Ta) at temperatures higher than room temperature,

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).

S

[0076] 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 mus-
fit between the tantalum (Ta) alloy based seedlayer and the underlayer, beneficially affecting the
crystallinity of the underlayer. Each of these benefits enﬁénces SNR and increases perpendicular

anisotropy in the media stacks used for PMR.
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kg include (but are not Iimted to) boron (B), carbon (C), chromum(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 atomic percent at
roomtenperature, and the alloying el enent has a mass susceptibility of |ess

than or equal to 1.5 x10-7 '3, is soluble in tantalum (Ta) at
t enperatures higher than roomtenperature, kg and has an atom c radi us
smal l er than 1.47A, where possible elenments include (but are not limted to

boron (B), carbon (C), platinum (Pt), and chromum (Cr). (0076J Based on
concept 400i7§ dho swentivyp hahbeep desaihed witly particudar, ilbsstrati veeqmbiod gt s [bfs te bt al um
(Ta) bql%g%st%(!l fiting %Qerﬁfon‘i'ssr?q R R IO %@ov%fd%fc&l%la& éﬁﬁd&:ﬁ%ém&%o oy
based seedlayers w h retined grarn srze, rerining e grain Size of the
cryst al |charges adienbdifietioansaypbomadd hyghbdeef srfimerskdhin thie ae pithentidapdryingleposi t ed
granul ar,. magnetic layer. To its advantage, the present invention provides

an addi tffod’iﬁg‘F S%‘Bb?‘@aa%ﬂpet%mgel PSMPRe tantal um (Ta) alloy based seedl ayer,
reducing the lattice ms- fit between the tantalum (Ta) all oy based

seedl ayer and the underlayer, 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 [00771 The

i nvention has been described with particular illustrative enbodinents. It is
to be understood that the invention is not limted to the above-descri bed
enbodi ments and that various changes and nodifications may be nade by those
of ordinary-skill in the art wi thout departing fromthe spirit and scope of
the invention. -22 WHAT IS CLAIMED I S: A sputter target, wherein the
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 atom c percent at roomtenperature, and
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wherein the alloying el enent has a mass susceptibility of |less than or equal
to 1.5 x10'7 nB kg 2 . The sputter target according to Caiml , wherein
the alloying element is selected from the group consisting of boron (B),
carbon (C), titanium (Ti), vanadium (V), manganese (M1), chromum (Cr),
zirconium (Zr), niobium (Nb), nolybdenum (M), ytterbium (Yb), lutetium
(Lu), hafnium (H ), bismuth (Bi), and tungsten (W. 3. A sputter target,
wherein the sputter target is conprised of tantalum (Ta) and an all oyi ng

el ement, mgreij{jéhe al loyi ng elenent is soluble in tantalum (Ta) at room
tenperature S Sed tenperatures, wherein the alloying elenment has a
mass susceptibility of Iess than or equal to 1.5 x10-7 '"J,and kg wherein
the alloying el ement has an atomc radius snaller than 1.47A. 4-. The
sputter target according to aim2. , wherein the alloying elenent is
selected from the group consisting of boron (B), carbon (C, chromum(Cr),
rut henium (Ru), rhodium (Rh), rhenium(Re), iridium(lr) and platinum (Pt).
j . A sputlter Agpgeltargdnerein the sputter target is corrpri sed of tantalum

el enment - 23 wherein solub|I al | oyi ng

(Ta) and an allo t he
el ement in a ‘B 6‘%}/ @%ﬁ@?@d”&ﬁﬁ?@"ﬁ%ﬁ?%‘mf’ﬁtf?’é‘) ﬁ)rﬁé'gé‘“aﬁ%%g HEPEWxceed 10

atom c per cenhepdin kOIABiHEIMEY AloYng cletRal ﬁ'arbohiﬂsexﬁérk&é’dbﬁtgtaﬁﬂaﬁﬁp(ﬂfa Page a mass
susceptibility of less than or equal to 1.5 x10.7 in kg wherein the

al | oyi ngdess aafesreeads! Osiarots PErcERt af ENQPHPRSIRtTED) andt t enper at ur es hi gher t han
room tenper agil&n 1 Mhoying element has a mass susceptibility of less than or equal to 1.5 x107

(¢ m

kg

2 . The sputter target according to Claim ! , wherein the alloying element is selected from
the group consisting of boron (B), carbon (C), titanium (Ti), vanadium (V), manganese (Mn),
chromium (Cr), zirconium (Zr), niobium (Nb), molybdenum (Mo), ytterbium (Yb), lutetium
(Lu), hafnium (Hf), bismuth (Bi), and tungsten (W).

3. A sputter target,
wherein the sputter target is comprised of tantalum (Ta) and an alloying element,
wherein the alloying element is soluble in tantalam (Ta) at room temperature or at
elevated temperatures,

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

wherein the alloying element has an atomic radius smailer than 1.47A.
4. The sputter target according to Claim 2., wherein the alloying element is selected from
the group consisting of boron (B), carbon (C), chrominm (Cr), ruthenium (Ru), thodium (Rh),

rhenium (Re), indium (Ir) and platinum (Pt).

5. A sputter target,

wherein the sputter target is comprised of tantalum (Ta) and an alloying element,
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wherein the alloying el enent has an atomc radius smaller than 1.47A. 6. The
sputter target according to Claim5 wherein the alloying elenent is selected
from the group consisting of boron (B), carbon (C, and chromium (Cr). 7. A
sputter target for triatron configuration sputtering, the sputter target
conprising: a first region conprised of tantalum (Ta); and a second regi on
conprised of an alloying elenent, wherein solubility of the alloying el enent
in a body centered cubic tantalum (Ta) phase does not exceed 10 atomc
percent at room tenperature, and wherein the alloying el enment has a nass
susceptibility of less than or equal to 1.5 x10-7 n kg C$ . The sputter

target accor %{%%1& 9011%1 ybrg(g Zl(igznﬁ‘?%g Ici(%ran%ﬁ'tglﬁ %'(tJ&@’ Ic%}n?%rgcl SITRY %.qlal;%m (3" a)e d from

the group consisting ani um un1(\0
manganesieg hm)excecdhﬂ(amnuicrpér&@t,at wbmaemparamfe/r ), ni obi um (Nb), nol ybdenum
(M), ytterhbi

tungsten (W. eie n mﬁ ag%ﬂfl% Sipmflét %&? )rqaﬁ)srsutscfepgﬂ é’ Of(!é&fﬁﬁa&?f 5‘@‘1‘%% stpﬁf(?gr ing,

the sputier target conprising: a first region conprised of tantalum (Ta);
and a segpnd region conprised of an alloying elenment, wherein the alloying
element is soluble in tantalum (Ta) at roomtenperature or at elevated

t enper at ur es, Whemn thieclleying element ik spubig inatbmpiom (Taps tempradsres ighapbanpdint y of

| ess thq &amqy gto 1.5 x10-7 j "",and kg wherein the alloying el ement
has an atom e raalus smal l er than 1. 4TA 10. The sputter target according to
Claim9 , whertekdin tHeallayihgyiengnitiae s atomicradink emaled tHanhdm7A.

6.  The sputter target according to Claim 5., wherein the alloying element is selected from

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

7. A sputter target for triatron configuration sputtering, the sputter target comprising:

a first region comprised of tantalum (Ta); and

a second region comprised of an alloying element,

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

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

8.  The sputter target according to Claim 7 , wherein the alloying element is selected from
the group consisting of boron (B}, carbon (C), titanium (T1), vanadium (V), manganese (Mn),
chromium {Cr), zirconium (Zr), niobium (Nb), molybdenum (Mo), ytterbium (Yb), lutetium
(Lu), hafmium (Hf), bismuth (Bi), and tungsten (W).

4. A sputter target for triatron configuration sputtering, the sputter target comprising:
a first region comprised of tantalum (Ta); and
a second region comprised of an alloying element,
wherein the alloying element is soluble in tantalum (Ta) at room temperature or at

elevated temperatures,
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the group consisting of boron (B), carbon (C, chromum (Cr), ruthenium
(Ru), rhodium (Rh), rhenium (Re), iridium(lr) and platinum(Pt). 1l . A
sputter target for triatron configuration sputtering, the sputter target
conprising: a first region conprised of tantalum (Ta); and a second regi on
conprised of an alloying el enent, wherein solubility of the alloying el enent
in a body centered cubic tantalum (Ta) phase does not exceed 10 atom c
percent at roomtenperature, wherein the alloying el enent has a nass
susceptibility of less than or equal to 1.5 x1 mkg wherein the alloying
element is soluble in tantalum (Ta) at tenperatures higher than room

temperature, JRdeNieSfiblin g@%ﬂh@%ia%sﬂﬁ%%ﬂﬁﬁé @élértnﬁafn]flﬂ'e%aﬁ?cﬂi S‘§1(]§|'ga' Ler

than 1.47A. 12. The spu r target according to ereint
aIonlngnélggg is selected from the group consisting of boron (B), carbon
(O, andighromum (Cr). -25

wherein the alloying element has an atomic radius smaller than 1.47A.

\0. The sputter target according to Claim 9, wherein the alloying element is selected from
the group consisting of boron (B}, carbon (C), chromium (Cr), ruthenium (Ru), rhodium (Rh),

rhenium (Re), iridium (Ir} and platinum (Pt).

M. A sputter target for triatron configuration sputtering, the sputter target comprising:

a first .region comprised of tantalum (Ta); and

a second region comprised of an alloying element,

wherein sohubility 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.

12. The sputter target according to Claim !, wherein the alloying element is selected from

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